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Abstract 
 

India has witnessed a rapid rise in cardiometabolic diseases (CMDs), and women with 

high-risk pregnancy conditions including hypertensive disorders of pregnancy (HDP) and 

gestational diabetes mellitus (GDM) are at increased risk.  In rural India, Community 

Health Workers (CHWs) deliver antenatal care, and are ideally placed to screen at-risk 

women in their villages.  The aims of my thesis were to design, develop and evaluate a 

contextually-relevant, theory-informed complex intervention to enable CHWs to screen, 

refer and counsel pregnant women at high risk of future CMDs during their transition 

between antenatal, postnatal and ongoing healthcare services. 

 

Guided by the MRC conceptual framework for complex interventions, my study was 

conducted in three phases.  In phase 1, I reviewed the evidence for the associations between 

high-risk pregnancy conditions and CMDs; community-level interventions for high-risk 

pregnant women (including mobile technologies), and the integration of non-

communicable disease programmes into antenatal care platforms.  Qualitative methods 

were then used to explore the context of maternal healthcare in rural districts of two diverse 

States in India.  In-depth interviews and focus group discussions with key stakeholders 

(n=71), were thematically analysed.  The study revealed three local priority conditions 

(anaemia, HDP and GDM), the need for improving local understanding of long-term 

sequelae of high-risk pregnancies, and highlighted important socio-cultural practices 

impacting intervention design.  In phase 2, using behaviour change theory (COM-

B/Behaviour Change wheel and Theoretical Domains Framework), the target behaviours, 

intervention functions and policy categories to be addressed through a complex 

intervention were identified, using data from the contextual study.  A total of 15 Behaviour 
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Change Techniques (the ‘active ingredients’) were embedded into intervention design, and 

the proposed mechanisms of action of SMARThealth Pregnancy were articulated in a logic 

model.  The final intervention included: a) a village awareness programme; b) targeted 

training for CHWs to screen, refer and counsel women on the three priority high-risk 

pregnancy conditions and to conduct point-of-care testing for anaemia and blood pressure, 

and community-based GDM screening, and; c) mobile clinical decision support (App) to 

enable CHWs to deliver guideline-based care for women at home, at three timepoints: last 

trimester of pregnancy, week 1 and week 6 postpartum.  In phase 3, feasibility and 

acceptability of the intervention was evaluated in a pilot cluster randomised controlled trial 

(n=4 primary health centre clusters), and a qualitative process evaluation using 

Normalisation Process Theory.  A total of 200 pregnant women were randomised equally 

to the SMARThealth Pregnancy intervention or control.  Recruitment was timely (4.5 

months), with minimal loss to follow-up (2%).  The intervention became embedded and 

integrated into the daily work of CHWs, who experienced increased social and professional 

recognition, with women perceiving improved quality of care.  SMARThealth Pregnancy 

was feasible and acceptable as a model of task-sharing for CHWs to deliver integrated 

home-based care for women at high risk of future CMDs, in the context of rural India.   
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Foreword: The journey to my DPhil 

My first encounter with maternal health in India was as a medical student.  I participated 

in weekly antenatal service camps in an urban slum in Chennai, South India, over the 

course of my summer holidays.  A fantastic obstetrician, Dr Usha – taught me to auscultate 

for a baby’s heartbeat using a plastic device – called a Pinard stethoscope, and to measure 

the pregnant women’s abdomen with an old measuring tape to date the pregnancy.  We 

didn’t have antenatal care records and created “cards” for the mothers to take with them, 

gave them iron tablets, a large packet of Horlicks (malt drink) and a bag of rice, and told 

them to return each month for a check-up.  They did return – mainly for the rice and 

Horlicks I think!  This was my first exposure to maternal healthcare in India.  The 

experience had a great impact on me, inspiring me to return to India year after year, to 

participate in medical camps and, for periods of time, I lived in rural India.  India, for me, 

is a beautiful paradox.  While I have witnessed India rapidly changing over the last 20 

years – with great scientific, technological and economic progress, many women living in 

poverty in both rural and urban settings, still face the same issues.  I didn’t know it at the 

time, but many years later, I would be doing my DPhil at Oxford University to address the 

very problems I had encountered all those years ago in Chennai.   

 

It wasn’t until 2016, after participating in an NHS Hackathon, that I realised the potential 

of mobile technology in driving change.  Soon after this, I learnt about the work of The 

George Institute for Global Health, and the Nuffield Department of Women’s & 

Reproductive Health, Oxford, and contacted my (now) supervisors.  By strange 

coincidence, they were working together in Oxford…and thus began my DPhil journey. 
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1 
Introduction  

 
1.1 Background 
 

India has experienced a rapid rise in non-communicable diseases (NCDs) over the past 

three decades [1].  Cardiovascular disease (CVD) is the leading cause of death in both men 

and women in India [1,2], presenting at an earlier age [3,4], and with high case fatality 

rates in the Indian population [3].  Even in less developed States of India, where the level 

of epidemiological transition to NCDs is lower, the prevalence of CVD risk factors such 

as hypertension and type 2 diabetes mellitus (T2DM) is rapidly increasing [1].  Rapid 

 
"India does not live in its towns but in its villages.” 

 
- M.K. Gandhi 
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urbanisation, together with dietary changes to include more processed foods, and more 

sedentary lifestyles, have contributed to this transition [4].   

 

The rapid rise in NCDs witnessed over the last few decades, has significantly impacted the 

volume of early CVD deaths seen in Indian women [1,5].  For those living in rural areas, 

there are further challenges to accessing medical care for CVD, including low levels of 

awareness of CVD risk factors, health literacy, and poorer access to high-quality health 

services [6].  Significant gender disparities also exist for Indian women in seeking health 

care [7], compounded by diagnostic challenges in recognising the symptoms of CVD in 

women [8].   

 

The rise in early CVD deaths in Indian women necessitates identification of strategies for 

prevention and management of cardiometabolic risk, particularly in rural areas.  Early 

identification of women at risk of CVD, may offer potential opportunities for preventative 

measures to be put in place.  One such opportunity, is during pregnancy.  Pregnancy-related 

conditions such as Hypertensive Disorders of Pregnancy (HDP) and Gestational Diabetes 

Mellitus (GDM) carry independent risks for future development of cardiometabolic 

disorders, including CVD and risk factors such as hypertension and T2DM [9–13].  

Antenatal care (ANC) is often the first encounter adult women have with the formal health 

sector in rural India, and is an ideal opportunity for engaging, screening, counselling, and 

managing women at increased cardiometabolic risk.   

 

This thesis is a presentation of my journey, to convey the voices of pregnant women and 

CHWs in rural India, and embed these into the design of a complex intervention.  In this 

first chapter, I outline the context of maternal healthcare in rural India, to provide an in-
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depth understanding of the health system, and introduce the two rural sites involved in my 

study.  The chapter concludes by outlining the overall aims of my thesis and signposts the 

content of my thesis chapters.  

 

1.2 The historical context of healthcare in rural India 

India is the largest democracy in the world.  In the last national election in 2019, over 600 

million people voted in a coordinated effort across an entire sub-continent, showing 

potential for organised systematised infrastructure to connect with even the hardest to reach 

[14].  Two-thirds of the Indian population live in rural areas [15].  To serve the healthcare 

needs of over 800 million people in rural India [16], in 2005 the Government of India 

launched the National Rural Health Mission (NRHM) [17].  Its aims were to provide 

universal, accessible, affordable, and quality healthcare to rural populations.  The scheme 

has now been extended to include the National Urban Health Mission (2013), under the 

wider umbrella of the National Health Mission [18,19].  

 

Part of the NRHM initiative was a drive to improve primary health care provision in 

villages, creating a decentralised model of primary care, with governance at the village-

level through village councils, known as Gram Panchayats.  The scheme also proposed 

the creation of Primary Care Sub-centres (covering a group of villages), Primary Health 

Centres (PHCs) and Community Health Centres (CHCs) (covering a larger population).  

Thus, a four-tier system of healthcare serving all villages in India from the village to the 

CHC, was created. 
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Figure 1.1: Organisation of healthcare system in the National Rural Health Mission 

 

 

 

To support this new infrastructure, flexible financing to enable local decision-making, 

capacity-development for healthcare management and clinical skills, accountability to 

quality standards, and data monitoring through engagement with District Health 

Authorities, NGOs, and National Health Systems Resource Centre (NHSRC), and 

healthcare governance, were put into place.  These measures aimed to expand the 

availability of 24/7 primary care facilities across rural India.  The expansion of rural health 

services was further supported with the availability of equipment and medications at each 

PHC, village outreach programmes through mobile medical units (MMUs), and the 

creation of a new rural healthcare workforce [20]. 
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1.3 Community Health Workers in rural India 

At the village level, a whole new cadre of healthcare professional was created.  Working 

on a voluntary basis, Accredited Social Health Activists or ASHAs [19] were introduced.  

In addition, a more highly trained cadre of community healthcare worker (CHW) called an 

Auxiliary Nurse Midwife (ANM) was introduced to look after a group of villages.   

 

ASHAs are female healthcare workers in each village in rural India that cover a population 

of approximately a thousand people.  Their main duties are to motivate women to register 

their pregnancies and engage with antenatal care services [21].  They also encourage other 

villagers to engage with primary health services, and address their village’s general health 

concerns.  For this role, ASHAs came to be known as the “daughter-in-law of the village” 

[22].  ASHAs previously received financial incentives for ensuring that pregnant women 

in their village attended the recommended four antenatal visits, and conducted home-based 

postnatal visits. More recently, some states in India have provided ASHAs a monthly 

salary in recognition of their integral role in the NRHM [23].  

 

Another cadre of CHWs known as Anganwadis (based at an Anganwadi centre), is 

responsible for the postnatal care of newborns until the age of 5 years [24]  Anganwadis 

distribute free food packages (including rice, grains, and eggs) in line with government 

schemes for pregnant women during the antenatal period, and up to 6 months postpartum.  

Both ASHAs and Anganwadis report to ANMs, who cover a group of villages and work 

out of a primary care sub-centre (usually housed in the same building as the Anganwadi 

centre).  ANMs undergo 2 years of training before qualifying [25] so as to perform clinical 

tasks such as blood pressure (BP) and blood glucose measurement.  ANMs are also 

involved in the registration and provision of antenatal and postnatal care for their group of 
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villages.  The work of the ASHAs, Anganwadis and ANMs is intricately linked, and 

hierarchical [19].  Each ANM reports to the PHC, which serves a population of 

approximately 30-40,000 people in most cases.   

 

Figure 1.2: Overview of levels of healthcare provision in rural India per population 

 

 

Each PHC is staffed by two primary care physicians (usually one male and one female).  

Primary care physicians (PCPs) are usually stationed at a rural PHC for 1-3 years as part 

of their postgraduate medical training.  Historically, PCPs rarely worked in PHCs out of 

personal choice, but to improve their prospects of getting into a postgraduate speciality 

training programme of their choice (for which there were previously incentives for working 

in a rural PHC).  As a result, community engagement and upliftment have not always been 

priorities for PHC doctors.  In addition, the prospects for career development and training, 

as well as private income generation, are limited in rural contexts, thus reducing its appeal 

to most medical graduates [26].  It is rare that PCPs remain in their rural posting for longer 
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than the allotted time, leading to frequent changes to the delivery of primary care to the 

villages.  In this changing landscape, it is the CHWs who provide continuity of care to 

village women.   

 

1.4 Government schemes for maternal health in India 

With the launch of the NRHM, numerous schemes relating to maternal child health were 

initiated.   In response to the high levels of maternal and neonatal mortality in India [27–

30], in 2005 the Government of India established a conditional cash transfer scheme for 

women of low socioeconomic status.  The scheme, known as the Janani Suraksha Yojana 

(JSY) provides financial incentives to pregnant women to encourage women to have 

institutional deliveries [31].   

 

The scheme also supports ASHAs to promote institutional births, and other positive health-

related behaviours around pregnancy and the postpartum period [32].  Evaluations of the 

JSY scheme have highlighted positive improvements to antenatal care, institutional 

delivery, and skilled birth attendance [31,33].  After controlling for socioeconomic and 

demographic status, mothers who received JSY financial assistance are less likely to have 

perinatal and neonatal deaths [31,33].   

 

Building on the JSY, to encourage the health and engagement with health services of 

pregnant women and their babies, the Janani Shishu Suraksha Karyakam (JSSK) scheme 

was started in 2011 [34].  The JSSK entitles pregnant women and infants (up to 1 year of 

age) free medications, blood products and free patient transport to and from government 

health facilities.   
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1.4.1 Pradhan Mantri Surakshit Matritva Abhiyan (PMSMA) scheme 

In 2016, the Ministry of Health & Family Welfare, Government of India launched a 

universal programme to provide comprehensive, quality antenatal care, free of cost, 

delivered on the 9th day of every month at the PHC or CHC level [35].  Unique features of 

the scheme include private sector engagement, and encouraging the voluntary 

contributions of both private and public obstetricians to participate in provision of monthly 

antenatal care, with national recognition for both individual and team contributions.  The 

aims of the programme are to reduce maternal mortality through improving the quality and 

regularity of antenatal care visits, screening, early identification, and management of high-

risk pregnancies, provision of free diagnostics and medications during pregnancy.  The 

scheme’s objectives ensure that all pregnant women are seen at least once during the 

second or third trimester by an obstetrician; receive at least one antenatal ultrasound scan, 

and high-risk pregnant women are identified and flagged for regular follow-up by a 

specialist.  

 

1.4.2 Financial Schemes for Universal Health Coverage: The Rashtriya 
Swasthya Bima Yojana (RSBY) and the Ayushman Bharat Insurance 
Schemes 
 

The NRHM improved primary care healthcare infrastructure and human resources in rural 

India; however, significant barriers to accessing healthcare are still faced by the poorest, 

including high out-of-pocket  spending on healthcare and inequity [36].  In 2008, a publicly 

financed health insurance scheme known as the RSBY, was introduced to cover hospital 

expenses for ‘Below Poverty Line’ (BPL) households in India.  The scheme formed the 

preliminary basis for universal health coverage.  In 2007, 90% of the spending on private 

healthcare in India (accounting for 73.5% of total health expenditure) was out-of-pocket 
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expenditure [37][38].  The main objectives of the RSBY scheme were to improve access 

to hospitalisation for the poorest households in India, and reduce out-of-pocket expenditure 

for the poorest.  However, impact evaluations of the scheme have shown it was ineffective 

in reducing out-of-pocket expenditure for BPL households and reducing inequity [36,39].  

Some of the reasons for this finding included poor enrolment practices, weak monitoring 

and supervision [40].  Each year, 60 million Indians are pushed below the poverty line due 

to out-of-pocket expenditure on health [41].  In response, in 2018, the Government of India 

launched an updated health insurance scheme to provide universal health coverage in India 

to 40% of the country.  Known as the Ayushman Bharat scheme, it is the largest publicly 

funded healthcare programme in the world [42], covering approximately 100 million 

vulnerable families across India.  Accessed by the national identity “Adhaar” card, the 

scheme provides free health coverage for primary, secondary and tertiary healthcare 

services for families, up to a cost of 500,000 Rs per family per year at both private and 

public providers.  In order to reduce fraudulent bills and payments, the scheme has 

attempted to use cashless payments and has strict penalties for any evidence of corruption 

or fraud.  It remains to be seen if the scheme will have the desired effect of reducing out-

of-pocket expenditure for the poor, improving universal healthcare coverage, and 

addressing some of the ethical issues surrounding private healthcare providers [43]. 

 

1.5 Maternal healthcare in the villages 

The majority of ANC is provided by CHWs in the villages of India.  ASHAs quickly find 

out which women in their village are pregnant and take them to register the pregnancy with 

the ANM at the subcentre.  After registration, they have access to the free government 

schemes for iron folate tablets, food packages and regular antenatal care.  Women are 
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encouraged to attend the PHC to have their booking bloods and to see the doctor, especially 

if the pregnancy is high-risk.  Most PHCs have facilities for normal vaginal deliveries, as 

well as newborn resuscitation.  Women requiring blood products or Caesarean section are 

usually referred to secondary care.  In India, there is a complex health system with regards 

to overlap of private and public providers, as well as healthcare provided by non-

governmental and faith-based organisations [44].  The situation is further complicated as 

many women seek care from multiple providers during pregnancy and after birth.  

 

1.6 The areas studied: Haryana and Andhra Pradesh, India  

1.6.1 Selection of study sites 

To conduct my DPhil research, I worked in collaboration with the George Institute for 

Global Health, India.  The George Institute, India, have their main offices in New Delhi 

(North India) and Hyderabad (South India).  The two rural study sites in Haryana in 

Northern India, and Andhra Pradesh in South India, were purposively selected due to 

familiarity of George Institute field staff with the States and their spoken languages, for 

their contextual diversity, and for pragmatic reasons relating to travel.  The sites differed 

in terms of their spoken language, clothing, diet, gender issues, and health indicators 

(discussed below).  The choice of two geographically and culturally diverse rural sites 

provided contextual richness to the study, and enabled findings to be more generalisable 

within the Indian context than working in one site alone.  Additionally, the North India site 

was an accessible two-hour drive from the New Delhi office, and the South India site could 

be accessed by a 5-hour train journey from the Hyderabad office.  The two specific districts 

were selected after careful consultation with local staff at the George Institute.  While 

neither district had been involved in previous George Institute studies, they were identified 
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as areas that might benefit from further study.  The study sites will now be discussed in 

more detail.  

 

1.6.2 Haryana 

Haryana is a state in Northern India, bordering the Indian capital city of New Delhi.  It is 

one of the most prosperous States in the country [45].  Historically, Haryana has been 

known for its high levels of gender inequity.  In 2011, Haryana had the lowest sex ratios 

for those aged 0-6 years of 830 girls per 1000 boys [46].  The female disadvantage extends 

into childhood survival, health and schooling, and is more marked in those with higher 

socioeconomic status [45], although the situation is improving following a number of 

government schemes.   

 

Conditional cash transfer schemes for disadvantaged girls have incentivised the accrual of 

benefits amounting to 2000 USD for girls reaching the age of 18 and being fully 

immunised, studying until the age of 16, and remaining unmarried.  This was extended to 

include second girls in all groups in 2005 [47].  In addition, the Prime Minister’s National 

“Beti Bachao Beti Padhao” (Save the girl child; Educate the girl child) scheme, launched 

in 2015, aimed to address the issue of declining child sex ratios through promoting the 

value of the girl child, and bringing the issue of child sex ratios into public discourse [48].  

It introduced state performance indicators, focussing on gender critical districts.  National 

laws prohibiting sex selection abortion are also in place, and include the Prenatal 

Diagnostic Techniques Act, 1994 (amended in 2002) [49].  As a result of these laws and 

performance indicators, Haryana is now seeing an improvement in child sex ratios, 

although attitudinal change will take longer to take effect [50, 51].   
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Figure 1.3: Map of India with State of Haryana highlighted in red & map of 

Haryana with Jhajjar District highlighted in red 1 

 

 

The latest national statistics in India show the maternal mortality ratio in Haryana to be 

101/100,000 births (with a national average of 130/100,000 births) [52].  In the last 

National Family Health Survey (NFHS-4) in 2015-16, in rural Haryana, 63% of mothers 

had an antenatal check-up during the first trimester, and 42.6% had at least four antenatal 

care visits [53].  Sixty-seven percent of mothers received postnatal care within 2 days of 

delivery in rural areas.  There have been significant improvements in institutional 

deliveries over the last decade: in 2005-6, only 35.7% of deliveries were institutional, and 

this was raised to 80.3% in the 2015/16 survey [53]. 

 

 
1 State images credited to CC BY SA PlaneMad/Wikimedia: 
https://en.wikipedia.org/wiki/List_of_districts_of_Haryana#/media/File:India_Haryana_locator_map.svg, 
g. District Images credited to CC BY SA: Milenioscuro: https://en.wikipedia.org/wiki/File:India_-
_Haryana_-_Jhajjar.svg#/media/File:India_-_Haryana_-_Jhajjar.svg)  
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A number of schemes have ensured improved local services for high-risk pregnant women 

in Haryana, along with the wider national schemes.  These include implementation of a 

High-Risk Pregnancy (HRP) policy and a web-based online portal to track timely care for 

HRP women in Haryana in 2017; the launch of a pre-conception care package in 2016, and 

establishing intravenous iron sucrose injections as part of the essential medicines provided 

at the PHC level [54].  My DPhil work is based in the Jhajjar district of Haryana, which 

has seen some of the greatest improvements in child sex ratios over the last decade [50].  

This change is largely due to the presence of better data collection mechanisms, and local 

champions and local female role models [55].   

 

1.6.3 Andhra Pradesh 

Andhra Pradesh is a large State situated in south-east India with some of the best health-

related outcomes in the country.  These results are due, in part, to an innovative financial 

assistance scheme known as the Aarogyasri scheme, which provides assistance to BPL 

families for healthcare, including surgery and post-operative care [56].  Due to rapid 

urbanisation and associated changes in diet towards more processed foods, the patterns of 

NCD prevalence in Andhra Pradesh are changing [57].  There is an increase in prevalence 

of hypertension and T2DM in women, often with earlier onset than in other countries 

[1,58–60].  In relation to maternal health indicators, in the most recent NFHS-4 survey, 

only 18% of women aged 15-49 had completed 12 or more years of schooling compared 

to 31% of men [61].  Although the child sex ratios are better than those seen in Haryana 

(F:M = 939:1000 in 2011), there is still a strong preference for sons in the State [61].  Two-

thirds of births in Andhra Pradesh occur within 3 years of a previous birth, i.e. birth 

intervals, which are associated with adverse maternal and infant outcomes [62], are 

shortened.  Andhra Pradesh’s health performance indicators for maternal care are much 
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better than those in Haryana.  The maternal mortality ratio is 74/100,000 births [63]; in 

2015-16, 97% of women received ANC – 82% of whom received care during the first 

trimester of pregnancy [61].  Over three quarters (76%) of women received four or more 

ANC visits, with 92% of women having institutional deliveries, and 81% of women 

receiving postnatal care within 2 days of delivery [61].   

 

The research site for my DPhil was in the Guntur district of Andhra Pradesh.  The area is 

a mostly farming community, with 70% of the population living in rural areas.  In this 

district 98% of births were in an institution, with a skilled birth attendant – the highest in 

the State [64,65].   

 

Figure 1.4: Map of India with State of Andhra Pradesh highlighted in red & map of 

Andhra Pradesh with Guntur District highlighted in red 2 

 

 
2 Images credited to CC BY SA PlaneMad/Wikimedia: 
https://en.wikipedia.org/wiki/Outline_of_Andhra_Pradesh#/media/File:India_Seemandhra_locator_map.sv
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1.7 Overview of thesis chapters 

My thesis is divided into three phases (Figure 1.5).  Phase 1 involves a literature review, 

providing the evidence base for a complex intervention (Chapter 2); outlining the theories 

and frameworks used within the thesis (Chapter 3); and in-depth contextual work in rural 

India (Chapter 4).  Phase 2 of my thesis involves the development and refinement of a 

complex intervention using healthcare worker training and a mobile clinical decision 

support system.  The intervention development builds upon Phase 1, using qualitative data 

from the contextual work and combining this with relevant theory, and using principles of 

human-centred design in the creation of a theory-informed complex intervention and logic 

model for the intervention (Chapter 5).  Phase 3 involves the evaluation of the complex 

intervention: SMARThealth Pregnancy, through a pilot cluster randomised controlled 

clinical trial (cRCT) in rural India, using mixed methods (Chapter 6).   

 

The overall aim of my thesis is to develop and evaluate a complex intervention, embedding 

the voices of women and healthcare workers in the co-design of the intervention.  This 

complex intervention aims at improving the screening, detection, referral and management 

of pregnant women with high risk of future cardiometabolic disorders in rural India, in 

order to reduce: a) maternal and perinatal mortality and morbidity in the short term, and b) 

the burden of pregnancy-associated cardiometabolic risk in these women, in the long-term.  

The SMARThealth Pregnancy intervention provides an integrated approach to women’s 

health across the life-course, using ANC as a window of entry into the rural health system 

in India (Box 1.1).   

 
g. District Images credited to CC BY SA: Milenioscuro: 
https://en.wikipedia.org/wiki/Guntur_district#/media/File:Guntur_in_Andhra_Pradesh_(India).svg 
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Figure 1.5: Phases of the thesis  
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Box 1.1:  The SMARThealth Pregnancy intervention and components  

SMARThealth Pregnancy: Intervention visits (integrated into existing visits) & rationale: 
Last Trimester Pregnancy Week 1 Postpartum Week 6 Postpartum 
- Engage & optimise 

high-risk women 

before delivery 

- Detect, refer & counsel 

women for early 

postpartum complications 

- Detect, refer, engage & 

counsel women at 

persistent risk of CMDs 

Intervention components related to three priority high-risk pregnancy conditions:   

1. Village Awareness 
Programme 

To raise community awareness around three priority conditions 

(anaemia, HDP & GDM) & long-term sequelae 

2. Targeted Education 
& Training for CHWs 

To provide knowledge, skills & attitudes: Enabling CHWs to 

deliver guideline-based, point-of-care testing for anaemia & BP 

to women at home, and community-based screening for GDM 

3. Mobile Clinical 
Decision Support  

To support CHWs to deliver home-based screening, referral and 

counselling & link high-risk women to on-going health services 
*ASHAs remunerated for extra work in line with Government guidelines 

*CMDs = Cardiometabolic Diseases; CHWs = Community Health Workers; HDP = Hypertensive Disorders of 
Pregnancy; GDM = Gestational Diabetes Mellitus. 
 
 
I used the conceptual framework outlined by the Medical Research Council (MRC) [66] 

to guide the development and evaluation of SMARThealth Pregnancy.  Table 1.0 outlines 

my thesis chapters and how these are linked to the MRC Framework for complex 

interventions.  In addition, I used relevant behaviour change and sociological theories in 

the development and evaluation of the complex intervention focusing on both: a) 

individual agency within the health system, using the Behaviour Change Wheel and 

Theoretical Domains Framework [67,68] and; b) collective agency within the health 

system when embedding new technologies into routine practice, using Normalisation 

Process Theory [69].  The overall philosophical standpoint for my thesis is one of 

pragmatism [70,71].  A unique feature of my DPhil thesis is that it integrates approaches 

from the fields of software development (human-centred design), social sciences, and 

implementation science.  In the next chapter I review the literature relating to the 

cardiometabolic sequelae of high-risk pregnancy conditions, and consider the strategies for 

providing integrated care for women across the life course.  
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Table 1.1: Chapters of the DPhil project mapped to MRC framework for complex 

interventions  

 
DPHIL CHAPTER CONTENTS LINK TO MRC 

FRAMEWORK 
DEVELOPMENT OF THE SMARTHEALTH PREGNANCY COMPLEX INTERVENTION 

Chapter 2: Review 
of literature 

Narrative literature review of: 

• Cardiometabolic disorders and pregnancy-

related risk factors. 

• Community-level interventions for high-risk 

pregnant women and NCDs. 

• Integration of NCD prevention into ANC. 

1.1:Identifying 
evidence base by 
reviewing 
published 
literature and 
existing systematic 
reviews. 

Chapter 3: 
Overview of theory 
and frameworks 
used in thesis 

• MRC Framework for complex interventions 
Implementation science theories & frameworks:  
• Behaviour Change Wheel  
• Theoretical Domains Framework 
• Normalisation Process Theory 

1.2:  Identifying & 
developing 
appropriate theory 

Chapter 4: 
Understanding the 
context of 
maternal 
healthcare in rural 
India: a qualitative 
study  

A qualitative study to explore: 
• Sociocultural context of healthcare delivery in 

rural India  
• Identify local priorities for care 
• Stakeholders’ understanding of high-risk 

pregnancies and their future impact 
Develop a conceptual map of health system in 
rural India 

1.2:  Identifying & 
developing 
appropriate theory 

Chapter 5:  

Theory-informed 
design and 
development of 
SMARThealth 
Pregnancy  

• Theory-informed design of intervention 

components.  

• Development of clinical algorithms and App.   

• Finalising intervention & conducting usability 

testing with end-users.  

• Developing a logic model for SMARThealth 

Pregnancy  

1.3: Modelling 
processes & 
outcomes 

ASSESSING FEASIBILITY & PILOTING METHODS 

Chapter 6:  

Evaluation of 
SMARThealth 
Pregnancy: a pilot 
cluster randomised 
controlled trial and 
qualitative process 
evaluation  

Pilot cluster randomised controlled trial to 
evaluate: 
• Feasibility: Recruitment, retention rates; 

fidelity to intervention practices; prevalence 
of high-risk conditions in pregnancy 

• Acceptability: through a qualitative process 
evaluation 

2.1: Testing 
procedures for 
acceptability, 
compliance & 
intervention 
delivery 
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Cardiometabolic risk factors in pregnancy and implications for long-
term health: identifying the research priorities for low-resource settings. 
Frontiers in Cardiovascular Medicine, 2020. 
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2.1 Introduction 
 

In Chapter 1, I presented the rationale for my thesis.  I outlined the rapid rise in NCDs in 

India and the implications for women in rural areas, and presented an overview of the rural 

health system.  In this chapter, I synthesise the evidence on high-risk pregnancies and their 

association with cardiometabolic disorders in later life; explore community-level 

interventions for high-risk pregnant women and NCD prevention, and identify models of 

integrated care, relevant to the rural Indian context, in a narrative literature review [72] 

(please see Appendix A for overview of methods and search strategies).  

 

2.11 Cardiometabolic disorders & pregnancy-related risk factors 
 

Cardiometabolic disorders constitute a range of metabolic risk factors including insulin-

resistance, hypertension, dyslipidaemia and central obesity.  These conditions contribute 

to an increased risk of cardiometabolic diseases (CMDs), including CVD and T2DM [73].  

CMDs are the leading cause of death and disability in the world [74,75].  The early onset 

of CVD in Indian women necessitates preventative measures to be implemented earlier in 

their life course [1,5].  Pregnancy is one such opportunity to engage women in discussions 

about their cardiometabolic health.  The physiological demands of pregnancy can act as a 

stress test, which identifies women with an underlying susceptibility to CVD [76,77].  

Pregnant women with high-risk conditions, including HDP and GDM are among those at 

risk of future CMDs [78].  
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2.2 Hypertensive Disorders of Pregnancy and cardiometabolic 
risk 
 

HDP complicate between 5-10% of pregnancies worldwide [79,80].  They account for 14% 

of the global burden of maternal mortality [81] and contribute to 76,000 deaths/year [82].  

HDP include pre-existing hypertension, gestational hypertension and 

preeclampsia/eclampsia (which may also occur in the presence of pre-existing 

hypertension) [83].  In this chapter, I focus on gestational hypertension and preeclampsia.  

These two conditions are characterised by new onset of hypertension (BP ≥140 mmHg 

systolic or ≥ 90 mmHg diastolic) after 20 weeks’ gestation [83].  Preeclampsia (unlike 

isolated gestational hypertension) is a multi-system disorder of pregnancy that can lead to 

eclampsia (a serious complication characterised by seizures), which is a major cause of 

maternal mortality worldwide [84].  Observations that preeclampsia is associated with 

CVD have led to the hypothesis that these conditions may share common risk factors such 

as dyslipidaemia, inflammation, smoking and T2DM, which contribute to the vascular 

dysfunction seen in women with preeclampsia [85].  

 

In 2007, Bellamy et al conducted one of the first comprehensive systematic reviews and 

meta-analyses reporting an association between preeclampsia and subsequent CVD [86].  

They provided data on over 3 million women from retrospective and prospective cohort 

studies, and showed that the relative risks of chronic hypertension and ischaemic heart 

disease after a pregnancy complicated by preeclampsia were 3.70 (2.70-5.05) after 14.1 

years, and 2.16 (1.86 – 2.52) after 11.7 years, respectively [86].  These findings have been 

supported by subsequent large cohort studies, systematic reviews and meta-analyses, 

showing a 2 to 5-fold increased risk of developing chronic hypertension after 

preeclampsia;[87–91]; a 2-fold increased risk of CVD [88,92–96] and evidence of 
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metabolic dysfunction in the decades following pregnancy [97–99].  The inclusion of 

confounding factors such as body mass index (BMI) and subsequent high-risk pregnancies 

are, however, inconsistent across these studies, limiting the ability to make causal 

inferences. 

 

2.22 Trajectory of hypertension and risk after Hypertensive Disorders of 
Pregnancy  
 

Whilst the risk of post-HDP chronic hypertension is established, the trajectory of these 

risks, especially in LMIC settings is less clear.  In a large cohort study involving 1.5 million 

primiparous women in Denmark followed up for 1-20 years, 14-32% of women with HDP 

in their first pregnancy developed hypertension in the subsequent decade, versus 4 -11% 

in a comparable group of normotensive women [100].  The risks of persistent hypertension 

in the year following a pregnancy complicated by HDP were 12 to 25-fold higher, and 10-

fold higher in the decade following the pregnancy than for normotensive women, even 

after adjusting for smoking, diabetes and other potential confounding factors [100].  The 

study further highlighted the risk trajectory for developing post-HDP hypertension, which 

starts in the first year postpartum and persists for up to two decades - findings that are 

supported by subsequent studies [101–103].   

 

Most observational studies investigating the association between HDP and future CMDs 

have been conducted in high-income settings [12,100,103–105].  While there are currently 

no comparable large cohort studies based in low- and middle-income (LMIC) settings, 

smaller cohort and cross-sectional studies confirm post-HDP hypertension as a clinical 

entity.  In sub-Saharan Africa, three small cohort studies in tertiary care investigated 

postpartum BP trends following preeclampsia/eclampsia.  In a prospective cohort study in 
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Cameroon, 23/54 (42.6%) women had persistently elevated BP 6 weeks after severe 

preeclampsia/eclampsia, reducing to 14.8% at 6 months [106].  Two prospective cohort 

studies in comparable hospital settings in Uganda [107], and Nigeria [108], involving 200 

and 198 women respectively, found that approximately a quarter of women with 

preeclampsia/eclampsia had persistent hypertension at 6 weeks postpartum [107,108].   

 

2.23 Implications of research for postpartum care of women with 
Hypertensive Disorders of Pregnancy 
 

The association between HDP and CMDs is well established [86,95,109,110], and risks 

may start early in the postpartum period [101,102].  Evidence that preeclampsia and 

gestational hypertension carry independent risks for future CVD [13] has prompted 

professional bodies to: a) recommend asking about HDP as part of cardiovascular risk 

factor screening in women [111,112]; b) discuss cardiovascular risk as early as 6-8 weeks 

postpartum [113], and c) recommend regular follow-up for all women with HDP 

[102,114]. 

 

A systematic review of postpartum interventions to reduce post-HDP cardiovascular risk 

[115] revealed limited evidence to guide the care of such women.  This was due to a lack 

of intervention studies, insufficiently powered trials, and the need for clinical effectiveness 

studies with long-term follow-up [115].  Using a cardiovascular risk prediction model, 

Berks et al, 2012, analysed pooled data from several studies, and estimated that lifestyle 

interventions after preeclampsia have the potential to reduce cardiovascular risk by 4-13% 

[116].  Further studies are, however, needed to understand the feasibility of engaging 

women in lifestyle interventions beyond the immediate postpartum period, and which 

healthcare professionals are best placed to deliver those interventions.  Educating women 
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and healthcare professionals might be a useful first step in promoting women’s long-term 

engagement with health services [117,118]; however, pragmatically, it is unclear what 

form postpartum interventions for women with HDP might take, and the ideal content and 

timing for conversations about cardiovascular risk.  A systematic review by Cairns et al, 

2017 [119], showed there was a lack of good quality evidence to guide the postpartum 

pharmaceutical management of HDP.  Further good quality RCTs are needed to compare 

anti-hypertensive medications and determine the thresholds for adjusting medication in 

these women.  Most studies included in these systematic reviews were based in high-

income, tertiary care contexts, and the implications are uncertain for women living in low-

resource settings, where there are significant challenges around the affordability and 

adherence to hypertensive medications [120].   

 

2.3 Gestational Diabetes Mellitus and cardiometabolic risk 
 

GDM is the new onset of hyperglycaemia during pregnancy [121].  It is one of the most 

common pregnancy complications, affecting approximately one in six women globally in 

2019 [122].  GDM carries significant maternal and neonatal morbidity, contributing to high 

birthweight, increased rates of Caesarean section, instrumental delivery, birth trauma, 

stillbirth and congenital anomalies [123].   

 

The global rise in GDM prevalence is reflective of the rapid economic growth and ensuing 

epidemiological transition seen in LMICs [124–126].  South-East Asia is one of the WHO 

regions with the highest prevalence of GDM, affecting 15% of pregnant women (versus 

6.1% in Europe) [127].  In India, GDM prevalence is rapidly rising [128], with 

considerable variation between States and urban/rural settings, depending on the diagnostic 
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criteria used [129].  GDM prevalence is reported to lie anywhere between 3.8% in urban 

Kashmir [130] and 42% in Northern India [131].  A systematic review and meta-analysis 

of GDM prevalence in India [132] revealed considerable study heterogeneity, particularly 

related to diagnostic criteria.  

 

2.31 Challenges & importance of diagnosing Gestational Diabetes 
Mellitus 
 

The numerous diagnostic guidelines for GDM [121,133] reflect the lack of universal 

acceptance of any one screening method.  The diagnostic gold standard is an oral glucose 

tolerance test (OGTT).  This involves administrating a 50 -100g glucose drink, ideally 

between 24-28 weeks’ gestation, followed by venous plasma glucose readings at baseline, 

1 hour and/or 2 hours.  The test can be performed either in a fasting or non-fasting state 

[134].  Testing requires laboratory services and human resources, which make diagnosis 

in low-resource settings challenging [135].  These practical constraints, and the lack of 

universally accepted guidelines, have made comparative studies of GDM prevalence 

across high-income country (HIC) and LMIC settings difficult [127].   

 

Despite conflicting diagnostic criteria, screening for maternal hyperglycaemia is important 

to prevent pregnancy complications.  In 2008, the Hyperglycaemia and Adverse Pregnancy 

Outcomes (HAPO) Study followed over 25,000 pregnant women in nine countries 

investigating the effects of maternal hyperglycaemia on neonatal outcomes [136].  After 

controlling for confounding factors, there remained a strong and continuous association 

between maternal hyperglycaemia and adverse neonatal outcomes, even with mildly raised 

maternal blood sugar [136].  As well as the immediate effects on the index pregnancy, 

screening for GDM has implications for the long-term cardiometabolic health of both 
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women with GDM and their offspring, who are at increased risk of future T2DM [137–

139].  With no clear threshold for diagnosis, GDM diagnostic criteria have been reached 

by expert consensus [140,141], or based on pragmatic approaches [142–144].  

 

2.32 Risks of Type 2 Diabetes Mellitus after Gestational Diabetes Mellitus 
 

Women with GDM are more likely to develop ongoing dysglycaemia in the postpartum 

period, with many converting to T2DM in the decade following pregnancy [145].  In their 

systematic review and meta-analysis of cohort studies involving more than two million 

women, Song et al (2017) [146] found that women with a pregnancy complicated by GDM 

had a 7.76 fold increased risk of T2DM compared to women without GDM.  The risks of 

conversion to T2DM were greatest in the 3-6 years immediately following the index 

pregnancy; however, significant risks also existed in the early postpartum period (<3 

years), which persisted for at least 10 years [146].  These findings are in keeping with a 

prior systematic review and meta-analysis by Bellamy et al, 2008 [147].  Compared to 

women with normoglycaemic pregnancies, those with GDM have a 7 to 10-fold increased 

risk of developing T2DM [147–150]; a 3 to 4-fold increased risk of metabolic syndrome 

(characterised by insulin-resistance, hypertension, dyslipidaemia and central obesity) 

[151,152], and an approximately 2-fold increased risk of CVD [153,154].   

 

The risks of T2DM are greater for women with GDM and a high Body Mass Index (BMI) 

(doubles risk) [155], and for those with concomitant HDP or who have had a preterm birth 

[155].  Any level of hyperglycaemia during pregnancy and the need for insulin therapy 

further increases the risk of conversion to T2DM [136,148,155], supporting the benefits of 

screening and glycaemic control for both pregnancy outcomes [136] and future risk of 

T2DM.   
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Limitations of these systematic reviews include the considerable heterogeneity of studies 

[150,156], the lack of LMIC representation in long-term cohort studies [156], and the 

paucity of community-based prevalence studies.  The few cohort studies conducted in 

LMIC settings have shown similar associations between GDM and postpartum conversion 

to T2DM [157,158].  In a cross-sectional study in South Africa, following 220 women with 

hyperglycaemia in pregnancy for 5-6 years, almost half the women progressed to T2DM, 

and worryingly, almost half (47%) of these women were unaware of their diagnosis [159].  

 

In Indian women, the risks of conversion to T2DM appear greater than in other populations 

[160,161], due to a complexity of factors including insulin resistance, increased adiposity 

and reduced skeletal muscle mass [162,163].  A retrospective review of 898 women in an 

urban clinical setting in South India, revealed that 58% developed T2DM, with half 

developing T2DM within the first 5 years postpartum, and a further third between 5-10 

years postpartum.  In total, 90.2% of women converted to T2DM within 10 years of the 

index pregnancy.  A limitation of this study was the significant loss to follow-up, as only 

19.3% of women provided postpartum OGTT data (mean follow-up = 4.5 years) [160].  

Other studies that have followed women in urban hospital settings in India have shown 

that over 20% have evidence of dysglycaemia within the first year postpartum [164] and 

up to 72% by 5 years [161].   

 

2.33 Implications for postpartum follow-up of women with Gestational 
Diabetes Mellitus 
 

In view of the evidence, postpartum screening for women with GDM is recommended in 

national guidelines across the world [165–167].  In spite of these recommendations, uptake 
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of postpartum screening in both HIC and LMIC contexts is poor [168].  Barriers include 

negative perceptions about the screening process, lack of awareness of the risks of GDM 

[169], competing personal priorities in the postpartum period, and lack of transport 

[170,171].  Additionally, in low-resource settings, the availability of trained staff, 

equipment and laboratories for screening are all issues.  To address the burden of GDM in 

rural India, the International Diabetes Federation (IDF) proposed a strategy for 

community-based screening [172].  The Women in INdia with GDM Strategy (WINGS) 

studies have shown it is feasible to perform an OGTT in rural areas using a capillary blood 

glucose (CBG) (when drawing venous blood is not possible) [173,174].  Although it has 

low sensitivity for detecting GDM [175], the latest Government of India guidelines 

recommend a non-fasting OGTT followed by a 2-hour CBG as a pragmatic solution to 

screening in rural areas, with repeat postpartum screening at 6 weeks for women with 

GDM [142].   

 

2.34 Postpartum interventions for women with Gestational Diabetes 
Mellitus   
 

The first 5 years following a pregnancy complicated by GDM offer opportunities to 

prevent progression to T2DM.  Evidence-based postpartum interventions have focused on 

the lifestyle and medication strategies of the Diabetes Prevention Programme (DPP) study, 

which showed a 58% reduction in the development of T2DM in high-risk non-pregnant 

adults in the lifestyle intervention group, and 31% in the group taking metformin (an oral 

hypoglycaemic medication) alone [176–178].  Tailored postpartum lifestyle interventions 

based on the DPP are feasible [179,180], and can reduce weight gain and increase exercise 

levels [179].  Furthermore, intensive lifestyle interventions and metformin use in 

postpartum women with GDM are effective in delaying or preventing diabetes in women 
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with evidence of dysglycaemia and a history of GDM [181,182], although evidence for 

use in low-resource settings globally is limited.   

 

2.35 What should we be doing for women with Gestational Diabetes 
Mellitus after pregnancy in India?  
 

For Indian women, the risks of developing T2DM after a pregnancy with GDM appear 

higher than for other populations.  These risks manifest in the first year postpartum [164].  

Given the rapid rise in T2DM in India [183], and projected impact of GDM [122], it would 

be sensible to implement early screening and postpartum interventions.  Numerous clinical 

guidelines have recommended the postpartum follow-up of women with GDM, with an 

OGTT at 6-12 weeks and counselling for risks of developing T2DM and CVD 

[165,167,173,174].  There is evidence for the use of lifestyle interventions and medications 

in the postpartum period to reduce the risk of progression to T2DM, but a distinct lack of 

intervention trials in low-resource settings globally.  Considerable uncertainty also exists 

around community-based screening for GDM, i.e. which are the best tests, diagnostic 

criteria and resources to use, and what are the implications of a diagnosis for women living 

in rural areas, where treatment with insulin and metformin are not affordable, available or 

practical.  Balancing pragmatic issues with the accuracy of screening tests is important.  

The review has highlighted the lack in LMIC settings of: a) long-term cohort studies 

following women with GDM; b) community-based studies for GDM screening and c) 

implementation trials of postpartum interventions for GDM in low-resource settings 

globally.  
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2.4 Community-level interventions for high-risk pregnant 
women 
 

For women living in rural India and other low-resource settings, lack of transport, poor 

literacy, demands of family and work, and affordability are all factors, which make 

multiple visits to hospital challenging [184,185].  As an alternative, community-level 

interventions for high-risk pregnant women can prevent delays in seeking healthcare [186].  

Such interventions include Community Health Worker (CHW) programmes, point of care 

testing (POCT), and use of mobile Health (mHealth) technologies.   

 

2.41 Task-sharing and the role of Community Health Workers  
 

CHWs are individuals from the communities they serve, trained to address health issues 

affecting their community [187].  In both HIC and LMIC contexts, CHWs advocate for 

their population, facilitate the modification of health behaviours and improve health 

literacy [188].  In many contexts, CHWs are recognised as part of the formal health system 

and as key to achieving universal health coverage (UHC) [189,190].   

 

In low-resource settings, task-sharing of clinical work to CHWs has been used as a strategy 

to meet physician shortages [191,192].  Task-sharing involves increasing the types of 

healthcare worker trained to deliver a certain service, and differs from transferring medical 

tasks normally reserved for nurses and physicians to less-specialised healthcare workers, 

such as CHWs (task-shifting).  Recognising the unique skills of CHWs in healthcare 

delivery, task-sharing involves redistribution of tasks to enable collaborative teamworking 

as a cost-effective strategy for improving healthcare efficiency and delivery in low-

resource settings [193].  Global CHW programmes across urban and rural settings have 
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been shown to improve healthcare delivery in the fields of maternal-child health [194,195], 

communicable disease management [196], and primary and secondary prevention of NCDs 

[197–201]. 

 

In a multi-country, cRCT involving 2645 adults >40 years old with hypertension in rural 

South Asia, (Bangladesh, Sri Lanka and Pakistan), CHWs were trained to measure and 

monitor BP and provide home health education in their villages [202].  The cRCT lasted 2 

years, with BP monitoring and home-based education visits every 3 months.  In addition 

to the CHW component of the intervention, local physicians were trained to manage 

hypertension using a checklist approach.  A hypertension triage reception was started in 

government clinics and CHWs were remunerated by local district health offices.  A 5.2 

mmHg reduction in systolic BP in the intervention group compared to the control group 

was seen at 24 months.  Additionally, the intervention group showed improved prescribing 

behaviours and adherence to anti-hypertensive medication, at minimal cost (<$11USD per 

patient).  The cRCT was well designed and conducted, with minimal loss to follow-up, and 

high levels of fidelity to intervention practices (>90% per protocol).   

