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Abstract 

Hypertension affects one in ten pregnancies, often persisting postpartum, when 

antihypertensive requirements may vary substantially. This unmasked, randomized 

controlled trial evaluated the feasibility and effects on blood pressure of self-

management of postpartum hypertension. Women with gestational hypertension or 

pre-eclampsia, requiring postnatal antihypertensive treatment, were randomized to 

self-management or usual care. Self-management entailed daily home blood pressure 

monitoring and automated medication reduction via telemonitoring. Women attended 

five follow-up visits over six months. The primary outcome was feasibility: specifically 

recruitment, retention and compliance with follow-up rates. Secondary outcomes 

included blood pressure control and safety, analyzed on an intention to treat basis. 

Forty-nine percent (91/186) of those women approached were randomized (45 

intervention, 46 control), and 90% (82/91) finished follow-up. The groups had similar 

baseline characteristics. Following randomization, blood pressure was lower in the 

intervention group, most markedly at six weeks: intervention group mean (SD) 121.6 

(8.7) / 80.5 (6.6) mmHg, control group 126.6 (11.0) / 86.0 (9.7) mmHg, adjusted 

differences (95% confidence interval) -5.2 (-9.3 to -1.2) / -5.8 (-9.1 to -2.5) mmHg. 

Diastolic blood pressure remained significantly lower in those self-managing to six 

months: adjusted difference at -4.5 (-8.1 to -0.8) mmHg. This is the first randomized 

evaluation of blood pressure self-management postpartum, and indicates it would be 

feasible to trial this intervention in larger studies. Self-management resulted in better 

diastolic blood pressure control to six months, even beyond medication cessation.  
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Introduction 

Hypertensive disorders of pregnancy (HDP), which include gestational hypertension and 

pre-eclampsia, are common and may lead to significant morbidity and mortality.1, 2 HDP 

may persist postpartum, and complications can occur, although for most women blood 

pressure (BP) subsequently returns to normal.3 BP can change rapidly and unpredictably 

postpartum,3, 4 with shifting medication requirements, posing a challenge to both 

physicians and patients. American data from 1,179,719 deliveries (2005-9) showed that 

hypertension was the commonest indication for postnatal hospital readmission.5 

Emerging evidence suggests that the degree of hypertension in the months following a 

hypertensive pregnancy may correlate with the severity of later hypertension6 and 

hence long term cardiovascular risk.7 National Institute of Health and Care Excellence 

(NICE) guidelines,8 a Cochrane review (2013)9 and a recently published systematic 

review,10 highlight that few studies have addressed postnatal BP management.  

Home BP monitoring (HBPM) appears to be more strongly related to indices of target 

organ damage11 and has better prognostic value in essential hypertension than office BP 

measurement.12 Previous work in the non-pregnant population has shown that HBPM 

accompanied by self-titration of antihypertensive medications in essential hypertension 

was more effective than usual care, with better BP control.13, 14 Small, non-randomized 

evaluations of remote monitoring of HDP during pregnancy and postpartum have 

suggested this approach might be feasible and acceptable.15, 16 Postnatal self-

management could lead to better BP control, a reduced burden of healthcare visits and 

might improve women’s long-term cardiovascular health.7 
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A novel self-management intervention was developed from the TASMIN self-

management trials,13, 14 for use by women, with medicated HDP, postpartum. This trial 

aimed to evaluate the feasibility of this intervention, and to perform an initial 

assessment of effectiveness with regard to BP control. This randomized controlled trial 

(RCT) is reported in line with the CONSORT 2010 statement (Appendix S1).17  

Methods 

This was a prospective, randomized, unmasked trial, prospectively registered with 

ClinicalTrials.gov (NCT02333240) and approved by a National Research Ethics Service 

(NRES) Committee (reference 14/SC/1316), with research governance approval at each 

site. The study protocol can be found online 

(https://www.phc.ox.ac.uk/files/research/snap-ht-protocol-v5-1.pdf). This study is a 

member of the BP-SMART Collaborative in terms of prospective meta-analyses.18 The 

data that support the findings of this study are available from the corresponding author 

upon reasonable request.  