 

Further community-level studies in both rural and urban LMIC settings globally have used 

technology to assist CHWs in BP management, and demonstrated significant 

improvements in cardiovascular risk reduction, medication adherence and healthy lifestyle 

behaviours [203,204].  These trials demonstrate the value of multi-component CHW-led 

programmes for NCD management in rural LMIC areas.  Involving primary care 

physicians and CHWs in NCD management, enhances the level of cardiovascular risk 

reduction and contributes to health system strengthening through integration of NCD 

programmes within multiple levels of the health system [203,205].   
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2.42 The role of Community Health Workers in early detection of 
women with high-risk pregnancies  
 

In low-resource settings, CHWs have been involved in identifying and monitoring high-

risk pregnant women.  Most trials have focused on preeclampsia as a leading cause of 

maternal mortality worldwide; for example, using POCT to screen for high BP [206–211].  

BP measurement using traditional devices can be daunting for unskilled CHWs.  In 

response, a low-cost ($25 USD per unit) semi-automated BP device with a traffic light 

triage system – the Cradle Vital signs alert (VSA) was designed for use by minimally 

trained health professionals in any setting.  Feasibility studies using the Cradle device in 

sub-Saharan Africa and India showed high levels of CHW acceptability [209,212]; a 

subsequent multi-country stepped-wedged, cRCT failed to impact the primary outcomes 

of maternal mortality and morbidity [210].  These results may have been due to a 

combination of the uni-faceted approach, focused on one high-risk condition, insufficient 

sample size, and lack of in-depth contextual understanding of the factors leading to 

maternal morbidity and mortality from preeclampsia in the areas studied.   

 

2.43 The role Community Health Workers & mobile technology  
 

Mobile Health (mHealth) refers to the use of mobile wireless technology for healthcare 

provision [213], i.e. standard mobile phones, smartphones and iPad-like tablet devices 

[214].  Rapid advances in the reach and functionality of mobile technology in LMICs have 

allowed the development of low-cost interventions, which can be delivered at scale  [215], 

with implications for healthcare equity.  These advances have led to the use of mobile 

technology for health-related behaviour change [214,216], provision of clinical decision 



 33 

support [217], reminder-recall systems [218,219], and to improve data collection to enable 

health systems planning and surveillance [220].   

 

The rapid expansion of mobile technology has impacted healthcare provision in the fields 

of maternal-child health [221], and NCD prevention and management [222].  A systematic 

review of 51 RCTs in maternal-child health, concluded that mHealth interventions could 

improve delivery of ANC and uptake of early breastfeeding [221].  Further studies have 

shown positive applications in screening and monitoring of HDP, improving efficiency 

and service delivery [223], and reducing delays in accessing medical care for pregnant 

women [224].   

 

In spite of these advances, to date, there are very few examples of robust, large-scale 

mHealth intervention studies in LMIC settings.  A cRCT of a smartphone-based mHealth 

intervention (ImTECHO) for pregnant women, involving a population of almost half a 

million in rural India, demonstrated the value of multi-faceted applications of mobile 

technology in the supportive supervision and mentoring of CHWs, and as a job-aid to 

improve uptake of standardised ANC [225].  The mHealth intervention did not, however, 

impact clinical endpoints of maternal and neonatal mortality and morbidity.   

 

Another large-scale trial using mHealth, focused on preeclampsia, was the Community-

Level Interventions for Preeclampsia (CLIP) trial [226] .  The cRCT was conducted in 

Mozambique, Pakistan and India, and studied a CHW-led intervention to screen, triage and 

manage women with preeclampsia, supported by a mobile Health (mHealth) risk 

stratification tool.  The full Pre-eclampsia Integrated Estimate of RiSk model (fullPIERS) 

was developed in a HIC setting to predict adverse maternal outcomes in women with 
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preeclampsia, using a combination of clinical history, signs and symptoms, and laboratory 

tests [227,228].  Due to the lack of laboratory support in low-resource settings, the 

fullPIERS prediction model was modified, integrated into an mHealth platform (PIERS-

on-the-Move: POM), and found to be acceptable and feasible, with moderate utility in 

predicting adverse pregnancy outcomes in women with HDP [229–231].  CHWs in the 

CLIP cRCT were trained to measure BP using a digital device, and received risk-

stratification and management support through the POM mHealth tool.  The trial gave 

CHWs duties outside of their traditional tasks, including administration of medication.  An 

individual participant-level meta-analysis of over 60,000 pregnant women revealed that 

the CLIP intervention did not reduce the primary endpoints of adverse pregnancy outcomes 

[226].  This may be the result of the focus on one health condition and a need to address 

wider health system barriers influencing the implementation of community-level 

interventions for high-risk pregnant women.   

 

In NCD prevention and management, mHealth has been shown to be an effective strategy 

for improving medication adherence [232], and for secondary prevention of CVD [222].  

A review of mHealth in the self-management of BP also demonstrated clinical 

effectiveness [233].  Multi-faceted mHealth strategies (e.g. tailored messages and 

interactive communication) had additional impact [233].  Reviews of mHealth in 

delivering care for high-risk pregnant women, and in NCD prevention and management, 

have highlighted that multi-faceted mHealth interventions incorporating several strategies 

both within the mHealth platform and in its implementation within the health system, are 

more efficacious than disease-specific strategies targeting one area of the health system 

[220–222,226,233,234].  There is however, a lack of robust clinical trials beyond small-

scale pilot studies of mHealth in LMIC settings [235,236].  This has limited the ability to 
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draw conclusions about the clinical effectiveness of mHealth interventions in these clinical 

areas [235]. 

 

2.44 Implications for high-risk pregnant women and non-communicable 
disease prevention 
 

The overall evidence to support clinical effectiveness of mHealth technology is, to date, 

inconclusive [214,237].  Although there are examples of clinical effectiveness in the fields 

of SMS-messaging for smoking cessation, and multi-faceted interventions to improve 

adherence to HIV medication in LMICs [238], most large-scale trials evaluating mHealth 

interventions have, to date, been conducted in HICs [214].  Further robust implementation 

trials of mHealth interventions are needed to show evidence for efficacy, clinical and cost-

effectiveness, particularly in LMICs  [214,235].  

 

Use of mobile technology in low-resource settings has further implications for health 

systems.  Challenges to integrating mHealth interventions into a health system include lack 

of digital literacy of healthcare workers [239], and readiness of the health system 

infrastructure to integrate digital technology into the daily work of healthcare workers 

[240,241].  Introduction of complex interventions such as mHealth into a health system 

may lead to a variety of unintended consequences, which are not always acknowledged or 

discussed.  Such unintended effects reported in the literature include increased workload 

[211,212,219], frustration and resistance of healthcare workers to new ways of working 

[219], and disruptions to the of focus of activities for healthcare workers from traditionally 

allocated tasks in order to incorporate the new intervention [211].   Complex interventions 

may also have wider impacts outside of the intended beneficiaries or intended outcomes.  

For example, Namazzi et al  [211] found that husbands of the women receiving a CHW-
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led intervention for maternal health, reported frustration that their wives did not inform 

them of their pregnancy.  Furthermore, Nathan et al [212] developed the CRADLE BP 

device primarily to address the delays for women in reaching the healthcare facility and 

delays at the facility, but found that the intervention additionally impacted care-seeking 

behaviour amongst women before they decided to reach the healthcare facility.  Systems-

level thinking considers the broader impacts of introducing a complex intervention beyond 

its immediate beneficiaries, recognising these system-wide effects [223].   

 

2.5 Health systems strengthening for women's life-long health 
 

Health systems are complex, dynamic and interactive [242].  Strengthening such systems 

may be achieved through vertical and horizontal integration between the community, 

primary and secondary care, and a shift to more patient-centred approaches [243,244].  

Integrated care is the provision of healthcare with the aim of improving the patient 

experience, whilst achieving greater value and efficiency.  It has been shown to improve 

uptake, earlier initiation of treatment and lower loss-to-follow up for pregnant women 

requiring antiretroviral treatment for HIV [244].  Integrated programmes may also provide 

opportunities for family members and partners to engage with health services [244].  In 

low-resource settings, using healthcare encounters such as ANC, might offer opportunities 

to engage women and their families in discussions about their future cardiometabolic 

health.  

 

A systematic review of the integration of ANC services with health programmes in LMICs 

found there was limited evidence to support policy changes in this area [244].  This was 

mainly due to the studies’ limited generalisability, and lack of RCT evidence.  Most (9/12) 
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of the studies included in the review focused on the integration of HIV-related services 

with ANC.  A further two looked at the integration of syphilis screening with ANC and 

only one described the integration of postnatal care for chronic conditions with ANC 

services [244] .   

 

There are very few examples of integration of NCD prevention strategies into maternity 

services in LMIC settings.  Existing studies have focused on using ANC as an opportunity 

to screen and counsel women about breast cancer [245], and perinatal mental health [246–

248].  Although, an integrated approach to managing GDM in primary care in Pakistan has 

been advocated [249], its implementation has not yet been studied.  Examples from 

programmes to prevent maternal to child transmission of HIV in sub-Saharan Africa do, 

however, show how integrated care across the continuum of women’s health might be 

designed and implemented to respond to the needs of women throughout their lives, at 

scale, in low-resource settings [250].  Currently, in many low-resource contexts, the 

postnatal period (critical for preventing neonatal and maternal morbidity and mortality), is 

a neglected area of service delivery, fragmented from routine ANC, and presents a missed 

opportunity for providing integrated care for women during their transition from pregnancy 

to post-reproductive women’s NCD services [251].   

 

2.6 Discussion 
 

Pregnancy represents a unique physiological event in the life course of a woman, which 

may unmask a woman’s susceptibility to future CMDs [252].  There is good quality 

evidence for both early postpartum and life-long follow-up of women with HDP and GDM, 

to reduce their future risk of CMDs.  The form which this postpartum follow-up should 
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take in low-resource settings is less clear, although some guidance exists [83,142,172,253].  

Tackling the rise in NCDs and reducing maternal mortality are both key objectives of the 

Sustainable Development Goals [82], and there have been calls for integrating NCD 

prevention into the existing continuum of women’s healthcare programmes globally [254].  

Strategies and interventions to address high-risk pregnancy conditions in low-resource 

settings have, to date, focused on pregnancy, delivery, and the immediate postpartum 

period alone, rather than integrating NCD prevention into postpartum care.  In rural areas 

of India, where there is limited access to health services, integrated, life-long, community-

based strategies are required to address the rising burden of NCDs in women.   

 

This literature review highlights the need for more robust RCTs of interventions (both 

digital health and other complex interventions) targeting antenatal and postnatal care in 

LMICs.  Of the RCTs of community-based interventions that have been conducted, most 

have failed to show any impact on hard clinical outcomes [225,226], but have improved 

process and quality of care measures [225,226].  The reasons are multifactorial.  Firstly, it 

is unclear if the hard clinical outcomes studied are truly reflective of the change processes 

that have occurred, as in many of the studies the theory of change is not clearly articulated.  

Transparent reporting of the mechanisms of impact of an intervention are central to 

evaluating and understanding how an intervention has its effects [255]. Secondly, the 

studies have usually focused on a single condition and strategy for improving maternal 

health outcomes.  A multi-faceted approach to intervention design might be best suited to 

address maternal mortality in areas where HDP are just one of many high-risk conditions 

facing pregnant women.  Lastly, there may be a need to move beyond targeted community-

level interventions to include wider health systems strengthening, through provision of 
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integrated models of care involving primary and secondary care, and throughout a 

woman’s life course.  

 

In rural India, there are still significant challenges in screening and diagnosing HDP and 

GDM, which require innovative and creative problem-solving.  Antenatal and postnatal 

care in rural India is delivered by CHWs, who are ideally placed to deliver community-

based interventions to identify and counsel pregnant women at high-risk of future CMDs.  

This review has highlighted that interventions targeting high-risk pregnant women and 

NCDs, need to consider multiple strategies, applicable to the context, to articulate a theory 

of change, and integrate effectively within the health system to deliver patient-centred care 

throughout the life-course.  With this in mind, I set out to explore the following research 

questions [Table 2] in designing a complex intervention to address the detection, referral 

and management of pregnant women at high-risk of future CMDs in rural India.  

2.7 Primary & secondary research questions  
 

Table 2.1: Summary of primary & secondary research questions of thesis 

Primary Research Question (addressed through whole thesis) 

Is it feasible and acceptable for CHWs in rural India to screen, refer and manage high-risk 
pregnant women during antenatal and postnatal care using a complex intervention, including 
mobile clinical decision support?  

Secondary Research Questions Addressed in: 
What contextual factors are important in developing a conceptual map 
of the healthcare system for pregnant and postpartum women in rural 
India?  

Chapter 4 

How can theory be used to inform the design and development of a 
complex intervention and refine this for testing?  

Chapter 5 

What are the important factors in the design and delivery of the complex 
intervention that can explain its acceptability, feasibility, and likelihood 
of scalability outside of a pilot study?  

Chapter 6 
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3.1 Introduction 

In the previous chapter, the literature relating to the long-term cardiometabolic sequelae of 

high-risk pregnancy conditions, including HDP and GDM, was explored and community-

level strategies to address these issues were discussed.  This literature review provided an 

evidence base and rationale for the development of a multi-faceted intervention to screen, 

refer and manage women with high-risk pregnancies in rural India.  In this chapter, I 

outline the theoretical frameworks and methods used in the process of intervention 

development and evaluation, and explain why these particular frameworks and theories 

were chosen for my research.   

 

3.2 The MRC Framework for complex interventions 

A complex intervention is one that contains several interacting components, which may 

operate at various levels within a dynamic health system.  Complex interventions require 

an array of behaviours to be enacted by healthcare workers and other key stakeholders 

within the health system [66].  Additional complexity may include wider social and 

environmental influences and human-system interactions [256, 257].  These factors can 

make the effects of the components of a complex intervention hard to anticipate or 

measure, and lead to unintended consequences.  In the face of these uncertainties, guidance 

and theoretical frameworks can aid the systematic development and evaluation of such 

interventions [258]. 

The MRC framework for complex interventions [66] outlines the process of development, 

evaluation and implementation of complex interventions in four key stages:   
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• Development:  Identification of the evidence base, identifying and developing 

relevant theory and modelling processes and outcomes.   

• Feasibility/Piloting:  Testing intervention procedures, determining recruitment 

and retention rates, and facilitating estimation of sample sizes for future 

effectiveness studies through conducting a feasibility or pilot study. 

• Evaluation:  Assessing effectiveness, understanding the change process, assessing 

cost-effectiveness.  

• Implementation:   Dissemination, surveillance and monitoring and long-term 

follow-up (including post-evaluation scale-up). 

 

The MRC framework allows for flexibility between these four stages, moving iteratively 

between development, feasibility and evaluation until implementation is possible and 

optimised.  The framework further enables researchers to consider factors involved in the 

causal mechanisms of complex interventions, and gives scope to understanding the real-

world effectiveness of the intervention.  In this thesis, I have focused primarily on the 

stages of development and feasibility & piloting of a complex intervention, whilst 

considering implementation issues throughout the research process.  Figure 3.1 outlines 

the MRC Framework and its links to my research.  
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Figure 3.1: Medical Research Council Framework for complex interventions and 

phases of thesis 

 

 
 
Developing and using theory to model a complex intervention is integral to the 

development phase of the MRC framework for complex interventions.  However, 

structured advice on how to embed theory into intervention design has, historically, been 

scarce, which has led to many interventions being designed without explicit use of theory 

[257].  

 

The MRC guidance on process evaluation emphasises use of theory in the evaluation of 

complex interventions, providing examples of how theory may be used to explain the 

causal mechanisms and guide the evaluation of a complex intervention [259].  The 

guidance highlights the importance of understanding why a complex intervention worked 

or not, and how the intervention had its intended (and unintended) effects.  Unlike the 2008 

framework for complex interventions, the MRC guidance on process evaluation [259] 

recognises the importance of having a good understanding of the context in which complex 
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interventions occur.  This is a move away from traditional biomedical models in clinical 

research, which have focused on a linear progression from the development of a research 

concept into evidence of clinical effectiveness, for the overall goal of public health impact 

[260].  Complex interventions, however, are rarely linear in their outcomes, and are 

influenced by the wider social and political contexts in which they are situated [261].  

Recognising the importance of context in the adoption of complex interventions into 

routine healthcare practices is a key focus of implementation research [262].  

Implementation research sits under the wider umbrella of implementation science [262]; a 

field of science which started in the late 1990’s following the observation that evidence of 

clinical effectiveness provided through robust clinical trials did not always guarantee 

adoption of an intervention into routine care for patient and public health benefit 

[263][264].   

 

3.3 Implementation science: Theories & Frameworks  

Implementation science focuses beyond establishing the clinical efficacy and effectiveness 

of an intervention.  It aims to understand the contextual factors that improve or obstruct 

the adoption of evidence-based interventions into routine healthcare in real world settings 

[265].  Implementation research has been advocated to address the global rise in NCDs, to 

improve smooth and timely adoption of evidence-based practices into global settings, and 

accelerate policy action [266].  
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3.31 Why use theory in intervention development and evaluation? 
 

Although there is evidence to support the efficacy [267] and effectiveness [268] of theory-

informed interventions in small-scale clinical trials, evidence of population-level impact 

in real world settings is scarce [269].   

 

A systematic review of reviews by Dalgetty et al, 2019, showed limited evidence that 

theory-informed interventions are any better than those developed because ‘it seemed like 

a good idea’ [270].  These findings may be due to in part to the lack of theory being 

explicitly stated within studies, or due to limitations in the way the theories were used, or 

could signal wider implementation problems.  This then begs the question – why use theory 

to inform the design of complex interventions?   

 

Theory, theoretical models and frameworks can be important in understanding the 

relationships between phenomena within a complex system, and modelling how these 

phenomena interact.  Theories are based on empirical evidence, and can be used to both 

describe and explain phenomena through the use of analytical statements and principles, 

and predict what is likely to happen in a given situation.  Theory may be simplified into a 

model, which offers a more narrow and descriptive way of understanding phenomena.  

Theoretical models may be separate to, or embedded within a larger theoretical framework. 

Theoretical frameworks use a wider set of categories, constructs and variables, and outline 

the relationships between these categories, thereby providing structure when approaching 

or evaluating a research area.   

 

Embedding implementation theories and frameworks into the development and feasibility 

stages of the MRC Framework might help to address implementation issues at the start of 
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the research process.  Theories and frameworks can help to both explain the causal 

mechanisms of the intervention and optimise its implementation.  Furthermore, 

implementation science theories and frameworks have the potential to build the views of 

local communities into the heart of the design of a complex intervention and thereby 

improve the chances of local adoption and improvement of service delivery [271,272].  

The use of theory in the development and evaluation of complex interventions also enables 

comparison between interventions, thereby providing opportunities to test the theory, and 

facilitate its further development [257].  Several examples of theory-informed 

interventions have been published in a diverse range of fields from back pain [273] to 

stroke medicine [274]. 

 

Implementation theories and frameworks are specifically developed by implementation 

researchers, either through adapting existing theories and concepts or de novo, in order to 

provide understanding and explanation of the process of implementation.  Nilsen, 2015, 

summarises the aims of implementation theories, models and frameworks into three areas:  

1) Those that describe the process of translating research into practice; 2) Those that aim 

to understand and explain what influences implementation outcomes (through either 

determinant frameworks, classic theories and implementation theories), and 3) Those that 

evaluate implementation [275].  In this thesis, I will be using the COM-B/Behaviour 

Change Wheel (BCW) framework [67] and Theoretical Domains Framework (TDF) 

[68,276] for behaviour change, to design the intervention, and to understand and explain 

the implementation process and outcomes of SMARThealth Pregnancy.  In addition, I will 

be using Normalisation Process Theory [69,277,278] as a lens to conduct the qualitative 

process evaluation of the intervention, and to explore how the intervention was embedded 

into routine healthcare practice to provide clues as to its future sustainability.  These 
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theories and frameworks sit within the second aim of Nilsen’s [275] categorisation, and 

will now be discussed.  

 

3.32 Behaviour Change Frameworks used for intervention development 

Complex interventions attempt to change the dynamics of social systems, through 

influencing the behaviours of agents within those systems [279].  Effective models for 

behaviour change take into account behavioural theory of both the internal and external 

factors impacting behaviour, and further consider an understanding of the contexts in 

which interventions are effective, and how the theory might inform the design and 

evaluation of such implementation interventions.   

 

Michie’s COM-B/BCW is an integrative framework, which captures the diverse influences 

on behaviour in a structured and methodological way to design and implement 

interventions [67].  The framework was developed through a systematic review and 

synthesis of 19 existing behaviour change frameworks and provides a coherent and 

systematic method for: a) identifying and organising potential barriers to behaviour 

change; b) selecting barriers that, if modified, are most likely to lead to behaviour change 

in a given context, and c) choosing evidence-based behaviour change techniques most 

likely to be effective in overcoming targeted barriers.   

 

At the ‘heart’ of the BCW are three main domains of behaviour: Capabilities, Opportunities 

and Motivations (COM), which interact to effect behaviour change (COM-B).  These 

domains are further subdivided as outlined in Table 3.1 below.   

 



 48 

Table 3.1: Domains of the COM-B model of behaviour change.  Adapted from 

Michie et al, 2011 [67] 

Domain of Behaviour 
Change Wheel 

Sub-Domain Description examples 

Capabilities Physical Physical abilities to perform behaviour 

Psychological Psychological abilities: reasoning, 

comprehension 

Opportunities Physical Physical environment and its impact on 

behaviour 

Social Social and cultural context which may 

influence behaviour 

Motivations Automatic Emotions and impulses that lead to 

enacting or inhibiting behaviour 

Reflective Abilities to evaluate and plan behaviour 

 

The COM-B/BCW approach to intervention design considers which aspects of the 

motivational system outlined by the capabilities, opportunities and motivations of key 

actors in a health system can be targeted, and how these might most effectively be targeted 

(using intervention functions), in order to achieve a target behaviour.  The COM-B 

domains provide the basis or sources of behaviour to align to intervention functions within 

a complex intervention.  The second ‘layer’ of the BCW outlines the intervention functions 

which can be employed to achieve a desired behavioural response.  Intervention functions 

include: Education, Persuasion, Incentivisation, Coercion, Training, Restriction, 

Environmental restructuring, Modelling and Enablement.  These functions are further 

linked to policy-level strategies (the third ‘layer’ of the BCW), which impact behaviour 

change including: Communication/marketing, Guidelines, Fiscal, Regulation, Legislation, 

Environmental/Social planning, and Service provision.  The COM-B/BCW can be used to 

identify relevant intervention functions that might influence the capabilities, opportunities 

and motivations of agents within a health system, and thereby lead to a change in 

behaviour.   
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Figure 3.2: The domains of the Behaviour Change Wheel 3 

  

 
 
The “active ingredients” within the intervention functions are known as Behaviour Change 

Techniques (BCTs).  BCTs are observable and replicable components of behaviour change 

interventions, and have been categorised in an extensive taxonomy of BCTs [280].  

Specifying BCTs within the intervention functions used in a complex intervention, can 

help researchers understand the precise components of the intervention and which of these 

had the most impact as part of the development of a logic model or programme theory.  By 

considering which target behaviours are important to address for agents within the health 

system, and mapping these desired behaviours within COM-B domains to the relevant 

intervention functions and policy categories, a complex intervention, using single or 

multiple intervention functions can be designed to target specific behaviours using a range 

of BCTs.  The end-point of any behavioural intervention is a change in behaviour, rather 

than the clinical outcome (the consequence of the change in behaviour) [281].   

 
3 Reproduced from Michie et al. The behaviour change wheel: A new method for characterising and 
designing behaviour change interventions. Implementation Science 2011 6:42 published under CC BY 2.0. 

This Photo by Unknown Author is licensed under CC BY 
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3.33 Theoretical Domains Framework 

The Theoretical Domains Framework (TDF) [68] is another integrative framework of 

behaviour change, complementary to COM-B/BCW.  The TDF synthesised 128 theoretical 

constructs from 33 behavioural theories (judged to be most relevant to implementation 

questions) [68].  It consists of domains primarily relating to individual capabilities and 

motivations, and also takes into account wider physical and social factors within the 

environment.  The TDF domains give a more granular understanding of the psychological 

capabilities and reflective motivation domains of the COM-B model as illustrated in 

Table 3.3.  In designing interventions, the TDF fits well with the COM-B/BCW [68] and 

they can be used synergistically [282].  

 

Table 3.2: Constructs of the Theoretical Domains Framework mapped onto the 

Capabilities, Opportunities and Motivations of the COM-B framework   

COM-B domains Associated TDF domains 

Physical capability Physical skills 

Psychological capability Knowledge; Cognitive and interpersonal skills; Memory, 

attention & decision processes; Behavioural regulation.  

Social opportunity Social influences 

Physical opportunity Environmental context and resources 

Automatic motivation Reinforcement; Emotion 

Reflective motivation  Social/Professional role and identity; Beliefs about capabilities; 

Optimism; Intentions; Goals; Beliefs about consequences.  

 

In Chapter 5, I outline how the COM/BCW and TDF have been used to design the 

SMARThealth Pregnancy intervention components and implementation strategies.  
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3.34 Normalisation Process Theory 

Normalisation Process Theory (NPT) is a mid-range theory, which addresses the concept 

of community-based action and the different types of work stakeholders do when 

implementing a new practice.  NPT was developed by iteratively synthesising generic 

theories of implementation [69,277,278].  Capturing important elements of the 

implementation process, NPT assists health services researchers to understand how 

complex adaptive social systems (such as the maternal health system in rural India) 

function, and the roles of individual and collective behaviours that interact to implement 

a complex intervention within this system.  NPT can be used to help understand how 

complex interventions become embedded into the day-to-day work of key players in the 

health system after implementation.  NPT has also been highlighted as an approach to 

understanding the real-world implementation of an intervention and its future scalability 

and sustainability [272].   

 

NPT focuses on four key constructs, each with further sub-domains (in brackets) [283]: 

1. Coherence:  Refers to the work individuals and groups do to make sense of an 

intervention.  Understanding how the intervention differs to existing practices 

(differentiation), how people make sense of the intervention collectively and 

individually (communal and individual specification), and how people come to 

understand its value and benefits (internalisation).   

 

2. Cognitive participation:  This is the relational work required to build and sustain 

intervention practices.  For example; how people work to drive forward a new 

intervention (initiation); how they reorganise their relationships to contribute to 

new practices (enrolment); if people believe it is correct for them to be involved 
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in intervention delivery (legitimation), and how the relationships to deliver the 

intervention are sustained (activation).  

 

3. Collective action:  Refers to the operational work done by individuals and teams 

to implement a new intervention.  Operationalisation of a new intervention may: 

require new interactions between people in the health system, both with each other 

and with the intervention (interactional workability); require people to build 

accountability, trust and confidence in the new ways of working (relational 

integration); require division of labour to deliver the intervention (skill set 

workability), and involve reallocation of resources to deliver new practices 

(contextual integration). 

 

4. Reflexive monitoring:  This is the formal and informal appraisal of how the new 

intervention affects individuals and the wider health system.  This may involve 

evaluation of the worth of a new set of intervention practices (systemisation); 

through formation of informal or formal groups (communal appraisal) or 

individually (individual appraisal), and result in further refinement of 

intervention practices, creating change, reorganisation and embedding of the 

intervention within the health system (reconfiguration).  

 

NPT is flexible and can be used in multiple ways at the discretion of the researcher 

[personal communication with author - Professor Carl May].  These include to a) support 

intervention design; b) describe the context of a trial within the process evaluation of 

randomised controlled trials, and c) explore forms of collaborative care [278].   The main 

uses of NPT have, to date, been in feasibility studies and process evaluations.  The ways 
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in which NPT has been integrated into research methods has included deductive analysis 

of qualitative data using framework or directed content analysis [278].  NPT has also been 

used to include both deductive and inductive elements in a theory-led analysis, without 

the need to force data to fit within a rigid framework, and for inductive analysis of 

qualitative data in light of NPT constructs [284,285].  In my thesis, I will be using NPT as 

a lens for conducting a framework analysis in the qualitative process evaluation of 

SMARThealth Pregnancy (Chapter 6).   

 

3.4 The need for mixed methods  

Mixed methods research is a form of research design with its own philosophical 

assumptions and methods of inquiry [286].  As outlined by Creswell & Clark [287] the 

central premise of mixed methods research is that: 

 

“The use of quantitative and qualitative approaches in combination provides a better 

understanding of research problems than either approach alone.” 

 

A combination of research methods is often needed to address diverse research questions 

arising as a result of the complexities of healthcare research [272,288].  O’Caithan et al, 

2019, in their ‘Guidance on how to develop complex interventions to improve health and 

healthcare’ acknowledge the use of mixed methods in the development of complex 

interventions [272].  For example, understanding the context, priorities and values of 

stakeholders using qualitative approaches to data collection might permit more socially 

located responses [289].  Outcome evaluation of a healthcare program might, however, 

require quantitative methods.  Use of mixed methods is compatible with the MRC 
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framework, which acknowledges the variety of research questions arising during each of 

its four stages, and the range of methods required to address these questions.  

 

The dominant methodology used within my thesis is qualitative, as outlined in detail in the 

relevant methods sections of the contextual study (Chapter 4) and the qualitative process 

evaluation of the pilot study (Chapter 6).  In the design phase (Phase 1) of the 

SMARThealth Pregnancy intervention, qualitative methods are used in an inductive and 

exploratory way, to inform the design of the intervention and its components (Chapter 4).  

A qualitative synthesis of the barriers to the provision of integrated antenatal and postnatal 

care of high-risk pregnant women identified during the contextual work, informs the design 

of the complex intervention (Chapter 5).  Intervention development focuses on the four 

principles of human-centred design: a) ensuring solutions to core or root issues, rather than 

surface level issues; b) focusing on people; c) taking a systems-perspective 

(acknowledging the complex and interdependent parts of the health system), and d) 

involving iterative refinement to ensure the intervention meets the needs of the people 

[290].  During the SMARThealth Pregnancy intervention development (Phase 2), a 

combination of qualitative and quantitative data were collected in parallel during usability 

testing to refine the intervention before the pilot study, as part of a human-centred approach 

to intervention design and development [272,290].   

 

During the final phase (Phase 3), in a pilot cRCT of SMARThealth Pregnancy, both 

quantitative and qualitative data were collected in parallel.  These data were then integrated 

using a narrative approach to answer the primary research question relating to feasibility 

and acceptability of the intervention (Chapter 6).   
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Addressing bias and trustworthiness of data  

The use of mixed methods in the pilot study enables triangulation of data to answer the 

primary research question.  Triangulation refers to the use of multiple data sources, 

methods of data collection and analysis, and combining and comparing these different 

sources to help reduce subjectivity and bias within the research process.  Use of conceptual 

frameworks to outline the research process can help establish validity and reliability, and 

thereby trustworthiness of research findings.  As part of the qualitative methods used in 

this thesis, I consider Guba’s four key criteria for establishing trustworthiness: credibility, 

dependability, confirmability and transferability of the research methods and analysis, to 

appraise the validity of qualitative research [291].  O’Caithan et al, further outline the 

importance of providing adequate justification for using mixed methods and clear 

descriptions of the methods and insights gained from integrating methods in the Good 

Reporting of A Mixed Methods Study (GRAMMS) [292].  At the heart of my research 

process, are the concepts of positionality, reflexivity and self-awareness as a researcher, 

now discussed.  

 

3.5 Positionality and Reflexivity in the research process 

Positionality refers to the way in which a researcher interacts and engages with the social, 

cultural, and political context of the study [293].  Reflexivity allows the researcher to 

identify assumptions and preconceptions they may have entering the research. It is an 

essential component of high-quality qualitative research [288,293,294].  An element of 

trustworthiness of my DPhil research, particularly for the qualitative aspects of the thesis, 

includes acknowledging my background and values as the primary researcher and their 

impact on how the research was conducted, analysed and interpreted.  Here, I reflect on 

the impact of being both an outsider and a doctor has had on my doctoral research. 
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I am a female medical doctor, with a professional background in paediatric surgery and 

primary care.  I was born in India, and raised in the UK since the age of 2.  Over the last 

15 years, I have spent a great deal of my time living and working in rural India, both on 

short-term projects and longer term stays of up to a year.  This background and knowledge 

of the country and its society, the way I looked and dressed enabled me to integrate rapidly 

in both study settings, build trust with local healthcare workers, and be accepted into the 

communities.  While I felt very at home in rural India, I was aware that my accent, 

education, and mannerisms may have also been interpreted by others as being an ‘outsider’, 

and affected the way I was perceived.   

 

Although I tried my best to be introduced as a researcher to women in the study, 

participants often found out that I was a doctor.  I was aware that this might affect the 

dynamics of the interviews and being a ‘doctor from London’, meant that I was often put 

on a pedestal – particularly by other healthcare workers who, I quickly reassured, knew 

much more about rural India and the challenges they face as healthcare workers than 

myself – and that they were the experts in this field.  Due to the way I looked and dressed 

(in Indian traditional dress) and my awareness of the customs and traditions of India, the 

women and healthcare workers felt at ease, and were happy to share their experiences 

unreservedly in all cases.  Although I had worked and lived in rural India in the past, I was 

unfamiliar with the two areas involved in my DPhil study.   

 

My familiarity with the Indian context, and rural India in particular, added credibility to 

the research and the development of this complex intervention.  While I was mostly able 

to understand the languages in both areas I worked in, I was not able to speak the local 
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languages and translators were required.  These language barriers may have impacted the 

data collection and analysis.  However, these barriers were minimised by briefing the field 

team and translators on the content of interviews and focus groups and by sharing thoughts 

and notes after each interview with the wider team, to check understanding and nuances.   

 

At each stage of the DPhil research, I consciously stepped back from the work, and 

reflected on my feelings, any preconceptions, and tried to come to each stage of the process 

with a fresh outlook as a DPhil student.  This approach helped me to step out of traditional 

positivist paradigms used in medical research.   

 

In this chapter, I have outlined the theoretical lenses used within the thesis in the process 

of intervention development and evaluation, and the key considerations given to my 

positionality and reflexivity during the research process.  In the next chapter, I outline a 

contextual study of maternal care in two diverse districts of rural India to address my 

secondary research question: What contextual factors are important in developing a 

conceptual map of the healthcare system for pregnant and postpartum women in rural 

India? 
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4.1 Introduction 

In this chapter, I outline a qualitative study undertaken in the Jhajjar district of Haryana 

and the Guntur district of Andhra Pradesh (described in Chapter 1).  The aims of this study 

were to explore the context of maternal health in two diverse rural settings, understand 

local priorities for women and healthcare professionals around high-risk pregnancies and 

their long-term sequelae, in order to inform the development of contextually sensitive 

strategies to improve women’s life-long health.  The study was designed to answer the 

secondary research question of my thesis:  What contextual factors are important in 

developing a conceptual map of the healthcare system for pregnant and postpartum women 

in rural India?   

 

Local beliefs and practices relating to high-risk pregnancy conditions do not always align 

with traditional biomedical models of disease [295].  High-risk conditions such as 

preeclampsia are conceptualised in a variety of ways by different populations globally 

[295,296].  This may impact the health-seeking behaviours of women.  Women’s and 

healthcare professionals’ understanding of the long-term health risks following a 

pregnancy complicated by HDP or GDM have not (to date) been explored in a rural Indian 

context.  Awareness of the contextual factors relating to a pregnant woman’s journey 

through the rural health system, is integral to developing empathy and understanding for 

the needs and priorities of key actors within the health system.  Although integral to 

maternal healthcare, the views of CHWs and women, are not often included in planning 

women’s health services in India [297][298,299].  This study was conducted to gain greater 

contextual understanding, and engage key stakeholders early in the intervention 

development process.  Community engagement and involvement is key to the successful 

design, integration and future sustainability of complex interventions [272], and at the 
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heart of human-centred design methods [300].  I conducted a qualitative study to explore: 

a) the context of maternal and women’s healthcare in two diverse districts of rural India; 

b) women’s and healthcare professionals’ understanding of high-risk pregnancy 

conditions, and their associated long-term health risks; c) the pathways for detection, 

referral, management and follow-up of high-risk pregnant women in rural India, and d) 

CHWs engagement with mobile technologies, and how these may be integrated effectively 

within the health system.   

 

The objectives of the study were to: 

• Document perspectives of key stakeholders within the health system in rural India 

regarding the detection, referral and life-long management of high-risk pregnant 

women. 

• Develop a conceptual map of the health system with regards to the provision of 

integrated antenatal and postnatal care for women with high-risk pregnancies. 

• Explore the modifiable barriers to providing integrated antenatal and postnatal care 

within the local health system to inform the development of a complex intervention 

(see Chapter 5).  

 

4.2 Methods 
 

4.21 Sampling & participant recruitment 

A purposive sample of key stakeholders including: government representatives from the 

Health Department of Haryana and the Commissionerate of Health and Family Welfare, 

Andhra Pradesh, (responsible for commissioning maternal health services to rural 

populations), obstetricians, Primary Care Physicians (PCPs), CHWs, and 
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pregnant/postpartum women in both districts, were identified through local contacts at the 

George Institute for Global Health, India.  Further theoretical sampling of laboratory 

technicians (responsible for conducting all antenatal screening blood tests in their 

communities) and health officials resulted from initial interviews with stakeholders.  Study 

participants were chosen due to their direct relationship and impact upon the pregnant 

woman’s journey from the village to secondary care, during and after pregnancy.  

Collecting data from a range of key stakeholders, through use of both interviews and focus 

groups, enabled exploration of areas of convergence and complementarity, whilst also 

identifying outlying cases.  This was important in the process of triangulation during data 

analysis.   

 

Sample Size 

Guidance on sample size for qualitative studies was sought from the relevant literature 

[301, 302, 303].  The sample size aimed to provide adequate representation of the 

participant groups, whilst also ensuring the study was pragmatic, and that theoretical 

saturation was likely to be achieved [304].  With this in mind, the aim was to include up 

to a maximum of 90 participants, including eight FGDs of up to ten people, and ten in-

depth interviews, across both study sites.  

 

4.22 Conducting interviews & focus groups 

Semi-structured in-depth interviews (IDIs) were conducted with government 

representatives, local obstetricians, PCPs and laboratory technicians.  Focus Group 

Discussions (FGDs) were held with CHWs, and pregnant and postpartum women.  From 

prior experience in rural India, I felt CHWs and local women were more likely to open up 

and converse in a group setting with their peers.  Due to professional hierarchies and the 
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ensuing power dynamic between different cadres of CHWs, separate focus groups were 

held for ANMs, and ASHAs/Anganwadis.  Both ASHAs and Anganwadis report (as a 

group) to one ANM.  Focus groups with ASHAs and Anganwadis were conducted 

separately to ANMs, to enable them to express their views freely.  FGDs started with 

introductions and an ice-breaker exercise to relax the group and stimulate discussion and 

engagement. Participants were invited to share their experiences of: 1) detecting, referring 

and managing high-risk pregnant women in the community; 2) the follow-up care the 

women receive; 3) their awareness of the long-term cardiometabolic risks associated with 

pregnancies complicated by HDP and/or GDM, and 4) the role of technology in the course 

of their work.  

 

FGDs were also held with a mixture of pregnant women, and women (with both high-risk 

and uncomplicated pregnancies), who had delivered a baby within the last 2 years. The 

women were invited to discuss their experiences of antenatal and postnatal care in their 

villages, and their awareness of future health risks associated with pregnancies 

complicated by HDP and GDM.  Interviews and FGDs were held in the CHWs’ local 

villages, and at the place of work for government officials, obstetricians and PCPs, to 

minimise inconvenience.  Each FGD had between six to ten participants, and lasted 

between 30-60 minutes.   

 

Topic guides for each participant group were developed, and reviewed by the research 

team prior to use.  Although topic guides were not piloted, they were iterated as the 

fieldwork progressed (Appendix B).  Interviews and FGDs were conducted by myself 

(SN), with help of a field team assistant from the George Institute for Global Health, India, 

fluent in the local language.  Participant information sheets and informed consent forms 
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were developed and translated into Hindi (Haryana) and Telugu (Andhra Pradesh).  Both 

written and verbal information was conveyed in the local language, and each participant 

was asked to sign and date the latest approved version of the ICF before each IDI/FGD.  

Written informed consent was obtained from all participants.   

 

Each IDI/FGD was conducted in English when possible or in the local languages of 

Haryanvi (Haryana) and Telugu (Andhra Pradesh), with simultaneous translation by the 

field team assistant.  Interviews and FGDs were audio-recorded with participant consent, 

transcribed and back-translated from Hindi (Haryana) and Telugu (Andhra Pradesh) into 

English by a professional transcription company based in India.  For the interviews 

conducted in English, I self-transcribed the interviews, all transcripts were anonymised.  

  

Reflexivity 

The importance of reflexivity in qualitative research was outlined in Chapter 3.  To be 

transparent in my thinking processes and analysis of data, I made field notes and diary 

entries during and immediately after the interviews or FGDs to document my thoughts 

following each of the interviews and discussions.  I used these notes during data analysis, 

comparing my initial thoughts with objective evidence from the interview/FGD transcripts.  

Additionally, I held debrief meetings with the field team assistant from the George 

Institute, India immediately following each IDI/FGD, and further discussions with my 

supervisor (LH) during the process of data analysis.  
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4.23 Ethical approval 

Ethical approval was obtained from the Oxford Tropical Research & Ethics Committee 

(OxTREC ref: 506-18), and The George Institute Ethics Committee, India (ref: 004/2018) 

(Appendix C). 

 

4.24 Data analysis  

Qualitative studies can give rise to vast amounts of empirical data.  Theoretical approaches 

have developed to enable systematic organisation of data, to distil the essence of these data 

into themes and concepts by providing structure to the process of data analysis [305].  I 

conducted a thematic analysis to organise, describe and interpret the data arising from the 

interviews and focus groups.  Thematic analysis is a qualitative analytic method which can 

be used flexibly across a range of theoretical and epistemological approaches [306].   

 

Firstly, I familiarised myself with the data.  This was achieved by listening repeatedly to 

the interviews and FGDS, transcribing these data (when conducted in English), and 

iteratively reading and re-reading interview transcripts, meeting debriefing notes and 

personal diary entries.  During the process of familiarisation, I started to generate initial 

codes within the data.  Coding data is the fundamental analytical process used by the 

researcher in the analysis of qualitative data [307].  I was careful to maintain reflexivity 

and not to impose any preconceived ideas or frameworks on the data; hence, in these initial 

stages, I coded the data in as many ways as possible that fitted with the data.  Emphasis 

was given to the words, language and the implied meanings within the data.  I read through 

the transcripts repeatedly, revisiting the original transcripts several times during the 

process of coding, constantly comparing the codes generated to the data [308, 309] and 

ensuring that all perspectives were represented within the coding.  I then organised these 
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data into themes by looking at the properties and relationships between codes.  A theme 

captures a pattern of response and/or meaning within the data, and requires the researcher 

to be actively engaged and immersed in the data.  To maintain theoretical sensitivity (the 

ability to acknowledge, examine and remain conscious of any underlying assumptions I 

might have brought to the research process), I was mindful of my own involvement in the 

process of data analysis, whilst also immersing myself in the data.  Where possible, I 

maintained an inductive approach to data analysis; however, as well as looking for 

emergent themes within the data, I also looked for anticipated themes linked to the study 

objectives, using the approach outlined by Ziebland and McPherson (2006) [310], which 

acknowledges the value of exploring new areas of interest raised by respondents in addition 

to issues the researcher felt were significant at the start of the research process.  I then 

reviewed the themes to check if they made sense with respect to the coded data and across 

the entire data set, linking codes and considering the relationship between codes, and 

generating a thematic ‘map’ using a One Sheet of Paper approach (OSOP) [310].   

 

Figure 4.1:  One Sheet of Paper Approach picture for high-risk pregnancy 
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During this process, I considered the phenomenon of interest and the conditions in which 

this occurred; for example, testing for GDM in the community.  I then considered the 

actions or interactions of people in delivering GDM screening, whilst thinking about the 

key players in the health system and the complex ways in which they interact [311].  

Finally, I refined the themes to reflect the overall narrative and present the results of this 

thematic analysis below.   

 

Table 4.1: The steps of thematic analysis adapted from Braun and Clarke, 2006 

[306] 

Steps in Thematic Analysis Actions 

Familiarisation Transcription, reading, re-reading, noting initial thoughts 

Coding Generating initial codes. Systematically collating data 

relevant to each code across the full data set 

Searching for themes Collating the codes into themes, and curating data into 

these initial themes 

Reviewing themes Creating a thematic ‘map’ of the analysis, checking if themes 

and coded extracts fit together well and explain the findings 

Naming & defining themes Refining the themes through ongoing analysis, developing 

the overall story of the analysis.  Clearly defining and 

naming each theme.  

Producing a report Final analysis, relate findings back to research questions and 

literature, producing a report with examples to support 

findings.  

 

4.3 Results  

In total, 71 participants took part in seven FGDs and 11 IDIs.  Participants included: three 

government officials; four obstetricians; four PCPs; 33 CHWs (aged 29-54); 24 

pregnant/postpartum women (aged 20-35), and three laboratory technicians (see Appendix 

B for coding of IDI and FGD participants).   
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Table 4.2: Summary of participants in qualitative study 

 Focus Groups = 7  
(no: of participants) 

In-Depth Interviews = 11 
(no: of participants) 

Total 

Participant 

Category * 
PW ASHAs/ 

AWW 
ANM PCP OBGY LAB GOV  

Haryana 1 

(4) 

1 

(8) 

1 

(4) 

1 

(2) 

1 

(2) 

1 

(2) 

2 

(2) 
 

Andhra 

Pradesh 
2 

(20) 

1 

(10) 

1 

(11) 

2 

(2) 

2 

(2) 

1 

(1) 

1 

(1) 
 

No: of 
participants 

24 18 15 4 4 3 3 71 

* PW = Pregnant women; ASHA = Accredited Social Health Activist; AWW = Anganwadi Worker; ANM = 
Auxiliary Nurse Midwife; PCP = Primary Care Physician; OBGY = Obstetrician; LAB = Laboratory technician; 
GOV = Government official.  
 

Themes and sub-themes arising from the thematic analysis are outlined in Table 4.3.  In 

this results section, I have interwoven between themes to unfold the narrative of each of 

the three high-risk pregnancy conditions mentioned by stakeholders during IDIs/FGDs.  

 

Table 4.3: Table of Themes 

Themes Sub-Themes 
Priorities of care  Anaemia; Serious nature of HDP; Low prevalence of GDM. 

Socio-cultural influences Household hierarchies; Diet & alcohol; Gender roles; Cultural 

practices; Frustrations of healthcare professionals. 

Detection & Management 

of HDP & GDM 

Variations in screening for GDM; Lack of awareness & knowledge 

of GDM guidelines; Challenges to screening for GDM. 

Expectations for 

maternity care 

Routinisation of BP measurement; GDM screening and 

postpartum care not embedded into maternity care. 

Postpartum management 

of HDP & GDM 

Postpartum cultural practices; Responsibilities of CHWs; Lack of 

postpartum follow-up of high-risk women. 

Professional hierarchies Professional roles; Division of labour; Power dynamics. 

Trust Trust in healthcare professionals; Trust in health system; Trust in 

technology. 

Long-term sequelae of 

high-risk pregnancy 

conditions 

Knowledge & empowerment of women; Chronic disease 

management; Women’s health not seen as a priority in 

postpartum. 

Strategies to improve 

integrated care 

Training; Task-sharing; Technology. 

Quality of Care Resources; Workforce; Dignity; Trust. 
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4.31 Priorities for care for high-risk pregnant women 

All healthcare workers in both study sites expressed good understanding of the range of 

high-risk conditions seen in pregnant women in their areas, and referral pathways for 

further management.   

 
“If a woman has high blood pressure or she is multigravida or she is elderly pregnancy, 
if she is anaemic, if she underwent previous C-section, she is considered as high risk, and 
she should be taken care of, and she’ll be referred to a senior doctor so that the mother 
and child doesn’t have any problems.”   

-ANM, Haryana 

 

This finding was due, in part, to recent government initiatives focusing on high-risk 

pregnant women, and education and training programmes for CHWs.  In Haryana, the 

government had recently established high-risk pregnancy units in every government 

hospital, with clear referral pathways for women from community settings to secondary 

care.  These system-level initiatives had resulted in improvements in healthcare workers’ 

knowledge of high-risk conditions and the need for specialist services.   

 

“Since the last four years…before that, there was no high risk pregnancy unit.  Now we 
have made the different high-risk pregnancy units in which the high-risk pregnancy 
patients come and we give them treatment as early as possible, and they are labelled as a 
high risk pregnancy….So ASHAs and ANMs - they know that in our village, this is a high-
risk pregnancy patient and this is a normal patient, so they get treated very early and 
diagnosed and they send [the women] to the higher institutes.”   

- Obstetrician, Haryana  

 

The most important high-risk pregnancy conditions identified by stakeholders in both 

study sites were anaemia and HDP.  Due to the high prevalence of anaemia amongst 

pregnant women, all stakeholders acknowledged anaemia as the highest priority.   
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“Antenatal cases facing anaemia is the MOST common problem…severe anaemia, 
moderate anaemia…MOST common problem…”  

- Government official, Haryana 

 

Socio-cultural factors contributing to high prevalence of anaemia in women 

Healthcare workers were aware of the causes of anaemia in their communities, and 

understood it to be preventable and treatable.  The high prevalence of anaemia was 

intrinsically linked to wider socio-cultural factors influencing women within the 

communities.  Government officials, doctors and CHWs in both study sites acknowledged 

that most cases of severe anaemia were found amongst women from households of brick 

factory workers (Haryana) and agricultural labourers (Andhra Pradesh), who lived on a 

meagre daily wage.   

 
“Most of the anaemic patients are among those doing daily labour” 
 

 - ANM, Andhra Pradesh 
 

CHWs reported the most common causes of anaemia were diet, poverty, and intestinal 

worms; however, important associations were also made between the presence of anaemia, 

household income, and alcohol consumption.   

 
“Along with this alcohol consumption… if it is there in the family.. the family members do 
not take care of the pregnant women after consuming alcohol….whatever 200 or 300 
Rupees that they earn, they spend for alcohol and do not bring much money home.” 
 

- ANM, Andhra Pradesh 
 

Anaemia was intimately associated with household dietary beliefs and practices.  In spite 

of frequent counselling by health professionals on diet, there was a cultural perception in 
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both regions that consumption of dairy products such as milk and ghee (clarified butter) 

would help correct anaemia. 

 

“Patients didn’t take anything related to treat their anaemia. In the villages there is plenty 
of milk - they think “We take milk, so we will not be having the anaemia”. When the 
patients come and they find out their Hb [haemoglobin] is low – they say “..but I drank so 
much milk, so much!”. They do not know that anaemia is due to iron deficiency.”  
 

- Obstetrician, Haryana 

 

Government officials and healthcare workers reported free government schemes to provide 

iron folate tablets and nutritious meals to women in the antenatal and postnatal periods (up 

to 6 months postpartum) to address the high prevalence of anaemia.  Additionally, 

treatments for iron deficiency anaemia, including iron sucrose injections and blood 

transfusions were freely available at local government hospitals.  In spite of good 

knowledge of these initiatives amongst healthcare workers, health behaviours of pregnant 

women were intrinsically linked to their immediate family and household. 

 

“They will be given food in Anganwadi centres but some of them do not take it because 
their husbands do not let them take… such things happen!”  

 - ANM Andhra Pradesh 

 

Healthcare workers reported repeatedly counselling women in their communities to adhere 

to taking oral iron folate tablets both prophylactically and to treat anaemia, throughout 

their pregnancy and into the postpartum period.  CHWs were aware of the side-effects of 

oral iron and had developed subtle ways of checking for medication compliance amongst 

women in their villages.   
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“They are giving reasons like they start getting pain in the limbs after using the [iron] 
tablets, and they feel dull.. and when we ask them how they had passed the stool they say 
it was normal, and then we say that they had not taken the medication.. because if they 
take that tablet that [their stool] would be dark in colour.” 

- ASHA, Andhra Pradesh 

 

Importance of household influences on anaemia in women 

Long-standing cultural and dietary practices, and the presence of household hierarchies, 

prevented pregnant and postpartum women from following the advice of healthcare 

workers.  Their perceived lack of empowerment to challenge existing household dietary 

practices was acknowledged by healthcare staff.  

 

“We keep telling them what food they should take, but still they should be able to know in 
their in-laws houses, so we should also tell the mother-in-law.”   

- ASHA, Andhra Pradesh  

 

CHWs recognised the limitations of an approach recommended by the government and 

doctors, which targeted individual women, when most of the dietary habits and issues of 

medication compliance were controlled at the household-level.  They acknowledged the 

importance of family support to guide the health-related behaviours of women.   

 

“We definitely call the mother-in-law and instruct her about what type of food should be 
given to the women and also counsel them…previously they [mother-in-law and husbands] 
used to not concentrate much [on the pregnant women], but these days they are looking 
after the pregnant women.”  

- ASHA, Andhra Pradesh 

 

The situation was further complicated by migration of pregnant women to their mother’s 

village during the last trimester of pregnancy.  Unless the pregnant woman re-registered 
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for ANC in her mother’s village or saw a private doctor, haemoglobin (Hb) would not be 

routinely measured in the last trimester of pregnancy.  Anaemia would also worsen with 

each subsequent pregnancy.  This complex combination of factors led to women presenting 

with severe anaemia at the hospital, which had implications for maternal mortality and 

morbidity.   

 

“The patient gets pregnant multiple times…anaemia will increase….sometimes the 
patients are such stubborn patients that even ASHA workers say: “Please come to the 
hospital and I will go with you to be treated”,…No… The patient will not come,… She will 
come with Hb 3 [3g/dL]…when she is going to die...then she will come.”  

 

- Obstetrician, Haryana  

Awareness of the serious consequences of anaemia  

There was a mismatch between the importance and serious nature of anaemia expressed 

by government officials and healthcare workers involved in maternal health, and the 

perceived dangers attributed to moderate and severe anaemia in pregnancy expressed by 

the pregnant women themselves.  This lack of understanding by pregnant women around 

the serious nature of anaemia in pregnancy, led to frustration amongst healthcare workers, 

and a sense of despondency.   

“We have given them the facility; we give free transport - everything is free from the first 
day the patient gets pregnant to the six weeks after birth.  This period is absolutely free for 
EVERY pregnant patient…Even transport, even medicines, each and every check-up, test, 
ultrasound, everything…but they...they don’t use it…contraception – in spite of our 
repeated counselling... when they conceive, they come bleeding with 3 Hb [haemoglobin 
of 3g/dL].”  

- Obstetrician, Haryana 

 

Compliance with iron tablets was particularly problematic in the postpartum period.  A 

shift to caring responsibilities for a new baby, coupled with a lack of awareness of the 
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impact of anaemia on their babies’ growth, and ability to breast feed; resulted in women 

deprioritising their own health, and not taking iron tablets.  

 

“We’ll give iron tablets till six months [postpartum] but they don’t take it.”  

- ANM, Haryana  

 

It was not an expectation or routine practice for women to have their Hb measured in the 

postpartum period, and as a result, women were unaware of their anaemia status after 

delivery.   

 

Trust and the role of the ASHA in promoting women’s health  

ASHAs were uniquely positioned by virtue of the trust and rapport they had built with 

families within their villages to offer guidance to households on diet, lifestyle 

modifications and adherence to medications.   

 

“We trust ASHA…We get a lot of benefits from ASHA.”  

- Pregnant woman, Haryana 

 

ASHAs held authority in the community through influence at the household level.  They 

expressed their ability to motivate not only pregnant women, but also their extended 

families.   
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“We talk to them and we go on daily house visits…at some point of the day or after school, 
for one hour in the evening… we go to visit them and when we frequently keep checking 
…we keep knowing who are growing healthy and who are losing weight, and we keep 
visiting their houses and motivate their families…..at the time of house visit we speak to 
the family members who are available there mother-in-law father-in-law or any other 
persons and motivate them.” 

- ASHA, Haryana  

 
4.32 The serious nature of Hypertensive Disorders of Pregnancy 

All stakeholders identified HDP as an important cause of maternal and neonatal mortality 

and morbidity in their areas.  Due to the serious complications associated with HDP, it was 

considered the second leading priority for pregnant women in the areas studied.  

Knowledge of HDP (including preeclampsia) was embedded into the education and 

training of all healthcare workers.  CHWs demonstrated good working knowledge of the 

clinical signs and symptoms of preeclampsia, its complications, and the need for referral 

of high-risk women to an obstetrician.   

 
ANM 1: “If the BP raises there maybe brain haemorrhage [stroke], there is a chance of 
patient’s death.” 
ANM 2: “..and the baby may be a stillbirth.”   

- ANM focus group, Andhra Pradesh  

 

“Even the baby might suffer if mother has high BP…the sac may dry up.”  

- ANM, Haryana 

 

As a result of healthcare professionals’ and women’s good knowledge of HDP and its 

complications, measurement of BP had become routinely embedded into ANC.  It was 

both an expectation and an experience of pregnant women, to have their BP measured at 

least monthly during the antenatal period at the primary health centre (PHC), either by the 

ANM or the doctor.   
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All healthcare workers recognised raised BP could be detected for the first time during 

labour, with serious consequences.  Although there was good intellectual understanding of 

the serious complications of HDP, with some healthcare workers having witnessed fatal 

complications of HDP in women and their babies; there was a paradoxical tendency 

amongst doctors to normalise high peripartum BP as a sign of the “stress” of giving birth, 

rather than a pathology that required medical attention and follow-up.  

 

“….at the time of delivery, there will be increase in BP in most of them [the women] and 
that too due to apprehension, stress….all of the women will have that” 
 

- Obstetrician, Haryana 

 

Similarly, CHWs recognised HDP could affect women in subsequent pregnancies, but they 

attributed this finding to stress rather than a pathology associated with pregnancy. 

 

“It not compulsory that she should get high BP in the next pregnancy too [if woman has 
high BP in pregnancy],.. it comes only with the mentality of the patient, depending upon 
their tensions..”  

- ASHA, Andhra Pradesh  

 

Health professionals’ roles in relation to Hypertensive Disorders of Pregnancy 

Government officials, obstetricians and PCPs felt it was the role of ANMs and doctors to 

detect HDP and measure BP during and after pregnancy, rather than ASHAs.  They saw 

the role of the ASHA to be limited to motivating and counselling women about their BP 

and lifestyle modification.   

“Because ANM - they do the courses – they have a 2-3 year course. And ASHAs are just 
10th plus [secondary school education]. They don’t have that type of training.”   
 

- Obstetrician, Haryana 
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Whilst the majority of home visits to pregnant and postpartum women, were conducted by 

ASHAs, and ASHAs expressed a willingness to learn new skills, home-based BP 

measurement was not performed.  Pregnant women and other types of healthcare 

professionals rationalised this by concluding that “ASHAs don’t take BP”.  Obstetricians 

saw their main role in the management of HDP to be centred around prescribing 

antihypertensive medication, managing labour and delivery, and providing advice on when 

to stop antihypertensives.   

 

Postpartum cultural practices and care for women with hypertensive disorders 

In both study sites, following birth, women were not permitted to leave their house (except 

for medical emergencies), for at least 40 days.  Home visits by the ASHA were the only 

contact with health services that most women had in the postpartum period.  They reported 

that they derived a great deal of benefit from these visits.  If the ASHA felt there was an 

emergency requiring hospital care, the woman would attend based on her advice.  

 
“I came home on the third day, then on seventh day ASHA came to me. She used to come 
every week and check baby's weight, temperature.  She used to do check-up for me and 
also she used to give necessary advice.”  

- Pregnant woman, Haryana 

 

Although, obstetricians and PCPs understood that it was the responsibility of ANMs to 

deliver postpartum care to women, in practice, ASHAs delivered the majority of 

postpartum care.   

 

“They might have some problems [after delivery], the ASHA worker does six visits, we 
usually do one visit, but for high risk cases, we do more visits.”   

- ANM, Haryana  
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Postpartum care for women with hypertensive disorders 

Some pregnant women reported that, despite having had normal BP during pregnancy, 

they had raised BP during labour and were discharged with medications.  While they were 

told by obstetricians to take medication until their BP normalised, women from more rural 

areas, particularly those who delivered at government hospitals, were not routinely 

followed up in the postpartum period, sometimes with serious consequences.    

 

“Even patient having eclampsia, she went home even having eclampsia and when she 
came, she was no more.  We can’t do anything for such patients.”  

- Obstetrician, Haryana  

 

Whilst healthcare workers recognised the potentially serious consequences of 

preeclampsia in the postpartum period, women were less aware.  In contrast to the antenatal 

period, women did not have the same level of expectation for having their BP measured 

postpartum, nor did they express a sense of urgency after being diagnosed with HDP. 

 

“ I delivered on Friday evening at 8pm. They planned to discharge me on Monday but my 
BP raised, so they didn’t discharge me…so I came home against their advice on 
Monday…now they are not giving birth certificate to my child.”    
“Did they give you medicine for BP?” 
“Yes…for 7 days…I didn’t go for another check-up.”   
“Did you get your BP checked after that?”  
“No… I didn’t have any problem.” 
 

- Pregnant women focus group, Haryana 

 

4.33 Low prevalence of Gestational Diabetes Mellitus  

Women with GDM were recognised as high-risk by all stakeholders.  In spite of screening 

for GDM, the condition was rarely seen in either study site, although both primary and 
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secondary care doctors acknowledged that the landscape for GDM was changing within 

their communities, with more women choosing to have babies at a later age, and a trend 

towards overweight and metabolic problems earlier in a woman’s life.  

 

“The scenario will change in a few years or so because of the fast food and PCOS 
[polycystic ovarian syndrome] types…. now there are so many of gestational diabetes-type 
patients coming.”   
 

- Obstetrician, Andhra Pradesh 
 
 

The screening procedures for GDM differed both within and between the study sites.  The 

most frequent screening method was a random, non-fasting, capillary blood glucose, 

performed by the laboratory technicians at the PHC.  The lack of consistent screening 

practices for GDM, coupled with a lack of awareness of the serious consequences of GDM 

amongst women and healthcare professionals, resulted in tragic narratives amongst those 

few women who were eventually diagnosed with GDM.   

 
“During my first pregnancy I did not have any gestational diabetes.. my second pregnancy 
was delayed…suddenly doctor has seen and said that the baby had died within the 
womb…I did not understand anything…I was shocked thinking why did this happen to 
me?.. then I knew that baby dies within the womb if the pregnant woman is diabetic...”   
 
“…Next time when I was pregnant I underwent sugar test and then was found out to be 
diabetic during fourth month of pregnancy…and the baby had neural tube defect…even 
this is also because of sugar... baby did not have spine at all and there are many gaps in 
the spine…even if the baby is born how can he sit?...Then [in next pregnancy], the doctor 
advised me to use metformin from the beginning…I lost hope after the second baby…I 
conceived after three months and my blood sugar was normal… and the baby was fine.. 
all these things happened just because of sugar.” 
 

- Postpartum woman, Andhra Pradesh 
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In contrast to screening for HDP, GDM screening had not become embedded into maternal 

health services.  Most women were aware of testing for  “high sugar”, but were unaware 

of the consequences of raised blood glucose levels for their pregnancy and baby.  Women 

did not expect to be screened for GDM.  As a result, inconsistent screening practices had 

not been questioned by pregnant women.   

 
“I was tested twice before food and after food… in seventh month… Lab tech has done 
the test.” . I: “Did they give you any sugar drink?”.  “No…I ate the roti which I’ve 
brought from home.” I: “Did they do sugar tests for [all of ] you?”. PW2: “No” 
PW3: “I had my Hb test done here [at PHC] but not sugar test. I had blood sugar tests 
done at Rohtak [Government hospital] at 3-4 months.” 
 

- Pregnant women focus group, Haryana 

 

The gold standard test for GDM screening, the Oral Glucose Tolerance Test (OGTT), was 

not commonly performed in primary care, and was limited to secondary care settings.  

However, even within secondary care settings, testing for GDM was not always conducted.  

 

“Every woman isn't tested for blood sugar. Every woman is sent to the GH [General 
Hospital], but even there, blood sugar isn't tested.”   

- ASHA, Andhra Pradesh 

 

There were several barriers to performing OGTTs in rural areas.  CHWs reported that 

women in rural areas, particularly labourers, were unlikely to be able to wait for two hours 

for an OGTT and have repeated venous blood tests, due to demands on their time. 
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“We can do [the OGTT]…but it will take time…Those two hours of waiting, taking a 
sample again… and all that.. I’ve seen a patient tested there… it takes two hours for each 
patient….. waiting for hours is difficult in villages… There will be people who go to 
work.”  
 

- ANM, Andhra Pradesh 
 

Further barriers to GDM screening with an OGTT, included lack of laboratory staff and 

infrastructure to check venous blood glucose at specific timings (0, 1 and 2 hours), and a 

lack of availability of oral glucose solution and drinking water in rural community settings 

to administer tests.  The sheer volume of pregnant women attending for ANC in both 

districts and the need to screen every woman, also had considerable implications for the 

healthcare workforce.   

 

“OGTT is very useful in pregnancy but we don't have that because this is a rural area 
and we don't have that glucose and all… and we have to do that hourly [blood test] and 
then 60 minutes after that..”   

- Obstetrician, Andhra Pradesh 

 

In response to these challenges, locally developed GDM screening practices were being 

implemented by laboratory technicians.  For example, women were asked to attend the 

PHC with a roti (a type of Indian bread), and the laboratory technician would take their 

capillary or venous blood sample before and after eating the bread.  While these practices 

did not follow evidence-based guidelines for the diagnosis of GDM, they were acceptable 

to local women, and helped identify outlying cases.   

 

Healthcare workers were not all aware of the 2018 Government of India guidelines for 

GDM screening in rural India, using a non-fasting OGTT and 2-hour capillary blood 

glucose.  Obstetricians and PCPs could see the value of conducting community-based 
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screening for GDM, but felt that ANMs (rather than ASHAs) would be the best people to 

conduct these tests, as they had been trained in capillary blood glucose measurement and 

could conduct the test at the sub-centre.  They viewed the role of the ASHA as motivating 

women to have the tests completed, and questioned their legitimacy and ability to conduct 

screening tests and interpret results.  

 
“…because it’s like… they [ASHAs] don’t have much knowledge about the subject and 
all and er… that can be misused also … the level of accuracy, that can also be doubted.”  

 
- Primary Care Physician, Haryana 

 

In contrast, ASHAs were eager to improve their knowledge and clinical skills, with 

readiness to take on additional duties, particularly if these would help elevate their 

knowledge, status or financial standing.   

 

“We can do the blood pressure checking in the digital apparatus.  We don’t have 
experience in checking blood sugar levels.”  I:  “Is it something you want to learn?”  
ASHA: “Yes mam.” 

- ASHA, Haryana  

 

Factors impacting the medical management of Gestational Diabetes Mellitus 

Decisions about medical management of women with GDM were made by obstetricians, 

who subsequently led their care and follow-up.  There were regional variations in 

prescribing insulin for GDM, largely dependent upon the presence of refrigerators and 

ability to conduct glucose monitoring within villages.  In Andhra Pradesh, particularly in 

the more affluent villages, where villagers could afford fridges, insulin therapy was 

prescribed by obstetricians.   
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“There is a lot of awareness here.. this is a rich village.. there is no one who doesn’t have 
a fridge…. Already older patients have glucometers with them.. most of them have relatives 
staying in America.”   

- Laboratory technician, Andhra Pradesh 

 

Prescribing insulin was not based on an individual woman’s wealth, but on the collective 

affluence of the village in which she lived.  In south India, it was customary to share village 

resources amongst households and, even when village women did not own a fridge of their 

own, obstetricians still prescribed insulin to women with GDM.   

 
“Actually…they [women with GDM] should keep that [insulin] in refrigerator…so if at all 
they are not having refrigerator, they will be using whoever nearby has the refrigerator in 
the nearby houses…they will be preserving that [insulin] in their houses”.  
 

- Obstetrician, Andhra Pradesh 

 

In contrast, in Haryana, the treatment of choice for GDM was metformin, because it was 

available free of charge at government healthcare facilities, and did not require the same 

intensity of blood glucose monitoring as insulin.   

 

“Metformin is free of cost here for patients…The patients are poor, first they want to 
come here [government hospital] as the services are free.  If the doctor is not available, 
or the medicine she has to take, then she goes to private sector…otherwise the patient 
comes here.” 

- Obstetrician, Haryana   

 

Postpartum care for women with Gestational Diabetes Mellitus 

Due to the low prevalence of GDM reported at both sites, standardised postpartum follow-

up was not being practised at either site.  There was a lack of awareness amongst women 

and healthcare workers of the need for routine postpartum blood glucose testing.  Women 
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without GDM explained their lack of awareness by saying “None of us have sugar so we 

do not know what will happen later” and, those with experience of GDM, reported they 

did not engage with long-term follow-up after their blood glucose returned to normal after 

delivery.   

 
“I stopped that [medicine] because it [GDM] was cured…after I delivered they have 
done sugar test two to three times and there was no sugar detected in those tests.”  

 

- Pregnant woman, Andhra Pradesh 

 

Health professionals involved in screening for GDM asked women to return to have their 

blood sugar checked, but this was at the woman’s discretion.  

 
“They come to me after delivery…at most two to three people [with GDM] came to me 
after delivery…they come to me one and half months after delivery…we advise them to 
come every month for the [blood sugar] test but it is their wish.”    

 

- Laboratory technician, Andhra Pradesh  

 

4.34 Knowledge of long-term sequelae of high-risk pregnancies  

Whilst the prevalence of HDP and GDM was low in the areas studied, all types of 

healthcare worker acknowledged a trend towards chronic diseases, such as hypertension 

and T2DM, in women over the age of 30-40 within their communities. 

 

“Now-a-days, blood pressure and diabetes have become so common that we check their 
BP and sugar compulsorily [in adulthood].”    

- ANM, Haryana 
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Healthcare workers and government officials attributed the increase in chronic diseases in 

women to prioritisation of other aspects of family and work life, and a failure to attend to 

their own health.   

 

“They got so busy in their family life, taking care of the kids and the family and even in 
the rural background…they work in the fields also… and the health is the secondary 
thing for them, and slowly the things start getting bigger [worse] for them and they don’t 
even go to the hospitals.”    

- Primary Care Physician, Haryana 

 

Obstetricians, PCPs and ANMs were able to associate the presence of HDP and GDM with 

an increased likelihood of recurrence of these conditions in subsequent pregnancies.  They 

acknowledged that, for most women, these issues resolved soon after delivery.  Only one 

obstetrician observed a link between these high-risk conditions and early onset of 

hypertension and diabetes.   

 

 “Those who are having pregnancy induced hypertension or gestational diabetes after 
delivery, their BP and all sugar levels will be reduced for some of them…but in some of 
them they may continue…only few of them will continue.. but the thing is they get the 
diabetes and hypertension early in the life not at the older age but a bit earlier they are 
more prone to get those this is a bit earlier.” 

- Obstetrician, Andhra Pradesh 

 

However, ASHAs, by virtue of living within their communities and having continuity of 

care throughout a woman’s life, noticed links between high-risk conditions in pregnancy 

and the life-long health of women in their villages, even taking the practical step of offering 

health counselling to affected women.   
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“There are chances she might have problems later in her life.. like heart attack, brain 
stroke. BP keeps on coming on and off.”…. “We can advise yoga, regular usage of 
medicines, proper diet.” 

- ASHA, Haryana 

 

Women were unaware of the associations between high-risk conditions in pregnancy and 

their long-term health.  Whilst women expressed a desire to feel more empowered and 

educated about high-risk pregnancy conditions that might affect their baby, they were less 

concerned about the impacts of these conditions on their own health.   

 

PCPs reported offering repeated counselling to women in their communities about chronic 

diseases, the need for adherence to medication and regular follow-up care for anaemia, 

hypertension and diabetes; however, women often ignored their advice, presenting to 

health services as an emergency.   

 

“They come to us [in primary care] and they say “just give something” and just 
symptomatic…and we keep on saying - you need to go to the civil hospital and you get 
yourself investigated for the this thing [diabetes]… but they keep on delaying the things 
until it becomes an emergency.  That is a habit here.”   

- Primary Care Physician, Haryana 

 

The need for improved chronic disease detection and management for women was 

acknowledged by all stakeholders, and had become the focus of a new NCD programme 

launched by the Government of India.  Obstetricians and PCPs outlined the scheme, which 

was being operationalised at the level of the PHC, targeting women after the age of 30 

years.   
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“This NCD scheme is for all women 30 plus [years].. now 27 plus [27 years] people are 
also included in this program...it is really concerned about diabetes, hypertension, breast 
cancer, cervical cancer…whatever it may be...there, in the PHC, medical officer will give 
the treatment...in case it is high risk [patient] they [primary care doctors] refer to the 
secondary or tertiary care units.” 
 

- Government official, Andhra Pradesh 

 

The role of traditional healers in women’s health 

The desire for “quick fix” remedies for chronic diseases, and a reluctance to take life-long 

medication (even if free of charge from government hospitals), resulted in women 

exploring traditional healing modalities.  PCPs expressed their frustrations with this 

approach, viewing traditional healers as “quacks”, rather than fellow health practitioners 

having a place in the health system.  

 

“They do not want to take anymore medicine – they are cured. Otherwise, there is 
quackery  – they go to quacks….like the advertisements, like miracles will happen….and 
nowadays on TV you might see a whole campaign is running…”Use this, you can get 
relief from diabetes and use this and you get relief from….”.  Quackery is also adding 
onto our burden of this diabetes and chronic diseases.”   

- Primary Care Physician, Haryana 

 

4.35 Impact of quality of care on women’s health-related choices 

Quality of maternal health services was an important factor influencing decision-making 

of pregnant women, and recognised by CHWs to be central to women’s compliance with 

medications and their health-seeking behaviours.  The issue of quality was intimately 

connected to trust in the health system; for example, it was a common perception that iron 

tablets provided by the government were not as effective as those purchased from private 

hospitals/pharmacies.  
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“They don’t take most of them [tablets] saying it doesn’t taste good…especially the 
women who are anaemic…the tablets look exactly like the tablets that has been given in 
the private hospital…even if we explain to them that both are same, they don’t take.”  

 

- ASHA, Haryana 

 

Women also viewed giving birth in a government hospital as problematic, due to perceived 

low quality care, overcrowding and lack of dignity.  This often resulted in out-of-pocket 

expenditure to attend a private hospital, placing further burden upon household economies.  

Once admitted, women, being unable to tolerate the government hospital environment, 

self-discharged before it was medically safe.  

 
 
“ I didn’t feel good in the hospital…..there were so many people around me. I felt uneasy 
and discomfort...so I came home….there were many toilets, but there were 20-25 women 
who have delivered in the same ward.  I didn’t feel good.”    

 

- Pregnant woman, Haryana  

 

The lack of staff and resources in government hospitals were acknowledged by 

Government officials and obstetricians.  Acute shortages of obstetricians in rural areas, 

added significant pressure on the few dedicated obstetricians continually serving in rural 

district hospitals, creating a palpable sense of helplessness.   

 
“I want my patients [to be] admitted here for eclampsia – I can treat here, but if I am 
alone…I…We can’t do – I can give the service.. but with my access…if the baby dies, this 
is my fault, not the patient, and that I can’t do [tolerate]…Manpower is less.” 
 

- Obstetrician, Haryana  
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Severe workforce shortages of obstetricians in government hospitals, affected the ability 

to provide high-quality, 24-hour obstetric services, particularly in Haryana.  In spite of 

both district and national-level schemes to incentivise working in rural areas, there were 

still many unfilled positions for obstetricians.  This was due, in part, to the rural locality, 

and the lack of good schools and facilities for the families of doctors serving these areas.   

 

“Actually at some facilities we have a shortage of staff nurses…on the other side 
gynaecologists are very short – ACUTE shortage of gynaecologists.  Especially at district 
hospitals – we have only one gynaecologist.  So chances of 24/7 caesarean services , 
tertiary services, crucial care – that is really a big challenge to manage with one gynaec.”  
 

- Government official, Haryana 
 
4.36 Strategies for improving care for pregnant women at high-risk of 
future cardiometabolic disorders 
 

Acknowledging workforce shortages affecting obstetricians, national and regional 

strategies were being implemented to share responsibilities for providing women’s health 

services between the community-level and secondary care.  These strategies included early 

identification of high-risk pregnant women at the time of registration for ANC; use of a 

national online portal for ANMs to record key performance indicators relating to ANC and 

PNC provision - known as ‘ANM Online’ (ANMOL), and provision of mobile tablets 

(iPad-like devices) to ANMs to enable more effective community-level data collection 

related to ANC.   

 

Tablets were viewed as a symbol of status and power in the professional hierarchy of the 

rural health system, and while ANMs valued having one, they expressed their frustrations 

maintaining up-to-date paper-based records at their sub-centres in addition to completing 

online data entry.   
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“It feels good [using a mobile tablet]….but now it is burden to us because we have to enter 
in the tablet and also in the physical register.  It is a double work.”  
 

- ANM, Andhra Pradesh 

 

Although ANMs acknowledged the negative impact of data entry on their perceived 

workload, some (but not all) ANMs felt uneasy about providing ASHAs with tablets, and 

the potential impact of task-sharing duties on their professional relationship.  Others felt it 

would help reduce their workload, and were open to task-sharing.  

 

“If the ASHA is provided a tablet, would that help ANM? 
ANM 1: It is our work, so we should do it. 
ANM 2: If ASHA does that, we might lose our job.  
ANM 3: It will reduce our work.  It will help us.”   

- ANM focus group, Haryana  

 

In contrast, PCPs recognised the value of sharing data entry tasks with ASHAs, using 

tablets.  They felt increased administrative duties associated with data entry, had reduced 

their ability to provide patient-facing services in women’s health.  For example, in 

Haryana, PCPs had been given tablets to complete data entry for a national tuberculosis 

programme, a role, they felt could be more suitably conducted by other members of the 

healthcare team.   

 

“This system has even increased more our work...now we have to make the data entry for 
each and every patient, then we have to do computer maintenance…because everything is 
responsibility of the doctor.  If we will not do the data entry, then that will be our fault that 
you have not done this…We see the patients also…Otherwise one or another operator, 
ASHA worker, or other person should be there to do the data entry - so we can see the 
patient and give the treatment.” 

- Primary Care Physician, Haryana 
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ASHAs were keen to engage with technology, saw its value in reducing workload for both 

themselves and others, and felt confident of their ability to use tablets.   

 
“We will take some time in the beginning, but we will enjoy using it [mobile tablets] 
later.”… “It would be less work…because in case we forget something we can immediately 
refer to it…“If we do everything online it will be easier.”  
 

- ASHA, Andhra Pradesh 

 

4.37 The role of technology in healthcare provision in rural India 

All stakeholders acknowledged the important role of technology for identifying and 

targeting problems in maternity services, improving information flow, and capturing trends 

in maternal mortality, thereby strengthening the maternal health system.  

 

“Actually technology really helps to find out the problems – and if we find out the 
problems THEN we get the solutions for that.”  

- Government official, Haryana 

 

Government officials recognised the importance of collecting real-time, community-level 

data from ASHAs, who knew what was happening on the ground, in order to improve high-

risk pregnancy outcomes.   

 

“Actually, ASHAs and ANMS are participating in all services and we need to contact them 
regularly – especially ANMS. Because they have contact with ground workers – the 
ASHAs.” 

- Government official, Haryana 
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Government officials and PCPs saw the importance of having information systems which 

enabled data capture and were interoperable within existing systems, but also enabled 

communication with the CHWs on the ground to allow them to target high-risk women.   

 

Stakeholders accepted there were limitations to using mobile technology in rural settings.  

Government officials, doctors and CHWs felt that future strategies utilising mobile 

technology, should take into account health professionals’ workloads, availability of 

mobile signal and electricity (to charge the mobile devices), interoperability of the new 

technology within the existing health system, with PCPs expressing their interest in being 

involved in the design of future interventions.  

 

“If there is a coherence and everything is done digitally, it shouldn’t double our work.”  

- ANM, Haryana 

 

“No we feel open to it…technology should be used…and…it should be used according to 
us [with our input].”   

- Primary Care Physician, Haryana 

 

4.38 Building a conceptual map of priorities & strategies for high-risk 
pregnant women  
 

This qualitative study helped me develop an in-depth understanding of the context of care 

for high-risk pregnant women in rural India.  Understanding the priorities of care for key 

stakeholders and drawing upon the findings of this study, I was able to identify strategies 

and areas for intervention for the provision of integrated life-long healthcare for high-risk 

pregnant women.  With this in mind, I created a conceptual map of the maternal health 

system in rural India, focusing on the three priority conditions identified in the study 
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(Figure 4.2).  As an extension of the conceptual map, I identified barriers and facilitators 

at different levels in the health system for each of the three priority areas (Table 4.4).   
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 Figure 4.2: A
 conceptual m

ap of health system
 priorities for high-risk pregnant w
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 Table 4.4: Barriers &
 facilitators to provision of integrated care for w
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en 
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The conceptual map and the barriers and facilitators to providing integrated care to high-

risk pregnant women, identified through the contextual study, were used as the basis to 

design a complex intervention for pregnant and postpartum women in rural India (Chapter 

5).  

 

4.4 Discussion 

This qualitative study explored the views of key stakeholders involved in maternal health 

in two diverse rural districts of India.  In both regions, stakeholders unanimously agreed 

that due to its high prevalence and impact upon maternal mortality, anaemia was the 

highest priority condition affecting pregnant women.  These findings are supported by 

several studies highlighting the high prevalence of anaemia amongst Indian women of 

reproductive age [312–316], and in alignment with national government priorities [317].  

Detection and referral pathways for pregnant women with moderate to severe anaemia 

were well established in the districts studied, and known to healthcare workers.  The 

national Anaemia Mukt Bharat (an Anaemia-free India) campaign has further highlighted 

the importance of strengthening pathways for early detection, monitoring, referral and 

management of anaemia in rural areas, and provided free resources and medications to 

meet a set of key performance indicators relating to anaemia in pregnancy across India 

[317].  

 

This study revealed healthcare workers were aware of the complex social, economic and 

cultural issues impacting the high prevalence of anaemia.  CHWs, in particular recognised 

that health-related behaviours of pregnant women were influenced by their households and 

wider community, and acknowledged the limitations of government strategies which 
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targeted individual behaviour change in pregnant women.  These findings reinforce the 

need to move away from exclusive and individualised health counselling of pregnant 

women, towards more holistic behaviour change interventions involving the household 

and embracing the wider community.  This study highlights that strategies to address 

anaemia in pregnancy need to acknowledge the complex socio-cultural and gendered 

influences impacting the condition in women.  This in agreement with the findings of 

Chatterjee and Fernandes [318], who recognised the importance of adopting anaemia 

awareness programmes that reached the family, and communities of pregnant women 

[318].  Similarly, a quantitative evaluation of a large national data set found that factors 

affecting prevalence of anaemia in women of reproductive age in Ethiopia clustered around 

the individual factors, as well as household and community-level influences [319].  

 

Cultural practices highlighted during this study significantly impacted on continuity of care 

and engagement of women with health services, particularly in the postpartum period.  

Migration of pregnant women during the last trimester resulted in gaps when identifying 

and treating anaemia prior to labour.  The practice of staying indoors for 40 days after 

delivery, further prevented women from engaging with health services during a critical 

time for both mother and baby.  A constant ‘health service presence’ throughout this period 

were ASHAs, who visited  all pregnant women within their village, regardless of migration 

or postpartum practices, and had inspired trust within their communities.  However, as 

ASHAs were not trained to identify anaemia or measure BP, and unable to triage women 

in the home environment, there were still significant barriers to early detection and 

management of high-risk women in villages.  Models of CHW-led home-based care are 

feasible and acceptable both within the context of pregnancy [212,231,320–325] and 

chronic disease management [202,326–328].  While home-based, CHW-led interventions 
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would require adequate education, training and support; task-sharing with CHWs was 

identified by doctors as a potential strategy to address workforce shortages in women’s 

health.  From the findings of this study, ASHAs seem well placed to deliver such 

interventions (particularly in the postpartum period), and to offer health-related 

counselling at the household level.   

 

Several knowledge-practice gaps were identified in this study.  Practices relating to 

antenatal screening for GDM were inconsistent both within the districts, as well as across 

study sites.  The Government of India launched their national guidelines for antenatal and 

postnatal management of GDM in 2018 [329].  Whilst this guidance offers a pragmatic 

solution to community-based testing for GDM, it had not been fully operationalised in the 

study settings.  There were still significant barriers to GDM screening in the community, 

including incomplete knowledge amongst healthcare staff about the clinical guidelines and 

diagnostic criteria for GDM, inadequate postpartum follow-up for women with GDM, and 

lack of awareness of the long-term consequences of GDM.  Women, who were unaware 

of the significance of GDM on their pregnancies and future health, did not have the level 

of knowledge to question variations in practice.  There were several practical and logistic 

issues associated with performance of OGTTs in the community, including waiting times 

and lack of lab staff to measure blood glucose.  This study revealed that operationalisation 

of the Government of India GDM guidelines would require health system strengthening 

through provision of training, diagnostics, workforce and medications for GDM and 

investment at the level of the primary health centre.  GDM has been a key focus of research 

and funding in the Indian sub-continent [330–332]; however, most prior research has been 

conducted in urban hospital settings [333–338].  This study revealed that GDM is a low 

priority in  rural areas studies due to its low prevalence.  Whilst inconsistencies in screening 
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might account for some of these findings, it is clear that rural women differ from urban 

and semi-urban populations in characteristics such as BMI, nature of their work and socio-

economic status [339].  Undernutrition and its association with anaemia, was identified as 

a key issue affecting pregnant women in this study, rather than overweight (associated with 

GDM), seen in urban and semi-urban settings [340].   

 

With few exceptions, healthcare professionals and government officials were unaware of 

the links between high-risk pregnancy conditions such as HDP and future CMDs.  This 

contrasts with findings of a study of health worker’s knowledge of the links between 

preeclampsia and future CVD in a Nigerian teaching hospital, which revealed good 

knowledge of future cardiovascular risk amongst doctors, with lower levels of knowledge 

amongst nurses, midwives and CHWs [341].  However, in keeping with the findings of 

this study, the need for risk-reduction training for health workers to counsel women with 

HDP about their long-term cardiovascular risk, was advocated.  

 

Workforce constraints were identified as a significant issue affecting in particular 

obstetricians, but also PCPs.  Workforce shortages in secondary care impacted provision 

of 24 hour obstetric services, and pregnant women’s perceived quality of care at 

government hospitals.  In primary care, doctors felt overwhelmed with administrative 

tasks.  Task-sharing with CHWs was identified as one strategy to free the time of doctors.  

All key stakeholders saw the value of mobile technologies for collecting community-level 

data relating to high-risk pregnant women and providing a means of communicating and 

sharing information between the ground-level to government offices, and enable timely 

response to local emergencies.  Stakeholders however, raised concerns that such 

technologies would need to ease rather than increase workloads of CHWs, designed in 
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partnership with local doctors, be interoperable within the existing health system and free 

the time of doctors for patient-facing duties.   

 

4.41 Strengths and limitations 

Strengths of this study include the rigorous approach to the design and methodology.  

Trustworthiness of data analysis was achieved through using well established research 

methods.  In addition, I spent time (one month) immersed within the research environments 

over the course of the study, getting to know the communities and living and working 

alongside CHWs and doctors in the areas studied.  I conducted peer debriefing meetings 

with study staff following each IDI and FGD and triangulated my findings by collecting 

data from a variety of sources, in a variety of ways and discussing findings with colleagues 

during debriefing meetings and comparing these to my field notes.  Conducting interviews 

in two diverse states in India, enabled greater generalisability of findings across rural areas 

of India.  Different stakeholders participated in the study, which provided a wide range of 

opinions and sources of data from which to form a conceptual model of the health system 

for women in rural India.  Data saturation was achieved at both study sites, due to the more 

than adequate number of study participants.   

 

While I used elements of theoretical sampling and constant comparison in my approach, I 

was not completely naïve to the context, which prevented a purely inductive approach to 

data analysis.  I practised reflexivity by being mindful of my thoughts and documenting 

them in my field notes, which enabled me to gain distance from my original ideas and the 

data.  Most IDIs were conducted individually; however, in Haryana, PCPs, obstetricians 

and laboratory technicians requested to be interviewed in pairs.   
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4.5 Conclusion 
 

The key priorities for care, and the experiences of women and healthcare workers in both 

rural areas were similar.  This study supports the need for strengthening community-level 

strategies to address the escalating burden of high-risk conditions in pregnancy and their 

long-term sequalae, by targeting important knowledge to practice gaps in the provision of 

integrated care throughout a woman’s life-course.  At the individual and household-level, 

greater awareness of long-term risks associated with high-risk pregnancy conditions is 

needed.  Further education and training for healthcare workers is required to meet the 

newly operationalised guidelines for GDM, and to screen, detect, refer and counsel high-

risk pregnant women both during and after pregnancy.  The study further highlighted task-

sharing with CHWs and use of mobile technologies, as potential strategies for health 

systems strengthening.  In the contexts studied, a complex intervention for pregnant 

women at high-risk of future cardiometabolic disorders, would also need to take into 

account the community’s priorities relating to the high prevalence of anaemia in pregnancy 

in order to be acceptable and sustainable.   

 

This study has highlighted the important contextual factors influencing the provision of 

integrated antenatal, postnatal and life-long care for women in rural India.  The study 

culminating in a conceptual map of the health system, and by outlining the barriers and 

facilitators in the health system that would need to be addressed by a complex intervention, 

which will be discussed in the next chapter.   
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“Behaviour precedes belief - that is, most people must engage in a 
behaviour before they accept that it is beneficial; then they see the 

results, and then they believe that it is the right thing to 
do...implementation precedes buy-in; it does not follow it.” 

 
- Douglas B. Reeves 
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5.1 Introduction 

Chapter 4 explored the views of key stakeholders relating to high-risk pregnancies and 

their long-term sequelae in two diverse districts of rural India, concluding with a 

conceptual map of the rural maternal health system.  Three high-risk pregnancy conditions 

that would benefit from a complex intervention, were prioritised by stakeholders for 

different reasons: anaemia (due to its high prevalence), HDP (due to their serious nature), 

and GDM (due to the need for improved screening and follow-up practices and to 

operationalise new government guidelines).  The next stage of the MRC Framework for 

the development of complex interventions includes identifying relevant theory and 

modelling processes and outcomes [66].   

 

For new practices around the three priority conditions to be implemented in the health 

system, individual and collaborative behaviours of key stakeholders would require change.  

For this to occur, three preconditions must be met:  a) actors in the health system must 

have the psychological and physical ability (Capability) to enact the behaviour; b) they 

must have the reflective and automatic mechanisms (Motivation) that activate or inhibit 

the behaviour, and c) they must have the physical and social environment that enables or 

restricts the behaviour (Opportunity) to occur [67][342].  For example, in relation to 

improving home-based, postpartum anaemia screening, ASHAs must understand the 

causes of anaemia, counsel women on their diet and medication adherence (psychological 

capability), have the skills to measure Hb in a woman’s home (psychological and physical 

capabilities), have belief in their ability to perform the home-based reading within their 

professional role (reflective motivation), and the equipment and support to enable the 
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delivery of postpartum care (social and physical opportunities).  These three components 

of behaviour change are at the heart of the COM-B/Behaviour Change Wheel (BCW) 

framework [67,343].  The COM-B/BCW framework was formulated to enable systematic 

embedding of behaviour change theory into the process of intervention design [67], and 

can be used synergistically with the Theoretical Domains Framework (TDF) [68,282,344], 

as outlined in Chapter 3.  These frameworks have been used to design interventions 

successfully and systematically in a wide range of health and policy areas [345–347].   

 

Interventions that change behaviour within a health system involve many interacting 

components which can have potentially complex implications [348].  The contextual study 

revealed several modifiable health system barriers to providing integrated antenatal and 

postnatal care, and ongoing follow-up for high-risk pregnant women.  In this chapter, using 

relevant theory, I explore these modifiable barriers influencing individual and collective 

behaviours of actors within the rural health system, using qualitative data from the 

contextual study (Chapter 4).  The aim of this chapter was to design and develop a theory-

informed complex intervention and a model of care that could be implemented and 

evaluated, adopted for other contexts, and potentially extended into the years following 

pregnancy, to answer the secondary research question of my thesis: How can theory be 

used to inform the design and development of a complex intervention and refine this for 

testing? 

 

5.2 Methods 

The stages of theory-informed intervention design start with behavioural analysis of the 

problem(s) to be addressed by an intervention, and progress to selecting appropriate 

behaviour change techniques and implementation strategies to bring about the desired 
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behaviour change.  Following a systematic, theoretically-guided process for intervention 

development, ensures transparency in the development process, provides clarity regarding 

intervention components, and enables development of programme theory and a logic 

model (outlined at the end of this chapter) [272].  Use of theory further assists in effective 

evaluation of the intervention (Chapter 6), by providing a deeper understanding of the 

underlying mechanisms through which the intervention has its effect.   

 

In the first stage of intervention design, I formulated a ‘behavioural diagnosis’ by 

conducting a barriers analysis (barriers and facilitators to providing integrated and 

continuous antenatal, postnatal, and on-going follow-up care for high-risk pregnant women 

in rural India), using data from the contextual study (Chapter 4).  Modifiable barriers for 

each of the three priority conditions, were mapped to the COM-B/TDF domains to identify 

theoretical constructs for behaviour change within the health system.  From this 

exercise, target behaviours for each priority condition were identified.  The TDF was 

used to illustrate more precisely the behavioural constructs to be targeted within the COM-

B model [349] (Table 5.1).  

 

Table 5.1: Theoretical Domains Framework (TDF) mapped onto the Capabilities, 

Opportunities and Motivations (COM-B) model 

COM-B components Associated TDF domains 
Capability: Physical  Physical skills 
Capability: Psychological  Knowledge; Cognitive and interpersonal skills; Memory, 

attention & decision processes; Behavioural regulation.  
Opportunity: Social  Social influences 
Opportunity: Physical  Environmental context and resources 
Motivation: Automatic  Reinforcement; Emotion 
Motivation: Reflective  Social/Professional role and identity; Beliefs about capabilities; 

Optimism; Intentions; Goals; Beliefs about consequences.  
 