Participants were recruited from five NHS hospital sites in England. Women aged ≥18 

years, with gestational hypertension or pre-eclampsia (according to NICE definitions8), 

requiring antihypertensive treatment, were eligible. Exclusions included: prescription of 

more than three antihypertensive medications, self-report of hypertension diagnosed 

outside of pregnancy, inability to speak English. Women were approached during 

pregnancy, after identification by their direct care team, and provided with written 

information. Those wishing to participate gave written informed consent. 

https://www.phc.ox.ac.uk/files/research/snap-ht-protocol-v5-1.pdf
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Eligible women that consented underwent a screening visit during pregnancy, when 

baseline demographic and clinical data were collected. Women were randomized at a 

baseline visit following delivery and were excluded prior to randomization if they 

withdrew consent, lost capacity to consent, or became ineligible due to cessation of 

antihypertensive treatment. Women were randomized (block sizes 2 or 4) in a 1:1 ratio, 

to self-management or usual postnatal care, stratified by recruitment center. The 

randomization sequence was computer-generated, and secure web-based 

randomization software was used to ensure allocation concealment. Neither 

participants nor investigators were masked. Outcome measurement was not blinded 

but used automated validated BP monitors to minimize investigator bias.  

Women allocated to usual care had their BP monitored by their community midwife, 

and their antihypertensive medication adjusted by their general practitioner. Women 

allocated to self-management commenced this following discharge from hospital after 

birth.  Self-management entailed daily self-monitoring, at approximately the same time 

each morning using a validated device (Microlife WatchBP Home®),19 whilst taking 

antihypertensive treatment and for five days after treatment cessation. If BP remained 

normal for five consecutive days off treatment, participants continued with weekly self-

monitoring for the remainder of the trial. Participants typed BP readings into their 

mobile phone or smartphone. These were then automatically transmitted to the study 

server (via text message or the internet by the smartphone app), which provided 

immediate responses. The telemonitoring service sent reminders when BP readings 

were overdue (dependent on the most recent BP, between 24 and 96 hours since the 
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missing reading), and incorporated an individualized medication reduction schedule: this 

was set by the chief investigator, in collaboration with the participant’s direct care team, 

in line with a set of predefined rules, which automatically instructed women how to 

down-titrate their medications in response to their BP readings (see Appendix S2 for 

further details). 

Women from both groups had five follow-up visits at home over six months (day 10, 

four weeks, six weeks, three months, six months). BP was measured six times at each 

visit, after five minutes rest, at one minute intervals using the same monitor as used for 

HBPM by the intervention group.19 All participants had their arm circumference 

measured, and the appropriate cuff size was used. All researchers were trained to use 

the monitor. The mean arterial pressure (MAP) was calculated using the formula: 

𝑀𝐴𝑃 =
[(2 × 𝐷𝐵𝑃)+𝑆𝐵𝑃]

3
. Additionally current medications, side effects, serious adverse 

events and quality of life (QOL) scores (EQ-5D-5L) were recorded.20 

This was the first trial of self-management of postnatal hypertension, hence the primary 

outcome was feasibility: specifically recruitment, retention and compliance with follow-

up rates. The pre-defined success criteria were: attrition rate <10%; compliance with 

follow-up visits rate >90%; recruitment rate of three participants per week across the 

sites; no site was to contribute <5% of participants. 

Secondary outcomes included mean systolic BP (SBP), diastolic BP (DBP) and MAP, 

postnatal readmission rates, safety data, side effects and QOL scores (EQ-5D-5L). 
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Exploratory outcomes included compliance with, and accuracy of HBPM reporting in the 

intervention group. 