 105 

In the second stage, I selected intervention functions and policy categories pertaining to 

each target behaviour and the associated theoretical constructs, using the COM-B/BCW 

framework, in a process guided by Michie et al, 2014 [349]. 

 

In stage 3, behaviour change techniques (BCTs) were selected from the taxonomy of 93 

BCTs [280], to pinpoint the behavioural content of the selected implementation strategies 

and policy categories for SMARThealth Pregnancy.  The final components of the 

SMARThealth Pregnancy intervention were then decided, together with their timing and 

mode of delivery, using the APEASE criteria [350], which consider the contextual 

relevance and sustainability of intervention strategies.  This process was guided by Michie 

et al, 2014 [349].  

 

Following the process of intervention design, I developed and refined the intervention, 

through an iterative process of usability testing and feedback with end-users, including 

CHWs and PCPs.  Usability testing is a method in software development which measures 

how easily a new digital technology can be operated, understood and improved to enhance 

satisfaction for end users.  Comprehensive guidelines on usability testing are outlined by 

the International Organization for Standardization (ISO) standards (ISO standard 9241) 

[351].  Usability testing is particularly helpful in the design of medical applications which 

involve end-users in refining interventions as part of user-or human-centred design [352] 

and is recommended as part of the development of digital technologies in medicine by 

regulatory authorities including the U.S Food & Drug Administration (FDA) [353] and the 

National Institute for health & Care Excellence (NICE) [354].  The aims of iterative 

usability testing were to obtain feedback on the ease of using the SMARThealth Pregnancy 

platform; ascertain satisfaction with the design; assess the time to completion of two 
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mock clinical scenarios, and assess correct completion of each clinical scenario, 

especially if any errors were made (human error rate).  

 
Ethical approval 

Ethical approval for the usability study was obtained from the Oxford Tropical Research 

& Ethics Committee (OxTREC ref: 501-19), and The George Institute Ethics Committee, 

India (ref: 03/2019 ) [Appendix C].  The process of intervention design is summarised in 

Table 5.2.   

 

Table 5.2: Stages in designing a theory-informed behaviour change intervention 

[349]  

Stage Components of theory-informed intervention design 
1 Formulating the Behavioural Diagnosis:  

Understanding the behaviour that needs to be changed 
 a) Define problems identified by the contextual work in behavioural terms 

b) Select target behaviours related to the three priority areas identified 
c) Specify target behaviours in detail (enacted by whom, when, where, how) 

2 Mapping target behaviours to domains of the COM-B & TDF: 
Consider the full range of options for behaviour change (using COM-B & TDF) 

 a) Map modifiable barriers associated with the three priority areas to COM-B & 
TDF  

b) Identify intervention functions and policy categories in the frameworks, that 
could be used to enable implementation of high-quality integrated antenatal, 
postnatal, and life-long care for women in rural India 

3 Select appropriate Behaviour Change Techniques for the context: 
Use a systematic method for selecting behaviour change techniques (APEASE) 

 a) Articulate precise behaviour change techniques (BCTs) within the 
intervention functions and policy categories identified in step 2 

b) Consider which BCTs and modes of delivery would be most useful in the 
context of rural India  

c) Use APEASE criteria [350] to decide if the BCT be: Affordable; Practicable; 
Effective/Cost effective; Acceptable to stakeholders; Safe; Equitable in rural 
India 
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The results of each of the stages of intervention design are now outlined, building upon the 

findings of the qualitative study and conceptual model outlined in Chapter 4.  This is 

followed by the process of intervention development and iterative testing with end-users. 

 

5.3 Results: Defining the problem in behavioural terms 

For each of the three priority conditions, modifiable barriers were mapped onto COM-

B/TDF theoretical constructs to decide the target behaviours pertaining to different levels 

within the health system. 

 

5.31 Selecting target behaviours: Anaemia in Pregnancy 

The contextual work (Chapter 4) identified that pregnant women, unaware of the serious 

consequences of anaemia, were often non-compliant with iron tablets, migrated to their 

mother’s home in the last trimester of pregnancy, and presented to the hospital in labour 

with severe anaemia.  Solutions to optimise Hb levels before delivery, would include 

screening and treatment for anaemia during the last trimester of pregnancy.  Severe 

anaemia during labour might be prevented through improved compliance with iron folate 

tablets during antenatal care, and management of moderate/severe anaemia with 

intravenous iron sucrose or blood transfusions.  Addressing the modifiable barriers to 

providing continuity of care for women with anaemia in pregnancy, has potential to reduce 

complications of postpartum haemorrhage and maternal mortality [355].  Further barriers 

were identified in the postpartum period: women were not routinely screened for anaemia 

and women’s health was not prioritised, resulting in worsening anaemia between 

pregnancies.  The contextual study also identified that the high prevalence of anaemia in 

pregnant women was influenced by a complex interaction of factors, including diet, 
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cultural practices, socio-economic status, and gender issues, impacting upon non-

adherence to iron tablets.  Table 5.3 presents an overview of the modifiable barriers relating 

to anaemia in pregnancy, together with the evidence from the contextual study, mapped 

onto COM-B/TDF domains.  

 

Table 5.3: Modifiable barriers relating to anaemia in pregnancy & associated 

theoretical constructs 

Modifiable barriers Quotes from contextual study COM-B & TDF 
domains/constructs 

Anaemia   
Lack of awareness of serious 
impacts of anaemia.  
 
(Individual/household-level) 

“Basically education is the most 

important part. Second part is our 

eating habits. We have to eat 

healthy, and we have to educate 

our kids to eat healthy.” 

– Government official, Haryana.  

Capability: Psychological  
TDF: Knowledge  

Long-standing household 
practices and cultural beliefs 
impacting anaemia prevalence. 
 
(Individual/household-level) 

“Patients didn’t take anything 

related to treat their anaemia.  In 

the villages there is plenty of milk - 

they think “we take milk, so we will 

not be having the anaemia.”  
– Obstetrician, Haryana.  

Opportunity: Physical 
TDF: Environmental context 
(person-environment interaction) 
Opportunity: Social 
TDF: Social influences (social 
norms, group identity) 

Lack of compliance with iron 
folate tablets particularly in 
postpartum period. 
 
(Individual/household-level) 

“There are family members who 

don’t allow them to take iron 

tablets.”  
– ASHA, Andhra Pradesh 

Motivation: Automatic  
TDF: Emotion (impulse & emotion 
of women regarding taking iron 
tablets) 
Opportunity: Social  
TDF: Social influences (wider 
cultural factors and pressures 
from household) 

Lack of continuity of care 
between pregnancy and 
postpartum period – need for 
improved detection and 
management of anaemia in 
third trimester of pregnancy 
 
(Health provider-level and 
health system-level) 

“Actually they [pregnant women] 

go for periodical [Hb] 

investigation.. some of them know 

they are anaemic…as per Indian 

customs, the first and second 

delivery, they go to their parental 

home…she may not carry her entire 

medical report to that area and 

there is some other doctor, and 

they may not take proper 

precautions…some gap is 

Opportunity: Physical  
TDF: Environmental context & 
Resources (to measure Hb in 
third trimester after women 
migrate) 
 



 109 

Modifiable barriers Quotes from contextual study COM-B & TDF 
domains/constructs 

there…and that might be the cause 

of anaemia..”  
– Government official, Andhra 
Pradesh 

Lack of postpartum screening 
for anaemia  
 
(Health provider-level and 
health system-level) 

“Until 40 days women are not 

allowed out of house, so they don’t 

come [to the PHC] till that time.  

After 40 days, if we call them to 

check the baby’s weight or for 

immunization then they come.”  
– ASHA, Andhra Pradesh 

Capability: Physical  
TDF: Skills (to measure Hb) 
Opportunity: Social 
TDF: Social influences (women 
don’t leave homes for 40 days & 
unable to engage in postpartum 
Hb check 

ASHA unable to screen for 
anaemia or advise woman on 
referral if needed in the 
postpartum period.  
 
(Health provider-level) 

“ASHAs are just 10th plus 

(education). They don’t have that 

type of training.”  
– Obstetrician, Andhra Pradesh  
 

Opportunity: Social  
TDF: Social influences 
(perceptions of ASHAs & their 
skills)  
Capability: Physical  
TDF: Skills (to perform Hb test) 
Capability: Psychological  
TDF: Memory, Attention & 
Decision processes (decision-
making - to interpret Hb & refer)  

 

The behavioural diagnosis was a need to improve the detection and management of 

moderate/severe anaemia in the last trimester of pregnancy and postpartum period 

by addressing the theoretical constructs identified in Table 5.3.  Based on these findings, 

the following target behaviours relating to anaemia in pregnancy were identified:  

a. Improve awareness of anaemia and its serious impacts upon women and their 

babies: (individual/household-level). 

b. Need for postpartum detection, referral, and management of moderate to severe 

anaemia: (health provider-level and health system-level). 

c. Improve adherence to iron folate tablets during pregnancy/postpartum: 

(individual/household-level, health provider-level). 
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Specifying target behaviours relating to anaemia 

From the contextual work, it was apparent that ASHAs were trusted by pregnant women 

and the entire household, and ideally placed to improve awareness of the serious nature of 

anaemia and the importance of taking iron folate tablets at the household-level, in addition 

to improving delivery of wider awareness programmes at the community-level.  

 

“ASHA workers can influence villagers…because they are local people…They are part 
of the community…they are local people….they can influence…Doctors don't have time.. 
it is too busy schedule.... it is not possible for us to give some health education.”   
 

    - Obstetrician, Andhra Pradesh 

 
 

As women did not leave their homes for 40 days postpartum, and the only regular 

healthcare encounters during this time were with ASHAs, for the target behaviour of 

postpartum Hb measurement to be performed, ASHAs (who) would need to learn to 

perform the skill of using a Hb meter (how), at home (where), in the postpartum period 

(when).  They would further need the skills or support to interpret the result, and refer the 

woman to the doctor if needed for further management of moderate or severe anaemia.  

ASHAs would also need to provide standardised, guideline-based advice on the 

importance of adherence to iron folate medication for the immediate and ongoing health 

of women.   
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Table 5.4:  Specification of target behaviours: Anaemia in Pregnancy 

Target Behaviour Behavioural specifications 
Anaemia  Who? How? Where? When? 
Improving 
awareness of 
serious nature of 
anaemia 

ASHA – due to 
the trust and 
respect they hold 
within the 
community 

Provision of 
household-level 
counselling  

Home-based Standard antenatal 
and postnatal visits as 
well as opportunistic 

Postpartum 
detection, 
referral, and 
management of 
anaemia 

ASHA – due to 
women not 
leaving homes 
and ASHA 
conducting 
postpartum 
home visits 

Use of handheld 
haemoglobinometer to 
measure Hb. 
Use of mobile clinical 
decision support to 
interpret readings and 
refer/counsel women. 

Home-
based 

Standard postnatal 
visits: Week 1-2 (to 
check for anaemia 
resulting from labour) 
and; Week 6 (to check 
for persistent 
anaemia) 

Improved advice 
and adherence to 
iron folate tablets  

ASHA – due to 
the trust and 
respect they hold 
within the 
community 

Provision of household-
level counselling 

Home-
based 

Standard antenatal 
and postnatal visits 

 
5.32 Selecting target behaviours: Hypertensive Disorders of Pregnancy 

The literature review (Chapter 2) presented evidence that women with HDP are at 

increased risk of developing chronic hypertension and CVD [85,86,97,356].  From the 

contextual study (Chapter 4), most women and healthcare workers were unaware of this, 

and subsequently, women with HDP had not been counselled regarding their future risk of 

CVD.  As it was cultural practice not to leave home in the postpartum period, women 

discharged from hospital with antihypertensive medications did not routinely have their 

postpartum BP measured.  The majority of complications following HDP occur in the 

postpartum period [357,358]; however, women with HDP in the contextual study had no 

means of knowing how to titrate any antihypertensive medication and when to stop, due to 

lack of postpartum follow-up.  Although not previously used in rural India, home-based 

BP measurement and self-management of BP following HDP has been shown to be 

feasible in high-income settings [359–362].  
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Table 5.5: Modifiable barriers relating to Hypertensive Disorders of Pregnancy & 

associated theoretical constructs 

Modifiable barriers Quotes from contextual study COM-B & TDF 
domains/constructs 

HDP   
Lack of awareness of long 
term cardiometabolic 
sequelae of HDP and 
barriers to women’s 
lifestyle modification. 
 
(Individual/household-
level; health provider-
level) 

“Actually if a young female starts 

focussing on herself – doing exercise 

and all – then it is thought here in this 

rural background that it is a wastage of 

time. That she is much into herself and 

not taking care of herself or her family.” 
– Primary Care Physician, Haryana 

Capability: Psychological  
TDF: Knowledge (improving 
awareness & education of 
women and healthcare 
professionals) 

Lack of postpartum 
screening for high BP 
 
(Health provider-level 
and health system-level) 

“Post-delivery we don’t check their BP. 

If someone has any problem, then we’ll 

check their BP.” – ANM, Andhra 
Pradesh 

Capability: Physical  
TDF: Skills (lack of home-based 
BP measurement) 

ASHA unable to measure 
BP or advise woman on 
referral if needed in the 
postpartum period  
 
(Health provider-level) 

“ANM will check the blood pressure, 

staff nurse also does blood pressure 

checking. Lab technician does the sugar 

test.” – ASHA worker, Andhra Pradesh 
 

Opportunity: Social  
TDF: Social influences 
(perceptions of ASHAs’ abilities)  
Capability: Physical  
TDF: Skills (to conduct home 
BP) 
Capability: Psychological 
TDF: Memory, Attention & 
Decision processes (decision-
making) 

 

Based on these findings, the behavioural diagnosis was a need to improve the postpartum 

detection and management of women with HDP.  This could be achieved by addressing 

the physical and psychological capabilities (physical skills, knowledge, decision-making) 

of ASHAs to measure and interpret BP values at home, improving psychological 

capabilities (knowledge, awareness,) of women and healthcare workers about the long-

term risks associated with HDP, and creating social opportunities (to change perceptions 

of ASHAs) and enable home-based BP measurements.   
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The following target behaviours were identified:  

a) Improve awareness of HDP and the impact on future CMDs in women 

(individual/household-level). 

b) Need for postpartum BP measurement in high-risk women and referral of 

women with persistently raised BP to national NCD programme for ongoing 

follow-up (health provider-level and health system-level).   

 

Table 5.6: Specification of target behaviours: Hypertensive Disorders of Pregnancy 

Target Behaviour Behavioural specifications 
HDP Who? How? Where? When? 
Improving 
awareness of 
long-term 
cardiometabolic 
sequelae of HDP  

ASHA – due to 
the trust and 
respect they hold 
within the 
community 

Provision of 
household-level 
counselling  

Home-based 
 

Antenatal and 
postnatal visits as 
well as opportunistic 
 

All healthcare 
professionals 

Provision of 
education & 
training for 
healthcare 
professionals 

During 
continuing 
professional 
development 
classes for 
CHWs/Drs 

During healthcare 
professionals’ 
monthly training 

Postpartum 
detection, 
referral, and 
management of 
high BP 

ASHA – due to 
women not 
leaving homes 
and ASHA 
conducting 
postpartum 
home visits 

Use of validated 
digital BP 
apparatus to 
measure BP at 
home. 
 
Use of mobile 
clinical decision 
support to 
interpret BP and 
refer/counsel 
women. 

Home-based Standard postnatal 
visits: Week 1-2 (to 
check BP in women 
with HDP and 
counsel/refer for 
follow-up;  
 
Week 6 (to check for 
persistent high BP & 
counsel about long-
term risks for CVD) 
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5.33 Selecting target behaviours: Gestational Diabetes Mellitus 

The contextual study revealed that although GDM was rare, its prevalence, and that of 

T2DM in older women, had been rising in both study settings in recent years.  The latest 

Government of India guidelines for GDM [329] advocated universal screening in 

pregnancy; however, these guidelines had not yet been operationalised in the community 

settings studied.  As a result, antenatal screening practices for GDM were inconsistent and 

not guideline-based.  Several logistic challenges to conducting the recommended OGTT 

screening in the context of rural Indian villages, and a lack of knowledge and training for 

CHWs to implement the latest Government guidelines, were identified.  While 

stakeholders recognised that many women in their 40’s and beyond had T2DM, they were 

not aware of the links between GDM and future risk of T2DM and CVD.  Women 

diagnosed with GDM did not routinely undergo the recommended postpartum follow-up 

[329], nor receive counselling about their significantly heightened risk of T2DM 

[363,364].  

 

Table 5.7: Modifiable barriers relating to Gestational Diabetes Mellitus & 

associated theoretical constructs 

Modifiable barriers Quotes from contextual study COM-B & TDF 
domains/constructs  

GDM   
Lack of knowledge of 
Government of India 
guidelines for community-
based GDM screening  
 
(Health provider-level) 

 “We are told to do RBS [Random 

Blood Sugar], so we do RBS and not 

glucose tolerance test”  
– ANM, Andhra Pradesh 
  

Capability: Psychological  
TDF: Knowledge 

Need for routine and 
standardised screening 
for GDM 
 
(Health provider-level 
and health system-level) 

“Every woman isn’t tested for blood 

sugar. Every woman is sent to the 

Government Hospital, but even their 

blood sugar isn’t tested.”  
– ASHA worker, Haryana 
 

Capability: Physical  
TDF: Skills  
Capability: Psychological  
TDF: Knowledge 
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Modifiable barriers Quotes from contextual study COM-B & TDF 
domains/constructs  

“Second one [fetal death] was full-

term, third one [fetal death] was at 

fifth month…I don’t want anybody to 

suffer like me…”  

 -Postpartum woman, Andhra 
Pradesh: Screened for GDM after two 
fetal deaths 

Lack of time and 
resources to perform 
OGTT  
 
(Health provider-level 
and health system-level) 

“OGTT is very useful in pregnancy, but 

we don’t have that because this is a 

rural area, and we don’t have that 

glucose and all and we have to do 

that hourly and 20 minutes after 

that..”    
 - Obstetrician, Andhra Pradesh 

Capability: Physical;  
TDF: Skills  
Opportunity: Physical 
TDF: Environmental context & 
Resources  
Capability: Psychological 
TDF: Memory, Attention & 
Decision processes 
Motivation: Reflective  
TDF: Social/professional role & 
identity; Beliefs about capabilities 
(for ASHAs and ANMs to conduct 
& interpret OGTT) 

Lack of awareness of 
long-term consequences 
of GDM 
 
(Individual/household-
level; health provider-
level) 

“I did not go for OGTT 

[postpartum]…as it [blood sugar] was 

normal now…random sugar is 

normal…only [I do] exercise that’s it.” 

– Postpartum woman with GDM, 
Andhra Pradesh 

Capability: Psychological 
TDF: Knowledge 

 

The behavioural diagnosis identified was a need to improve the antenatal and postnatal 

screening of all pregnant women for GDM using the Government of India guidelines.  

For this behaviour to be enacted, the psychological (knowledge and decision-making) and 

physical capabilities (to perform and interpret an OGTT), and physical opportunities 

(resources) provided to healthcare workers to conduct OGTT, would need to be addressed.  

CHWs would also need to work in different ways (professional roles, beliefs about 

capabilities) and require adequate motivation to operationalise the new Government of 

India GDM guidelines, and follow-up and counsel women with GDM in the postpartum 

period about their risks of T2DM.   
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The following target behaviours were identified: 

a) Improve knowledge and implementation of Government of India guidelines for 

screening GDM. 

b) Provide training and resources for CHWs to perform OGTT in the community. 

c) Build awareness of the links between GDM and future T2DM and CMDs.  

Table 5.8:  Specification of target behaviours: Gestational Diabetes Mellitus 

Target Behaviour Behavioural specifications 
GDM Who? How? Where? When? 
Improving 
knowledge and 
implementation of 
Government of 
India GDM 
guidelines 

Healthcare 
workers 
(ASHAs, ANMs, 
PCPs) 

Education and 
training 

During 
continuing 
professional 
development 
classes for 
CHWs/Drs 

During 
healthcare 
professionals’ 
monthly training  
  

Provision of 
training and 
resources for 
CHWs to perform 
OGTT in the 
community 

 Education and 
training, provision of 
resources to conduct 
OGTT 

During 
continuing 
professional 
development 
classes for 
CHWs/Drs 

During 
healthcare 
professionals’ 
monthly training 

Building awareness 
of the links 
between GDM and 
future T2DM and 
CMDs 

ASHA – due to 
the trust and 
respect they 
hold within the 
community 

Provision of 
household-level 
counselling  

Home-based 
 

Antenatal and 
postnatal visits as 
well as 
opportunistic 
 

All healthcare 
professionals 

Provision of 
education & training 
for healthcare 
professionals 

During 
continuing 
professional 
development 
classes for 
CHWs/Drs 

During 
healthcare 
professionals’ 
monthly training 

 

5.4 Selecting intervention functions, policy categories and 
behavioural components  
 

The domains of COM-B/TDF identified as key determinants of behaviour change within 

the health system included: improving knowledge (psychological capability), clinical skills 

(physical capability), and providing resources (physical opportunity) for addressing high-
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risk pregnancies and their long-term sequelae at all levels of the health system; addressing 

decision-making (psychological capability), beliefs about capabilities, professional roles 

(reflective motivation) of healthcare workers, and addressing wider social influences upon 

health (social opportunity) at the community-level.   

 

To address the physical capabilities of healthcare workers, training and enablement were 

identified as key intervention functions to empower ASHAs with the skills, equipment, 

and resources to conduct home-based Hb (haemoglobinometer) and BP (validated semi-

automated BP device) measurement, interpret readings and refer women (through 

provision of mobile clinical decision support), and for ASHAs and ANMs to conduct 

community-based screening for GDM.  To address improvement of psychological 

capabilities, education and training were identified as important intervention functions, 

alongside policy categories of guidelines (guideline-based care) and service provision 

(operationalising Government of India GDM guidelines and postnatal follow-up of high-

risk pregnant women).  To raise awareness of the serious nature of anaemia and encourage 

compliance with iron tablets (automatic and reflective motivation), persuasion was 

identified as an important component of home-based counselling to be provided by ASHAs 

to pregnant women and their household, and the wider community.  To improve the 

physical and social opportunities for ASHAs to deliver a new model of home-based care 

for pregnant women, environmental restructuring was identified as a function to address 

community perceptions of ASHAs’ abilities.  ASHAs (at the time of this study) worked on 

an incentive-basis.  In order to provide ASHAs with adequate motivation (both automatic 

and reflective) to deliver intervention practices, they would need to be adequately 

remunerated, by providing incentives (both social and financial).  Intervention functions 

and policy categories most suited to addressing these COM-B/TDF domains were 
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identified using the BCW, evidence from the literature review (Chapter 2), and contextual 

work (Chapter 4), highlighted below in Table 5.9.   

 

Table 5.9: The Behaviour Change Wheel intervention functions and policy 

categories (adapted from Michie et al [349])  

Intervention functions  Description 
Education Increasing knowledge or understanding  
Persuasion Using communication to induce positive or negative feelings 

or stimulate action  
Incentivisation Creating expectation of reward 
Coercion Creating expectation of punishment or cost  
Training Imparting skills  
Restriction Using rules to reduce the opportunity to engage in the target 

behaviour (or to increase the target behaviour by reducing 
the opportunity to engage in competing behaviours)  

Environmental restructuring Changing the physical or social context  
Modelling Providing an example for people to aspire to or imitate  
Enablement  Increasing means/reducing barriers to increase capability or 

opportunity 
Policy categories Description 
Communication/ marketing  Using print, electronic, telephonic, or broadcast media  
Guidelines  Creating documents that recommend or mandate practice. 

This includes all changes to service provision  
Fiscal  Using the tax system to reduce or increase the financial cost 

Establishing rules or principles of behaviour or practice 
Regulation  Establishing rules or principles of behaviour or practice 
Legislation  Making or changing laws 
Environmental/ social 
planning  

Designing and/or controlling the physical or social 
environment 

Service provision  Delivering a service  
 

Identifying Behaviour Change Techniques to target health system change  

BCTs represent the most basic, irreducible, observable, and replicable components of 

behaviour change interventions [281].  The behavioural content of SMARThealth 

Pregnancy was decided by looking at the full range of BCTs using the BCT Taxonomy 

[280], and consulting previous literature on BCTs that have worked for interventions in 
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similar fields [365, 366].  A total of 15 BCTs were identified to target the related COM-

B/TDF constructs (Figure 5.2).   

 

Mode of delivery of SMARThealth Pregnancy 

I then considered the most appropriate modes of delivery for the SMARThealth Pregnancy 

intervention to address the target behaviours and theoretical constructs identified in the 

behavioural analysis, building upon the evidence base and the conceptual model of the 

health system and strategies identified in the contextual study (Chapter 4).  The chosen 

modes of delivery, intervention functions, policy categories and BCTs were reviewed 

against the APEASE criteria [350] (Figure 5.1) to determine their local relevance, 

feasibility, and likely sustainability in rural Indian settings, based on evidence from the 

literature review (Chapter 2) and contextual study (Chapter 4).   
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Figure 5.1: APEASE criteria (adapted from Michie S, Atkins L, West R. The 

behaviour change wheel: a guide to designing interventions; 2014. p. 329 [350]) 

 

 
 

 

Timing of the intervention components for delivery of a model of care 

Three important time points were identified from the evidence-base and contextual study 

for intervention delivery practices.  These time points were chosen in consultation with 

local doctors and CHWs to enable: a) the intervention to be fully integrated into existing 

ASHA home visits and b) pragmatic evaluation of the feasibility of the model of care 

(Chapter 6).  

 

The third trimester of pregnancy (28 – 36 weeks’ gestation) was chosen as a window to 

engage, identify and optimise the health of high-risk pregnant women before delivery, and 

to ensure those who had migrated to their mother’s homes in the last trimester of 

pregnancy, were registered for ANC and linked to local health services for ongoing 

postpartum care.  The next critical time when most maternal and neonatal deaths occur is 

•Acceptable to key stakeholders?

•Practical for context/ available human resources?

•Effective/cost-effective in achieving desired target 
behaviours?

•Affordable if scaled up?

•Side effects: Any beneficial or unintended consequences?

•Equity: Are differences between advantaged & 
disadvantaged in society reduced?
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during the early postpartum period (weeks 1 & 2), [367].  I used this as an opportunity for 

ASHAs to measure BP and Hb, identify serious postpartum complications requiring 

referral, and offer counselling to women and their families on breastfeeding, diet, and 

compliance with oral iron, as part of the second intervention visit.  The third intervention 

visit at the time of the 6-week postpartum check was chosen to identify high-risk women 

with persistently raised blood glucose and/or BP.  Such women are at increased risk of 

future CMDs [368–374] and could be referred to primary care and linked to the national 

NCD programme for regular, ongoing, life-long follow-up.  ASHAs were remunerated in 

line with local government guidance, and given 500 Indian Rupees (INR) per month and 

an additional 150 INR per intervention visit in both States.   

 

Building upon the strategies identified in the conceptual model of the health system 

presented in Chapter 4, the final components of SMARThealth Pregnancy included:  

 

 1) An awareness programme about anaemia, HDP and GDM and their immediate  

 and long-term consequences (individual/household/community-level); 

 2) Targeted education and skills training covering the detection, referral, and 

 management of anaemia in pregnancy, HDP and GDM (health provider-level) and;  

 3) A mobile Health (mHealth) platform for ASHAs and PCPs; providing mobile 

 clinical decision support to enable home-based screening, referral, counselling, and 

 lifestyle advice for pregnant women at high-risk of future CMDs (health system-

 level & health provider-level).   

 

The intervention components linked to theoretical constructs and BCTs are summarised in 

Figure 5.2. 
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Figure 5.2 Intervention com
ponents linked to behavioural constructs, behaviour change techniques and target behaviour 4 
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5.5 Development & refinement of SMARThealth Pregnancy 
 

Identifying clinical guidelines and measurement devices to inform the intervention 

The components of the SMARThealth Pregnancy intervention were then developed.  I 

systematically searched the literature to identify relevant clinical guidelines and validated 

point-of-care BP and Hb measurement devices, and the findings were discussed with local 

obstetricians in rural India and the wider study team (including my DPhil supervisors) until 

consensus was reached.  Guidelines and devices most relevant to the rural Indian context 

were selected [142,317,375,376].   

 

The CRADLE device (APEC, UK) is a low-cost ($20 USD each), semi-automated BP 

device, validated for pregnant women, and designed for low-resource settings (charged 

using an android phone charger)[375] .  The CRADLE device was chosen for ASHAs to 

measure BP as it has been evaluated and shown to be usable by CHWs in rural India 

[209,212,323,377], and its recommendations align with the Federation of Obstetric and 

Gynaecological Societies of India (FOGSI) and WHO guidelines for management of HDP, 

ideal for the rural Indian context [378,379].   

 

The Government of India recommendations for point-of-care Hb testing devices for use in 

rural community settings [317] include the TrueHb Hemometer© (Wrig nanosystems 

Pvt.Ltd, 2020) [380], made in India at relatively low cost (4000 INR per device with test 

strips) and tested for diagnostic accuracy in an Indian population [381].  These factors 

made it a suitable choice to ensure the sustainability and scalability of the SMARThealth 

Pregnancy intervention in India in the future.  
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Developing the Awareness, Education & Skills Training components 

As identified in the contextual study, health awareness programmes within villages in rural 

India are delivered by CHWs and PCPs during local village health and nutrition days (held 

monthly at each village affiliated to the PHC).  The content of the awareness programme 

covering the three priority conditions was nested within the CHW and PCP education and 

training sessions.  This was to enable the awareness components of the intervention to be 

fully integrated into the daily work of CHWs and PCPs, and embedded into their 

intervention visits and village health and nutrition days (see Appendix D). 

 

Targeted Education & Skills Training 

The targeted training component of SMARThealth Pregnancy was designed to build upon 

existing knowledge of high-risk pregnancy conditions known to CHWs and PCPs, 

following a spiral approach to learning [382], and for them to develop mastery in 

intervention delivery practices, including measurement of Hb and BP and the mHealth 

platform.  The curriculum design of the training component used the pedagogical concept 

of experiential learning [383] at its basis to promote skill acquisition and retention.  Use of 

role play, simulation and hand-holding in the real world provided a supportive educational 

environment [384], where performance and feedback could be delivered in a personal and 

targeted way.  This approach has been successful in other empirical studies [385,386].  

 

The curriculum was designed to be delivered over two and a half days, as a series of five 

participatory learning sessions, each of 3 hours duration for CHWs (Figure 5.3), with a 

one-day face-to-face ‘refresher’ training session after 4 weeks.  In addition, ‘hand-holding’ 

in the field by the local study field team following the initial training, was incorporated 

into the curriculum design to ensure that ASHAs felt confident using the BP device, 
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haemoglobinometer and the tablet in a real-world context.  The curriculum for PCPs 

covered the same areas as for CHWs, but was designed to be delivered as a half-day, one-

to-one training session, assuming a higher degree of baseline knowledge on both 

educational and skills training components, and in response to feedback from doctors 

regarding their availability.  
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Development of the SMARThealth Pregnancy mHealth platform  

The George Institute for Global Health has previously developed the SMARThealth 

system (smartphone-based application) using an android operating system, on a seven-inch 

tablet to aid screening for cardiovascular risk [326] and mental health [387] in adults in 

rural India.  Building upon the SMARThealth programme, I developed the content and 

user interface of the SMARThealth Pregnancy Application (App).   

 

The process of App development involved creation of the ‘back-end’ content: creating the 

clinical algorithms for the App, converting these to code, and clinically and statistically 

validating the algorithms.  This was followed by development of the ‘front-end’ content 

of the App: developing the user interface, including colour schemes and screen layout to 

ensure ease of usability for CHWs and PCPs.  I used the findings from the literature review 

(Chapter 2), contextual study (Chapter 4) and the BCTs and clinical guidelines identified 

in this chapter, to inform the content, embed behavioural theoretical constructs and inform 

the nuances of App design.  For example, understanding the context (Chapters 1 & 4) and 

knowing that gender issues (including sex-selection practices) were prevalent in rural 

India, I used gender neutral colours (e.g. purple, yellow) throughout the App design.   

 

I worked with The George Institute for Global Health Digital Technologies teams in 

Australia and The George Institute for Global Health software developers in India, to create 

the back- and front-ends of the SMARThealth Pregnancy mHealth platform.  I led and was 

involved in each stage of this process, as outlined below.   
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Technology & architecture of the SMARThealth Pregnancy mHealth 
platform 
 

Formation of Clinical Algorithms 

The algorithm development and validation processes were guided by the established 

methods used for developing the previous SMARThealth mHealth platforms by The 

George Institute for Global Health [234,326].  In the first stage of content creation, I used 

the clinical guidelines identified in the earlier review and condensed these into flow charts, 

using ‘io draw©’ flowchart software [388] (Figure 5.4).  The clinical guideline flowcharts 

were cross-checked with the original guideline documents by an independent member of 

the digital technology team.  

 

Figure 5.4: Example of flowchart created using io draw flowchart software  

 

 

The guideline flowcharts were then used to determine: 

• Input variables e.g. Patient ID, Date of Birth, Weight, Height, Last Menstrual 

Period, Haemoglobin. 

• Calculated variables e.g. Age, BMI, Estimated Date of Delivery.  
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• Output Recommendations e.g. This woman has evidence of severe 

hypertension. Call ambulance and refer patient to hospital urgently.  

I then transferred the variables and output recommendation text to an Excel spreadsheet, 

and with the guidance of an algorithm administrator at the George Institute, Sydney, 

converted the clinical guideline flowcharts into pseudocode, using ‘IfàThen’ rules, as 

illustrated here:  

 

“IF the BP is > or = to 140/90, THEN follow recommendation output 2B”. 

 

The algorithm administrator at the George Institute for Global Health independently 

converted the pseudocode into code, which was entered by the algorithm administrator 

into the George Institute for Global Health’s rules engine.  This is a software database for 

the algorithm rules, which stores clinical algorithms in a ‘rules set’ on the George Institute 

for Global Health servers in Australia, India and China, respectively.  The algorithms are 

mirrored across each of the three servers and can be modified as necessary.  They are also 

available in an offline mode for work in the field when there may be issues regarding 

Internet connectivity (such as in rural India).  This enables the SMARThealth Pregnancy 

App to communicate with the locally stored version of the rules engine if there is no 

Internet connection, and automatically update the set of rules when it is connected to the 

Internet, if or when there are any changes made to the rules set.  The rules engine 

administrator based at the George Institute, Sydney was responsible for instituting any 

changes to the rules engine.  
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Clinical and Statistical validation of clinical algorithms  

SMARThealth Pregnancy algorithms were based on existing evidence-based clinical 

guidelines.  The clinical and statistical validation of the SMARThealth Pregnancy 

algorithms were performed by the George Institute, Sydney, Digital Technologies team, in 

accordance with their established protocol for validation of mHealth platforms [326], as 

described below. 

 

Clinical validation 

For clinical validation of the algorithms, a de-identified data set of 200 pregnant women’s 

BP values and pulse and Hb values, covering a range of clinical scenarios, was created.  

An independent senior PCP then looked through all 200 cases and made expert 

recommendations based on the clinical guideline algorithms provided.  There was a 100% 

fit between the clinician and the rules engine outputs for the data set.  

 

Statistical validation 

The algorithms for SMARThealth Pregnancy were sent to the statistical programmer at the 

George Institute for Global Health.  Statistical validation was carried out using a 10,000 

patient data set, randomly generated using Excel’s random formula for all the input 

variables contained within the algorithms, to include a wide range of case scenarios.  The 

programmer coded the algorithms and data set into SAS software© (version 9.4) and 

generated output variables (the Calculated_Expected output).  The input and expected 

output variables were then transferred into the rules engine, which generated its own output 

variables (Calculated_Actual) and then compared these with the Calculated_Expected 

outputs.  Discrepancies between Calculated_Expected and Calculated_Actual variables 

were identified and resolved by the statistical programmer and algorithms administrator.  
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Once the amendments were made, the new expected output was uploaded and compared 

again using the rules engine.  This process was repeated until there was a 100% match 

between Calculated_Expected and Calculated_Actual outputs.  The final prototype App 

had a 100% match between the expected and actual output data.  

 

Front-end development of the SMARThealth Pregnancy platform 

The user design software Balsalmiq Cloud © [389] was used to create screens (known as 

wireframes) for the SMARThealth Pregnancy applications for each user (CHW and PCP) 

and for each of the three visits (Third Trimester; Postpartum Week 1; Postpartum Week 

6).  These wireframes were annotated with the relevant coding instructions required for the 

software developers (Figure 5.5), who used these wireframes to create the front-end 

screens of the SMARThealth Pregnancy App.   
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Figure 5.5: Example of wireframe using Balsalmiq©  software for SMARThealth 

Pregnancy user interface 

 

 
 

Project management  

The teams from Sydney and Hyderabad then worked together to integrate the back- and 

front-ends using the Application Programming Interface (API).  The API is a set of rules, 

protocols and tools that allow integration of the code from the algorithms with the user 

interface of the application [390].  I coordinated the teams across Sydney and Hyderabad 

to develop a prototype SMARThealth Pregnancy application, using an Agile approach 

[391]; a type of software development project management methodology, involving 

iterative cycles in the development of an application to refine the prototype, make it more 

efficient, usable and to share learning within the team.  I led the App development team 

(consisting of software developers, algorithm developers and clinicians), and was 
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responsible for organising and coordinating weekly virtual meetings, across all three sites 

(UK, India & Sydney).   

 

5.6 Iterative testing of SMARThealth Pregnancy mHealth 
component with end-users 
 

After finalising the SMARThealth Pregnancy prototype App, I conducted iterative testing 

with end-users (CHWs and PCPs) to model and refine the mHealth component of the 

intervention, as recommended [66,272].  I conducted four rounds (iterations) of usability 

testing: two in the Guntur District of Andhra Pradesh, and two in the Jhajjar district of 

Haryana, India.  A purposive sample of five ASHAs and two PCPS (at each study site) 

was used to hold a total of five in-depth interviews and three FGDs for the three rounds of 

usability testing across both study sites (n=14 participants).  The sample size was guided 

by previous research in this field [392].  As the user interface and content of the 

SMARThealth Pregnancy platform differed between CHWs and PCPs,  FGDs/interviews 

with CHWs/PCPs were held separately at each site to encourage more open discussion and 

provide profession-specific feedback.  Interviews and FGDs were conducted by myself, 

with the help of a local research assistant from the George Institute, Hyderabad (for 

Guntur) and the George Institute, New Delhi (for Haryana).  Participant Information Sheets 

(PIS) were shared with participants ahead of the interviews and FGDs, and written 

informed consent was obtained from all participants.  All discussions were audio recorded 

and transcribed.  
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Content and outcome of usability testing  

I created two clinical case scenarios based on real-life events prior to the FGDs and 

interviews.  The mock patient clinical details and investigation results were entered into 

the local ANC hand-held patient record booklet for each mock scenario.  Each participant 

had access to an individual SMARThealth Pregnancy mHealth tablet and a mock clinical 

case record.  Participants worked independently through the scenarios using the 

SMARThealth Pregnancy App on the tablet provided.  A local research assistant and 

myself observed as they completed the tasks.  Completion times and ‘clicks’ to completion 

were measured and stored within the tablet.  Feedback and discussions were completed as 

a group for CHWs, and individually with PCPs.  Each interview/FGD lasted up to 60 

minutes (Appendix D).   

 

Following each cycle of usability testing, feedback and changes were incorporated into a 

document (Appendix D), using a traffic-light system to highlight bugs and fixes that were 

high (red), moderate (yellow), and low priority (green), based on clinical safety and 

usability.  This document was shared with software developers and the App was regularly 

updated until no further bugs or fixes were required, and all usability testing was 

completed.  The final SMARThealth Pregnancy App was thereby developed (Figure 5.6).  

 

The final mHealth platform and implementation practices 

The SMARThealth Pregnancy mHealth platform enables ASHAs to input measures and 

generate recommendations based on the woman’s history, BP, Hb and blood glucose 

readings.  These can be confidentially uploaded to a patient record using Open MRS 

software (34) and synchronised to a sister-tablet held by the PCP at the local PHC. 
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Figure 5.6: Final SMARThealth Pregnancy screens  

 

          

 

As per current standard practice, ASHAs accompany women to both primary and 

secondary care visits; however, women cannot be compelled to see the local PCP, although 

they will be encouraged to do so after each ASHA visit.  High-risk pregnant/postpartum 

women are referred to the doctor at the local PHC via the mHealth platform, and are also 

provided with a paper referral card completed by the ASHA (in case they seek private 

services or by-pass primary care).  Through the SMARThealth Pregnancy mHealth 

platform, the PCP can see if the woman is anaemic (and the severity), hypertensive, and/or 

screen-positive for GDM.  If the patient attends the PHC, the PCP can repeat these 

readings, with access to guideline-based decision support for anaemia, hypertension and 

GDM as to the next steps in management/and or referral to secondary care.  Based on the 

contextual study, it is anticipated that many women will not attend primary care, and seek 
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private health services from obstetricians directly, and therefore, a hand-held referral card 

is also completed by the ASHA.  Postnatal visits involve the same Hb and BP 

measurements as the antenatal visit, except history-taking involves details of the birth and 

labour (Postpartum: Week 1 visit), and any further complications (Postpartum: Week 6 

visit).  The final intervention is outlined in the Template for Intervention Description and 

Replication (TiDieR) checklist (Appendix D).  

 

5.7 Developing a logic model for SMARThealth Pregnancy 

As recommended by the MRC in their guidance for developing and evaluating complex 

interventions [66], I developed a logic model for SMARThealth Pregnancy, outlining the 

components of the intervention, the proposed mechanisms for impact and outcomes 

following implementation (Figure 5.7).  Complex interventions function in dynamic 

environments, and can effect change within social contexts and health systems [393].  I 

used relevant theory to explain how the components of SMARThealth Pregnancy might 

lead to change and integration within the health system in the logic model, and modelled 

how contextual factors might interact with intervention delivery.  By lending transparency 

to the proposed change mechanisms, the logic model provided the basis for the qualitative 

process evaluation of SMARThealth Pregnancy (Chapter 6), whilst also recognising its 

dynamic nature, and the need for further refinement following implementation of 

intervention components in the real world.   
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Figure 5.7:  Logic m
odel of SM

A
R

Thealth Pregnancy
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5.8 Discussion 
 

This chapter has explored how behaviour change theory can be used to inform the design, 

development and refinement of a complex intervention, addressing the secondary research 

question of my thesis.  The methods and outputs of the systematic process of intervention 

development, resulted in the creation of a contextually-based, theory-informed complex 

intervention.  Several discussion points arose during this process, which will now be 

discussed with reference to the relevant literature.  

 

The centrality of context in intervention design 

The systematic process, outlined in this chapter, highlighted the importance of context in 

intervention development.  Evidence from the contextual study viewed through the 

theoretical lens of behaviour change, was used to identify the target behaviours and 

behavioural constructs at the heart of SMARThealth Pregnancy.  The contextual study 

further informed the practical aspects of intervention delivery, highlighting important 

socio-cultural practices within rural communities and the need for home-based postpartum 

care, and identified healthcare workforce constraints amenable to technology and task-

sharing.   

 

By starting with the needs and priorities of the community and key stakeholders, their 

voices came to be embedded into the intervention design.  This approach is at the heart of 

human-centred design, which also highlights the importance of context and prioritises 

being empathetic to the needs and abilities of the community [290,300].  Involving 

communities in intervention design has advantages of improving adoption and future 

sustainability of the intervention in those communities [394].  The design of SMARThealth 
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Pregnancy used the principles of human-centred design [290] and combined this with 

behaviour change theory [67,68,281].  It has been hypothesised that combining human-

centred approaches with theory can inspire trust within health systems, and address 

context-specific implementation and sustainability issues [394].  SMARThealth Pregnancy 

was designed with the aim of co-creating an intervention with the community to ensure 

future sustainability.  

 

Importance of transparency in reporting behavioural content of interventions 

Few interventional studies have specifically addressed the use of BCTs in maternal health 

interventions and categorised these using a published taxonomy [366,395,396].  The lack 

of consistent reporting of the active ‘ingredients’ of maternal health interventions (BCTs), 

has made comparability across studies, and replicability across contexts, challenging.  

With this in mind, I used a systematic process highlighting the behavioural constructs and 

BCTs within each intervention component (using an established taxonomy), and 

specifying the proposed change mechanisms of SMARThealth Pregnancy in a logic model.  

Making the proposed mechanisms of impact of SMARThealth pregnancy implicit and 

providing transparency around the intervention design and implementation process, 

enables effective evaluation and comparability with similar interventions.  Outlining 

specific BCTs using an established taxonomy further contributes to the evidence-base for 

behaviour change interventions, and identifies which BCTs may be effective for women’s 

health.   

 

There is evidence to suggest that use of more BCTs may increase intervention effectiveness 

[397, 398]; however, for health outcomes with a complex aetiology (such as anaemia in 

pregnancy), there is limited understanding of how intervention functions should be chosen, 
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which behaviours to prioritise, and how many BCTs to promote [399].  SMARThealth 

Pregnancy aimed to achieve a balance between the number of intervention components, 

behavioural constructs and BCTs to be implemented, recognising that targeting too many 

behaviours might negatively impact programme delivery and create information overload.  

The intervention components of SMARThealth Pregnancy were simplified to address the 

behavioural constructs associated with three areas: education (including awareness), 

training and mHealth (decision support).  This pragmatic approach was decided in 

partnership with the community and key stakeholders (outlined in the conceptual map of 

health system in Chapter 4), and using established criteria [350].   

 

Complexity and integration of SMARThealth Pregnancy within the health system 

The design of SMARThealth Pregnancy acknowledged the complexity and inter-

dependence of different actors functioning at different levels of the health system 

(individual/household-level, provider-level, and system-level), functioning across 

different levels of the health system, and delivering guideline-based care to high-risk 

pregnant women in their homes.  Previous studies using mHealth to deliver guideline-

based care to pregnant/postpartum women have focused on the community-level alone, 

without considering integration of community-level services within primary and secondary 

care [320–322,400].  By taking a health systems lens, SMARThealth Pregnancy attempted 

to address different levels within the health system.  This approach is similar to the multi-

level framework proposed by Chaudoir et al [401], which highlights the importance of 

identifying predictors influencing implementation outcomes across different levels of the 

health system.   
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Social influences upon behaviour change in rural India 

The choice of intervention components, strategies and delivery practices of SMARThealth 

Pregnancy was based on theory, evidence and pragmatic considerations, as supported by 

French et al, 2012 [273].  There were, however, some limitations to this approach.  The 

COM-B/BCW and TDF frameworks, whilst recognising ‘social opportunities’ influencing 

behaviour of individuals within a health system, are based on behaviour change theories 

that focus on individual agency.  In rural India, however, pregnant women rarely have the 

level of autonomy to make independent decisions about their own health.  Health-related 

behaviours of women and practices of healthcare professionals in rural India are intimately 

connected to other household members, professional hierarchies within the health system, 

and wider socio-cultural influences.  This finding is supported by the work of Blankenship 

et al [402], who acknowledges the wider social and environmental influences affecting 

individual health-related behaviours and choices.  These authors refer to interventions 

functioning in such contexts as structural interventions - which attempt to promote health 

by altering the structural context of the health system, rather than targeting individual 

health-related behaviours [402].  The term ‘structural intervention’ recognises that 

individual agency in the health system may be constrained and/or shaped by wider 

influences (structures) within the social, political and cultural environment [402].  

Anaemia in pregnancy is one example of a condition addressed by SMARThealth 

Pregnancy, which encompasses such ‘structural’ determinants.  Behaviour change theory 

may not encompass the full range of social influences influencing behaviour change.  

Sociological theories, such as Normalisation Process Theory [69] (Chapter 6) may, 

therefore, be required to explain the complexities of creating lasting behaviour change 

through routine embedding of interventions in the context of rural India.   
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Strengths & Limitations 

The strengths of the approach taken for the development of SMARThealth Pregnancy 

include the use of systematic and well-established methods, outlined by Michie et al [349].  

Transparency in the intervention design and development process has the potential to 

enable future replication and comparison with other interventions addressing women’s 

health, and will add empirical evidence to the currently limited knowledge-base of BCTs 

that might be effective in similar settings.  The intervention was designed considering the 

needs, priorities and advice of key local stakeholders.  A unique feature of SMARThealth 

Pregnancy is that it has embedded the voices of local stakeholders and combined this with 

a theory-informed approach.  Adam et al, 2020 highlight this approach as integral to the 

successful establishment of trust amongst healthcare workers implementing an 

intervention and intrinsically connected to an intervention’s success and sustainability 

[394].   

 

Limitations of the approach taken for intervention design include the properties of the 

behaviour change theories themselves.  Theories with more of a socio-centric focus might 

be required to explain the mechanisms of impact fully (as outlined above).  Furthermore, 

the COM-B/BCW and TDF models adopt a linear, stepwise approach to intervention 

design, but in practice, it is likely that further iterations will be required following 

implementation and evaluation of SMARThealth Pregnancy.  The dynamic nature of 

complex interventions is, however, acknowledged and incorporated into the cyclical 

framework for complex interventions outlined by the MRC, which both allows for, and 

recommends, iterative movement between the four stages [66].   
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5.9 Conclusion 
 

This chapter has presented a theory-informed approach to intervention design and 

development, building upon the findings of the contextual study in Chapter 4, and 

answering the secondary research question of my thesis.  I have used relevant theory from 

the behavioural sciences to explain how the intervention components are likely to impact 

the implementation of the SMARThealth Pregnancy, and presented the process of mHealth 

App development and usability testing.  The systematic process and logic model outlined 

in this chapter can be used to guide further refinement and adaptation of SMARThealth 

Pregnancy following implementation, and provide a basis for future studies.  To date, this 

unique combination of the human-centred design approaches with theory has not been used 

to guide development of interventions addressing life-course approaches to women’s 

health.  

 

In the next chapter, to answer the primary research question of my thesis, I outline the pilot 

cRCT of SMARThealth Pregnancy, focusing on the qualitative process evaluation, and 

theorising the mechanisms of impact in relation to the logic model presented in this 

chapter.   
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6.1 Introduction: why a pilot study is needed  
 

Feasibility and piloting are an integral stage of the MRC framework for complex 

interventions [66].  A pilot study is a type of feasibility study which is intended to model 

study practices ahead of a definitive trial [403].  Pilot studies can be either external to, or 

embedded within (and progress to), a larger trial and help identify feasibility and 

implementation issues ahead of conducting a larger clinical trial [403].  Following 

intervention development, I designed and conducted an experimental study to evaluate 

SMARThealth Pregnancy.   

 

As a newly designed complex intervention, there were several areas of uncertainty to be 

addressed regarding implementation of SMARThealth Pregnancy.  Firstly, in rural areas, 

high-risk pregnancy conditions were not always consistently documented.  Consequently, 

the true prevalence of anaemia in pregnancy, HDP and GDM in the contextual study 

settings were unknown.  Secondly, at the time of the pilot study, the Government of India 

had launched new guidelines for universal GDM screening [329].  However, there were 

still uncertainties around operationalisation of these guidelines and the most suitable 

implementation strategies in rural settings.  Finally, as part of the intervention delivery of 

SMARThealth Pregnancy, ASHAs were provided with mobile clinical decision support 
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and trained to measure Hb and BP in women’s homes.  It was unclear if these practices 

would be acceptable to ASHAs and pregnant women, and the unintentional and intentional 

impacts of these intervention practices on the health system.  These areas of uncertainty 

gave rise to clinical equipoise [404] between existing maternity care and the new integrated 

model of task-sharing offered by SMARThealth Pregnancy.   

 

Intervention studies include clinical trials (which focus on clinical effectiveness), and 

implementation trials (which test implementation strategies).  Implementation trials 

typically work at the provider-level and involve the health system, with randomisation and 

analysis at the provider-level (cluster-level).  I designed the SMARThealth Pregnancy pilot 

study as a cRCT to compare current maternity care with SMARThealth Pregnancy.  I chose 

a randomised study design to reduce the systematic bias arising from external influences 

that may affect maternity care, e.g. the impact of state-wide and local elections on rural 

health services, so that study outcomes could be attributable to the intervention rather than 

confounding factors.  Outcomes of implementation trials look beyond clinical outcomes, 

to understand adoption of complex interventions, and process and quality measures.  The 

pilot cRCT of SMARThealth Pregnancy was conducted to focus on implementation and 

address the primary research question of my thesis, and explore one of the secondary 

research questions:  

 

Is it feasible and acceptable for CHWs in rural India to screen, refer and manage high-

risk pregnant women during antenatal and postnatal care using a complex intervention 

including mobile clinical decision support? 
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What are the important factors in the design and delivery of the complex intervention that 

can explain its feasibility, acceptability, and likelihood of scalability outside of a pilot 

study?   

 

In this chapter, I present the methods and results of the pilot study of SMARThealth 

Pregnancy, including descriptive statistics relating to the feasibility of the intervention and 

a qualitative process evaluation using Normalisation Process Theory (NPT) [69] (Chapter 

3) as a theoretical lens to understand the acceptability and integration of the intervention 

implementation into the daily work of ASHAs.  Although clinical outcome data will not 

be discussed in this chapter, these data will be used by the wider study team to inform 

intraclass correlation coefficient (ICC) calculations for a larger cRCT of SMARThealth 

Pregnancy in the future.   

 

6.2 Methods 

 
6.21 Study objectives 
 

The objectives of the pilot study were to evaluate the feasibility and acceptability of the 

intervention components to enable further refinement and modification, to explore the 

mechanisms of impact and address implementation issues in a real-world setting.   

 

Feasibility of the intervention was determined in terms of: (i) how many PHCs approached 

accepted the invitation to participate in the trial; (ii) participant recruitment rates; (iii) 

retention of pregnant women in the trial to 6 weeks postpartum, and (iv) intervention 

fidelity (i.e. if the intervention was delivered as planned by ASHAs).  Acceptability of the 



 148 

intervention was evaluated through qualitative interviews and FGDs with end-users 

(including CHWs and pregnant women).  The study also evaluated whether the 

intervention would integrate within the existing health system and any potential unintended 

consequences.  In addition, the prevalence of the three key conditions: anaemia, HDP and 

GDM was collected. 

 

6.22 Study setting & design 
 

The pilot study was conducted in the same two sites as the contextual work (Chapter 4): 

the Jhajjar district of Haryana and the Guntur District of Andhra Pradesh.  It was designed 

as a prospective, parallel, unblinded, cRCT, guided by the CONSORT 2010 statement 

extension for randomised pilot and feasibility trials [405], and registered with 

ClinicalTrials.gov (NCT03968952) [406].  Ethical approval for the study was obtained 

from the Oxford Tropical Research Ethics Committee (OxTREC reference: 22-19) and the 

George Institute India Ethics Committee (Reference: 010/2019 – see Appendix C).  Trial 

oversight was conducted by a steering committee consisting of my DPhil supervisors and 

senior staff at the George Institute for Global Health, India.  

 
6.23 Sample size 

Whilst no formal sample size calculation was undertaken, a pragmatic approach was used, 

combining published guidance on sample size for pilot studies with an in-depth discussion 

with the team statistician [407–409].  A sample size of four PHC clusters, recruiting a total 

of 200 pregnant women was chosen to provide rich feasibility data ahead of a definitive 

trial, whilst also being achievable in the context of a pilot study.   
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6.24 Randomisation 
 

A list of PHCs in the Jhajjar district of Haryana (n=27) and the Guntur district of Andhra 

Pradesh (n=48) was compiled using data from the Government of India website [410,411].  

Each PHC was assessed for eligibility and stratified by geographical region and population 

size.  To avoid contamination between intervention and control groups, the villages 

selected under each intervention and control PHC were non-contiguous.  Four PHCs (two 

from each study site) were randomised to either SMARThealth Pregnancy or control 

(enhanced standard care).  Individual randomisation of pregnant women was not possible 

due to contamination of the intervention practices within villages; therefore, cluster 

randomisation of PHCs was conducted.  An independent, blinded statistician at the George 

Institute for Global Health randomised four PHCs using a random number generator.  Two 

PHCs (one in each study district) were allocated to the SMARThealth Pregnancy 

intervention, and two to the control group (enhanced standard care).   

 

6.25 Consent  
 

Informed consent was obtained at the cluster-level and the individual-level.  In rural India, 

PHCs are led administratively by a senior medical officer, who has overall responsibility 

for all affiliated staff (including PCPs and CHWs) and for providing care to women in the 

PHC villages.  Consent for the four eligible PHCs was obtained from the administrative 

lead prior to randomisation.  Additionally, staff (PCPs and CHWs) affiliated to the study 

PHCs were approached to participate.  

 

Participant Information Sheets (PIS) and Informed Consent Forms (ICF) were developed 

for pregnant women, healthcare workers and the PHC administrative lead.  These were 
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conveyed both verbally and in written form in the local language to all study participants 

prior to obtaining written informed consent.   

 

Eligible pregnant women in the third trimester of pregnancy (28-36 weeks’ gestation) were 

identified through the ANM during their standard ANC visits and recruited to the study.  

A total of 200 pregnant women (50 in each of the four PHC clusters) were recruited to the 

study.  Informed consent was obtained from the intervention group to share their antenatal 

handheld record, demographic details, medical and obstetric history, and have their BP and 

Hb measured by an ASHA at each of the intervention visits: a) the last trimester of 

pregnancy (between 28-36 weeks’ gestation); b) week 1 postpartum and c) week 6 

postpartum.  Informed consent was also obtained from the control group to share their 

antenatal handheld record, demographic details, medical and obstetric history, and have 

their BP and Hb measured by an independent member of the research team at baseline and 

after their routine 6-week postpartum visit (end line).  Individual consent was obtained 

from CHWs and women prior to interviews and FGDs as part of the qualitative process 

evaluation.  

 

Table 6.1 Summary of inclusion and exclusion criteria for the study  

Participants Inclusion criteria Exclusion criteria 

Primary Health 

Centres 

- Serving population of 30,000 people 
or more, in either:  

- a) Jhajjar district, Haryana  
- b) Guntur district, Andhra Pradesh 
- PHC doctor (administrative lead) 

consents for the PHC to participate in 
the study 

 
- Serving population of <30,000 

people  
- Not in Jhajjar/Guntur districts 
- PHC doctor (administrative lead) 

does not give consent for the PHC 
to participate in the study 

Primary Care 

Physicians 
- Working at participating PHCs in 

either: 
- a) Jhajjar district, Haryana  

 
- Not affiliated to the study PHCs in 

Jhajjar/Guntur 
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Participants Inclusion criteria Exclusion criteria 

- b) Guntur district, Andhra Pradesh - PCPs not working with pregnant 
and postpartum women 

Community 

Health Workers 

(ANMs/ ASHAs) 

- Working at participating PHCs in 
either:  

- a) Jhajjar district, Haryana  
- b) Guntur district, Andhra Pradesh 

 

- Not affiliated to the study PHCs in 
Jhajjar/Guntur 

Pregnant 

women  
- Age 18 years or above 
- 28 -36 weeks’ gestation 
- Living within villages in the PHC 

catchment area, in either: 
- a) Jhajjar district, Haryana or  
- b) Guntur district, Andhra Pradesh 

 
- Women < 18 years of age 
- Women not 28-36 weeks’ 

gestation 

 

Intervention group practices 

The intervention components (outlined in Chapter 5) were delivered in three stages: 1) 

Education & Training, 2) Delivery of the home-based mHealth intervention visits, and 3) 

End of study assessment (Figure 6.1).  Awareness programmes were delivered by ASHAs 

and ANMs during regular monthly village health and nutrition days in their respective 

villages throughout the study.   
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Figure 6.1:  Intervention group practices 

  

For quality assurance of intervention practices, regular field visits and observations of 

ASHAs were made by myself and local members of the research team at intervals during 

the study to ensure compliance to study procedures.  In addition, data collected through 

the mHealth tablets were used to monitor fidelity to intervention practices. 

 

Control group practices 

The control PHCs received enhanced standard care.  In addition to routine antenatal and 

postnatal care delivered by CHWs, an awareness programme was delivered to women, 

CHWs and PCPs at the control PHCs outlining the importance of attending ANC, 

identifying high-risk pregnancies, compliance with iron folate tablets and need for long-

term follow-up of women with high-risk conditions such as HDP and GDM.  Leaflets were 

also designed in local languages to convey this information and distributed to women and 

partners at the PHCs (Appendix D).   

Stage 1
•Education & Training: 
Training of Trainers & 
Targeted education & training 
of CHWs & PCPs

•5 x 3-hour sessions (2.5 days)
•Hand-holding in field
•Refresher training after 1 
month

Stage 2
•Home-based visits by ASHAs:
•Antenatal: Third trimester
•Postnatal: Week 1
•Postnatal: Week 6

•Hb, BP measurement & 
mobile clinical decision 
support for referral, lifestyle 
advice & counselling

Stage 3
•End of study assessment by 
independent researcher

•End line data collection

Awareness programme 

SMARTHEALTH PREGNANCY INTERVENTION DELIVERY 
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End of study visit 

I developed a case report form to collect baseline and end line data.  In addition to 

collecting  baseline data, an independent researcher from the local field team (not blinded 

to the intervention) completed an end of study questionnaire and recorded BP and Hb 

readings independently in both the intervention and control groups.  

 

6.26 Study Outcomes 

In addition to collecting descriptive data relating to the prevalence and follow-up of 

pregnant women with anaemia, HDP and GDM in the intervention group, a qualitative 

process evaluation was conducted to evaluate the acceptability and integration of 

SMARThealth Pregnancy into the health system.  End of study BP and Hb clinical outcome 

data were collected primarily with the aim of assessing the feasibility of collecting these 

measures as potential clinical endpoints in a larger trial, and to provide the confidence 

intervals around these continuous variables for the ICC calculation ahead of a definitive 

trial [409].  These are not reported here.  The primary and secondary outcomes of the pilot 

study are outlined in Table 6.2.  

 

Table 6.2: Primary and Secondary outcomes  

Primary outcomes 

Feasibility outcomes Determine feasibility of recruiting PHCs  
Feasibility of recruitment & retention of pregnant women to the study 
by determining:  
-Recruitment rates of pregnant participants per cluster per month  
-Retention rates of participants at six weeks postpartum 

Acceptability outcomes Evaluate acceptability of intervention to end-users using a qualitative 
process evaluation 
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Secondary outcomes 

Prevalence rates Determine true prevalence of moderate to severe anaemia, HDP and 
GDM at study sites 
Determine proportion of pregnant women detected, referred and 
followed-up for moderate to severe anaemia, HDP or GDM 

Intervention fidelity Assess extent to which SMARThealth Pregnancy was delivered as 
planned (fidelity) by looking at:  
-Proportion of visits completed by ASHA in line with intervention 
protocol (completeness & timing of the entries onto mHealth tablet) 

Clinical outcomes Mean Hb and mean BP at six-week postpartum visit (to calculate ICC) 
 

6.3 Statistical analysis 

Descriptive statistics addressing the feasibility of the intervention (recruitment strategy and 

the retention of participants), referral of high-risk women and prevalence of high-risk 

conditions were compiled using the Statistical Programme for Social Sciences version 27 

(SPSS v27©).  These data were used to understand patterns of recruitment and feasibility 

of conducting a larger cRCT.  No formal hypothesis testing was undertaken.   

 

6.4 Qualitative Process evaluation 

A qualitative process evaluation was conducted to explore the acceptability of 

SMARThealth Pregnancy, mechanisms of impact; understand how the intervention 

integrated into the daily work of ASHAs, and determine whether there were any 

unintended consequences.   

 

A purposive sample of study participants (pregnant/postpartum women and CHWs) from 

the intervention groups at each site were invited to share their experiences of 

SMARThealth Pregnancy.  Interviews and FGDs were conducted at intervals throughout 

the duration of the study following antenatal (visit 1) and postnatal intervention visits 
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(visits 2 and 3), to assess the acceptability of each visit as the study progressed.  End of 

study in-depth interviews (IDIs) were planned with PCPs upon completion of the pilot 

study (to minimise inconvenience resulting from workforce constraints affecting them in 

rural areas).  However, due to the Covid-19 pandemic, I was unable to return to India to 

conduct these interviews.   

 

6.41 Conducting interviews and focus groups 

I developed topic guides for IDIs and FGDs with pregnant/ postpartum women and CHWs.  

These were reviewed by my DPhil supervisors and piloted on members of the field team.  

Interviews/focus groups were conducted at the local PHC/subcentre for CHWs and at the 

pregnant/postpartum women’s homes.  All interviews and discussions were audio-

recorded with informed consent.  FGDs and IDIs were conducted by myself, together with 

a local research assistant trained in qualitative methods from The George Institute for 

Global Health, India, who provided translation into the local language when necessary.  

All interviews and discussions were audio-recorded with consent and transcribed from 

local languages into English by a professional transcription company in India.  

 

6.42 Theoretical framework for process evaluation 

Normalisation Process Theory (NPT) was chosen as a theoretical lens for the qualitative 

process evaluation (Chapter 3).  Implementation and integration of a complex intervention 

into the health system require both the collective and individual actions of workers within 

the health system.  Unlike behaviour change theory, NPT focuses on the actions of people 

within the health system to deliver a new intervention, rather than their intentions and 

attitudes towards the intervention [69,277,278].  NPT further explains how complex 

interventions become routinely embedded into the professional and organisational context 
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of the health system [278].   I felt NPT would complement behaviour change theory used 

to inform intervention design and provide insight into the degree of integration of 

SMARThealth Pregnancy into the daily work of ASHAs and the health system in rural 

India.  The four constructs of NPT [283] (Table 6.7) were used as an analytic framework 

for the qualitative process evaluation.   

 

6.43 Data analysis of qualitative process evaluation 

I used a framework approach [412] and followed the seven-step process outlined by Gale 

et al : data transcription, data familiarisation, data coding, development of an analytical 

framework, application of this framework and charting data into a framework matrix, and 

interpretation of the findings [412].  Data were charted into a framework matrix using 

MS Word, with the four NPT constructs (themes) as columns and the cases (IDI/FGD 

source) as rows (Appendix E).  The matrix enabled comparative analysis between cases 

and the data to be viewed as a ‘whole’, thereby facilitating data interpretation.   

 

Whilst NPT provided a structure for the framework analysis, the topic guides were not 

based on NPT constructs and included open-ended questions to stimulate discussion.  

Therefore, I used a combination of inductive and deductive coding to discover those 

aspects of participant’s experience that were not explained fully by NPT.  NVivo QSR© 

software was used to organise the data.   

 

Maintaining trustworthiness and consistency in data analysis 

To maintain consistency and trustworthiness in the process of data analysis, I followed 

established steps outlined by Gale et al [412].  I also conducted team-debriefs after each 

IDI/FGD to triangulate the main discussion points with other members of the study team, 
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and practised reflexivity throughout.  After conducting the initial data analysis and coding, 

these steps were discussed and reviewed with my supervisor (LH), an experienced 

qualitative researcher, to ensure consistency.   

 

6.5 My involvement in the study design and implementation 

After conducting the initial contextual work and intervention design, I designed the study, 

wrote and registered the pilot study protocol, which was discussed with members of the 

team at the George Institute for Global Health, India, and my DPhil supervisors, who 

agreed with the design and implementation.  I worked with a team from the George 

Institute for Global Health, India, comprising of a programme manager, and six field team 

members (three at each study site).  I led and was involved in each step of the 

implementation of the trial including seeking permissions from Government officials in 

rural India, writing and submitting the ethics applications in Oxford and in India, delivering 

the SMARThealth Pregnancy Training of Trainers sessions in India, and delivering 

training to CHWs at both study sites.  I conducted the qualitative process evaluation of the 

study, and designed the topic guides and conducted interviews and FGDs with pregnant 

women and CHWs.   

 

6.6 The impact of Covid-19 on the pilot study 

The pilot study of SMARThealth Pregnancy started before the global pandemic with the 

first participant recruited in Haryana on October 22nd, 2019.  In India, a national lockdown 

started on March 24th, 2020, lasting a period of 2 months.  The lockdown delayed 

recruitment of participants at the control site in Andhra Pradesh and prevented end line 

data collection of Hb and BP measures in Haryana during April and May 2020.   
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As screening for high-risk pregnancy was deemed an essential service in India during the 

pandemic, ASHAs were still permitted to conduct ANC and postnatal follow-up visits 

during the pandemic [413].  In Haryana, the format of these visits was limited to either 

socially distanced home visits (ASHAs were not permitted to measure Hb and BP), or 

telephone follow-up of postpartum women.  This prevented end line clinical outcome data 

from being collected in Haryana for some participants; however, feasibility and 

acceptability data relating to the primary study outcomes were still collected.  In a personal 

communication with ASHAs and the senior medical officer in Haryana following the start 

of the pandemic, the SMARThealth Pregnancy mHealth platform provided structure and 

consistency to the postnatal visits at a time of considerable uncertainty.  In Andhra Pradesh, 

ASHAs were permitted to perform home visits and measure Hb and BP during antenatal 

and postnatal home visits with personal protective equipment provided by the Government 

and social distancing precautions, and subsequently all data were collected per study 

protocol. 

 

6.7 Results: Recruitment & descriptive statistics  

6.71 Recruitment of study participants 

The feasibility of the SMARThealth Pregnancy intervention was ascertained by measuring 

recruitment rates at each study site, fidelity to intervention practices by ASHAs, and 

retention of study participants at each study site.  All approached PHC administrative leads 

agreed to participate in the study.  Recruitment of 50 participants was completed in 

approximately 4 months or less at each study site (Table 6.3).  Recruitment of eligible 

women at the control site in Andhra Pradesh was affected by a national lockdown during 
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the Covid-19 pandemic, suggesting that under ‘normal’ circumstances recruitment is likely 

to be faster.   

 

Table 6.3: Recruitment rates of eligible pregnant women 

Study Site Intervention 

n=50 

Recruitment rate per 

PHC population 

Control  
n=50 

Recruitment rate 

per PHC population 

Haryana 94 days 12.5 women/month  50 days 16.7 women/month 
Andhra Pradesh 73 days 12.5 women/month 128 days* 10 women/month 

* Recruitment was affected by a two-month national lockdown due to Covid-19 
 

All eligible women who were approached to participate were willing to give their informed 

consent to have their baseline and end line Hb and BP measured as part of the study.  

Possible reasons for this high uptake are discussed later in this chapter.  

 

6.72 Descriptive statistics  
 

The mean age, BMI and years of schooling of participants in the study were comparable 

across the intervention and control groups (Table 6.4).  Whilst most women had completed 

secondary school education, the range of years of schooling was wide, with some women 

not having attended school.  The average number of people in the household was five in 

both groups, often with only one source of income for the entire family.  Baseline data 

relating to study participants are presented in Table 6.4. 
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Table 6.4: Baseline demographic data & end line visit data 

 Intervention group n=100 Control n=100 

 Mean (SD) Range Mean (SD) Range 

Age (years) 23.5 (3.5) 18 - 33 24.0 (3.6) 18 - 33 
Body Mass Index (BMI) 22.6 (4.0) 11 - 36 22.1 (4.1) 14 - 35 
Years of schooling (years) 12.2 (3.7)  0 - 18 12.4 (4.0) 0 -20 
Number of people in household 4.9 (2.1) 2 - 13 4.8 (1.9) 2 - 11 
Hb at booking visit (g/dL) 9.6 (1.4) 5.8 – 14.4 9.4 (1.4) 5.8 – 14.0 
Baseline visit Hb (g/dL) 9.9 (1.7) 4 – 13.1 9.6 (1.7) 5.3 – 13.1 
Baseline Systolic BP 108 (11.3) 83-131 108 (12.4) 83 - 151 
Baseline Diastolic BP 70 (8.5) 47-90 70 (9.0) 47 - 94 
Moderate to Severe Anaemia (Hb 

<10) at baseline visit 

47/100 

47% 

58/100 

58% 

End line visit Hb (g/dL) 11.1 (1.7) 7.4 -14.5 10.3 (1.7) 7 – 16.7 
End line Systolic BP 110 (11.6) 88 - 142 112 (13.4) 84 - 147 
End line Diastolic BP 72 (8.2) 57 - 101 73 (11.9) 50 - 118 

*SD = Standard Deviation 

 

Fidelity to intervention practices 

At both study sites ASHAs completed the first and second study visits per protocol.  Data 

entry into the mHealth tablet was complete and appropriately entered at both intervention 

sites, suggesting high fidelity to intervention practices by ASHAs.  Before the global 

pandemic and national lockdown in India, the final (week 6) postpartum ASHA visits at 

both study sites were completed in line with the study protocol.  During the national 

lockdown in Haryana, the district health officer did not permit home-based measurement 

of Hb and BP by ASHAs.  End line Hb and BP data were, therefore, missing for 19/100 

participants in the intervention group and 24/100 participants in the control group (Table 

6.5).  Home-visits by ASHAs to pregnant/postpartum women did, however, continue 

during the pandemic, and history-taking, provision of social support and counselling 

(provided through the SMARThealth Pregnancy mHealth platform) continued to be 

implemented by ASHAs in the intervention group.   
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In Andhra Pradesh, due to the availability of personal protective equipment (PPE), ASHAs 

were permitted by the local health authorities to perform Hb and BP measurements at 

home, and the local government appreciated ASHAs being able to provide these enhanced 

services to high-risk pregnant women at home during the pandemic.  End line data were 

available for 47/50 participants in the intervention group in Andhra Pradesh.  The three 

outstanding participants were followed up remotely by telephone after lockdown; however, 

their Hb and BP were not measured.  All participants in the control group in Andhra 

Pradesh had end line Hb and BP measured.   

 

Table 6.5: Fidelity to intervention practices  

 
SMARThealth Pregnancy Visits 

Haryana 
Number of Participants  

(n=50 in each group) 

Andhra Pradesh 
Number of Participants 

(n=50 in each group) 
 Intervention Control Intervention Control 
Baseline questionnaire: Hb & BP 50 50 50 50 
ASHA Visit 1: History 50 N/A 50 N/A 
Hb & BP measurements per protocol 50  N/A 50  N/A 
ASHA Visit 2: History 50 N/A 50 N/A 
Hb & BP measurements per protocol 50  N/A 50  N/A 
ASHA Visit 3: History 50 (100%) N/A 50 (100%) N/A 
End line Hb & BP measurements 31/50 

(62%) 
14/48* 
(29%) 

47/50 
(94%) 

48/48* 
(100%) 

*Loss to follow up of four participants: two at each control site (2%). 
 

Loss to follow-up  

A total of 4/200 (2%) participants were lost to follow-up (two at each site).  In all four 

cases this was due to the women moving out of area to their mother’s village in the 

postpartum period.  In all four cases the local field teams attempted to contact the women 

by phone on at least three different occasions but were unsuccessful. 
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Postpartum engagement with primary and secondary care services 

Although participants were advised to see the doctor at the PHC after each intervention 

visit, ASHAs were not permitted to force women to do so.  Most women saw the PHC 

doctor or a private/government obstetrician antenatally; however, few women saw a 

government doctor after delivery (both before and during the pandemic).  In Andhra 

Pradesh, 22/50 (44%) women in the intervention group saw an obstetrician privately 

following the ASHA intervention visit in the first 2 weeks postpartum.  Most of these 

women (21/22) attended to have stitches removed following a Caesarean-section, and one 

woman attended following a stillbirth.  In Haryana, only 17/50 (34%) women saw a doctor 

either privately or through government services in the first 2 weeks postpartum.  No 

women in either intervention group saw a doctor (privately or at the PHC) after 6 weeks 

postpartum in the study.   
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Figure 6.2: Participant flowchart of pilot study 
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Prevalence of high-risk conditions in pregnancy  

At baseline, mean systolic and diastolic BP in both intervention and control groups was 

similar (Table 6.4), with only one woman with a baseline BP above 140/90 in the third 

trimester.  The prevalence of moderate to severe anaemia (Hb < 10g/dL), taken using the 

TrueHb© meter was 47% in the intervention group, and 58% in the control group at 

baseline (third trimester).  Baseline TrueHb© readings revealed that the prevalence of 

severe anaemia (Hb < 7g/dL) was 3% in the intervention group, and 8% in the control 

group.  The prevalence of HDP (5/200) and GDM (4/200) across all study sites was 2.5% 

and 2% respectively.   

 

Referral rates & maternal and neonatal morbidity & mortality 

Nine women (9%) in the intervention group were referred to a specialist for high-risk 

pregnancy.  Most (4/9) were referred to a general physician for thyroid problems; a further 

two women were referred to an obstetrician for iron sucrose injections, and one woman for 

a blood transfusion.  The remaining two women were referred to an obstetrician for 

unknown reasons.  A further five women received iron sucrose injections at the PHC for 

moderate anaemia and were not referred to a specialist.   

 

In the control group, twelve women (12%) were referred to an obstetrician for high-risk 

pregnancy conditions, including thyroid problems (n=6); twin pregnancy (n=1); iron 

sucrose injections (n=1); vomiting (n=1); GDM (n=1); HDP (n=1) and epilepsy (n=1).  

One woman in the control group in Andhra Pradesh was hospitalised for Covid-19 for 20 

days and had a Caesarean-section at a private hospital.  She was discharged home after 

delivery, with no postnatal complications.  One neonatal death was reported in the 
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intervention group in Haryana.  The baby who was born with congenital abnormalities and 

required resuscitation at birth, died soon after delivery.  There were no maternal deaths.  

 

Screening for Gestational Diabetes Mellitus 

A total of 82% (163/200) of women in the study had been screened for GDM before 28 

weeks’ gestation, mainly by providing either capillary (60%) and/or venous blood samples 

(53%).  Less than a quarter of women (19%) reported having an OGTT, the majority of 

which were non-fasting (Table 6.6).  All women who had not had an OGTT were offered 

one after being recruited into the study (in line with Government of India GDM guidance).  

Even with this extra measure, only 4/200 (2%) women were diagnosed with GDM.  Those 

with GDM were all already under the care of a private obstetrician in their respective areas.  

Although ASHAs counselled these women about the long-term implications of GDM, 

advised them to undergo postpartum OGTT screening and to be linked to the local NCD 

programme, the advice was not reinforced by local obstetricians.  Women with GDM were 

counselled about lifestyle advice, but not offered further screening or ongoing medication 

by obstetricians after their blood sugar normalised post-delivery.  

 

Table 6.6: Antenatal screening practices for Gestational Diabetes Mellitus  

 Intervention Control 

Blood sugar testing done < 28 weeks 80/100 80% 83/100 83% 

Capillary blood sample 51/100 51% 68/100 68% 

Venous blood sample 61/100 61% 44/100 44% 

OGTT 14/100 14% 23/100 23% 

Fasting OGTT (of those who had OGTT) 6/14 43% 3/23 13% 

 

 

 

 



 166 

6.8 Results of qualitative process evaluation 
 

A total of five FGDs (CHWs) and seven IDIs (CHWs and pregnant/postpartum women) 

were conducted with 61 participants (see Appendix E).  Qualitative data from interviews 

and focus groups were organised using the four NPT constructs (Table 6.7) into a 

framework matrix (Appendix E) to explore how SMARThealth Pregnancy became 

integrated, embedded and routinised into the daily work of ASHAs.   

 
Table 6.7: Normalisation Process Theory (NPT) core constructs in relation to 

qualitative process evaluation 

Coherence 
 

Sense-making work done by ASHAs to build an individual and shared 
understanding of SMARThealth Pregnancy  
How did ASHAs and women understand the intervention & the value, 
impact and importance of a new set of practices?  

Cognitive Participation 
 

Relational work done to build & sustain a community of practice 
around SMARThealth Pregnancy  
How did ASHAs, ANMs and the wider community enrol and engage 
with SMARThealth Pregnancy to initiate, engage, organise & sustain 
intervention practices?  

Collective Action 
 

Operational work ASHAs did to enact intervention practices 
How did ASHAs and ANMs work together within the health system to 
deliver the intervention?  

Reflexive Monitoring 
 

Appraisal work done by ASHAs both individually & collectively to 
assess SMARThealth Pregnancy 
How did ASHAs & ANMs reflect upon their progress and appraise their 
work when delivering the intervention?  

 

6.81 Coherence: Conceptualising value of SMARThealth Pregnancy 
 

ASHAs were able to distinguish the new set of practices associated with SMARThealth 

Pregnancy from their established work and understand the benefits and importance of these 

new ways of working.  Two features of SMARThealth Pregnancy were particularly valued 

by ASHAs.  Firstly, the visibility and accessibility of patient data through the mHealth 
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tablet, which enabled ASHAs to recall women’s demographic and past medical history 

easily.  ASHAs were further able to provide ANMs with these data, creating a shared 

understanding of the benefits of the intervention between CHW cadres.   

 

“There are lot of uses with the Tab [mHealth tablet]. It is very good. Even if miss putting 
down anything in the book, if we take a look at the tab, we will get to see all the information. 
When we visit the pregnant woman, if you check the info on the Tab, it gives their name…”   
 

- ASHA, Andhra Pradesh. 

 

Secondly, the clinical decision support and traffic light system provided by the 

SMARThealth Pregnancy mHealth platform educated ASHAs about the significance of 

Hb and BP values.  ASHAs felt this had improved their knowledge and transformed the 

nature of their home visits, improving the content and quality of care for 

pregnant/postpartum women.   

 

“It has been very good.  Earlier…we took their temperature...and now it is like in addition, 
we do BP and Hb, so they [the women] get to know a little more…that her Hb is low or 
BP is ok or not.  So this much difference is there.” …“Like, your Hb percentage is low, 
you should eat well…you should get yourself checked at the hospital…Now we are able to 
explain things like that .” 

- ASHA, Haryana. 

 

Impact of intervention on self-efficacy  

ASHAs reported an improvement in their knowledge, skills and confidence.  At the start 

of the study, ASHAs found the clinical skills of measuring Hb and BP challenging; 

however, with training and support, they quickly adapted to new ways of working to 

deliver the intervention.  As a result, ASHAs felt more confident in their abilities and a 

sense of self-satisfaction with the quality of care they now were able to provide.  
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“Earlier we did not about tests madam, how to do them.  Now we know how to do them 
ourselves…Now we do ourselves! We got to learn new things...our trainers were so 
good…they taught us so nicely that we understood very quickly…We knew earlier..but now 
we know more than before.  We got learn a lot of new things…We got to be more confident 
now.”   

- ASHA, Andhra Pradesh  

 

The diffusion of knowledge resulting from ASHAs engaging with the intervention 

impacted pregnant/postpartum women, who also valued the traffic light system and advice 

from ASHAs conveyed through the mHealth tablet.  Through the SMARThealth 

Pregnancy home visits, women’s awareness of high-risk pregnancy conditions, including 

HDP, improved.   

 

“High blood pressure is harmful for the baby. During low blood pressure we get 
headaches problems in the pregnancy, like it is not good for health and it is not good for 
the child, that’s why I know about it.”   

- Pregnant woman, Haryana 

 

 

6.82 Cognitive participation: Negotiating relationships with other 
healthcare professionals & the community 
 

The SMARThealth Pregnancy intervention changed many of the relational aspects of work 

with the wider health system and community.  During the initiation phase of the 

intervention, the legitimacy of ASHAs to deliver intervention practices was questioned by 

healthcare workers and the community.   
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“ANMs also feel why are ASHA workers conducting a BP test...They are like, we have this 
technician who are trained for this, ASHA workers are workers.” 
 

 - ASHA, Andhra Pradesh 
 

Similarly, whilst conducting home visits, extended family members of the pregnant woman 

questioned ASHAs about their abilities.   

 
“Why was it given to you? Are you eligible to this? Why should you perform this? Are 
you being trained for this?” Some of them say such things.”  

- ASHAs, Andhra Pradesh  
 
 
However, as the pregnant women and their extended families experienced the benefits of 

the skills ASHAs had mastered as part of SMARThealth Pregnancy, their attitudes towards 

ASHAs’ abilities changed (legitimation) [283].  ANMs also noticed improvements in the 

knowledge, skills and motivation of ASHAs to deliver ANC and postnatal care (PNC), 

recognising the value of SMARThealth Pregnancy to their own working relationships with 

ASHAs.   

 

“We noticed the difference….in the past we used to tell them that the woman is 20 weeks 
pregnant now, so call them. They used to call them when we asked them to…Now they 
know that OGTT should be done at below 28 weeks…that the woman should be present 
here for delivery.. whoever is under me, I have to conduct the OGTT, we should check BP 
for them…They have the interest to do [these things] now.”  

- ANM, Andhra Pradesh  
 

Pregnant and postpartum women also acknowledged the important contribution of ASHAs 

in intervention delivery with extended family members even asking the ASHAs to check 

their own BP.  In addition, pregnant women felt well managed by ASHAs, and empowered 

to engage with the health system and take responsibility for their health.   
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“Many things I learnt many things about pregnancy phases…she tell me about all things 
like tablets - iron and calcium tablets and also gave me, like that…and the most important 
thing is involvement [with health system]…the ASHA worker is helpful for me - like glucose 
test, sugar test, and blood test it is very good for me…Before pregnancy I didn’t know 
about the ASHA workers.  After pregnancy I know them…Seriously…the facilities here are 
very good.” 

 - Postpartum woman, Haryana 
 

Social recognition and value of ASHAs 

The perceived social status and value of ASHAs in the eyes of the women, ANMs and 

doctors increased during the study.  Significantly, this was translated into improved trust 

in the ASHA’s abilities, with tangible clinical benefits experienced by women.  

 

“Sister (ASHA) is there, she’s doing blood test or BP check”… Q: “Then do you trust 
her?”… “Yes completely, completely trust her.” …. “Yes, there has been an improvement 
in my blood (levels). First, I had seven [Hb of 7g/dL], then….it was 9.5…then after that 
reached 9.8 [g/dL]. After that at the time of delivery it was 10. (smiling)”  
 

 - Postpartum woman, Haryana  
 

ASHAs could also see the impact of the intervention on the way they were seen within 

their communities, experiencing an increase in respect and perceived worth.  

 
“Now we have some value in the village…We never used to do it before…There was no 
recognition for ASHAs before. Now, people at least recognise us in our area.”   
 

- ASHA, Andhra Pradesh  
 

Impact of SMARThealth Pregnancy on community and professional relations 

ASHAs, ANMs and study participants were very supportive of the intervention and its 

continuation in their communities.  ASHAs did not want to give up the new practices they 

had started in the pilot study.  The increased trust and value given to ASHAs further 

translated into an improved sense of cohesion within the communities they served.   
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“Mostly people respect us more. The bonding between people and us is much closer.”  
 

- ASHA, Andhra Pradesh 
 

ASHAs were able to recognise the impact of the new intervention practices on their ability 

to follow up women in the postpartum period and provide continuity of care during a time 

when women were not permitted to leave their homes.   

 

“…also the family members - they are happy because they are getting it [the care] at 
home…and like some people are hesitant to go outside after delivery…so they get home 
services, so the other people are also happy and family members are also happy.”  
 

- ASHA, Haryana 
 
 
6.83 Collective action: Changing the nature of work for ASHAs 

To operationalise SMARThealth Pregnancy, ASHAs enacted new practices and 

discovered novel ways of working with ANMs and their communities.  This was 

particularly seen in relation to the introduction of community-based GDM screening, 

which required ASHAs and ANMs to develop a new skill-set (skill-set workability), work 

in partnership with each other (interactional workability) and with pregnant women in 

their villages (contextual integration) [283].  Reconfiguration of ASHA’s and ANM’s 

workload as part of the intervention required the two cadres of CHW to create a new set 

of processes within their communities.  For example, ASHAs gave women the OGTT 

solution to drink at home and accompanied them to see the ANM at the subcentre to have 

their blood sugar tested after 2 hours.  Clinical decision support was provided through the 

SMARThealth mHealth platform to interpret results and provide guidance to ASHAs and 

ANMs regarding referral and health counselling for women with GDM.  ASHAs and 
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ANMs both recognised the impact of these new practices on their knowledge of GDM and 

its future risks.   

 

 
“We got to know about OGTT only because of this training…we did not know about this 
in the past. Ma’am, we never asked about diabetes.  That is the truth…Yes, we got to know 
only after you came in.  We used to know about Hb and BP but we never used to ask about 
diabetes.” 

- ASHA, Andhra Pradesh 
 

 
ANMs further expressed their gratitude for the intervention, and the difference it had made 

to their ability to deliver gold standard care to their communities, providing a service 

previously only offered at private hospitals.  ANMs were eager to operationalise GDM 

screening beyond the pilot study.  

   
“Previously we used to do conduct diabetes test, RBS [random blood sugar] test and we 
used to send it to PHC. OGTT test was done in private hospitals…not all private hospitals 
had that too, madam. They used to conduct in only in few, selective, big corporate hospitals 
used to do it.  It was not available in small private hospitals too. It was not available in 
GGH [Government General Hospital] as well.”   
 

- ANM, Andhra Pradesh  
 

Integration of intervention practices into daily work of ASHAs 

ASHAs were able to integrate the new intervention practices into their routine visits 

without any perceived increase to their workload. 

 

“It is a part of the work, but we get to know more information because of this.”  
 

- ASHA, Andhra Pradesh.  
 

“No, it doesn’t really increase the work, it’s just that we were already going on the visits, 
but now we are also more confident we are doing this…”    

- ASHA, Haryana 
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The feeling that the intervention had not increased their workload was, in part, explained 

by the ASHAs experiencing an improved sense of self-efficacy and social recognition, and 

the collective value of the intervention to their communities.  ASHAs also reported the 

benefits and convenience of the intervention to local women and their families.   

 
“They say that we are doing this at the comfort of their homes and they don’t feel the need 
to go to the hospital...because we conduct these tests, they will be able to tell us about the 
delivery...Since we keep in touch with the daughters-in-law, they respect us, as they already 
know us.  Daughters come only during the delivery time and we would not know them very 
much. But because of this [SMARThealth Pregnancy], we are able to get in touch with 
them and know them well. It becomes easy.”  

- ASHA, Andhra Pradesh  

 
The impact of task-sharing on professional hierarchies 

ASHAs and ANMs recognised that the intervention had implications for the skills shared 

between their two cadres and might have the potential to affect professional hierarchies.  

However, as a result of task-sharing with ASHAs, the nature of the relationships between 

ASHAs and other healthcare professionals (including ANMs and doctors) improved, with 

a flattening of the professional hierarchies previously seen in the rural health system.  

 
“We are happy, as the ANM is happy, because we have got the instruments and everything.  
She says now we have become our equal and you can do these things also. So, they are 
happy also…the PHC doctors and everybody, they sometimes tell the mothers that you can 
get your BP- these things checked from your area ASHA workers.”   
 

- ASHA, Haryana.  
 
Acceptance of new intervention practices into the health system by more senior cadres of 

healthcare worker was explained, in part, by the new division of labour improving current 

practice.   
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“Let it be tab or Hb or BP....Previously ANM’s used to do Hb or BP tests. Now, since we 
are doing it, our knowledge improved.  We did not know about this in-depth…we are very 
happy.” 

- ASHA, Andhra Pradesh 
 

By sharing tasks including data collection, and Hb and BP measurement with ASHAs, 

ANMs were able to use these data to populate the Government ANMOL database.  Doctors 

were also able to refer women to the ASHA to have their BP and Hb measured, which not 

only freed their time for patient-facing duties but was also perceived to improve resource 

allocation within PHCs.  As doctors saw ASHA’s working with the intervention and the 

quality of their skills, they trusted them to conduct Hb and BP measurements and interpret 

findings using the clinical decision support provided.  

 

Respondent 1: “Doctors have increased respect for ASHAs…Yes, it’s really improved..” 
Respondent 2 : “They all praise about us…Madam, the most important thing is, now the 
doctors say that now you have become a doctor too…. ha..ha..ha..”   

- ASHAs, Haryana  
 

ANMs were supportive of ASHAs gaining new skills and this, in turn, impacted ASHAs’ 

sense of value and created a sense of accountability for their healthcare colleagues.   

 

“They [ANMs] are supportive and they said that it is also useful so all sorts of work in the 
future can be performed by ASHA workers.”…“They [ANMs] are encouraging us to learn. 
They tell us that it is good to learn.”  

- ASHAs, Andhra Pradesh 

 
 
 
 
 
6.84 Reflexive monitoring: appraisal of impact of intervention practices 
on quality of care  
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ASHAs were able to reflect on their experiences of implementing SMARThealth 

Pregnancy and understand the value of the intervention practices.  One ASHA described 

her experience of measuring postpartum BP and the impact on the clinical outcome on a 

woman with HDP. 

 
“One lady had BP before, then it was ignored, she delivered and got discharged.  We told 
her [her BP was still high], then she visited hospital, then we told her several times, we 
told her BP has increased.  She was very happy, she took medicine and now BP is normal”   

- ASHA, Haryana  
 
 

Respect for the value of the SMARThealth Pregnancy intervention was collectively shared 

by women, ASHAs and ANMs.  Women who had considered Government health services 

to be less efficient and low quality in comparison to private healthcare, expressed an 

improvement in their perceived quality of care of government services and expressed 

gratitude and trust in the ASHAs conducting tests at home.   

 

“I am also satisfied for the ASHA worker because it’s a very nice thing. Our government 
is giving good facility for me…and it’s a very good thing for me and it’s on time. I am 
happy for these things that the government is providing these facilities like done through 
ASHA workers, it is very nice for me.”   

- Postpartum woman, Haryana 
 
 
The technology and Hb/BP devices used by ASHAs were perceived by women and ASHAs 

alike to add value to home visits.  Furthermore, providing ASHAs with devices translated 

into improved respect and status of ASHAs within their communities and the health 

system.   

 
“They [relatives of pregnant woman] just ask if the test can be done on them as well. Why 
don’t you check others too? Why just the pregnant women? You can check for others 
too...Now lot of people are suffering from diabetes and high BP…everyone wants to get 
themselves checked.”  

- ASHA, Andhra Pradesh 
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As the study progressed, ASHAs developed increased self-awareness when delivering 

intervention practices.  This was translated practically into a heightened sense of personal 

responsibility when conducting their daily work, with improved timeliness of home visits 

and improved intrinsic motivation to do their work.  