The target sample size for consent was 100 women, following guidelines for feasibility 

studies.21 A formal sample size calculation was not performed. All analyses were 

performed in Stata version 14.2. An intention-to-treat approach was taken using all data 

available from randomized patients without replacement of missing data. Continuous 

variables were summarized as means with standard deviations (SD) (or medians with 

interquartile ranges (IQR) if skewed), and categorical variables as counts and 

percentages. Differences between groups were reported with 95% confidence intervals 

(95% CI) and did not include significance tests. No interim analyses were performed. A 

Data Monitoring and Ethics Committee oversaw the pilot trial. 

The mean of the second and third BP readings was used for the main analysis, with the 

mean of the second to sixth readings in a sensitivity analysis. Differences in SBP, DBP 

and MAP were estimated using mixed effects regression models. These models included 

the outcome with treatment group, time and an interaction between time and 

randomized group as fixed effects, adjusting for recruitment site and baseline BP, fitted 

as fixed effects with an unstructured covariance pattern. Differences in adjusted means 

between groups at each time point were calculated. For the combined mean BP across 

follow-up, a linear regression model was fitted with treatment group as the 

independent variable, adjusting for recruitment center and baseline BP. Follow-up BP 

readings were classified according to target range, and safety thresholds (Appendix S2). 
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These binary outcomes were compared at each follow-up time point, using a logistic 

regression model, with treatment group and recruitment center fitted as covariates. 

Results 

Between 01/04/2015 and 30/04/2016, 186 women were approached. Of these, 154 

(83%) were eligible, of whom 101 (66%) gave written consent (target 100). Ten women 

withdrew postpartum: five withdrew consent, and five became ineligible between 

screening and the baseline visit. Of these, three were randomized in error but 

withdrawn immediately without becoming aware of their allocation. 91 women were 

correctly randomized: 45 to self-management, 46 to usual care (see Figure 1). 9/91 

(10%) withdrew during follow-up: five intervention, and four control. 82/91 participants 

(90%) finished follow-up. 86/91 women contributed data for analysis of secondary 

outcomes (Figure 1). 75/86 provided complete follow-up data (i.e. no missed follow-up 

visits), 7/86 finished follow-up but missed one interim visit and 4/86 withdrew but 

contributed some data. The trial finished on 25/11/2016 when the last participant 

completed follow-up. 

Baseline characteristics were similar in the two groups although the mean SBP and DBP, 

and median protein:creatinine ratio tended to be higher in the intervention group 

(Table 1). There were no maternal deaths, and no fetal or neonatal deaths amongst 

those randomized.  

The recruitment rate for the study was 91/186 (49%) of all approached potential 

participants, and 91/154 (59%) of those eligible (Table 2 including definitions). The 
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randomization rate was 1.5 participants per site per month. Amongst the 82 participants 

who finished follow-up, 403/410 (98%) of follow-up visits were completed (Table 2). 

Overall, women who self-managed had a lower mean BP at follow-up (Table 3). The 

adjusted difference in the mean BP readings was greatest at six weeks postpartum: 

intervention group mean (SD) 121.6 (8.7) / 80.5 (6.6) mmHg, control group 126.6 (11.0) 

/ 86.0 (9.7) mmHg, adjusted differences -5.2 (95% CI -9.3 to -1.2) / -5.8 (95% CI -9.1 to -

2.5) mmHg. Mean DBP was consistently lower in the intervention group from four 

weeks to six months; with 95% CI around adjusted mean differences that did not cross 

zero (Table 3). In a sensitivity analysis, at all time points, the adjusted mean between-

group differences for the mean of the second to sixth readings (Appendix S3) were 

similar to those for the mean of the second and third readings (Table 3).  

The adjusted between-group difference for the mean DBP (mean of second and third 

readings) across all follow-up visits was -3.7mmHg (95% CI -6.3 to -1.1). No between-

group difference was seen in the mean SBP across visits; however, the MAP was 

consistently lower in the intervention group (Appendix S4). Participants in the 

intervention group were more likely to have SBP and DBP readings inside the target 

range at six weeks postpartum (Table 4): adjusted odds ratio 8.0 (95% CI 2.1 to 30.6). 