 
“They [ASHAs] are telling that they are happy. She was telling that their confidence has 
increased while doing the visits now and she is telling that now we will become more 
conscious about the timings of all visits…that it is 42 days, we have to go.  Earlier it could 
be like any day, they might skip the date but now they are more conscious, and they are 
doing it on time like it is in first week, it is in 42 days, so they have become more conscious 
about the timing of their visits now” 

 
- ANM group, Haryana  

 

Previously, ASHAs were used to working in isolation when conducting home visits to 

pregnant/postpartum women.  However, as they came to implement SMARThealth 

Pregnancy intervention practices, ASHAs at both study sites created their own peer support 

groups.  These groups were instrumental in improving ASHAs’ abilities, clinical skills, 

confidence and problem-solving around using the tablet (communal appraisal) and 

delivering intervention practices [283].   

 
ANM 1: “If they don’t know they discuss it among themselves in a group and get to know 
about it.” ANM 2: “They don’t ask us.”   
ANM 1: “But they don’t ask us. So far, they have not asked for any help on this…They 
have good understanding. They discuss among 4-5 ASHA workers as a group, if there is 
any issue related to Tab or instrument. They are solving the problem by themselves.”  
 

 - ANM group, Andhra Pradesh 
 

Self-organisation of ASHAs around implementation of the intervention, including the 

formation of peer groups, illustrated a transition in the pilot study from ASHAs seeing 
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SMARThealth Pregnancy as a novel intervention implemented outside their daily work, to 

part of their routine practice, now embedded, accepted and integrated into their daily work.   

 

Figure 6.3: Summary of key factors contributing to successful implementation of 

SMARThealth Pregnancy 

 

 

 

6.9 Discussion  
 

The results of the pilot study highlight that recruitment of PHCs and participants is both 

feasible and timely, being completed in under 5 months.  High levels of engagement were 

maintained until the end of study, with minimal loss to follow-up (2%).  High fidelity to 

intervention practices by ASHAs pre-pandemic were reflected in both the descriptive 

statistics and the rich explanation of acceptability of the intervention provided by the 

qualitative process evaluation.  Reasons contributing to these findings are multifactorial.  
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during the contextual work and intervention development phases, is likely to have 

facilitated trust-building and faith in the study team.  The personal relationships formed 

with key stakeholders during the early phase of my research aided future interactions with 

government officials, PHC staff, and community members, during pilot study recruitment.  

Furthermore, all eligible pregnant women approached consented to being involved in the 

study.  Although, this finding may be associated with the perception of receiving additional 

or improved ANC and PNC by women in rural areas, it may also be the product of 

community engagement and trust in the study team.  This finding is in keeping with the 

literature on Community Engagement & Involvement, which advocates for early and 

continued stakeholder engagement to improve recruitment and acceptability of 

intervention practices [414–418].  Secondly, retention of women in the study with minimal 

loss to follow-up, reflects the human-centred approach taken in intervention design and 

development.  Keeping the needs of the key stakeholders within the communities at the 

heart of intervention development through in-depth and iterative qualitative work (as was 

conducted during the early chapters of this thesis, and concluding with the qualitative 

process evaluation outlined in this chapter), has been proposed to improve acceptability 

and feasibility of interventions [419].  The aim of such person-centred approaches is to 

“ground the development of behaviour change interventions in a sensitive awareness of 

the perspective and lives of the people” [419].  Use of qualitative methods provided insight 

into the complex social and cultural context in which the intervention was implemented, 

and highlighted the experiences of women and healthcare workers.  This resulted in an 

intervention which centred on the needs of rural women, integrating these needs with those 

of other healthcare workers and health system resources.  In rural areas, women often do 

not have their own means of income or mobility and are reliant on their husband or another 

family member accompanying them to hospital.  Women appreciated the convenience of 
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having the Hb and BP measurements conducted at home, which acknowledged and 

respected their postpartum social and cultural practices.  Provision of home-based care was 

further perceived by women to be of high quality and changed their attitude towards 

government services, as evidenced in the qualitative process evaluation.   

 

High levels of fidelity by ASHAs to intervention delivery practices (pre-pandemic) was 

reflected in the descriptive statistics, which showed intervention visits and tasks were 

accomplished on time, with 100% complete entries on the mHealth platform.  These 

findings demonstrated the ASHAs’ commitment and interest in delivering SMARThealth 

Pregnancy.  One reason for this was the use of human-centred design and iterative usability 

testing with end-users during intervention development.  Involving ASHAs in the co-

design of the mHealth platform and considering their educational background (secondary 

school education), ensured that their requirements were embedded into the App design, 

facilitating understanding and navigation of each screen.  The simplicity of the design was 

appreciated by ASHAs and resulted in high fidelity to intervention practices.   

 

The study revealed anaemia in pregnancy affected over half of study participants at 

baseline, in agreement with studies in India [355,420,421] and Government of India data 

[317].  The high prevalence of anaemia amongst pregnant women in this study supports 

the findings of the early contextual work (Chapter 4).  The qualitative process evaluation 

highlighted that SMARThealth Pregnancy home visits have the potential to educate and 

empower women and their families at the household-level, and improve diets and 

adherence to iron folate tablets amongst pregnant/postpartum women, although clinical 

effectiveness relating to the intervention is beyond the scope of this pilot study.  The 

prevalence of HDP in the pilot study (2.5%) was lower than that outlined in other studies 
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in similar contexts [320–322,422], and may relate to age distribution, socioeconomic status 

and seasonal variation in BP [423–425].  Similarly, the prevalence of GDM (2%) was low 

in comparison with other studies in rural India [426–428].  Although, this may be due, in 

part, to different screening criteria and tests used in other studies, it is unlikely to account 

for the whole story.  A recent cross-sectional study using a nationally representative sample 

of pregnant women, found the age-adjusted prevalence of GDM in India to be 1.3%, with 

increased prevalence amongst women with high BMI and those from wealthy backgrounds 

[334].  The low prevalence of GDM in the pilot study may reflect the level of poverty seen 

in rural India, and reinforces the finding that undernutrition leading to anaemia, rather than 

overnutrition associated with GDM, is the main issue faced by women in the areas studied.   

 

Findings in relation to proposed logic model of SMARThealth Pregnancy 

Acceptability of the intervention was high amongst women and CHWs alike.  For ASHAs 

the equipment provided to enact the SMARThealth Pregnancy held symbolic value, 

providing them with legitimacy to perform Hb and BP measurements for women at home 

[429].  Although the intervention involved performing additional tasks for the ASHA, they 

did not perceive a resulting increase in their workload.  This finding was due to integrating 

the intervention into routine ASHA visits, and the added value received by ASHAs when 

implementing the intervention.  A combination of improved self-efficacy, social and 

professional recognition were at the heart of the intervention’s acceptability to ASHAs.  

These factors are known to influence the motivation of ASHAs [430–433], with studies 

highlighting the important role of recognition for CHW motivation [431], the positive 

impact of self-efficacy on CHW performance [433], and the need to provide the technical 

and contextual resources for CHWs to undertake high-quality work [430].  In combination 
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with financial incentives and remuneration of ASHAs, these factors were likely to have 

contributed to the successful implementation and acceptability of the intervention.   

 

The findings of the qualitative process evaluation are in keeping with the logic model and 

the proposed mechanisms of impact (Chapter 5).  Heightened self-efficacy experienced 

by ASHAs in the process evaluation was the result of improving the psychological and 

physical capabilities of ASHAs (knowledge, skills, beliefs about capabilities).  Providing 

ASHAs with the physical and social opportunities to deliver the intervention (including 

mobile clinical decision support and Hb/BP devices) gave ASHAs legitimacy and status, 

thus enhancing social and professional recognition within their communities and the health 

system (improved reflexive and automatic motivation).  Collectively, these factors 

contributed to high levels of intervention fidelity and acceptability (outcomes). 

 

Embedding of the intervention into the daily work of ASHAs 

Complex interventions become routinised as the result of people working both individually 

and collectively to implement and integrate a new set of practices into their organisational 

and professional contexts [69].  NPT explained many factors contributing to the 

normalisation of SMARThealth Pregnancy into the daily work of ASHAs.  Study 

participants developed an individual and shared understanding of the value of 

SMARThealth Pregnancy (coherence), negotiated the nature of their relationships with 

other members of the healthcare system (cognitive participation), reorganised themselves 

to operationalise the intervention (collective action), and reflected upon their work to 

optimise intervention delivery (reflexive monitoring).  Intervention practices thus came to 

be integrated into the existing health system through a process of self-organisation [434–

436].  Complex adaptive systems, such as the health system in rural India, involve dynamic 
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interactions between the socio-political context of care and the workforce and resources of 

the health system.  Introduction of a new intervention into this dynamic system has 

potential to cause disruption.  However, evidence from the qualitative process evaluation, 

highlighted those aspects of the system which started to self-organise [434].  For example, 

ASHAs and ANMs negotiated their roles in a coordinated effort with pregnant women to 

deliver GDM screening in the community.  This changed the organisational culture 

between ANMs and ASHAs - shifting from a hierarchy to a team.  Newly established ways 

of working between ASHAs, ANMs and doctors (collective action) resulted in flattening 

of professional hierarchies and a move towards a team-based approach to healthcare 

delivery.  Such approaches to ASHA programmes have been shown to improve motivation, 

empowerment and self-efficacy [437] and have the potential to improve the quality of 

healthcare services [438], impacting intervention acceptability.  Additionally, ASHAs 

formed self-organised peer groups [439] to problem-solve issues around intervention 

delivery (reflexive monitoring) and supported each other in conducting home visits.  Self-

organisation within the complex, dynamic rural health system is indicative of the level of 

acceptability, integration and embedding of SMARThealth Pregnancy into the daily work 

of ASHAs [434,435,439,440].   

 

Limitations of the study 

The intervention did not work as intended in relation to PCP follow-up at the PHC.  It was 

hoped that women would visit the PHC following their ASHA home-visit and the 

intervention would contribute to strengthening the links between the community and 

primary care.  However, most postpartum women did not visit the PHC, and many women 

bypassed primary care altogether, seeking private and/or government secondary care 

services directly.  This was the case for most high-risk pregnant women and led to a lack 
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of consistency in health counselling across different levels of the health system.  For 

example, guideline-based advice given by ASHAs to women with GDM (regarding the 

need for ongoing screening for T2DM), was not reinforced by local obstetricians, 

potentially undermining the work done by ASHAs to empower women about their future 

health.  This highlights the importance of engaging and integrating obstetricians as well as 

PCPs in education and counselling for high-risk pregnant women in the future.  

 

End line Hb and BP measurements were not taken in Haryana for a proportion of women 

in both the control and intervention groups during the global pandemic.  This did not, 

however, affect the findings of this study relating to feasibility and acceptability, as these 

data were collected primarily to inform the confidence intervals around a future ICC 

calculation [409] and assess their suitability as clinical endpoints in a future trial.  Both Hb 

and BP measures were feasible to collect as potential clinical end points, however it is 

unclear if they adequately reflect the mechanisms of impact outlined in the SMARThealth 

Pregnancy logic model.   

 

Optimisation of intervention, recommendations for future study and policy 

implications 

The pilot study revealed the need for further integration and consistency in guideline-based 

care and counselling between the community-level and secondary care (vertical 

integration), and between healthcare professionals (horizontal integration) [441].  Primary 

care is often considered the “gatekeeper” to secondary care [442]; however, as evidenced 

in this study, this is not always the case in rural India.  Future refinement of SMARThealth 

Pregnancy and its associated intervention practices needs to include educating both 

government and private obstetricians on the importance of postpartum screening for high-
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risk women, and linking high-risk women to the NCD programme.  Further work would 

also need to focus beyond the immediate postpartum period into the years following a high-

risk pregnancy, and consider clinical endpoints reflective of the level of cardiometabolic 

risk in the years after pregnancy.  Tailoring GDM screening to population-level prevalence 

has potential to maximise cost-effectiveness and improve clinical outcomes [334].  Cost-

effectiveness studies would, therefore, be needed to justify universal GDM screening in 

rural areas with a low prevalence of GDM, as was seen in this study. 

	

6.10 Conclusion 
 

This chapter has addressed the primary and secondary research questions of my thesis, 

demonstrating the feasibility and acceptability of SMARThealth Pregnancy and outlining 

factors contributing to its successful design, delivery and future sustainability, and those 

areas requiring further optimisation.  The SMARThealth Pregnancy model of task-sharing 

for integrated antenatal, postnatal and ongoing care for high-risk pregnant women is 

feasible and acceptable to women and CHWs, and may be used as part of a wider strategy 

for health systems strengthening in similar contexts.   

  



 185 

7 

Final reflections, policy 
recommendations, &    

future directions 
 

Table of Contents 

7.1 CONTRIBUTIONS TO THE FIELD  .............................................................................................. 186 

7.2 POLICY RECOMMENDATIONS  .................................................................................................. 189 

7.3 LIMITATIONS OF THIS THESIS STUDY  ................................................................................... 190 

7.4 FUTURE DIRECTIONS  ................................................................................................................... 191 

 
 

This thesis has outlined my journey from the early exploratory work informing the design 

of a complex intervention, to building, and subsequently evaluating an intervention for 

high-risk pregnant women in rural India, using the guidance of the MRC Framework for 

complex interventions.  
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7.1 Contributions to the field 
 

Several contributions have been made to existing knowledge during the course of this 

thesis.  Firstly, I have emphasised the centrality of context when designing and 

implementing complex interventions.  The findings of the qualitative study in Chapter 4, 

gave rise to a conceptual model of the health system priorities for high-risk pregnant 

women in rural India, which formed the basis of the SMARThealth Pregnancy 

intervention.  Through understanding the context of care and the priorities of local 

communities, the key strategies required of a complex intervention and barriers to 

implementation were identified early in the design process.  These factors could, therefore, 

be adequately addressed during intervention design and subsequent implementation.  My 

research thus expands upon the evidence discussed in Chapter 2, and emphasises the need 

for in-depth contextual work in the development stage of the MRC Framework for complex 

interventions.  

 

Secondly, continued engagement with communities, through repeated and sustained 

contact throughout my DPhil, helped develop trust between myself, the study team and the 

communities we served.  In my experience, the development of trust with local 

communities and healthcare workers was integral to the feasibility of delivering the 

intervention, and contributed to successful recruitment, retention and the high levels of 

fidelity to intervention practices seen in the SMARThealth Pregnancy cRCT before the 

pandemic.  Early contextual work and sustained community engagement influenced what 

is at the heart of this intervention, which is empathy - Empathy for the work of ASHAs, 

the needs of women and their families, and for the wider health system and government 

healthcare administrators.  Empathy is recognised in human-centred design as integral to 

the successful design of an intervention.  Person-centred approaches to intervention design 
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meet the needs of those involved and are, therefore, more likely to be accepted and 

sustained.  Involving CHWs in the design of SMARThealth Pregnancy was integral to its 

subsequent acceptability.  Having contributed to its development, ASHAs felt 

SMARThealth Pregnancy was ‘theirs’.  This aspect of intervention design has often been 

overlooked in previous interventions for maternal health in LMIC settings (outlined in 

Chapter 2), which focus ownership of the intervention with the research team, rather than 

the communities it serves.  Use of human-centred approaches, with iterative usability 

testing and ownership of the intervention by the communities involved, further helped to 

‘embed’ the intervention into the daily lives of those who used SMARThealth Pregnancy, 

as demonstrated by the qualitative process evaluation.  

 

Thirdly, the voices of key stakeholders captured during the contextual study were 

synthesised using behaviour change theory into behavioural constructs.  These, in turn, 

informed the choice of BCTs – the ‘active ingredients’ of the intervention.  This approach 

to intervention design is unique in the context of rural women’s healthcare in India, and 

adds empirical evidence for the use of specified BCTs and implementation strategies to 

guide future women’s health interventions in similar contexts.  Use of theory to inform the 

design of SMARThealth Pregnancy further enabled clear articulation of the proposed 

mechanisms of impact in a logic model (Chapter 5), identifying those aspects of the 

intervention influencing outcomes in the qualitative process evaluation.  My research 

highlights the importance of standardised reporting of behaviour change interventions, 

which has, to date, been missing from the literature on mHealth interventions for maternal 

health (discussed in Chapter 2).  Transparency and clarity regarding the behavioural 

elements of this complex intervention promotes further understanding of what ‘works’ in 

a given context, and will enable comparability across similar studies in the future.   
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My experience of using the COM-B/BCW framework and NPT during this study, has 

demonstrated how these two theories may be used  to complement each other. While NPT 

explained the main factors influencing implementation and embedding of SMARThealth 

Pregnancy into the routine work of ASHAs, it did not capture the subtlety of individual 

factors impacting behaviours related to implementation, such as improved self-efficacy 

and social recognition amongst ASHAs.  Used in combination with the COM-B/BCW 

model, however, the two theories worked synergistically to explain the individual aspects 

of behaviour change in relation to the wider social influences which impacted acceptability 

and integration of SMARThealth Pregnancy into the health system.  During my DPhil, I 

have found that, when using theory to design an intervention and explore its 

implementation, it is important to consider how theory is being used to explain or guide 

the research process, rather than fitting the research to one specific theory.  Conducting 

this work has shown me how different theories can be used to explain various aspects of a 

study, and used to complement each other. 

	

Finally, the pilot cRCT demonstrated that SMARThealth Pregnancy is a feasible and 

acceptable model of integrated ANC and PNC in the context of rural India.  ANC 

(specifically in the third trimester of pregnancy) can be used as a window to engage women 

in the health system, and provide continuity of care during the transition between ANC, 

delivery, and PNC.  The SMARThealth Pregnancy intervention was a vehicle to improve 

confidence, accountability and trust expressed by women and members of their community 

towards ASHAs, and enabled home-based care during a time when women were unable to 

leave their homes.  

 



 189 

7.2 Policy recommendations  
 

The pilot cRCT findings suggest that Government investment in the training, mentorship 

and provision of resources to ASHAs to conduct home-based care for high-risk pregnant 

women can impact the internal and external motivation of the workforce.  Empowering 

ASHAs through development of their physical and psychological capabilities, providing 

the physical and social opportunities to conduct home-based care, and facilitating sustained 

engagement with a complex intervention through provision of both intrinsic and extrinsic 

motivational factors has shown potential to improve perceived quality of care of 

government services, whilst addressing the important postpartum needs of rural women 

and their households in a culturally-sensitive way.  This model of task-sharing may be 

transferable to similar settings.  Whether these benefits translate into a cost-effective 

solution to workforce shortages in rural areas will need further investigation.  However, 

based on the pilot cRCT findings, it is likely that the costs involved in providing ASHAs 

with inexpensive mobile devices and Hb/BP devices, have the potential to reduce overall 

health system costs and out-of-pocket expenditure of households, through a model of 

home-based care and task-sharing of screening for anaemia, HDP and GDM in the 

community.  Furthermore, as ASHAs hold significant social capital and trust within their 

communities, they are ideally placed to influence the health behaviours of women in rural 

villages, and increase engagement with health services in the years following a high-risk 

pregnancy to ensure ongoing follow-up of high-risk women.   

 

The second policy recommendation relates to community-based GDM screening in rural 

India.  Pragmatic guidelines for community-based GDM screening were released by the 

Government of India in 2018; however, operationalisation of these guidelines has not yet 

been tested on a large scale for clinical effectiveness.  The pilot cRCT revealed that these 
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guidelines are feasible to implement in rural India, if work between ASHAs and ANMs is 

reconfigured, in liaison with pregnant women.  Although CHWs welcomed the 

introduction of standardised GDM screening, the overall prevalence of GDM in the areas 

studied was low.  This suggests that further cost-effectiveness studies are needed to justify 

universal GDM screening in areas of the country with low GDM prevalence.  In contrast 

to the published literature, which presents a narrative of a rapid epidemiological transition 

to CMDs in India, the low prevalence of GDM, and the high prevalence of anaemia seen 

in the pilot study, (supported by the descriptive statistics outlining a mean BMI of 22 in 

the study population), would point to the conclusion that inadequate nutrition and poverty 

are still key concerns in rural areas.   

 

7.3 Limitations of this thesis study 
 

Awareness of the ‘personal influences’ on the study, was part of the process of reflexivity 

and being transparent about my positionality in the research process.  These elements of 

the intervention, though intangible, may have influenced the design, delivery and 

implementation of SMARThealth Pregnancy, and the subsequent acceptability of the 

intervention to study participants.  This thesis study and the SMARThealth Pregnancy 

intervention contain a lot of ‘me’ in them - my values, background and experiences.  I have 

realised during the process of completing my DPhil, that the people involved in the design 

and delivery of an intervention are also part of the intervention itself.  Sustained 

engagement with the communities, PHC staff and CHWs, made myself and the study team 

also a part of the intervention and its subsequent acceptability.  We (the study team, the 

CHWs and doctors) provided each other with support and encouragement to implement 

the intervention during what was a challenging time for all during a global pandemic.  
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These aspects of intervention evaluation are rarely captured in the reporting of cRCTs, yet 

it is these hidden elements of intervention design that are integral to successful 

implementation.  These elements do however, become a limitation, when interventions are 

scaled beyond initial pilot studies as the team cannot be spread across many locations.  In 

this regard, it is hoped that the intervention carries, in part, the consistent, standardised 

elements of theory (including the BCTs), and embeds the voices of those involved in its 

design, which, in turn, diffuse into the intervention practices, and will contribute to future 

scalability.   

 

While Covid-19 did present challenges for implementation of face-to-face, contact-

dependent study practices, and limited end line Hb and BP readings for some women, the 

pandemic also highlighted the value of the SMARThealth Pregnancy model of home-based 

care.  During the pandemic, SMARThealth Pregnancy visits continued as the intervention 

was judged to provide essential health services to pregnant women.  For me, this reinforced 

the importance of providing patient-centred, home-based care for high-risk women that 

meets their needs, and integrating these needs with those of the Government health 

authorities.  I feel that the SMARThealth Pregnancy model of care, by providing mobile 

clinical decision support to ASHAs to conduct home-based visits, will be of great future 

relevance as we move through the pandemic.   

 

7.4 Future directions 
 

Future optimisation and refinement of SMARThealth Pregnancy would need to 

concentrate on addressing the system-level interactions between the community, and both 

primary and secondary care (to involve obstetricians).  Additionally, it would be important 
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to  extend intervention visits beyond the immediate postpartum period to include the years 

following pregnancy, and identify suitable clinical endpoints which reflect cardiovascular 

risk in high-risk pregnant women.  My research is foundational for these future 

possibilities.  Future evaluations of SMARThealth Pregnancy might focus further upon the 

impacts of complex interventions beyond their intended effects (Chapter 2 ), and as 

highlighted in the qualitative process evaluation (Chapter 6).  These include the effects of 

technology upon the social and professional status of ASHAs, their perceived workload, 

and the impact of newly formed peer-groups on intervention delivery.  Additionally, it 

would be important to study the value of empathy, trust, and community engagement as 

integral components of a complex intervention, rather than as elements distinct to 

intervention delivery.   

 

For women in rural India, both maternal mortality and the rising prevalence of CMDs 

remain important issues.  Strategies and models of care are needed to address the 

transitions between antenatal, postnatal, and ongoing care for women at high-risk of future 

CMDs.  However, in parallel with these strategies, it is important to recognise the present 

day needs of rural women and their communities, relating to anaemia and undernutrition, 

and explore the most cost-effective ways of providing holistic care for rural women.  

SMARThealth Pregnancy presents one model of care, which is feasible and acceptable to 

end-users and beneficiaries.   

 

This thesis has outlined the development and evaluation of a complex intervention and 

highlighted the importance and contribution of early contextual work and stakeholder 

engagement towards the success and sustainability of interventions within complex, 

dynamic environments.  



 193 

References 
 

1 Prabhakaran D, Jeemon P, Sharma M, et al. The changing patterns of cardiovascular 

diseases and their risk factors in the states of India: the Global Burden of Disease 

Study 1990–2016.  Lancet Global Health 2018;6:e1339–51.  

2 Norton R, Peters S, Jha V, et al. Women’s Health: A New Global Agenda. 2016. 

Accessed via: https://www.oxfordmartin.ox.ac.uk/downloads/briefings/women%27s-

health.pdf. Last accessed 3 June 2021. 

3 Prabhakaran D, Jeemon P, Roy A. Cardiovascular Diseases in India: Current 

Epidemiology and Future Directions. Circulation 2016;133:1605–20.  

4 Joshi P, Islam S, Pais P, et al. Risk factors for early myocardial infarction in South 

Asians compared with individuals in other countries. Journal of the American Medical 

Association 2007;297:286–94.  

5 Sharma M, Ganguly NK. Premature coronary artery disease in Indians and its 

associated risk factors. Vascular Health and Risk Management 2005;1:217–25. 

6 Zaman MJ, Patel A, Jan S, et al. Socio-economic distribution of cardiovascular risk 

factors and knowledge in rural India. International Journal of Epidemiology 

2012;41(5): 1302–1314. 

7 Kapoor M, Agrawal D, Ravi S, et al. Missing female patients: An observational 

analysis of sex ratio among outpatients in a referral tertiary care public hospital in 

India. BMJ Open 2019;9:e026850.  

8 Regitz-Zagrosek V, Oertelt-Prigione S, Prescott E, et al. Gender in cardiovascular 

diseases: Impact on clinical manifestations, management, and outcomes. European 

Heart Journal 2016;37:24–34.  



 194 

9 Rich-Edwards JW, Fraser A, Lawlor DA, et al. Pregnancy characteristics and 

women’s future cardiovascular health: An underused opportunity to improve women’s 

health? Epidemiologic Reviews 2014;36:57–70.  

10 Hauspurg A, Ying W, Hubel CA, et al. Adverse pregnancy outcomes and future 

maternal cardiovascular disease. Clinical Cardiology. 2018;41(2):239-246.  

11 Heida KY, Franx A, van Rijn BB, et al. Earlier Age of Onset of Chronic Hypertension 

and Type 2 Diabetes Mellitus After a Hypertensive Disorder of Pregnancy or 

Gestational Diabetes Mellitus. Hypertension 2015;66:1116–22.  

12 Heida KY, Bots ML, de Groot CJM, et al. Cardiovascular risk management after 

reproductive and pregnancy-related disorders: A Dutch multidisciplinary evidence-

based guideline. European Journal of Preventive Cardiology. 2016;23:1863–79.  

13 Nahum Sacks K, Friger M, Shoham-Vardi I, et al. Prenatal exposure to preeclampsia 

as an independent risk factor for long-term cardiovascular morbidity of the offspring. 

Pregnancy Hypertension 2018;13:181–6.  

14 BBC News: India election results 2019. Accessed via:  

https://www.bbc.co.uk/news/world-asia-india-48347081.  Last accessed 5 May 2021. 

15 The World Bank Data. Rural population (% of total population) – India.  Accessed 

via:  https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS?locations=IN . Last 

accessed 5 May 2021. 

16 The World Bank Data. Rural population (India). Accessed via: 

https://data.worldbank.org/indicator/SP.RUR.TOTL .  Last accessed 5 May 2021. 

17 Government of India. National Rural Health Mission, National Health Mission. 

Accessed via: 

https://nhm.gov.in/index1.php?lang=1&level=1&sublinkid=969&lid=49.  Last 

accessed 5 May 2021. 



 195 

18 Government of India. National Health Mission. Accessed via: https://nhm.gov.in/ . 

Last accessed 5 May 2021. 

19 Ministry of Health & Family Welfare, Government of India. Meeting people’s health 

needs in rural areas: Framework for Implementation 2005-2012. National Rural 

Health Mission, 2005.   

20 Nandan D. National Rural Health Mission: Turning into reality. Indian Journal of 

Community Medicine. 2010;35:453–4.  

21 Government of India. National Health Mission: About Accredited Social Health 

Activist (ASHA).  Accessed via: 

https://nhm.gov.in/index1.php?lang=1&level=1&sublinkid=150&lid=226 .  Last 

accessed 5 May 2021. 

22 Nambiar D. Hope of the health system, daughter- in-law of community: Reflections 

on India’s community health worker programme.  Accessed via: 

https://www.georgeinstitute.org.uk/profiles/hope-of-the-health-system-daughter-in-

law-of-community-reflections-on-indias-community. Last accessed 5 May 2021. 

23 Times of India. Salaries of Andhra Pradesh Asha workers raised by Rs 7,000 per 

month | Vijayawada News - Times of India. June 4 2019. Accessed via:  

https://timesofindia.indiatimes.com/city/vijayawada/salaries-of-asha-workers-raised-

by-rs-7000-per-month/articleshow/69639654.cms.  Last accessed 5 May 2021. 

24 Government of Maharashtra, India.  Anganwadi Functions : Women and Child 

Development Department, Govt. of Maharashtra, India. Accessed via: 

https://womenchild.maharashtra.gov.in/content/innerpage/anganwadi-functions.php.  

Last accessed 5 May 2021. 

25 Ministry of Health and Family Welfare, Government of India.  National Training 

Strategy for in-service training under National Rural Health Mission, 2008.  Accessed 



 196 

via: https://www.yumpu.com/en/document/read/4086436/national-training-strategy-

ministry-of-health-and-family-welfare.  Last accessed 3 June 2021. 

26 Rao KD, Ryan M, Shroff Z, et al. Rural clinician scarcity and job preferences of 

doctors and nurses in India: A Discrete Choice Experiment. PLoS ONE 2013;8:82984.  

27 Lozano R, Wang H, Foreman KJ, et al. Progress towards Millennium Development 

Goals 4 and 5 on maternal and child mortality: An updated systematic analysis. Lancet 

2011;378:1139–65.  

28 Black RE, Cousens S, Johnson HL, et al. Global, regional, and national causes of 

child mortality in 2008: a systematic analysis. Lancet 2010;375:1969–87.  

29 Bhutta ZA, Das JK, Bahl R, et al. Can available interventions end preventable deaths 

in mothers, newborn babies, and stillbirths, and at what cost? Lancet. 2014;384:347–

70.  

30 Bhutta ZA, Chopra M, Axelson H, et al. Countdown to 2015 decade report (2000-10): 

taking stock of maternal, newborn, and child survival. Lancet. 2010;375:2032–44.  

31 Lim SS, Dandona L, Hoisington JA, et al. India’s Janani Suraksha Yojana, a 

conditional cash transfer programme to increase births in health facilities: an impact 

evaluation.  Lancet 2010;375:2009–23.  

32 Carvalho N, Thacker N, Gupta SS, et al. More evidence on the impact of India’s 

conditional cash transfer program, Janani Suraksha Yojana: Quasi-experimental 

evaluation of the effects on childhood immunization and other reproductive and child 

health outcomes. PLoS ONE 2014;9:e109311.  

33 Carvalho N, Rokicki S. The Impact of India’s Janani Suraksha Yojana Conditional 

Cash Transfer Programme: A Replication Study. Journal of Development Studies 

2019;55:989–1006.  



 197 

34 Ministry of Health and Family Welfare, Government of India. Janani-Shishu Suraksha 

Karyakram, National Health Mission. Accessed via: 

https://nhm.gov.in/index1.php?lang=1&level=3&sublinkid=842&lid=308.  Last 

accessed 5 May 2021. 

35 Ministry of Health and Family Welfare, Government of India. About Pradhan Mantri 

Surakshit Matritva Abhiyan (PMSMA).  Accessed via: 

https://pmsma.nhp.gov.in/about-scheme/. Last accessed 5 May 2021. 

36 Prinja S, Chauhan AS, Karan A, et al. Impact of publicly financed health insurance 

schemes on healthcare utilization and financial risk protection in India: A systematic 

review. PLoS ONE. 2017;12:170996.  

37 Dror DM, Vellakkal S. Is RSBY India’s platform to implementing universal hospital 

insurance? Indian Journal of Medical Research 2012;135:56–63.  

38 World Health Organization. World Health Statistics 2010. World Health 

Organization; 2010. 

39 Karan A, Yip W, Mahal A. Extending health insurance to the poor in India: An impact 

evaluation of Rashtriya Swasthya Bima Yojana on out of pocket spending for 

healthcare. Social Science and Medicine 2017;181:83–92.  

40 Khetrapal S, Acharya A. Expanding healthcare coverage: An experience from 

Rashtriya Swasthya Bima Yojna. Indian Journal of Medical Research 2019;149:369–

75.  

41 Bhandari L, Berman P, Ahuja R. The Impoverishing Effect of Healthcare Payments in 

India: New Methodology and Findings. Economic and Political Weekly 2010;45(16). 

42 National Health Authority. About Pradhan Mantri Jan Arogya Yojana (PM-JAY). 

Official Website Ayushman Bharat Pradhan Mantri Jan Arogya Yojana.  Accessed 

via: https://pmjay.gov.in/about/pmjay.  Last accessed 5 May 2021. 



 198 

43 Gopichandran V. Ayushman Bharat National Health Protection Scheme: An Ethical 

Analysis. Asian Bioethics Review 2019;11:69–80.  

44 Kasthuri A. Challenges to healthcare in India - The five A’s. Indian Journal of 

Community Medicine. 2018;43:141–3.  

45 Krishnan A, Dwivedi P, Gupta V, et al. Socioeconomic development and girl child 

survival in rural North India: Solution or problem? Journal of Epidemiology and 

Community Health 2013;67:419–26.  

46 Office of the Registrar General & Census Commissioner, Government of India. 

Ministry of Home Affairs. Census of India Website: Accessed via: 

https://censusindia.gov.in/2011census/dchb/DCHB.html.  Last accessed 5 May 2021. 

47 Gaur R, Anand S. Conditional Cash Transfer Scheme for Protecting the Survival of 

the Girl Child in Haryana: A Critique. Indian Journal of Gender Studies 2015;22:116–

28.  

48 Ministry of Women & Child Development, Government of India. Beti Bachao Beti 

Padhao.  Accessed via: https://wcd.nic.in/bbbp-schemes.  Last accessed 5 May 2021. 

49 Bhaktwani A. The PC-PNDT act in a nutshell. Indian Journal of Radiology and 

Imaging. 2012;22:133–4.  

50 Tiwari A, Ali S. Haryana’s Sex Ratio No Longer India’s Worst, But Attitudinal 

Change A Long Way Off. IndiaSpend 20 October 2019.  

51 Jejeebhoy SJ, Acharya R, Basu S, Zavier AJ. Addressing gender-biased sex selection 

in Haryana, India: Promising approaches.  The Population Council, 2015. 

52 Niti Aayog, Government of India. Maternal Mortality Ratio (MMR).  Accessed via: 

https://niti.gov.in/content/maternal-mortality-ratio-mmr-100000-live-births.  Last 

accessed 5 May 2021. 



 199 

53 Ministry of Health & Family Welfare, Government of India. National Family Health 

Survey - 4:  State Fact Sheet - Haryana. Accessed via: 

http://rchiips.org/nfhs/pdf/NFHS4/HR_FactSheet.pdf.  Last accessed 5 May 2021. 

54 National Health Mission (Haryana). Document for SKOCH Award 2018: Brief Status 

on Best Practices and Innovations under NHM Haryana. Accessed via: 

http://www.nhmharyana.gov.in/Writereaddata/userfiles/file/pdfs/NHMHaryanaDocum

entforSKOCHAward20180120.pdf.  Last accessed 5 May 2021.  

55 Roy, A. A women’s wrestling revolution in Haryana (Sports Feature).  Business 

Standard, 2014; August 10.  

56 Rao M, Katyal A, Singh P v., et al. Changes in addressing inequalities in access to 

hospital care in Andhra Pradesh and Maharashtra states of India: A difference-in-

differences study using repeated cross-sectional surveys. BMJ Open 2014;4:4471.  

57 Griffiths PL, Bentley ME. The nutrition transition is underway in India.  Journal of 

Nutrition. 2001. Oct 1;131(10): 2692–700.  

58 Bhatt P, Parikh P, Patel A, et al. Unique aspects of coronary artery disease in Indian 

women. Cardiovascular Drugs and Therapy 2015;29:369–76.  

59 Mohan V. Why are Indians more prone to diabetes? Journal of Association of 

Physicians of India 2004;52:468–74. 

60 Joshi P, Islam S, Pais P, et al. Risk factors for early myocardial infarction in South 

Asians compared with individuals in other countries. Journal of the American Medical 

Association 2007;297:286–94.  

61 Ministry of Health & Family Welfare, Government of India. National Family Health 

Survey - 4 State Fact Sheet Andhra Pradesh, 2015. Accessed via: 

http://rchiips.org/nfhs/pdf/NFHS4/AP_FactSheet.pdf.  Last accessed 3 June 2021.  



 200 

62 Conde-Agudelo A, Rosas-Bermudez A, Castaño F, et al. Effects of Birth Spacing on 

Maternal, Perinatal, Infant, and Child Health: A Systematic Review of Causal 

Mechanisms. Studies in Family Planning 2012;43:93–114.  

63 Niti Aayog, Government of India. Maternal Mortality Ratio (MMR).  Accessed via: 

http://niti.gov.in/content/maternal-mortality-ratio-mmr-100000-live-births.  Last 

accessed 5 May 2021. 

64 Ministry of Health & Family Welfare, Government of India. National Family Health 

Survey – 4.  District Fact Sheet Guntur Andhra Pradesh, 2015. Accessed via: 

https://dhsprogram.com/pubs/pdf/OF31/AP_FactSheet_548_Guntur.pdf. Last 

accessed 3 June 2021.  

65 Government of Andhra Pradesh, India. About the Guntur District, Government of 

Andhra Pradesh, India. Accessed via:  https://guntur.ap.gov.in/about-district/.  Last 

accessed 5 May 2021. 

66 Craig P, Dieppe P, Macintyre S, et al. Developing and evaluating complex 

interventions: The new Medical Research Council guidance. BMJ. 2008;337:979–83.  

67 Michie S, van Stralen MM, West R. The behaviour change wheel: A new method for 

characterising and designing behaviour change interventions. Implementation Science 

2011;6.  

68 Cane J, O’Connor D, Michie S. Validation of the theoretical domains framework for 

use in behaviour change and implementation research. Implementation Science 

2012;7:1–17.  

69 May C, Finch T. Implementing, embedding, and integrating practices: An outline of 

normalization process theory. Sociology 2009;43:535–54.  

70 Morgan DL. Pragmatism as a Paradigm for Social Research. Qualitative Inquiry 

2014;20:1045–53. 



 201 

71 Kaushik V, Walsh CA. Pragmatism as a research paradigm and its implications for 

Social Work research. Social Sciences 2019;8(9):255. 

72 Gregory AT, Denniss AR. An Introduction to Writing Narrative and Systematic 

Reviews — Tasks, Tips and Traps for Aspiring Authors. Heart Lung and Circulation 

2018;27:893–8.  

73 American College of Cardiology.  Cardiometabolic Initiatives. Accessed via: 

https://www.acc.org/tools-and-practice-support/quality-programs/cardiometabolic-

health-alliance.  Last accessed 9 May 2021. 

74 Ralston J, Nugent R. Toward a broader response to cardiometabolic disease. Nature 

Medicine. 2019. Nov;25(11):1644-6. 

75 Nugent R, Bertram MY, Jan S, et al. Investing in non-communicable disease 

prevention and management to advance the Sustainable Development Goals. Lancet. 

2018;391:2029–35. -6 

76 Sattar N, Greer IA. Pregnancy complications and maternal cardiovascular risk: 

Opportunities for intervention and screening? BMJ. 2002;325:157–60.  

77 Kirollos S, Skilton M, Patel S, et al. A Systematic Review of Vascular Structure and 

Function in Pre-eclampsia: Non-invasive Assessment and Mechanistic Links. 

Frontiers in Cardiovascular Medicine 2019;6:166. 

78 Heida KY, Velthuis BK, Oudijk MA, et al. Cardiovascular disease risk in women with 

a history of spontaneous preterm delivery: A systematic review and meta-analysis. 

European Journal of Preventive Cardiology 2016;23:253–63.  

79 Hutcheon JA, Lisonkova S, Joseph KS. Epidemiology of pre-eclampsia and the other 

hypertensive disorders of pregnancy. Best Practice and Research: Clinical Obstetrics 

and Gynaecology. 2011;25:391–403.  



 202 

80 Magee LA, Sharma S, Nathan HL, et al. The incidence of pregnancy hypertension in 

India, Pakistan, Mozambique, and Nigeria: A prospective population-level analysis. 

PLoS Medicine 2019;16:e1002783.  

81 Say L, Chou D, Gemmill A, et al. Global causes of maternal death: A WHO 

systematic analysis.  Lancet Global Health 2014;2:323–33.  

82 Barnes SB, Amin N, Ramanarayanan D. The Unseen Side of Pregnancy: Non-

Communicable Diseases and Maternal Health. Maternal Health Initiative, Wilson 

Centre. Accessed via:  https://www.wilsoncenter.org/publication/unseen-side-

pregnancy-non-communicable-diseases-and-maternal-health.  Last accessed 9 May 

2021. 

83 Brown M, Magee L, Kenny L, et al. 187. The hypertensive disorders of pregnancy: 

ISSHP classification, diagnosis & management recommendations for international 

practice. Pregnancy Hypertension 2018;13:S6–7.  

84 World Health Organization. Maternal mortality. Accessed via: 

https://www.who.int/en/news-room/fact-sheets/detail/maternal-mortality.  Last 

accessed 9 May 2021. 

85 Thilaganathan B, Kalafat E. Cardiovascular system in preeclampsia and beyond. 

Hypertension 2019;73:522–31.  

86 Bellamy L, Casas J-PP, Hingorani AD, et al. Pre-eclampsia and risk of cardiovascular 

disease and cancer in later life: Systematic review and meta-analysis. BMJ 

2007;335:974–7.  

87 Leon LJ, Mccarthy F, Direk K, et al. 242. Preeclampsia and premature cardiovascular 

disease in a large UK pregnancy cohort. Pregnancy Hypertension 2018;13:S34.  



 203 

88 Brown MC, Best KE, Pearce MS, et al. Cardiovascular disease risk in women with 

pre-eclampsia: Systematic review and meta-analysis. European Journal of 

Epidemiology. 2013;28:1–19.  

89 Lykke JA, Langhoff-Roos J, Sibai BM, et al. Hypertensive Pregnancy Disorders and 

Subsequent Cardiovascular Morbidity and Type 2 Diabetes Mellitus in the Mother. 

Hypertension 2009;53:944–51.  

90 Brouwers L, Roest A van der M, Savelkoul C, et al. Recurrence of pre‐eclampsia and 

the risk of future hypertension and cardiovascular disease: a systematic review and 

meta‐analysis. BJOG: An International Journal of Obstetrics and Gynaecology 

2018;125:1642-54.  

91 Dall’Asta A, D’Antonio F, Saccone G, et al. Cardiovascular events following 

pregnancies complicated by preeclampsia with emphasis on the comparison between 

early and late onset forms: a systematic review and meta‐analysis. Ultrasound in 

Obstetrics & Gynecology 2020;57:698–709.  

92 Heida KY, Bots ML, de Groot CJM, et al. Cardiovascular risk management after 

reproductive and pregnancy-related disorders: A Dutch multidisciplinary evidence-

based guideline. European Journal of Preventive Cardiology. 2016;23:1863–79.  

93 Wu P, Haththotuwa R, Kwok CS, et al. Preeclampsia and future cardiovascular health. 

Circulation: Cardiovascular Quality and Outcomes. 2017;10(2):e003497. 

94 McDonald SD, Malinowski A, Zhou Q, et al. Cardiovascular sequelae of 

preeclampsia/eclampsia: A systematic review and meta-analyses. American Heart 

Journal 2008;156:918–30.  

95 Grandi SM, Vallée-Pouliot K, Reynier P, et al. Hypertensive Disorders in Pregnancy 

and the Risk of Subsequent Cardiovascular Disease. Paediatric and Perinatal 

Epidemiology 2017;31:412–21.  



 204 

96 Tooher J, Thornton C, Makris A, et al. All hypertensive disorders of pregnancy 

increase the risk of future cardiovascular disease. Hypertension 2017;70:798–803.  

97 Veerbeek JH, Hermes W, Breimer AY, et al. Cardiovascular disease risk factors after 

early-onset preeclampsia, late-onset preeclampsia, and pregnancy-induced 

hypertension. Hypertension. 2015 Mar;65(3):600-6. 

98 Bokslag A, Teunissen PW, Franssen C, et al. Effect of early-onset preeclampsia on 

cardiovascular risk in the fifth decade of life. American Journal of Obstetrics and 

Gynecology 2017;216:523.e1-523.e7.  

99 Alonso-Ventura V, Li Y, Pasupuleti V, et al. Effects of preeclampsia and eclampsia 

on maternal metabolic and biochemical outcomes in later life: a systematic review and 

meta-analysis. Metabolism: Clinical and Experimental 2020;102:154012.  

100 Behrens I, Basit S, Melbye M, et al. Risk of post-pregnancy hypertension in women 

with a history of hypertensive disorders of pregnancy: Nationwide cohort study. BMJ 

2017;358.  

101 Giorgione V, Ridder A, Kalafat E, et al. Incidence of postpartum hypertension within 

2 years of a pregnancy complicated by pre-eclampsia: a systematic review and meta-

analysis. BJOG: An International Journal of Obstetrics and Gynaecology. 

2021;128:495–503. 

102 Benschop L, Duvekot JJ, Roeters Van Lennep JE. Future risk of cardiovascular 

disease risk factors and events in women after a hypertensive disorder of pregnancy. 

Heart. 2019;105:1273–8.  

103 Groenhof TKJ, Zoet GA, Franx A, et al. Trajectory of Cardiovascular Risk Factors 

after Hypertensive Disorders of Pregnancy: An Argument for Follow-Up. 

Hypertension 2019;73:171–8.  



 205 

104 Leon LJ, McCarthy FP, Direk K, et al. Preeclampsia and cardiovascular disease in a 

large UK pregnancy cohort of linked electronic health records a CALIBER study. 

Circulation 2019;140:1050–60.  

105 Ditisheim A, Wuerzner G, Ponte B, et al. Prevalence of Hypertensive Phenotypes 

after Preeclampsia:A Prospective Cohort Study. Hypertension 2018;71:103–9.  

106 Kaze FF, Njukeng FA, Kengne AP, et al. Post-partum trend in blood pressure levels, 

renal function and proteinuria in women with severe preeclampsia and eclampsia in 

Sub-Saharan Africa: A 6-months cohort study. BMC Pregnancy and Childbirth 

2014;14:1–7.  

107 Ndayambagye EB, Nakalembe M, Kaye DK. Factors associated with persistent 

hypertension after puerperium among women with pre-eclampsia/eclampsia in 

Mulago hospital, Uganda. BMC Pregnancy and Childbirth 2010;10:1–7.  

108 Olagbuji B, Ezeanochie M, Ande A, et al. Prevalence and risk factors for persistent 

hypertension after the puerperium in pregnancies complicated with hypertensive 

disorders. Journal of Obstetrics and Gynaecology 2012;32:529–32.  

109 Smith GN, Pudwell J, Walker M, et al. Ten-Year, Thirty-Year, and Lifetime 

Cardiovascular Disease Risk Estimates Following a Pregnancy Complicated by 

Preeclampsia. Journal of Obstetrics and Gynaecology Canada 2012;34:830–5.  

110 Wu P, Haththotuwa R, Kwok CS, et al. Preeclampsia and Future Cardiovascular 

Health. Circulation: Cardiovascular Quality and Outcomes 2017;10(2):e003497. 