Only a very small number of readings from both groups were outside the safety ranges 

(intervention group 2/203 (1%); control group 4/209 (2%)) (Appendix S5). 

The profiles (Table 3) and duration (Appendix S6) of postnatal antihypertensive 

treatment were calculated. The median World Health Organisation (WHO) defined daily 
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doses were similar at all visits, and by six months, only one woman (3%) self-managing 

and two (5%) from the control group remained on treatment (Table 3). Median 

treatment duration was 29 days (IQR 17 to 49) in the intervention group and 41 days 

(IQR 23 to 58) in the control group; adjusted mean difference -12 days (95% CI -30 to 6). 

No between-group differences were seen at screening, six weeks or six months, in 

participants’ mean self–reported EQ5D-5L overall QOL score, or in any of five QOL 

domains (Appendix S7). 

Eleven serious adverse events were reported (Appendix S8): all were readmissions to 

hospital with no serious maternal morbidity, or mortality. Three were unrelated to BP. 

Eight women were readmitted to hospital with high or low BP, all within the first two 

weeks postpartum, five from the self-management group. All were still taking their 

antihypertensive medications from discharge, and none had yet begun to down-titrate. 

Reported side effects were similar between both groups, with the most commonly 

reported being dizziness, (14% intervention group; 11% control group (Appendix S8)). 

Other side effects reported included headaches, fatigue, dry mouth and weakness. 

Self-monitored BP data, from the telemonitoring website and home BP monitors, were 

evaluated for complete cases in the intervention group (n=40). The median participant 

compliance with submission of daily readings, whilst on treatment, was 85% (IQR 66 to 

98).  7/40 (17.5%) participants had overdue readings (Appendix S2) whilst on treatment. 

Only 4/40 (10%) participants had more than one overdue reading. 
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Comparison of BP readings from the telemonitoring website, with readings downloaded 

from home BP monitors, revealed the median participant accuracy for reporting 

readings via the SMS service or app was 94% (IQR 84 to 100). 87% (926/1061) submitted 

daily readings were accurate (where data was available for comparison – duplicate 

readings and lost downloaded data from the home BP monitors were excluded). 6% 

(68/1061) readings were inaccurate (non-identical SBP, DBP or both), however only 14 

of these (1% of total) were submitted at a different BP threshold (Appendix S2), such 

that they had the potential to influence down-titration. A further 6% (67/1061) 

appeared fictitious: no corresponding reading was downloaded from the monitor.  

Discussion 

This RCT, for the first time, has shown that self-management of BP after pregnancy is 

feasible and appears to result in better BP control than usual care. The reduction in DBP 

persisted from four weeks until six months; well after cessation of antihypertensive 

medication. Whilst this trial was not powered to detect a difference in BP control, 

women who self-managed had lower DBP throughout follow-up to six months, lower 

SBP at six weeks and were significantly more likely to have BP readings inside the target 

range at six weeks. This consistency of finding mitigates against the play of chance. 

Reassuringly, very few participants in either group had BP readings outside the safety 

thresholds. Randomization rates, attrition and compliance with follow-up were all 

around the norms for UK randomised trials.22 
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The persisting differences in DBP, even off treatment, are what would be expected from 

an antihypertensive intervention in a younger population and may reflect a long lasting 

effect of stricter early BP control: during hypertensive pregnancies, adverse cardiac and 

vascular remodeling occurs, which then partially resolves in the first six weeks 

postpartum.23 Early tighter BP control may have a beneficial impact on this remodeling, 

potentially resulting in some reversal of the isolated diastolic hypertension seen 

classically developing in 30-50 year olds.24 Observational data have shown that higher 