111 Mosca L, Benjamin EJ, Berra K, et al. Effectiveness-based guidelines for the 

prevention of cardiovascular disease in women - 2011 Update: A guideline from the 

American Heart Association. Journal of the American College of Cardiology. 

2011;57:1404–23.  



 206 

112 Piepoli MF, Hoes AW, Agewall S, et al. ESC Scientific Document Group. 2016 

European Guidelines on cardiovascular disease prevention in clinical practice: The 

Sixth Joint Task Force of the European Society of Cardiology and Other Societies on 

Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives 

of 10 societies and by invited experts) Developed with the special contribution of the 

European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur 

Heart J. 2016 Aug 1;37(29):2315-2381.  

113 National Institute for Health and Care Excellence. Hypertension in pregnancy: 

diagnosis and management NICE guideline. 2019. Accessed via: 

www.nice.org.uk/guidance/ng133.  Last accessed 9 May 2021. 

114 Brown HL, Warner JJ, Gianos E, et al. Promoting risk identification and reduction of 

cardiovascular disease in women through collaboration with obstetricians and 

gynecologists: A presidential advisory from the American Heart Association and the 

American college of obstetricians and gynecologists. Circulation 2018;137:e843–52.  

115 Lui NA, Jeyaram G, Henry A. Postpartum Interventions to Reduce Long-Term 

Cardiovascular Disease Risk in Women After Hypertensive Disorders of Pregnancy: 

A Systematic Review. Frontiers in Cardiovascular Medicine 2019;6:160.  

116 Berks D, Hoedjes M, Raat H, et al. Risk of cardiovascular disease after pre-eclampsia 

and the effect of lifestyle interventions: a literature-based study.  BJOG: An 

International Journal of Obstetrics and Gynaecology 2013 Jul;120(8):924-31. 

117 Janmohamed R, Montgomery-Fajic E, Sia W, et al. Cardiovascular Risk Reduction 

and Weight Management at a Hospital-Based Postpartum Preeclampsia Clinic. 

Journal of Obstetrics and Gynaecology Canada 2015;37:330–7. 2163(15)30283-8 



 207 

118 Bokslag A, Hermes W, de Groot CJM, et al. Reduction of cardiovascular risk after 

preeclampsia: the role of framing and perceived probability in modifying behavior. 

Hypertension in Pregnancy 2016;35:470–3.  

119 Cairns AE, Pealing L, Duffy JMN, et al. Postpartum management of hypertensive 

disorders of pregnancy: A systematic review. BMJ Open 2017;7:1–14.  

120 Nagraj S, Kennedy SH, Norton R, et al. Cardiometabolic Risk Factors in Pregnancy 

and Implications for Long-Term Health: Identifying the Research Priorities for Low-

Resource Settings. Frontiers in Cardiovascular Medicine 2020;7:40.  

121 Reece EA, Leguizamón G, Wiznitzer A. Gestational diabetes: the need for a common 

ground. Lancet. 2009;373:1789–97.  

122 International Diabetes Federation. IDF Diabetes Atlas 9th edition 2019.  Accessed via: 

https://www.diabetesatlas.org/en/.  Last accessed 9 May 2021. 

123 Buchanan TA, Xiang AH, Page KA. Gestational diabetes mellitus: Risks and 

management during and after pregnancy. Nature Reviews Endocrinology 2012;8:639–

49.  

124 Ferrara A. Increasing prevalence of gestational diabetes mellitus: A public health 

perspective. Diabetes Care 2007;30:S141–6.  

125 Anna V, van der Ploeg HP, Cheung NW, et al. Sociodemographic Correlates of the 

Increasing Trend in Prevalence of Gestational Diabetes Mellitus in a Large Population 

of Women Between 1995 and 2005. Diabetes Care. 2008 Dec;31(12):2288-93. 

126 Guariguata L, Linnenkamp U, Beagley J, et al. Global estimates of the prevalence of 

hyperglycaemia in pregnancy. Diabetes Research and Clinical Practice 

2014;103:176–85.  

127 McIntyre HD, Catalano P, Zhang C, et al. Gestational diabetes mellitus. Nature 

Reviews Disease Primers. 2019;5:1–19.  



 208 

128 Seshiah V, Balaji V, Balaji MS, et al. Pregnancy and diabetes scenario around the 

world: India. International Journal of Gynecology and Obstetrics 2009;104:S35–8.  

129 Mithal A, Bansal B, Kalra S. Gestational diabetes in India: Science and society. 

Indian Journal of Endocrinology and Metabolism 2015;19:701–4.  

130 Raja M, Baba T, Hanga A, et al. A study to estimate the prevalence of gestational 

diabetes mellites in an urban block of Kashmir valley (North India). International 

Journal of Medical Science and Public Health 2014;3:191.  

131 Gopalakrishnan V, Singh R, Pradeep Y, et al. Evaluation of the prevalence of 

gestational diabetes mellitus in North Indians using the International Association of 

Diabetes and Pregnancy Study groups (IADPSG) criteria. Journal of Postgraduate 

Medicine 2015;61:155–8.  

132 Li KT, Naik S, Alexander M, et al. Screening and diagnosis of gestational diabetes in 

India: a systematic review and meta-analysis. Acta Diabetologica 2018;55:613–25.  

133 Bhavadharini B, Uma R, Saravanan P, et al. Screening and diagnosis of gestational 

diabetes mellitus - relevance to low and middle income countries. Clinical Diabetes 

and Endocrinology 2016;2:1–8.  

134 Li-Zhen L, Yun X, Xiao-Dong Z, et al. Evaluation of guidelines on the screening and 

diagnosis of gestational diabetes mellitus: systematic review. BMJ Open. 2019 May 

1;9(5):e023014. 

135 Mohan V, Usha S, Uma R. Screening for gestational diabetes in India: Where do we 

stand? Journal of Postgraduate Medicine. 2015;61:151–4.  

136 Metzger BE, Lowe LP, Dyer AR, et al. Hyperglycemia and Adverse Pregnancy 

Outcomes. New England Journal of Medicine 2008;358:1991–2002.  



 209 

137 Kragelund Nielsen K, Groth Grunnet L, Terkildsen Maindal H. Prevention of Type 2 

diabetes after gestational diabetes directed at the family context: a narrative review 

from the Danish Diabetes Academy symposium. Diabetic Medicine. 2018;35:714–20.  

138 Damm P. Future risk of diabetes in mother and child after gestational diabetes 

mellitus. International Journal of Gynecology and Obstetrics 2009;104.  

139 Dabelea D. The predisposition to obesity and diabetes in offspring of diabetic 

mothers. Diabetes Care 2007;30 (2):S169-74.  

140 Metzger BE. International Association of Diabetes and Pregnancy Study Groups 

recommendations on the diagnosis and classification of hyperglycemia in pregnancy. 

Diabetes Care. 2010;33:676–82.  

141 World Health Organization. Diagnostic Criteria and Classification of Hyperglycaemia 

First Detected in Pregnancy. Geneva: World Health Organization; 2013. 

142 Maternal Health Division Ministry of Health & Family Welfare, Government of India. 

Diagnosis & Management of Gestational Diabetes Mellitus Technical and Operational 

Guidelines. 2018. Accessed via: 

https://nhm.gov.in/New_Updates_2018/NHM_Components/RMNCH_MH_Guideline

s/Gestational-Diabetes-Mellitus.pdf.  Last accessed 9 May 2021. 

143 Mishra S, Bhadoria A, Kishore S, et al. Gestational diabetes mellitus 2018 guidelines: 

An update. Journal of Family Medicine and Primary Care 2018;7:1169.  

144 Nielsen KK, de Courten M, Kapur A. The urgent need for universally applicable 

simple screening procedures and diagnostic criteria for gestational diabetes mellitus--

lessons from projects funded by the World Diabetes Foundation. Global Health 

Action. 2012;5.  



 210 

145 Ratner RE, Christophi CA, Metzger BE, et al. Prevention of diabetes in women with a 

history of gestational diabetes: Effects of metformin and lifestyle interventions. 

Journal of Clinical Endocrinology and Metabolism 2008;93:4774–9.  

146 Song C, Lyu Y, Li C, et al. Long-term risk of diabetes in women at varying durations 

after gestational diabetes: a systematic review and meta-analysis with more than 2 

million women. Obesity Reviews 2018;19:421–9. 

147 Bellamy L, Casas JP, Hingorani AD, et al. Type 2 diabetes mellitus after gestational 

diabetes: a systematic review and meta-analysis. Lancet 2009;373:1773–9. 

doi:10.1016/S0140-6736(09)60731-5 

148 Kim C, Newton KM, Knopp RH. Gestational diabetes and the incidence of type 2 

diabetes: a systematic review. Diabetes care. 2002;25:1862–8.  

149 Vounzoulaki E, Khunti K, Abner SC, et al. Progression to type 2 diabetes in women 

with a known history of gestational diabetes: Systematic review and meta-analysis. 

BMJ 2020;369.  

150 Dennison RA, Fox RA, Ward RJ, et al. Women’s views on screening for Type 2 

diabetes after gestational diabetes: a systematic review, qualitative synthesis and 

recommendations for increasing uptake. Diabetic Medicine. 2020;37:29–43.  

151 Lauenborg J, Mathiesen E, Hansen T, et al. The prevalence of the metabolic syndrome 

in a Danish population of women with previous gestational diabetes mellitus is three-

fold higher than in the general population. Journal of Clinical Endocrinology and 

Metabolism 2005;90:4004–10.  

152 Xu Y, Shen S, Sun L, et al. Metabolic syndrome risk after gestational diabetes: A 

systematic review and meta-analysis. PLoS ONE 2014;9:e87863.  



 211 

153 Carr DB, Utzschneider KM, Hull RL, et al. Gestational diabetes mellitus increases the 

risk of cardiovascular disease in women with a family history of type 2 diabetes. 

Diabetes Care 2006;29:2078–83.  

154 Goueslard K, Cottenet J, Mariet AS, et al. Early cardiovascular events in women with 

a history of gestational diabetes mellitus. Cardiovascular Diabetology 2016;15:15.  

155 Rayanagoudar G, Hashi AA, Zamora J, et al. Quantification of the type 2 diabetes risk 

in women with gestational diabetes: a systematic review and meta-analysis of 95,750 

women. Diabetologia. 2016;59:1403–11.  

156 Zhu Y, Zhang C. Prevalence of Gestational Diabetes and Risk of Progression to Type 

2 Diabetes: a Global Perspective. Current Diabetes Reports. 2016;16:1–11.  

157 Herath H, Herath R, Wickremasinghe R. Gestational diabetes mellitus and risk of type 

2 diabetes 10 years after the index pregnancy in Sri Lankan women - A community 

based retrospective cohort study. PLoS ONE 2017;12 (6):e0179647. 

158 Krishnaveni G v., Hill JC, Veena SR, et al. Gestational diabetes and the incidence of 

diabetes in the 5 years following the index pregnancy in South Indian women. 

Diabetes Research and Clinical Practice 2007;78:398–404.  

159 Chivese T, Norris SA, Levitt NS. Progression to type 2 diabetes mellitus and 

associated risk factors after hyperglycemia first detected in pregnancy: A cross-

sectional study in Cape Town, South Africa. PLoS Medicine 2019;16:e1002865.  

160 Mahalakshmi M, Bhavadharini B, Kumar M, et al. Clinical profile, outcomes, and 

progression to type 2 diabetes among Indian women with gestational diabetes mellitus 

seen at a diabetes center in south India. Indian Journal of Endocrinology and 

Metabolism 2014;18:400–6.  



 212 

161 Gupta Y, Kapoor D, Desai A, et al. Conversion of gestational diabetes mellitus to 

future Type 2 diabetes mellitus and the predictive value of HbA1c in an Indian cohort. 

Diabetic Medicine 2017;34:37–43.  

162 Mohan V. Why Are Indians More Prone to Diabetes? J Assoc Physicians India 

2004;52:468-74. 

163 Sattar N, Gill JMR. Type 2 diabetes in migrant south Asians: Mechanisms, mitigation, 

and management. Lancet Diabetes and Endocrinology. 2015;3:1004–16.  

164 Bhavadharini B, Anjana RM, Mahalakshmi MM, et al. Glucose tolerance status of 

Asian Indian women with gestational diabetes at 6 weeks to 1 year postpartum 

(WINGS-7). Diabetes Research and Clinical Practice 2016;117:22–7.  

165 American Diabetes Association. Management of diabetes in pregnancy: Standards of 

medical care in diabetes - 2020. Diabetes Care 2020;43:S183–92.  

166 Mishra S, Bhadoria A, Kishore S, et al. Gestational diabetes mellitus 2018 guidelines: 

An update. Journal of Family Medicine and Primary Care 2018;7:1169.  

167 National Institute for Health and Care Excellence. Diabetes in pregnancy: 

management from preconception to the postnatal period. December 2020. Accessed 

via: https://www.nice.org.uk/guidance/ng3.  Last accessed 3 June 2021. 

168 Nouhjah S, Shahbazian H, Amoori N, et al. Postpartum screening practices, 

progression to abnormal glucose tolerance and its related risk factors in Asian women 

with a known history of gestational diabetes: A systematic review and meta-analysis. 

Diabetes and Metabolic Syndrome: Clinical Research and Reviews. 2017;11:S703–

12.  

169 Rafii F, Rahimparvar SFV, Mehrdad N, et al. Barriers to postpartum screening for 

type 2 diabetes: A qualitative study of women with previous gestational diabetes. Pan 

African Medical Journal 2017;26.  



 213 

170 Werner EF, Has P, Kanno L, et al. Barriers to Postpartum Glucose Testing in Women 

with Gestational Diabetes Mellitus. American Journal of Perinatology 2019;36:212–8.  

171 Sunny SH, Malhotra R, Ang S bin, et al. Facilitators and Barriers to Post-partum 

Diabetes Screening Among Mothers With a History of Gestational Diabetes Mellitus–

A Qualitative Study From Singapore. Frontiers in Endocrinology 2020;11:602.  

172 International Diabetes Federation. The IDF approach for care and management of 

Gestational Diabetes Mellitus: WINGS project summary reports. 2017. Accessed via: 

https://www.idf.org/e-library/guidelines/98-idf-wings-project-summary-report.html. 

Last accessed 3 June 2021. 

173 Kayal A, Mohan V, Malanda B, et al. Women in India with Gestational Diabetes 

Mellitus Strategy (WINGS): Methodology and development of model of care for 

gestational diabetes mellitus (WINGS 4). Indian Journal of Endocrinology and 

Metabolism 2016;20:707–15.  

174 Women with Diabetes in India with GDM Strategy (WINGS project) 2018.  Accessed 

via: https://idf.org/our-activities/care-prevention/gdm/wings-project.html.  Last 

accessed 9 May 2021. 

175 Mohan V, Mahalakshmi MM, Bhavadharini B, et al. Comparison of screening for 

gestational diabetes mellitus by oral glucose tolerance tests done in the non-fasting 

(random) and fasting states. Acta Diabetologica 2014;51:1007–13.  

176 Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the Incidence of Type 

2 Diabetes with Lifestyle Intervention or Metformin. New England Journal of 

Medicine 2002;346:393–403.  

177 Diabetes Prevention Program Research Group. 10-year follow-up of diabetes 

incidence and weight loss in the Diabetes Prevention Program Outcomes Study.  

Lancet 2009;374:1677–86.  



 214 

178 Tuomilehto J, Lindström J, Eriksson JG, et al. Prevention of Type 2 Diabetes Mellitus 

by Changes in Lifestyle among Subjects with Impaired Glucose Tolerance. New 

England Journal of Medicine 2001;344:1343–50.  

179 Berks D, Hoedjes M, Raat H, et al. Feasibility and effectiveness of a lifestyle 

intervention after complicated pregnancies to improve risk factors for future 

cardiometabolic disease. Pregnancy Hypertension 2019;15:98–107.  

180 Ferrara A, Hedderson MM, Albright CL, et al. A pregnancy and postpartum lifestyle 

intervention in women with gestational diabetes mellitus reduces diabetes risk factors: 

A feasibility randomized control trial. Diabetes Care 2011;34:1519–25.  

181 Ratner RE, Christophi CA, Metzger BE, et al. Prevention of diabetes in women with a 

history of gestational diabetes: Effects of metformin and lifestyle interventions. 

Journal of Clinical Endocrinology and Metabolism 2008;93:4774–9.  

182 Kibret KT, Chojenta C, Gresham E, et al. Maternal dietary patterns and risk of 

adverse pregnancy (hypertensive disorders of pregnancy and gestational diabetes 

mellitus) and birth (preterm birth and low birth weight) outcomes: A systematic 

review and meta-analysis. Public Health Nutrition 2019;22:506–20.  

183 Chandrupatla SG, Khalid I, Muthuluri T, et al. Diabetes and prediabetes prevalence 

among young and middle-aged adults in India, with an analysis of geographic 

differences: findings from the National Family Health Survey. Epidemiology and 

Health 2021;42.  

184 Ogbo FA, Dhami MV, Ude EM, et al. Enablers and barriers to the utilization of 

antenatal care services in India. International Journal of Environmental Research and 

Public Health 2019;16.  



 215 

185 Vora KS, Koblinsky SA, Koblinsky MA. Predictors of maternal health services 

utilization by poor, rural women: a comparative study in Indian States of Gujarat and 

Tamil Nadu. Journal of health, population, and nutrition 2015;33:9. 

186 Calvello EJ, Skog AP, Tenner AG, et al. Applying the lessons of maternal mortality 

reduction to global emergency health. Bulletin of the World Health Organization 

2015;93:417–23.  

187 Rifkin SB. Community Health Workers. In: International Encyclopedia of Public 

Health. Elsevier Inc. 2016. Pages 93–102.  

188 Mishra SR, Neupane D, Briffa TG, et al. MHealth plus community health worker 

interventions: The future research agenda. Lancet Diabetes and Endocrinology. 

2016;4:387–8.  

189 One Million Community Health Workers Campaign. Accessed via: 

http://1millionhealthworkers.org/.  Last accessed 9 May 2021. 

190 Last Mile Health. Accessed via:  https://lastmilehealth.org/.  Last accessed 9 May 

2021. 

191 Maier CB, Aiken LH. Task shifting from physicians to nurses in primary care in 39 

countries: A cross-country comparative study. European Journal of Public Health 

2016;26:927–34.  

192 Anand TN, Maria Joseph L, Geetha AV, et al. Task sharing with non-physician 

health-care workers for management of blood pressure in low-income and middle-

income countries: a systematic review and meta-analysis. Lancet 2019; 7(6): E761-77.  

193 Seidman G, Atun R. Does task shifting yield cost savings and improve efficiency for 

health systems? A systematic review of evidence from low-income and middle-

income countries. Human Resources for Health 2017;15 (1):1-3. 



 216 

194 Patel AR, Nowalk MP. Expanding immunization coverage in rural India: A review of 

evidence for the role of community health workers. Vaccine. 2010;28:604–13.  

195 Kandel N, Lamichhane J. Female health volunteers of Nepal: the backbone of health 

care. Lancet. 2019;393:e19–20.  

196 World Health Organization. Community health workers - at the heart of successes 

achieved in the HIV response 2019. Accessed via: https://www.who.int/news/item/01-

12-2019-global-symposium-on-health-workforce-accreditation-and-regulation-

december-2019. Last accessed 9 May 2021. 

197 Anand TN, Joseph LM, Geetha A v., et al. Task sharing with non-physician health-

care workers for management of blood pressure in low-income and middle-income 

countries: a systematic review and meta-analysis. Lancet Global Health 2019;7:e761–

71.  

198 Ogedegbe G, Gyamfi J, Plange-Rhule J, et al. Task shifting interventions for 

cardiovascular risk reduction in low-income and middle-income countries: A 

systematic review of randomised controlled trials. BMJ Open 2014;4:5983.  

199 Rawal LB, Kharel C, Yadav UN, et al. Community health workers for non-

communicable disease prevention and control in Nepal: A qualitative study. BMJ 

Open 2020;10:40350.  

200 Xavier D, Gupta R, Kamath D, et al. Community health worker-based intervention for 

adherence to drugs and lifestyle change after acute coronary syndrome: A multicentre, 

open, randomised controlled trial. Lancet Diabetes and Endocrinology 2016;4:244–

53. 

201 Jeet G, Thakur JS, Prinja S, et al. Community health workers for noncommunicable 

diseases prevention and control in developing countries: Evidence and implications. 

PLoS ONE 2017;12(7):e0180640. 



 217 

202 Jafar TH, Gandhi M, de Silva HA, et al. A Community-Based Intervention for 

Managing Hypertension in Rural South Asia. New England Journal of Medicine 

2020;382:717–26.  

203 Jafar TH, Islam M, Bux R, et al. Cost-effectiveness of community-based strategies for 

blood pressure control in a low-income developing country: Findings from a cluster-

randomized, factorial-controlled trial. Circulation 2011;124:1615–25.  

204 Schwalm JD, McCready T, Lopez-Jaramillo P, et al. A community-based 

comprehensive intervention to reduce cardiovascular risk in hypertension (HOPE 4): a 

cluster-randomised controlled trial. Lancet 2019;394:1231–42.  

205 Mills KT, Obst KM, Shen W, et al. Comparative effectiveness of implementation 

strategies for blood pressure control in hypertensive patients: A systematic review and 

meta-analysis. Annals of Internal Medicine. 2018;168:110–20.  

206 Charanthimath U, Vidler M, Katageri G, et al. The feasibility of task-sharing the 

identification, emergency treatment, and referral for women with pre-eclampsia by 

community health workers in India. Reproductive Health 2018;15(1):101. 

207 Bellad MB, Vidler M, Honnungar N v., et al. Maternal and newborn health in 

Karnataka State, India: The community level interventions for pre-eclampsia (CLIP) 

trial’s baseline study results. PLoS ONE 2017;12(1):e0166623. 

208 Lewin S, Dick J, Pond P, et al. Lay health workers in primary and community health 

care. In: Cochrane Database of Systematic Reviews. John Wiley & Sons, Ltd, 2005.  

209 Vousden N, Lawley E, Nathan HL, et al. Evaluation of a novel vital sign device to 

reduce maternal mortality and morbidity in low-resource settings: a mixed method 

feasibility study for the CRADLE-3 trial. BMC Pregnancy and Childbirth 

2018;18:115.  



 218 

210 Vousden N, Lawley E, Nathan HL, et al. Effect of a novel vital sign device on 

maternal mortality and morbidity in low-resource settings: a pragmatic, stepped-

wedge, cluster-randomised controlled trial. Lancet Global Health 2019;7:e347–56.  

211 Namazzi G, Okuga M, Tetui M, et al. Working with community health workers to 

improve maternal and newborn health outcomes: Implementation and scale-up lessons 

from eastern Uganda. Global Health Action 2017;10(4):1345495.  

212 Nathan HL, Boene H, Munguambe K, et al. The CRADLE vital signs alert: qualitative 

evaluation of a novel device designed for use in pregnancy by healthcare workers in 

low-resource settings. Reproductive health 2018;15:5.  

213 World Health Organization. WHO Guideline: recommendations on digital 

interventions for health system strengthening. World Health Organization, 2019.  

Accessed via:  http://www.who.int/reproductivehealth/publications/digital-

interventions-health-system-strengthening/en/.  Last accessed 9 May 2021. 

214 Free C, Phillips G, Galli L, et al. The Effectiveness of Mobile-Health Technology-

Based Health Behaviour Change or Disease Management Interventions for Health 

Care Consumers: A Systematic Review. PLoS Medicine 2013;10(1):e1001362. 

215 Global System for Mobile Communications (GSMA).  GSMA Study Finds Over Half 

of Women in Low- and Middle-Income Countries Now Access Mobile Internet. 

GSMA : Newsroom, 4 March 2020.  Accessed via: 

https://www.gsma.com/newsroom/press-release/gsma-study-finds-over-half-of-

women-in-low-and-middle-income-countries-now-access-mobile-internet/.  Last 

accessed 9 May 2021. 

216 Dugas M, Gao G, Agarwal R. Unpacking mHealth interventions: A systematic review 

of behavior change techniques used in randomized controlled trials assessing mHealth 

effectiveness. Digital Health. 2020;6:2055207620905411. 



 219 

217 Watson HA, Tribe RM, Shennan AH. The role of medical smartphone apps in clinical 

decision-support: A literature review. Artificial Intelligence in Medicine. 2019;100: 

101707.  

218 Praveen D, Patel A, Raghu A, et al. SMARTHealth India: Development and Field 

Evaluation of a Mobile Clinical Decision Support System for Cardiovascular Diseases 

in Rural India. JMIR mHealth and uHealth 2014;2:e54.  

219 Odendaal W, Lewin S, McKinstry B, et al. Using a mHealth system to recall and refer 

existing clients and refer community members with health concerns to primary 

healthcare facilities in South Africa: a feasibility study. Global Health Action 

2020;13(1):1717410. 

220 Free C, Phillips G, Watson L, et al. The Effectiveness of Mobile-Health Technologies 

to Improve Health Care Service Delivery Processes: A Systematic Review and Meta-

Analysis. PLoS Medicine 2013;10:e1001363.  

221 Chen H, Chai Y, Dong L, et al. Effectiveness and appropriateness of mhealth 

interventions for maternal and child health: Systematic review. JMIR mHealth and 

uHealth. 2018;6:e8998.  

222 Gandhi S, Chen S, Hong L, et al. Effect of Mobile Health Interventions on the 

Secondary Prevention of Cardiovascular Disease: Systematic Review and Meta-

analysis. Canadian Journal of Cardiology. 2017;33:219–31.  

223 Balakrishnan R, Gopichandran V, Chaturvedi S, et al. Continuum of Care Services for 

Maternal and Child Health using mobile technology - a health system strengthening 

strategy in low and middle income countries. BMC Medical Informatics and Decision 

Making 2016;16:1–8.  



 220 

224 Oyeyemi SO, Wynn R. The use of cell phones and radio communication systems to 

reduce delays in getting help for pregnant women in low- and middle-income 

countries: A scoping review. Global Health Action. 2015;8:1.  

225 Modi D, Dholakia N, Gopalan R, et al. MHealth intervention “ImTeCHO” to improve 

delivery of maternal, neonatal, and child care services-A cluster-randomized trial in 

tribal areas of Gujarat, India. PLoS Medicine 2019;16(10):e1002939. 

226 von Dadelszen P, Bhutta ZA, Sharma S, et al. The Community-Level Interventions for 

Pre-eclampsia (CLIP) cluster randomised trials in Mozambique, Pakistan, and India: 

an individual participant-level meta-analysis. Lancet 2020;396:553–63.  

227 Payne B, Hodgson S, Hutcheon JA, et al. Performance of the fullPIERS model in 

predicting adverse maternal outcomes in pre-eclampsia using patient data from the 

PIERS (Pre-eclampsia Integrated Estimate of RiSk) cohort, collected on admission. 

BJOG: An International Journal of Obstetrics and Gynaecology 2013;120:113–8.  

228 von Dadelszen P, Payne B, Li J, et al. Prediction of adverse maternal outcomes in pre-

eclampsia: Development and validation of the fullPIERS model. Lancet 

2011;377:219–27.  

229 Boene H, Valá A, Kinshella MW, et al. Implementation of the PIERS on the Move 

mHealth Application From the Perspective of Community Health Workers and Nurses 

in Rural Mozambique. Frontiers in Global Women's Health. 2021; 2:1–9. 

230 Lim J, Cloete G, Dunsmuir DT, et al. Usability and Feasibility of PIERS on the Move: 

An mHealth App for Pre-Eclampsia Triage. JMIR mHealth and uHealth 2015;3:e37.  

231 Payne B, Dunsmuir D, Qureshi R, et al. 218. Implementation of the PIERS on the 

Move mobile health app in the Community Level Interventions for Pre-eclampsia 

trials. Pregnancy Hypertension 2018;13:S101–2.  



 221 

232 Gandapur Y, Kianoush S, Kelli HM, et al. The role of mHealth for improving 

medication adherence in patients with cardiovascular disease: A systematic review. 

European Heart Journal - Quality of Care and Clinical Outcomes. 2016;2:237–44.  

233 Li R, Liang N, Bu F, et al. The effectiveness of self-management of hypertension in 

adults using mobile health: Systematic review and meta-analysis. JMIR mHealth and 

uHealth. 2020;8:e17776.  

234 Praveen D, Patel A, McMahon S, et al. A multifaceted strategy using mobile 

technology to assist rural primary healthcare doctors and frontline health workers in 

cardiovascular disease risk management: Protocol for the SMARTHealth India cluster 

randomised controlled trial. Implementation Science 2013;8:137.  

235 Bloomfield GS, Vedanthan R, Vasudevan L, et al. Mobile health for non-

communicable diseases in Sub-Saharan Africa: a systematic review of the literature 

and strategic framework for research. Globalization and Health. 2014 Dec;10(1):1-9. 

236 Lee SH, Nurmatov UB, Nwaru BI, et al. Effectiveness of mHealth interventions for 

maternal, newborn and child health in low- and middle-income countries: Systematic 

review and meta-analysis. Journal of Global Health 2016;6(1).  

237 Marcolino MS, Oliveira JAQ, D’Agostino M, et al. The impact of mHealth 

interventions: Systematic review of systematic reviews. JMIR mHealth and uHealth. 

2018;6(1):e23.  

238 Lester ( R T, Ngugi E, Gelmon LJ, et al. Effects of a mobile phone short message 

service on antiretroviral treatment adherence in Kenya (WelTel Kenya1): a 

randomised trial. Lancet. 2010 Nov 27;376(9755):1838-45. 

239 Mastellos N, Tran T, Dharmayat K, et al. Training community healthcare workers on 

the use of information and communication technologies: A randomised controlled trial 



 222 

of traditional versus blended learning in Malawi, Africa. BMC Medical Education 

2018;18:1–13.  

240 Mishra SR, Lygidakis C, Neupane D, et al. A17044 Community health workers for 

non-communicable disease interventions in the digital age. Journal of Hypertension 

2018;36:e339.  

241 Feroz A, Masood Kadir M, Saleem S. Global Health Action Health systems readiness 

for adopting mhealth interventions for addressing non-communicable diseases in low-

and middle-income countries: a current debate systems readiness for adopting mhealth 

interventions for addressing non-communicable diseases in low-and middle-income 

countries: a current debate. Global Health Action 2018;11(1):1496887. 

242 Atun R. Health systems, systems thinking and innovation. Health Policy and 

Planning. 2012;27:4: 4-8. 

243 Valentijn PP, Boesveld IC, van der Klauw DM, et al. Towards a taxonomy for 

integrated care: A mixed-methods study. International Journal of Integrated Care 

2015;15.  

244 de Jongh TE, Gurol-Urganci I, Allen E, et al. Integration of antenatal care services 

with health programmes in low- and middle- income countries: Systematic review. 

Journal of Global Health 2016;6:1.   

245 Anyanwu LJ, Anyanwu O, Yakubu A. Missed opportunities for breast awareness 

information among women attending the maternal and child health services of an 

urban tertiary hospital in Northern Nigeria. Journal of Cancer Research and 

Therapeutics 2016;12:765–9.  

246 Sorsdahl K, Petersen Williams P, Everett-Murphy K, et al. Feasibility and Preliminary 

Responses to a Screening and Brief Intervention Program for Maternal Mental 



 223 

Disorders Within the Context of Primary Care. Community Mental Health Journal 

2015;51:962–9.  

247 Rahman A, Malik A, Sikander S, et al. Cognitive behaviour therapy-based 

intervention by community health workers for mothers with depression and their 

infants in rural Pakistan: a cluster-randomised controlled trial. Lancet 2008;372:902–

9.  

248 Honikman S, van Heyningen T, Field S, et al. Stepped care for maternal mental 

health: A case study of the perinatal mental health project in South Africa. PLoS 

Medicine 2012;9:e1001222.  

249 Riaz M, Basit A.  Integrating GDM management in public health: Pakistan 

perspective.  Diabetes in Pregnancy. 2016;66:11(1).   

250 Mutabazi JC, Zarowsky C, Trottier H. The impact of programs for prevention of 

mother-to-child transmission of HIV on health care services and systems in sub-

Saharan Africa - A review. Public Health Reviews. 2017;38:1–27.  

251 Kapur A, Hod M. Maternal health and non-communicable disease prevention: An 

investment case for the post COVID-19 world and need for better health economic 

data. International Journal of Gynecology and Obstetrics 2020;150:151–8.  

252 Royal College of Obstetricians & Gynaecologists.  Life Course Approach to Women’s 

Health Care, Why Should we Consider a Life Course Approach to Women’s Health 

Care? (Scientific Impact Paper No. 27). RCOG UK. August 2011.  Accessed via: 

https://www.rcog.org.uk/en/guidelines-research-services/guidelines/sip27/. Last 

accessed 9 May 2021. 

253 Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, Hall DR, 

Warren CE, Adoyi G, Ishaku S. Hypertensive disorders of pregnancy: The 

International Society for the Study of Hypertension in Pregnancy (ISSHP) 



 224 

classification, diagnosis, and management recommendations for international practice. 

Hypertension. 2018 Jul;72(1):24-43. 

254 NCD Alliance & Taskforce on Women and Non-Communicable Disease.  A Call to 

Action: Women and Non-Communicable Diseases.  NCD Alliance 2016. Accessed 

via: 

https://ncdalliance.org/sites/default/files/resource_files/Women%20and%20NCDs%2

0infographic_WEB_fv.pdf.  Last accessed 9 May 2021. 

255 Moore GF, Audrey S, Barker M, et al. Process evaluation of complex interventions: 

Medical Research Council guidance. BMJ 2015;350.  

256 Hawe P, Shiell A, Riley T. Theorising Interventions as Events in Systems. American 

Journal of Community Psychology 2009;43:267–76.  

257 Michie S, Johnston M, Francis J, et al. From Theory to Intervention: Mapping 

Theoretically Derived Behavioural Determinants to Behaviour Change Techniques. 

Applied Psychology 2008;57:660–80.  

258 O’Cathain A, Croot L, Duncan E, et al. Guidance on how to develop complex 

interventions to improve health and healthcare. BMJ Open 2019;9:e029954.  

259 Moore GF, Audrey S, Barker M, et al. Process evaluation of complex interventions: 

Medical Research Council guidance. BMJ  2015;350:h1258.  

260 Curran GM, Bauer M, Mittman B, et al. Effectiveness-implementation hybrid designs: 

Combining elements of clinical effectiveness and implementation research to enhance 

public health impact. Medical Care 2012;50:217–26.  

261 Moore GF, Evans RE, Hawkins J, et al. From complex social interventions to 

interventions in complex social systems: Future directions and unresolved questions 

for intervention development and evaluation. Evaluation 2019;25:23–45.  



 225 

262 Peters DH, Tran NT, Adam T. Implementation research in health: a practical guide. 

World Health Organization; 2013. 

263 Bauer MS, Kirchner JA. Implementation science: What is it and why should I care? 

Psychiatry Research. 2020;283:112376.  

264 Greenhalgh T, Wherton J, Papoutsi C, et al. Beyond adoption: A new framework for 

theorizing and evaluating non-adoption, abandonment, and challenges to the scale-up, 

spread, and sustainability of health and care technologies. Journal of Medical Internet 

Research 2017;19:e367.  

265 Miller CJ, Smith SN, Pugatch M. Experimental and quasi-experimental designs in 

implementation research. Psychiatry Research 2020;283:112452.  

266 Marten R, Mikkelsen B, Shao R, et al. Committing to implementation research for 

health systems to manage and control non-communicable diseases. Lancet Global 

Health 2020;0. 

267 Gourlan M, Bernard P, Bortolon C, et al. Efficacy of theory-based interventions to 

promote physical activity. A meta-analysis of randomised controlled trials. Health 

Psychology Review 2016;10:50–66.  

268 Taylor N, Conner M, Lawton R. The impact of theory on the effectiveness of worksite 

physical activity interventions: a meta-analysis and meta-regression. Health 

Psychology Review. 2012 Mar 1;6(1):33-73. 

269 Hagger MS, Weed M. Do interventions based on behavioral theory work in the real 

world? International Journal of Behavioral Nutrition and Physical Activity 

2019;16:36.  

270 Dalgetty R, Miller CB, Dombrowski SU. Examining the theory‐effectiveness 

hypothesis: A systematic review of systematic reviews. Br J Health Psychol;24:334–

56. 



 226 

271 Turner KM, Rousseau N, Croot L, et al. Understanding successful development of 

complex health and healthcare interventions and its drivers from the perspective of 

developers and wider stakeholders: An international qualitative interview study. BMJ 

Open. 2019;9.  

272 O’Cathain A, Croot L, Duncan E, et al. Guidance on how to develop complex 

interventions to improve health and healthcare. BMJ Open 2019;9:e029954.  

273 French SD, Green SE, O’Connor DA, McKenzie JE, Francis JJ, Michie S, Buchbinder 

R, Schattner P, Spike N, Grimshaw JM. Developing theory-informed behaviour 

change interventions to implement evidence into practice: a systematic approach using 

the Theoretical Domains Framework. Implementation Science. 2012 Dec;7(1):1-8. 

274 Craig LE, Taylor N, Grimley R, et al. Development of a theory-informed 

implementation intervention to improve the triage, treatment and transfer of stroke 

patients in emergency departments using the Theoretical Domains Framework (TDF): 

The T3 Trial. Implementation Science 2017;12:88.  

275 Nilsen P. Making sense of implementation theories, models and frameworks. 

Implementation Science 2015;10: 53.  

276 Francis JJ, O’Connor D, Curran J. Theories of behaviour change synthesised into a set 

of theoretical groupings: introducing a thematic series on the theoretical domains 

framework. Implementation Science 2012;7.35. 

277 Murray E, Treweek S, Pope C, et al. Normalization Process Theory: a framework for 

developing evaluating and implementing complex interventions. BMC Medicine 

2010;8(1):1-1. 

278 May C, Cummings A, Girling M, et al. Using Normalization Process Theory in 

feasibility studies and process evaluations of complex healthcare interventions : a 

systematic review. Implementation Science 2018;13:1–42. 



 227 

279 Hawe P, Shiell A, Riley T. Theorising interventions as events in systems. In: 

American Journal of Community Psychology. 2009. 267–76.  

280 Michie S, Richardson M, Johnston M, et al. The behavior change technique taxonomy 

(v1) of 93 hierarchically clustered techniques: Building an international consensus for 

the reporting of behavior change interventions. Annals of Behavioral Medicine 

2013;46:81–95. 

281 Michie S, Johnston M. Theories and techniques of behaviour change: Developing a 

cumulative science of behaviour change. Health Psychology Review. 2012;6:1–6.  

282 Atkins L, Francis J, Islam R, et al. A guide to using the Theoretical Domains 

Framework of behaviour change to investigate implementation problems. 

Implementation Science 2017;12(1):1-8.  

283 Normalization Process Theory. Implementing and evaluating complex interventions.  

Accessed via: http://www.normalizationprocess.org.  Last accessed 3 June 2021.  

284 Kennedy A, Rogers A, Chew-Graham C, et al. Implementation of a self-management 

support approach (WISE) across a health system: a process evaluation explaining 

what did and did not work for organisations, clinicians and patients. Implementation 

Science 2014;9:129.  

285 Clarke D, Gombert-Waldron K, Honey S, et al. Co-designing organisational 

improvements and interventions to increase inpatient activity in four stroke units in 

England: A mixed-methods process evaluation using normalisation process theory. 

BMJ Open 2021;11:1–16.  

286 Creswell JW, Clark VLP. Designing and Conducting Mixed Methods Research. Third 

Edition. SAGE Publications. 2017.  



 228 

287 Creswell JW, Clark VLP. Designing and conducting mixed methods research, 2007, 

quoted in: Clark VL, Ivankova NV. Mixed methods research: A guide to the field. 

Chapter 3: What is mixed methods research?, p64. SAGE Publications; 2015 Sep 23. 

288 Pope C, Mays N. Qualitative research in health care. Fourth Edition. Oxford: Wiley-

Blackwell; 2020.  

289 Redwood S, Gale NK, Greenfield S. “You give us rangoli, we give you talk”: Using 

an art-based activity to elicit data from a seldom heard group. BMC Medical Research 

Methodology 2012;12:1–13.  

290 Norman D. The Four Fundamental Principles of Human-Centered Design and 

Application. 2019. Accessed via: https://jnd.org/the-four-fundamental-principles-

ofhuman-centered-design/.  Last accessed 9 May 2021.  

291 Guba EG, Lincoln YS. Paradigmatic Controversies, Contradictions, and Emerging 

Confluences. In N. K. Denzin NK, Lincoln YS (Eds.), The Sage handbook of 

qualitative research (p.191–215). SAGE Publications, 2005.  

292 O’Cathain A, Murphy E, Nicholl J. The quality of mixed methods studies in health 

services research. Journal of Health Services Research & Policy 2008;13:92–8.  

293 Corlett S, Mavin S. Reflexivity and Researcher Positionality. In: Cassell C, Cunliffe 

A, Grandy G, eds. The SAGE Handbook of Qualitative Business and Management 

Research Methods (p. 377–400). SAGE Publications, 2018.  

294 Finlay L. Negotiating the swamp: The opportunity and challenge of reflexivity in 

research practice. Qualitative Research 2002;2:209–30.  

295 Boene H, Vidler M, Sacoor C, et al. Community perceptions of pre-eclampsia and 

eclampsia in southern Mozambique. Reproductive Health 2016;13:33.  



 229 

296 Vidler M, Charantimath U, Katageri G, et al. Community perceptions of pre-

eclampsia in rural Karnataka State, India: A qualitative study. Reproductive Health 

2016;13(1):45-53. 

297 Raj A. Gender equity and universal health coverage in India. Lancet. 2011;377:618–9.  

298 Mehrotra DM, Chand S. An evaluation of major determinants of health care facilities 

for women in India. IOSR Journal of Humanities Social Science. 2012 Sep;2(5):1-9. 

299 Ved R, Scott K, Gupta G, et al. How are gender inequalities facing India’s one million 

ASHAs being addressed? Policy origins and adaptations for the world’s largest all-

female community health worker programme. Human Resources for Health 

2019;17:3.  

300 IDEO. Design Kit: The Human-Centered Design Toolkit. Accessed via: 

https://www.ideo.com/post/design-kit Last accessed 3 June 2021. 

301 Green J, Thorogood N. Qualitative methods for health research. SAGE publications, 

2018.  

302 Vasileiou K, Barnett J, Thorpe S, et al. Characterising and justifying sample size 

sufficiency in interview-based studies: Systematic analysis of qualitative health 

research over a 15-year period. BMC Medical Research Methodology 2018;18:1–18.  

303 Morse JM. Determining Sample Size. Qualitative Health Research 2000;10:3–5.  

304 van Rijnsoever FJ. (I Can’t Get No) Saturation: A simulation and guidelines for 

sample sizes in qualitative research. PLoS ONE 2017;12:e0181689.  

305 Pope C, Ziebland S, Mays N. Qualitative research in health care: Analysing 

qualitative data. BMJ 2000;320:114–6.  

306 Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in 

Psychology 2006;3:77–101.  



 230 

307 Corbin JM, Strauss A. Grounded Theory Research: Procedures, Canons, and 

Evaluative Criteria. Qualitative sociology. 1990 Mar;13(1):3-21. 

308 Glaser BJ, Strauss AL. The discovery of grounded theory. Routledge; 2017. 

309 Dye J, Schatz I, Rosenberg B, et al. Constant Comparison Method: A Kaleidoscope of 

Data. The Qualitative Report 2000;4:1–10.  

310 Ziebland S, McPherson A. Making sense of qualitative data analysis: An introduction 

with illustrations from DIPEx (personal experiences of health and illness). Medical 

Education 2006;40:405–14.  

311 Ziebland S, Chapple A, Dumelow C, et al. How the internet affects patients’ 

experience of cancer: A qualitative study. BMJ. 2004;328:564–7.  

312 Nguyen PH, Scott S, Avula R, et al. Trends and drivers of change in the prevalence of 

anaemia among 1 million women and children in India, 2006 to 2016. BMJ Global 

Health 2018;3:1010.  

313 Patel A, Prakash AA, Das PK, et al. Maternal anemia and underweight as 

determinants of pregnancy outcomes: Cohort study in eastern rural Maharashtra, 

India. BMJ Open 2018;8: e021623. 

314 Stevens GA, Finucane MM, De-Regil LM, et al. Global, regional, and national trends 

in haemoglobin concentration and prevalence of total and severe anaemia in children 

and pregnant and non-pregnant women for 1995-2011: A systematic analysis of 

population-representative data. Lancet Global Health 2013;1:e16–25.  

315 Nair M, Choudhury MK, Choudhury SS, et al. Association between maternal anaemia 

and pregnancy outcomes: A cohort study in Assam, India. BMJ Global Health 

2016;1:e000026.  

316 Balarajan Y, Ramakrishnan U, Özaltin E, et al. Anaemia in low-income and middle-

income countries. Lancet. 2011;378:2123–35.  



 231 

317 Ministry of Health, Government of India and UNICEF.  Anemia Mukt Bharat.  

Accessed via: https://anemiamuktbharat.info/.  Last accessed 3 June 2021. 

318 Chatterjee N, Fernandes G. “This is normal during pregnancy”: A qualitative study of 

anaemia-related perceptions and practices among pregnant women in Mumbai, India. 

Midwifery 2014;30:e56–63.  

319 Tirore LL, Mulugeta A, Belachew AB, et al. Factors associated with anaemia among 

women of reproductive age in Ethiopia: Multilevel ordinal logistic regression analysis. 

Maternal & Child Nutrition 2021;17:17. 

320 Qureshi R, Sheikh S, Hoodbhoy Z, et al. 254. Community Level Interventions for Pre-

eclampsia (CLIP) in Pakistan: A cluster randomised controlled trial. Pregnancy 

Hypertension 2018;13:S35.  

321 Sevene E, Munguambe K, Sacoor C, et al. 255 Community Level Interventions for 

Pre-eclampsia (CLIP) in Mozambique: A cluster randomised controlled trial. 

Pregnancy Hypertension 2018;13:S36.  

322 Bellad MB, Goudar SS, Mallapur AA, et al. 251. Community Level Interventions for 

Pre-eclampsia (CLIP) in India: A cluster randomised controlled trial. Pregnancy 

Hypertension 2018;13:S35.  

323 Vousden N, Lawley E, Nathan HL, et al. Evaluation of a novel vital sign device to 

reduce maternal mortality and morbidity in low-resource settings: a mixed method 

feasibility study for the CRADLE-3 trial. BMC Pregnancy and Childbirth 2018;18: 

115.  

324 Darmstadt GL, Choi Y, Arifeen SE, et al. Evaluation of a Cluster-Randomized 

Controlled Trial of a Package of Community-Based Maternal and Newborn 

Interventions in Mirzapur, Bangladesh. PLoS ONE 2010;5:e9696.  



 232 

325 Rahman A, Abid M, Siham S, et al. Cognitive behaviour therapy-based intervention 

by community health workers for mothers with depression and their infants in rural 

Pakistan: a cluster-randomised controlled trial. Lancet 2008;372:902–9.  

326 Praveen D, Patel A, Raghu A, et al. SMARTHealth India: Development and Field 

Evaluation of a Mobile Clinical Decision Support System for Cardiovascular Diseases 

in Rural India. JMIR mHealth and uHealth 2014;2:e54.  

327 Anand TN, Joseph LM, Geetha A v., et al. Task sharing with non-physician health-

care workers for management of blood pressure in low-income and middle-income 

countries: a systematic review and meta-analysis. Lancet Global Health 2019;7:e761–

71.  

328 Abdel-All M, Putica B, Praveen D, et al. Effectiveness of community health worker 

training programmes for cardiovascular disease management in low-income and 

middle-income countries: A systematic review. BMJ Open 2017;7:1–11.  

329 Maternal Health Division, Ministry of Health & Family Welfare, Government of 

India. Diagnosis & Management of Gestational Diabetes Mellitus Technical and 

Operational Guidelines. 2018. Accessed via: 

https://nhm.gov.in/New_Updates_2018/NHM_Components/RMNCH_MH_Guideline

s/Gestational-Diabetes-Mellitus.pdf.  Last accessed 3 June 2021. 

330 International Diabetes Federation.  IDF GDM Model of Care: Implementation 

Protocol 2015.  Accessed via: https://idf.org/e-library/guidelines/77-idf-gdm-model-

of-care-implementation-protocol-guidelines-for-healthcare-professionals.html.  Last 

accessed 3 June 2021.  

331 International Diabetes Federation. Diabetes in pregnancy: protecting maternal health. 

Policy briefing 2011. Accessed via: https://www.idf.org/component/attachments/ 

attachments.html?id=701&task=download. Last accessed 3 June 2021. 



 233 

332 International Federation of Gynecology and Obstetrics. The Colombo Declaration On 

Hyperglycemia in Pregnancy - South Asia. 2016. Accessed via: 

https://www.figo.org/news/colombo-declaration-hyperglycemia-pregnancy-south-asia 

Last accessed 3 June 2021. 

333 Kayal A, Mohan V, Malanda B, et al. Women in India with Gestational Diabetes 

Mellitus Strategy (WINGS): Methodology and development of model of care for 

gestational diabetes mellitus (WINGS 4). Indian Journal of Endocrinology and 

Metabolism 2016;20:707–15.  

334 Swaminathan G, Swaminathan A, Corsi DJ. Prevalence of Gestational Diabetes in 

India by Individual Socioeconomic, Demographic, and Clinical Factors. JAMA 

Network Open 2020;3:e2025074.  

335 Jali M v., Desai BR, Gowda S, et al. A hospital based study of prevalence of 

gestational diabetes mellitus in an urban population of India. European Review for 

Medical and Pharmacological Sciences. 2011;15:1306–10. 

336 Lakshmi D, John William Felix A, Devi R, et al. Study on knowledge about 

gestational diabetes mellitus and its risk factors among antenatal mothers attending 

care, urban Chidambaram. International Journal Of Community Medicine And Public 

Health 2018;5:4388.  

337 Ganapathy A, Holla R, Darshan BB, et al. Determinants of gestational diabetes 

mellitus: a hospital-based case–control study in coastal South India. International 

Journal of Diabetes in Developing Countries 2020;41:108–13.  

338 Bhat M, Ramesha KN, Sarma SP, et al. Determinants of gestational diabetes mellitus: 

A case control study in a district tertiary care hospital in south India. International 

Journal of Diabetes in Developing Countries 2010;30:91–6.  



 234 

339 Mohan V, Anjana M, Pradeepa R, et al. The ICMR INDIAB Study–A Compendium 

of Type 2 Diabetes in India: Lessons Learnt for the Nation. Accessed via: 

http://apiindia.org/wp-content/uploads/pdf/medicine_update_2017/mu_241.pdf.  Last 

accessed 3 June 2021.  

340 Deepa R, Lewis MG, van Schayck OCP, et al. Food habits in pregnancy and its 

association with gestational diabetes mellitus: results from a prospective cohort study 

in public hospitals of urban India. BMC Nutrition 2020;6:1–9.  

341 Adekanle DA, Adeyemi AS, Olowookere SA, et al. Health workers’ knowledge on 

future vascular disease risk in women with pre-eclampsia in South Western Nigeria. 

BMC Research Notes 2015;8:576.  

342 Michie S, Johnston M. Theories and techniques of behaviour change: Developing a 

cumulative science of behaviour change. Health Psychology Review 2012;6:1–6.  

343 Michie S, Atkins L, Gainforth HL. Changing behaviour to improve clinical practice 

and policy. In Dias PC, Goncalves A, Azevedo A, et al. (Eds) 2016. Novas 

Competencias: Contributos Atuais da Psicologia. Axioma. 2016. 

344 French SD, Green SE, O’Connor DA, et al. Developing theory-informed behaviour 

change interventions to implement evidence into practice: a systematic approach using 

the Theoretical Domains Framework. Implementation Science 2012;7:38.  

345 Stevely AK, Buykx P, Brown J, et al. Exposure to revised drinking guidelines and 

“COM-B” determinants of behaviour change: Descriptive analysis of a monthly cross-

sectional survey in England. BMC Public Health 2018;18:1–9.  

346 Flannery C, McHugh S, Anaba AE, et al. Enablers and barriers to physical activity in 

overweight and obese pregnant women: An analysis informed by the theoretical 

domains framework and COM-B model. BMC Pregnancy and Childbirth 2018;18:1–

13.  



 235 

347 Essack SY, Sartorius B. Global antibiotic resistance: of contagion, confounders, and 

the COM-B model. Lancet Planetary Health 2018;2:e376–7.  

348 Michie S, West R. Behaviour change theory and evidence: A presentation to 

Government. Health Psychology Review 2013;7:1–22.  

349 Michie S, Atkins L, West R. The Behaviour Change Wheel: A Guide to Designing 

Interventions. London: Silverback Publishing 2014.  

350 Michie S, Atkins L, West R. The APEASE criteria for designing and evaluating 

interventions. In: The Behaviour Change Wheel: A Guide to Designing Interventions. 

Silverback Publishing 2014. 

351 International Organization for Standardization. Ergonomics of human-system 

interaction — Part 11: Usability: Definitions and concepts. ISO 9241-11:2018 (en). 

2018. 

352 Fox D, Sillito J, Maurer F. Agile Methods and User-Centered Design: How These 

Two Methodologies are Being Successfully Integrated in Industry. Agile 2008;:63–72. 

353 Food and Drug Administration. Food and Drug Administration. Applying Human 

Factors and Usability Engineering to Medical Devices. Silver Spring, MA 2016; Aug 

29. 

354 National Institute for Health & Care Excellence. Evidence standards framework for 

digital health technologies 2018.  Accessed via: https://www.nice.org.uk/about/what-

we-do/our-programmes/evidence-standards-framework-for-digital-health-

technologies. Last Accessed 9 May 2021. 

355 Daru J, Zamora J, Fernández-Félix B, et al. Risk of maternal mortality in women with 

severe anaemia during pregnancy and post partum: a multilevel analysis. Lancet 

Global Health 2018;6(5):e548-54. 



 236 

356 Bokslag A, Kroeze W, de Groot CJ, Teunissen PW. Cardiovascular risk after 

preeclampsia: the effect of communicating risk factors on intended healthy behavior. 

Hypertension in pregnancy. 2018;37(2):98-103. 

357 Kassebaum NJ, Bertozzi-Villa A, Coggeshall MS, et al. Global, regional, and national 

levels and causes of maternal mortality during 1990-2013: A systematic analysis for 

the Global Burden of Disease Study 2013. Lancet 2014;384:980–1004.  

358 Say L, Chou D, Gemmill A, et al. Global causes of maternal death: a WHO systematic 

analysis. Lancet Global Health. 2014 Jun 1;2(6):e323-33. 

359 Cairns AE, Tucker KL, Leeson P, et al. Self-management of postnatal hypertension 

the SNAP-HT trial. Hypertension 2018;72:425–32.  

360 Royal College of Obstetricians & Gynaecologists. Self-monitoring of blood pressure 

in pregnancy: information for healthcare professionals. Royal College of Obstetricians 

& Gynaecologists. 2020.  Accessed via: 

https://www.rcog.org.uk/globalassets/documents/guidelines/2020-03-30-self-

monitoring-of-blood-pressure-in-pregnancy.pdf.  Last accessed 3 June 2021.  

361 Rushbrook J, Shennan A. Self-monitoring of blood pressure in pregnancy. 

Professional care of mother and child 1997;7:88–90. 

362 Perry H, Sheehan E, Thilaganathan B, et al. Home blood-pressure monitoring in a 

hypertensive pregnant population. Ultrasound in Obstetrics and Gynecology 

2018;51:524–30.  

363 Gupta Y, Kapoor D, Desai A, et al. Conversion of gestational diabetes mellitus to 

future Type 2 diabetes mellitus and the predictive value of HbA 1c in an Indian 

cohort. Diabetic Medicine 2017;34:37–43.  



 237 

364 Jindal R, Siddiqui MA, Gupta N, et al. Prevalence of glucose intolerance at 6 weeks 

postpartum in Indian women with gestational diabetes mellitus. Diabetes and 

Metabolic Syndrome: Clinical Research and Reviews 2015;9:143–6.  

365 Prado AG. How to Change Behavior To Improve Maternal and Neonatal Health in 

Rural Areas of Latin America. Inter-American Development Bank (IDB). 2016. 

Accessed via: https://publications.iadb.org/publications/english/document/How-to-

Change-Behavior-to-Improve-Maternal-and-Neonatal-Health-in-Rural-Areas-of-

Latin-America.pdf.  Last accessed 3 June 2021. 

366 Soltani H, Arden MA, Duxbury AMS, et al. An analysis of behaviour change 

techniques used in a sample of gestational weight management trials. Journal of 

Pregnancy 2016;2016:1085916. 

367 Ahmed I, Ali SM, Amenga-Etego S, Ariff S, Bahl R, Baqui AH, Begum N, Bhandari 

N, Bhatia K, Bhutta ZA, Biemba G. Population-based rates, timing, and causes of 

maternal deaths, stillbirths, and neonatal deaths in south Asia and sub-Saharan Africa: 

a multi-country prospective cohort study. Lancet Global Health. 2018 Dec 

1;6(12):e1297-308. 

368 Bhavadharini B, Anjana RM, Mahalakshmi MM, et al. Glucose tolerance status of 

Asian Indian women with gestational diabetes at 6 weeks to 1 year postpartum 

(WINGS-7). Diabetes Research and Clinical Practice 2016;117:22–7.  

369 Jindal R, Siddiqui MA, Gupta N, et al. Prevalence of glucose intolerance at 6 weeks 

postpartum in Indian women with gestational diabetes mellitus. Diabetes and 

Metabolic Syndrome: Clinical Research and Reviews 2015;9:143–6.  

370 Visser VS, Hermes W, Franx A, et al. High blood pressure six weeks postpartum after 

hypertensive pregnancy disorders at term is associated with chronic hypertension. 

Pregnancy Hypertension 2013;3:242–7.  



 238 

371 Powles K, Gandhi S. Postpartum hypertension. CMAJ 2017;189:E913.  

372 Wang T, Zheng W, Huang W, et al. Risk factors for abnormal postpartum glucose 

outcome in women with gestational diabetes mellitus diagnosed by modified The 

International Association of the Diabetes and Pregnancy Study Groups criteria. 

Journal of Obstetrics and Gynaecology Research 2019;45:1545–52.  

373 August P, Malha L. Postpartum Hypertension “It Ain’t Over ‘til It’s Over.” 

Circulation 2015;132:1690–2. 

374 Babah O, Olaleye O, Afolabi B. Postpartum Sequelae of the Hypertensive Diseases of 

Pregnancy: A Pilot Study. Niger Med J 2018;59:1–6. 

375 Nathan HL, Vousden N, Lawley E, et al. Development and evaluation of a novel Vital 

Signs Alert device for use in pregnancy in low-resource settings. BMJ Innovations 

2018;4:192–8.  

376 Khedagi AM, Bello NA. Hypertensive Disorders of Pregnancy. Cardiology Clinics 

2021;39:77–90.  

377 Vousden N, Lawley E, Nathan HL, et al. Articles Effect of a novel vital sign device 

on maternal mortality and morbidity in low-resource settings: a pragmatic, stepped-

wedge, cluster-randomised controlled trial. Lancet Global Health. 2019 Mar 

1;7(3):e347-56. 

378 Federation of Obstetric & Gynaecological Societies of India. Hypertensive Disorders 

of Pregnancy. Federation of Obstetric & Gynaecological Societies of India. 2014.  

Accessed via: https://www.fogsi.org/wp-content/uploads/2015/11/hdp.pdf.  Last 

accessed 9 May 2021.  

379 World Health Organization. WHO recommendations for prevention and treatment of 

preeclampsia and eclampsia: Implications and actions. World Health Organization 

2014.  



 239 

380 Wrig Nanosystems. TrueHb Hemometer: For ultra-convenient hemoglobin 

measurement.  Accessed via: https://www.truehb.com/meter.php.  Last accessed 9 

May 2021. 

381 Neogi SB, Negandhi H, Kar R, et al. Diagnostic accuracy of haemoglobin colour strip 

(HCS-HLL), a digital haemoglobinometer (TrueHb) and a non-invasive device 

(TouchHb) for screening patients with anaemia. Journal of Clinical Pathology 

2016;69:164–70.  

382 Harden RM, Stamper N. What is a spiral curriculum? Medical Teacher 1999;21:141–

3.  

383 Kolb DA. Experiential learning: Experience as the source of learning and 

development. FT press, 2014.  

384 Hutchinson L. Educational environment. BMJ 2003;326:810–2.  

385 Dufrene BA, Noell GH, Gilbertson DN, et al. Monitoring Implementation of 

Reciprocal Peer Tutoring: Identifying and Intervening With Students Who Do Not 

Maintain Accurate Implementation. School Psychology Review 2005;34:74–86.  

386 Sterling-Turner HE, Watson TS, Moore JW. The effects of direct training and 

treatment integrity on treatment outcomes in school consultation. School Psychology 

Quarterly. 2002;17:47–77.  

387 Maulik PK, Kallakuri S, Devarapalli S, et al. Increasing use of mental health services 

in remote areas using mobile technology: a pre-post evaluation of the SMART Mental 

Health project in rural India. Journal of Global Health 2017;7:10408.  

388 Draw.io. Diagram & flowchart maker.  Accessed via: https://drawio-app.com.  Last 

accessed 9 May 2021.  

389 Balsalmiq Cloud. Fast, Approachable, Collaborative Wireframing.  Accessed via: 

https://balsamiq.cloud.  Last accessed 9 May 2021.  



 240 

390 MuleSoft. What is an API? (Application Programming Interface).  Accessed via:  

https://www.mulesoft.com/resources/api/what-is-an-api.  Last accessed 9 May 2021.  

391 Fowler M, Highsmith J. The agile manifesto. Software Development. 2001 Aug 

1;9(8):28-35. 

392 Nielsen J, Landauer TK. A mathematical model of the finding of usability problems. 

In Proceedings of the INTERACT'93 and CHI'93 conference on Human factors in 

computing systems. 1993 May 1 (pp. 206-213). 

393 Mills T, Lawton R, Sheard L. Advancing complexity science in healthcare research: 

The logic of logic models. BMC Medical Research Methodology 2019;19:1–11.  

394 Adam MB, Minyenya-Njuguna J, Karuri Kamiru W, et al. Implementation research 

and human-centred design: how theory driven human-centred design can sustain trust 

in complex health systems, support measurement and drive sustained community 

health volunteer engagement. Health Policy and Planning 2020;35:ii150–62.  

395 Garcia-Prado A. Changing Behavioral Patterns Related to Maternity and Childbirth in 

Rural and Poor Populations: A Critical Review. The World Bank Research Observer. 

2019 Feb 1;34(1):95-118. 

396 Currie S, Sinclair M, Murphy MH, et al. Reducing the decline in physical activity 

during pregnancy: a systematic review of behaviour change interventions. PLoS one 

2013;8:e66385–e66385.  

397 Kim SS, Nguyen PH, Tran LM, et al. Different combinations of behavior change 

interventions and frequencies of interpersonal contacts are associated with infant and 

young child feeding practices in Bangladesh, Ethiopia, and Vietnam. Current 

Developments in Nutrition 2020;4:1–10.  



 241 

398 Briscoe C, Aboud F. Behaviour change communication targeting four health 

behaviours in developing countries: A review of change techniques. Social Science 

and Medicine 2012;75:612–21.  

399 Harris-Fry H, Hearn M, Pradhan R, et al. How to design a complex behaviour change 

intervention: experiences from a nutrition-sensitive agriculture trial in rural India. 

BMJ Global Health 2020;5:e002384.  

400 Modi D, Dholakia N, Gopalan R, et al. mHealth intervention “ImTeCHO” to improve 

delivery of maternal, neonatal, and child care services-A cluster-randomized trial in 

tribal areas of Gujarat, India. PLoS medicine 2019;16:e1002939.  

401 Chaudoir SR, Dugan AG, Barr CHI. Measuring factors affecting implementation of 

health innovations: a systematic review of structural, organizational, provider, patient, 

and innovation level measures. Implementation Science 2013;8:22.  

402 Blankenship KM, Friedman SR, Dworkin S, et al. Structural interventions: Concepts, 

challenges and opportunities for research. Journal of Urban Health 2006;83:59–72.  

403 Eldridge SM, Lancaster GA, Campbell MJ, et al. Defining feasibility and pilot studies 

in preparation for randomised controlled trials: Development of a conceptual 

framework. PLoS ONE 2016;11:1–22.  

404 Rabinstein AA, Brinjikji W, Kallmes DF. Equipoise in Clinical Trials. Circulation 

Research 2016;119:798–800.  

405 Eldridge SM, Chan CL, Campbell MJ, et al. CONSORT 2010 statement: Extension to 

randomised pilot and feasibility trials. The BMJ 2016;355.  

406 ClinicalTrials.gov.  SMARThealth Pregnancy: Feasibility & Acceptability of a 

Complex Intervention for High-risk Pregnant Women in Rural India: 

ClinicalTrials.gov Identifier: NCT03968952.  Accessed via: 

https://clinicaltrials.gov/ct2/show/NCT03968952.  Last accessed 9 May 2021. 



 242 

407 M. Dawn Teare, Munyaradzi Dimairo, Neil Shephard, et al. Sample size requirements 

to estimate key design parameters from external pilot randomised controlled trials: a 

simulation study. Trials 2014;15:264. 

408 Browne RH. On the use of a pilot sample for sample size determination. Statistics in 

Medicine. 1995;14:1933–40.  

409 Whitehead AL, Julious SA, Cooper CL, et al. Estimating the sample size for a pilot 

randomised trial to minimise the overall trial sample size for the external pilot and 

main trial for a continuous outcome variable. Statistical Methods in Medical Research 

2015;25:1057–73.  

410 Government of India. Haryana Primary Health Centre data. District-wise Primary 

Health Centres/Sub-centres in Haryana.  Accessed via: 

http://haryanahealth.nic.in/Documents/PHCsubcenter.pdf.  Last accessed 9 May 2021.  

411 Government of India. Andhra Pradesh Guntur District Primary Health Centre data: 

Guntur District.  Accessed via: https://pcb.ap.gov.in/Attachments 

270519/BioMedical/HcfList/Guntur district.pdf. Last accessed 9 May 2021.  

412 Gale NK, Heath G, Cameron E, et al. Using the framework method for the analysis of 

qualitative data in multi-disciplinary health research. BMC Medical Research 

Methodology 2013;13:117.  

413 Ministry of Health and Family Welfare, Government of India. Enabling Delivery of 

Essential Health Services during the COVID 19 Outbreak: Guidance note. 

2020;22:60–70. Accessed via: 

https://www.mohfw.gov.in/pdf/EssentialservicesduringCOVID19updated0411201.pdf

.  Last accessed 3 June 2021. 

414 UNICEF. Minimum Quality Standards and Indicators for Community Engagement. 

Guidance Towards High Quality, Evidence-Based Community Engagement in The 



 243 

Development and Humanitarian Contexts. 2020. Accessed via: 

https://www.unicef.org/mena/reports/community-engagement-standards. Last 

accessed 9 May 2021.   

415 Harris J, Croot L, Thompson J, et al. How stakeholder participation can contribute to 

systematic reviews of complex interventions. Journal of Epidemiology and 

Community Health 2016;70:207–14.  

416 Tindana PO, Singh JA, Tracy CS, et al. Grand challenges in global health: 

Community engagement in research in developing countries. PLoS Medicine 

2007;4:1451–5.  

417 Participants in the Community Engagement and Consent Workshop, Kilifi, Kenya M 

2011. Consent and Community Engagement in diverse research contexts : Reviewing 

and developing research and practice. J Empir Res Hum Res Ethics;8:1–18. 

418 Okello G, Jones C, Bonareri M, et al. Challenges for consent and community 

engagement in the conduct of cluster randomized trial among school children in low 

income settings: Experiences from Kenya. Trials 2013;14:1–11.  

419 Yardley L, Ainsworth B, Arden-Close E, et al. The person-based approach to 

enhancing the acceptability and feasibility of interventions. Pilot and Feasibility 

Studies 2015;1:1–7. 

420 Finkelstein JL, Kurpad A v., Bose B, et al. Anaemia and iron deficiency in pregnancy 

and adverse perinatal outcomes in Southern India. European Journal of Clinical 

Nutrition 2020;74:112–25.  

421 Nguyen PH, Scott S, Avula R, et al. Trends and drivers of change in the prevalence of 

anaemia among 1 million women and children in India, 2006 to 2016. BMJ Global 

Health 2018;3:1–12.  



 244 

422 Magee LA, Nathan H, Adetoro OO, et al. 256. The incidence of pregnancy 

hypertension in the Community Level Interventions for Pre-eclampsia (CLIP) trials – 

Population-level data from Mozambique, Nigeria, India and Pakistan. Pregnancy 

Hypertension 2018;13:S36. 

423 Ye C, Ruan Y, Zou L, et al. The 2011 survey on hypertensive disorders of pregnancy 

(HDP) in China: Prevalence, risk factors, complications, pregnancy and perinatal 

outcomes. PLoS ONE 2014;9(6):e100180. 

424 Melo B, Amorim M, Katz L, et al. Hypertension, pregnancy and weather: is 

seasonality involved?. Revista da Associação Médica Brasileira. 2014;60(2):105-10. 

425 Rohr Thomsen C, Brink Henriksen T, Uldbjerg N, et al. Seasonal variation in the 

hypertensive disorders of pregnancy in Denmark. Acta Obstetricia et Gynecologica 

Scandinavica 2020;99:623–30.  

426 Mithal A, Bansal B, Kalra S. Gestational diabetes in India: Science and society. 

Indian Journal of Endocrinology and Metabolism 2015;19:701–4. 

427 Rajput R, Yadav Y, Nanda S, et al. Prevalence of gestational diabetes mellitus & 

associated risk factors at a tertiary care hospital in Haryana. Indian Journal of Medical 

Research 2013;137:728–33. 

428 Seshiah V, Balaji V, Balaji MS, et al. Prevalence of gestational diabetes mellitus in 

South India (Tamil Nadu) - A community based study. Journal of Association of 

Physicians of India 2008;56:329–33. 

429 Bourdieu P, Wacquant L. Symbolic capital and social classes. Journal of Classical 

Sociology 2013;13:292–302.  

430 Naimoli JF, Frymus DE, Wuliji T, et al. A Community Health Worker “logic model” : 

Towards a theory of enhanced performance in low- and middle-income countries. 

Human Resources for Health 2014;12:1–16.  



 245 

431 Willis-Shattuck M, Bidwell P, Thomas S, et al. Motivation and retention of health 

workers in developing countries: A systematic review. BMC Health Services Research 

2008;8:1–8.  

432 Wahid SS, Munar W, Das S, et al. “Our village is dependent on us. That’s why we 

can’t leave our work”. Characterizing mechanisms of motivation to perform among 

Accredited Social Health Activists (ASHA) in Bihar. Health Policy and Planning 

2020;35:58–66.  

433 Gopalan SS, Mohanty S, Das A. Assessing community health workers’ performance 

motivation: A mixed-methods approach on India’s Accredited Social Health Activists 

(ASHA) programme. BMJ Open 2012;2:1–10.  

434 Martin CM. Complex adaptive systems approaches in health care—A slow but real 

emergence? Journal of Evaluation in Clinical Practice 2018;24:266–8. 

435 The Health Foundation. Evidence Scan: Complex Adaptive Systems. The Health 

Foundation, London. 2010.  Accessed via:  

https://www.health.org.uk/publications/complex-adaptive-systems.  Last accessed 9 

May 2021.  

436 Maguire S, McKelvey B, Mirabeau L, et al. Complexity science and organization 

studies. SAGE Handbook of Organization Studies. 2006 Jun 18:165-214.  

437 Bihar Technical Support Program:  Innovation Brief no: 2.  Team-based goals and 

incentives. CARE.  Accessed via: https://www.care.org/wp-

content/uploads/2020/06/Bihar_2_REV_SCREEN.pdf.  Last accessed 3 June 2021. 

438 Catlett BC, Halper A. Team Approaches : Working Together to Improve Quality. 

Quality Improvement Digest 1992:7. 

439 Mennin S. Self-organisation, integration and curriculum in the complex world of 

medical education. Medical Education 2010;44:20–30.  



 246 

440 McDaniel RR, Lanham HJ, Anderson RA. Implications of complex adaptive systems 

theory for the design of research on health care organizations. Health Care 

Management Review 2009;34:191–9.  

441 Valentijn PP, Schepman SM, Opheij W, et al. Understanding integrated care: A 

comprehensive conceptual framework based on the integrative functions of primary 

care. International Journal of Integrated Care 2013;13.  

442 Greenfield G, Foley K, Majeed A. Rethinking primary care’s gatekeeper role. BMJ 

2016;354:1–6.  

 
 

 

 

 

 

 

 



 247 

Appendices 
 

Table of Contents 

APPENDIX A    ......................................................................................................................................... 248 

A1.1: LITERATURE REVIEW – METHODS AND SEARCHES .............................................................................. 248 

A1.2: SYSTEMATIC REVIEW OF INTEGRATION OF NON-COMMUNICABLE DISEASE (NCD) HEALTHCARE 
PROGRAMMES INTO ANTENATAL CARE PLATFORMS IN LOW AND MIDDLE-INCOME COUNTRIES (LMICS) .... 251 

APPENDIX B:    ........................................................................................................................................ 258 

B1.1 PHASE 1: TOPIC GUIDES ...................................................................................................................... 258 

B1.2 CHAPTER 4:  INTERVIEW CODES FOR QUALITATIVE STUDY PARTICIPANTS ......................................... 262 

APPENDIX C: ETHICAL APPROVAL LETTERS (UK AND INDIA)   ........................................... 263 

C1.1 PHASE 1: QUALITATIVE STUDY (CHAPTER 4) ...................................................................................... 263 

C1.2 ETHICAL APPROVALS PHASE 2: USABILITY TESTING OF SMARTHEALTH PREGNANCY (CHAPTER 5) 267 

C1.3 ETHICAL APPROVALS PHASE 3: PILOT STUDY OF SMARTHEALTH PREGNANCY (CHAPTER 6) ........... 271 

C1.4 CERTIFICATE OF TRANSCRIPTION SERVICES IN INDIA .......................................................................... 274 

APPENDIX D .....................................................................................................................................        275 

D1.1 USABILITY TESTING SCENARIOS AND PROCEDURES ............................................................................. 275 

D1.2: EXAMPLE OF USABILITY TESTING FEEDBACK AND ITERATIVE REFINEMENT OF SMARTHEALTH 
PREGNANCY APP .......................................................................................................................................... 277 

D1.3 EXAMPLE OF TRAINING MANUAL CONTENTS AND LEARNING OUTCOMES ............................................ 279 

D1.4 EXAMPLE OF EDUCATION & TRAINING SESSION PLANS ....................................................................... 280 

D1.5 EXAMPLES OF AWARENESS PROGRAMME LEAFLETS ............................................................................ 281 

D1.6 TIDIER CHECKLIST FOR THE SMARTHEALTH PREGNANCY ................................................................. 282 

APPENDIX E: PILOT STUDY OF SMARTHEALTH PREGNANCY (CHAPTER 6) ............        286 

E1.1 ASHA DEMOGRAPHIC DATA ................................................................................................................ 286 

E1.2 QUALITATIVE PROCESS EVALUATION: FOCUS GROUP AND INTERVIEW DESCRIPTIVE DATA ................. 286 

E1.3 FRAMEWORK ANALYSIS MATRIX USING NORMALISATION PROCESS THEORY CONSTRUCTS (EXCERPT)

 ..................................................................................................................................................................... 287 

 

 

 

 

 

  



 248 

Appendix A: Literature Review methods (Chapter 2) 
 

A1.1: Literature review – methods and searches 
 

The literature review involved synthesis of evidence from several different topic areas 

(Table A.1).  I followed the methods for narrative literature review outlined by Gregory et 

al, 2018 5; starting with defining the topic area, then searching the literature, critically 

appraising the relevant literature, making notes, finding a logical structure within the 

literature, and finally writing the review (Chapter 2).   

 

Literature searches were conducted using PubMed, MEDLINE, and supplemented by 

searches of the grey literature and Google Scholar, to identify both systematic reviews and 

metanalyses in the broad topic areas listed in Table A.1, as well as more targeted search 

strategies addressing the risks of cardiometabolic disorders following a pregnancy 

complicated by HDP or GDM in LMIC settings (example given in Figure A.1).  In 

addition, I set up auto-alerts for the search strategies on OVID-MEDLINE (database), to 

receive monthly updates on new research papers in the topics of interest and iteratively 

updated the literature review until February 2021.  Evidence was critically synthesised into 

thematic areas, as presented in Chapter 2 of the thesis.  

 

 

 

 

 
5 Gregory AT, Denniss AR. An introduction to writing narrative and systematic reviews—Tasks, tips and 

traps for aspiring authors. Heart, Lung and Circulation. 2018 Jul 1;27(7):893-8. 
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Table A.1: Topics for literature review 

Overview of literature search topic areas and review questions 
1. Hypertensive Disorders of Pregnancy & Cardiovascular risk:  What are the risks of 

developing chronic hypertension and cardiovascular disease following a pregnancy 

complicated by HDP? [in LMICs?] 

2. Gestational Diabetes & risk of Type 2 Diabetes Mellitus and Cardiovascular disease:  
What are the risks of developing T2DM following a pregnancy complicated by GDM? [in 

LMICs?] 

3. Gestational diabetes and screening in LMICs:  What are the methods for screening for 

GDM in LMIC settings?  

4. Gestational diabetes and postpartum screening:  What are the postpartum screening 

practices for women with GDM? [in LMICs?] 

5. Community Health Workers (CHWs) and High-Risk Pregnancy:  How are CHWs involved 

in the care of women with high-risk pregnancies in LMIC settings? 

6. Community Health Workers and mHealth technology:  For what conditions, and in what 

contexts do CHWs use mHealth, and is there evidence of clinical effecetiveness?  

7. Community Health Workers and NCD prevention:  What evidence is there for task-sharing 

with CHWs in NCD prevention? 
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Figure A.1: Example of search strategy for investigating risk of T2DM in women 
with a history of GDM 
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A1.2: Systematic review of integration of non-communicable disease 
(NCD) healthcare programmes into antenatal care platforms in low and 
middle-income countries (LMICs) 
 

In addition to the literature searches described above, for the chapter 2 section: 2.5 Health 

systems strengthening for women's life-long health’, I  conducted a systematic review 

of the literature entitled:  A systematic review of integration of non-communicable 

disease (NCD) healthcare programmes into antenatal care platforms in low and 

middle-income countries (LMICs).  The review was registered on the systematic review 

registration database – PROSPERO 6 .  With the guidance of the University librarian (Mrs 

Liz Callow), I searched the following databases: MEDLINE, EMBASE, CAB abstracts & 

Global Health, supplemented by grey literature searches.  The search strategy was adapted 

from ‘de Jongh et al 7 (Figure A.2).   

 

 
6  PROSPERO registration: 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42018090215 
7 de Jongh TE, Gurol–Urganci I, Allen E, Zhu NJ, Atun R. Integration of antenatal care services with 
health programmes in low–and middle–income countries: systematic review. Journal of global health. 

2016 Jun;6(1) 
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Figure A.2:  Search strategy for systematic review on the integration of non-

communicable disease (NCD) healthcare programmes into antenatal care platforms 

in low and middle-income countries (LMICs) 
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Search strategy continued:

 

Figure A.3 outlines the screening process in a PRISMA flowchart, and the results of the 

relevant studies (n=8) are synthesised in Table A.2.  The findings of the systematic review 

contributed to Chapter 2, and to the discussion of Chapter 6 of my thesis.  
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Figure A.3: PRISMA flowchart for systematic review of integrated care healthcare 

programmes into antenatal care platforms in low and middle-income countries 

(LMICs) 
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Table A
.2: Table of results for system

atic review
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Appendix B: Qualitative Study documents (Chapter 4) 

 
B1.1 Phase 1: Topic Guides  
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B1.2 Chapter 4:  Interview codes for Qualitative Study Participants 
 

Code Role District 

HGOV01 National Health Mission lead Jhajjar 

HGOV02 National Health Mission lead Jhajjar 

APGOV01 National Health Mission lead Guntur 

HOBGY01 Government Obstetrician Jhajjar 

HOBGY02 Government Obstetrician Jhajjar 

APOBGY01 Government Obstetrician Guntur 

APOBGY02 Government Obstetrician Guntur 

HPCP01  Government Primary Care Physician Jhajjar 

HPCP02 Government Primary Care Physician Jhajjar 

APPCP01 Government Primary Care Physician Guntur 

APPCP02 Government Primary Care Physician Guntur 

HANM01 to ANM04 Auxiliary Nurse Midwife Jhajjar 

APANM 01 to 11 Auxiliary Nurse Midwife Guntur 

HASHA 01 to 06 Accredited Social Health Activist Jhajjar 

HANGA 01 to 02 Anganwadi Jhajjar 

APASHA 01 to 05 Accredited Social Health Activist Guntur 

APANG 01 to 04 Anganwadi Guntur 

HLAB 01 to 02 Government Laboratory Technician Jhajjar 

APLAB01 Government Laboratory Technician   Guntur 

HPREG 01 to 04 Pregnant/Postpartum woman Jhajjar 

APPREG 01 to 10 Pregnant/Postpartum woman Guntur 

APPREG 11 to 20 Pregnant/Postpartum woman Guntur 
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Appendix C: Ethical Approval letters (UK and India) 
 
C1.1 Phase 1: Qualitative Study (Chapter 4) 
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C1.2 Ethical Approvals Phase 2: Usability testing of SMARThealth 
Pregnancy (Chapter 5) 
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C1.3 Ethical Approvals Phase 3: Pilot study of SMARThealth 
Pregnancy (Chapter 6) 
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C1.4 Certificate of Transcription services in India 
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Appendix D: Usability testing & Intervention (Chapter 5) 
 
D1.1 Usability testing scenarios and procedures 
 

Usability testing research question:  What are the task performance outcomes, error rates, and 
satisfaction of CHWs and PCPs in completing two clinical scenarios relating to the screening, 
referral and management of high-risk pregnant women, using the SMARThealth Pregnancy mobile 
clinical decision support system?  
 
The aims of the usability testing were to determine: 

a) Time on Task:  Measured by “clicks” to completion, and time taken to successfully 
complete each task.  

b) Task Completion: Whether CHWs and PCPs can complete the task without 
making errors to ensure correct outcomes and safety.   

c) Satisfaction of the end-users (CHWs and PCPs) in using the SMARThealth 
Pregnancy platform.  

 
Objectives: 
 

1. To assess the time to completion of each mock clinical scenario using the 
SMARThealth Pregnancy platform by CHWs and PCPs. 

 
2. To assess the correct completion of each clinical scenario by CHWs and PCPs, and 

if there are any errors made (human error rate).  
 

3. To obtain feedback from CHWs and PCPs on the ease of using the SMARThealth 
Pregnancy platform, their satisfaction with the design.  

 
 
Structure of Usability testing sessions 

Timing Task 
0 – 15 mins Introduction to SMARThealth Pregnancy and the digital platform. 
15 – 25 mins Introduction to the tasks and questions relating to this.  
25 – 40 mins Completion of task 1: Each CHW/PCP will complete the task independently  
40 – 50 mins Feedback from task 1: Satisfaction, concerns or errors? 
50 – 65 mins Completion of task 2. 
65 – 75 mins Feedback from task 2 (as above).  
75 – 90 mins Discussion and closure of session. 

 
Measures of Task Completion (adapted from ISO usability testing manual): 
 

1) Fails to complete the task correctly, gives up, or succeeds only with an assist from 
moderator. 
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2) Succeeds, but in a roundabout way, making errors, needing to back track or using 
on-line help. 

3) Succeeds quickly, following the route the designers intended. 
 

 
Observational code:  
 
Observers (myself and research assistant) will use observational code (see below) to describe any 
issues faced by the participant during the tasks, and their associated verbal comments.  
 

S Start task 
E End task 
G General comment 
P Positive opinion  
N Negative opinion 
X Usability problem 
* Video highlight — an “Ah-ha!” moment 
B Bug 
F Facial reaction (e.g. surprise) 
A Assist from moderator 
Q Gives up or wrongly thinks finished 
H Help or documentation accessed 
M Miscellaneous (general observation by logger) 
 

 
Discussion points during user-feedback (adapted from the System Usability Scale – a 
validated tool for usability testing (Brooke J, 1996): 
 

1. Was the platform easy to use? What makes you feel this way?  
 

2. Was any part unnecessarily complex?  How so? 
 

3. Did you feel confident using the platform and completing the tasks?  
 

4. Would you have liked more training?  
 

5. What would make this easier to use?  
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जोिखम वाली िस्थ
ित हैं जो बच्च

 ेऔ
र मा ंके िलए गंभीर समस्य

ाएं पदैा कर सकती हैं।

Ģȹ
 ǭ
ǎŢǧ

ȁ ǨȀŁǈȉˀ
Ł

ȍ
Ƴ ǫǻŁ ǽɢ

पंजीकरण औ
र पहली जॉचं

गभार्वस्थ
ा के पहल े12 हफ्त

ो ंमें
दसूरी जॉचं

13 औ
र 26 हफ़्त

 े के बीच
तीसरी जॉचं

27 औ
र 36 हफ़्त

 े के बीच
चौथी जॉचं

36 हफ़्त
 ेऔ

र िडलीवरी की तारीख के बीच

िचिकत्स
ा अिधकारी द्वारा सुझाए गए उच्च

 जोिखम वाली पिरिस्थ
ितयो ंके िलए अपनी जाचं करवाएं 

रक्त
चाप की िनगरानी

रक्त
 शकर्रा परीक्षण

हीमोग्ल
ोिबन के िलए रक्त

 परीक्षण

यिद आ
पकी गभार्वस्थ

ा में उच्च
 जोिखम वाली िस्थ

ित है, तो आ
पको अपने पीएचसी /

अस्प
ताल में अिधक बार  जॉंच के िलए जाना पड सकता है।

सभी प्रसवपूवर् जॉंच में
पहली जॉंच में औ

र 6-7 महीने के बीच 
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Appendix E: Pilot study of SMARThealth Pregnancy (Chapter 
6) 
 
E1.1 ASHA demographic data 

 

 

 

 

 

E1.2 Qualitative process evaluation: Focus group and interview 
descriptive data  

 Haryana Andhra Pradesh 
 FGD IDI FGD IDI 
Pregnant/postpartum women (n=5) -  3 (4) -   1 (1) 
ASHAs (n= 52) and ANMs (n = 4) 3 (26) 2 (2) 2 (26) 1 (2) 
     
Total no: of participants n= 61     

ASHA demographics Mean (Range) 
Age 39 (28 – 56) 
Years in full time education 9.7 (5-15) 
Years as an ASHA 10.7 (2-14) 
Smartphone use 29/44 (66%)  

had used Smartphone 
Total 44 
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Presentations, Publications, Public Engagement & Funding 
 

Presentations during DPhil  
 

• 2021: Finalist presentation: SMARThealth Pregnancy: The development & 

evaluation of a complex intervention for pregnant women at high risk of future 

cardiometabolic disorders in rural India.  Royal College of Obstetrics & 

Gynaecology, Annual Academic Meeting, London, UK.  

 

• 2019: Poster Presentation: Hypertension and diabetes in pregnancy and long-

term risk of type 2 diabetes and cardiovascular disease: A qualitative study of the 

perceptions of women and healthcare workers in rural India, Royal College of 

Obstetrics & Gynaecology World Congress, London, UK.  

 

• 2019: National Policy Meeting - Speaker: SMARThealth Pregnancy, and panel 

member National Workshop on High-risk Pregnancies & NCDs, The India 

International  Centre,  New Delhi, March 2019 and Vijayawada, India, April 

2019.  

 

• 2019: Panel expert: Gender health equity over the life course: Identifying and 

overcoming the barriers women face in accessing health systems in low-resource 

settings for Taskforce on Women and NCDs to the Global Symposium 

on Health Systems Research, Heath Services Global Conference, Liverpool, UK.  
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• 2018: Oral Presentation: SMARThealth Pregnancy: Strengthening community-

level detection, referral and management of pregnant women at high-risk of 

future cardiometabolic disorders in rural India. 15th World Organization of 

Family Doctors (WONCA) World Rural Health conference, New Delhi 26-29th 

April 2018.  

 

• 2018: Oral presentation: “Implementation Science: Theories & Frameworks”,  

Skills Building session on Innovative methodologies for global health systems 

strengthening, at Health Systems Global Conference, Liverpool, UK.   

 

• 2018: Presentation and organising committee member Mobile Health in Low and 

Middle Income Settings conference, Oxford UK.  Presented on “mHealth 

Evaluation”, and “Summary of the mHealth conference”, Green Templeton 

College, Oxford, UK.  

 

• 2018: Oral presentation: The development and evaluation of a complex 

intervention: SMARThealth Pregnancy, Crossing Boundaries Conference DPhil 

presentation day, University of Oxford.  

 

• 2017: Oral presentation: The development and evaluation of a complex 

intervention: SMARThealth Pregnancy, DPhil presentation day, Nuffield 

Department of Women’s & Reproductive Health, Oxford.  

 

 

 



 291 

Publications during DPhil 
 

Related to Thesis 

 

1. Nagraj S, Kennedy SH, Jha V, Norton R, Hinton L, Rajan E, Arora V, Praveen D, 

Hirst JE.  SMARThealth Pregnancy: The development & evaluation of a complex 

intervention for pregnant women at high risk of future cardiometabolic disorders 

in rural India (RCOG conference issue).  BJOG: An International Journal of 

Obstetrics & Gynaecology. In press 2021.  

 

2. Nagraj S, Kennedy SH, Jha V, Norton R, Hinton L, Rajan E, Arora V, Praveen D, 

Hirst JE. SMARThealth Pregnancy: Feasibility and acceptability of a complex 

intervention for high-risk pregnant women in rural India: Protocol for a pilot 

cluster randomised controlled trial. Frontiers in Global Women’s Health, 2021:2; 

620759. 

 

3. Nagraj S, Kennedy SH, Norton R, Jha V, Praveen D, Hinton L, Hirst JE. 

Cardiometabolic Risk Factors in Pregnancy and Implications for Long-Term 

Health: Identifying the Research Priorities for Low-Resource Settings. Frontiers 

in Cardiovascular Medicine. 2020 Mar 20;7:40. 

 

4. Nagraj S, Hinton L, Praveen D, Kennedy S, Norton R, Hirst J. Women's and 

healthcare providers’ perceptions of long‐term complications associated with 

hypertension and diabetes in pregnancy: a qualitative study. BJOG: An 

International Journal of Obstetrics & Gynaecology. 2019 Aug 16. 

 



 292 

5. Hirst J, Nagraj S, Norton R, Kennedy S, Mackillop L, Henry A. The obstetrician's 

role in preventing cardiometabolic disease. The Obstetrician and Gynaecologist, 

2019.  

 

6. Winters N, Langer L, Nduku P, Robson J, O'Donovan J, Maulik P, Paton C, 

Geniets A, Peiris D, Nagraj S. Using mobile technologies to support the training 

of community health workers in low-income and middle-income countries: 

mapping the evidence. BMJ Global Health. 2019 Jul 1;4(4):e001421. 

 

7. O’Donovan J, O’Donovan C, Nagraj S. The role of community health workers in 

cervical cancer screening in low-income and middle-income countries: a 

systematic scoping review of the literature. BMJ Global Health. 2019 May 

1;4(3):e001452. 

 

Book Chapter related to Thesis 

 

8. Nagraj S. Designing pedagogically-driven approaches to technology-enhanced 

learning for community health workers in Training for Community Health: 

bridging the healthcare gap. Eds: Geniets A, O’Donovan J, Winters N, Hakimi L. 

Oxford University Press. In press.  
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Other publications during DPhil 

 

9. Sy MP, O'Leary N,  Nagraj S, El-Awaisi A, O'Carroll V, Xyrichis A. Doing 

interprofessional research in the COVID-19 era: A discussion paper. Journal of 

Interprofessional Care.  DOI: 10.1080/13561820.2020.1791808. 2020 Jul 27.  

 

10. O’Carroll V, Owens M, Sy M, El-Awaisi A, Xyrichis A, Leigh J, Nagraj S, 

Huber M, Hutchings M, McFadyen A. Top tips for interprofessional education 

and collaborative practice research: a guide for students and early career 

researchers. Journal of Interprofessional Care. 2020 Jul 2:1-6. 

 

11. Philipo GS, Nagraj S, Bokhary ZM, Lakhoo K. Lessons from developing, 

implementing and sustaining a participatory partnership for children’s surgical 

care in Tanzania. BMJ Global Health. 2020 Mar 1;5(3):e002118. 

 

12. Nagraj S, Miles S, Bryant P, Holland R. Medical Students’ Views About Having 

Different Types of Problem-Based Learning Tutors. Medical Science Educator. 

2019 Mar 15;29(1):93-100. 

 

13. Nagraj S, Harrison J, Hill L, Bowker L, Lindqvist S. Promoting collaboration in 

emergency medicine. The Clinical Teacher. 2018 Dec;15(6):500-5. 
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Engagement Activities 
 

In 2019, I was chosen as an MRC Fellow to feature in “I’m a scientist, get me out of here!”, 

a national competition which involves engaging with secondary school children across the 

UK to answer questions and stimulate discussions on a broad range of science topics, 

through live online chats.  

 

Funding obtained during DPhil 
 

• MRC Clinical Research Training Fellowship: SMARThealth Pregnancy: 

Development of a complex intervention using clinical decision support to detect 

& refer high-risk pregnant women in rural India; Medical Research Council 

(London) 2018-05-31 to 2021-05-30|Grant: MR/R017182/1.  Total: £320,047.  

 

• Co-Investigator Global Challenges Research Fund Grant, University of Oxford 

HEFCE-GCRF support fund project number: 0005267: Building an evidence 

network on technology-enhanced community health worker training in low and 

middle income countries (LMICS) 01/03/2018 - 30/09/2018.  Total: £68,243. 
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लोकाः सम(ताः स+ुखनोभवंत ु॥ 
 

lōkāḥ samastāḥ sukhinōbhavantu ॥ 
 

May all the beings in all the worlds be happy 
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