BP at six weeks postpartum correlates with a greater risk of hypertension up to ten 

years later, which may underpin the increased long-term cardiovascular risk and points 

to a potential mechanism for benefit should these results be reproducible in a larger 

study.7, 25, 26  

In contrast to recent data from a severely pre-eclamptic cohort,27 almost all women in 

both groups were normotensive and off antihypertensive treatment by six months, and 

the intervention group showed a tendency towards a shorter overall duration of 

antihypertensive treatment. Therefore it appears that the observed treatment effect 

was not mediated through increased antihypertensive prescription, but perhaps 

through more appropriately targeted utilization of medication mediated through 

improved adherence, or taking more medication early on but stopping appropriately 

once no longer needed. 

A previous individual patient data meta-analysis outside of pregnancy has shown that 

self-monitoring alone has limited impact on BP control, when compared to self-
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management.28 It therefore seems likely that in this trial the main treatment effect 

resulted from self-management, i.e. the whole package of information and 

telemonitoring support provided to participants in addition to HBPM. 

As for hypertension outside pregnancy,13, 14 this trial produced no evidence that self-

management was associated with an increase in adverse events and where serious 

adverse events occurred they all related to readmission soon after initial discharge 

before medication titration had commenced precluding problems with self-

management. In a larger study an increase in readmission might be anticipated due to 

more frequent monitoring and would need to be carefully monitored. 

Most women self-monitored regularly and reported the results accurately. The 

automatic BP monitoring reminder strategy (Appendix S2) used may have contributed to 

good compliance, and perhaps improved medication adherence. The accuracy level 

(87%) for reporting readings was not as high as has previously been described for HBPM 

in pregnancy: Waugh et al. reported an accuracy level of 97% (n=72).29 However their 

study period was only 5-7 days, compared to this population who submitted daily 

readings for a mean of almost six weeks. 

This trial benefited from being run across five NHS hospitals, with recruitment from a 

relatively wide geographic area. No limitations were placed upon prescribing choices – 

so participants were taking a range of different antihypertensive medications, reflecting 

usual clinical care. In contrast to the previously published intervention trials in 

postpartum hypertension, the follow-up data extend to six months postpartum.10 
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Randomization with robust allocation concealment limited selection bias, and produced 

two study groups with similar baseline characteristics. 

The conclusions are limited because this trial was not powered to detect a difference in 

secondary outcomes. Whilst the pre-defined criteria for success of an attrition rate of 

<10% and a compliance rate of >90% were achieved, the randomization rate over time 

fell short of our initial target. However, the randomization rate per site per month (1.5 

participants) exceeded the median rate reported in a review of UK clinical trials (0.92 

participants).22 

The trial population was largely white (>80%) and middle-class (59% had Index of 

Multiple Deprivation scores in the first or second quintile), and the majority of 

participants had fairly mild, later-onset hypertensive disorders of pregnancy, which may 

limit the generalizability of the findings. The trial was unmasked, as the nature of self-

management precluded blinding. However, BP outcome data were collected using the 

automated mode of a validated, oscillometric monitor, to limit detection bias. The 

intensive schedule of home follow-up visits, intended for the collection of research data, 

might not be necessary in clinical practice or in a future larger trial, but this would 

require further study.  

No previous trials have evaluated self-management of postnatal hypertension and only 

three identified studies report follow-up periods of six months or longer.10 Two trials 

evaluated indapamide versus methyldopa, in open label-RCTs, in small study 

populations (both n=30) and showed no difference between groups in BP control at 6-12 
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months.30, 31 The third open-label RCT compared labetalol with nifedipine (n=50): no 

difference was seen in BP control. The long-term follow-up data were limited by 

significant missing data (only 20% collected at 6 weeks), and it is unclear how many 

women provided data about total treatment duration at 6 months.32 Therefore this, to 

our knowledge, is the first time any intervention has been reported to reduce DBP on an 

on-going basis in the medium-term following birth.  

Perspectives 

Self-management of hypertension following birth appears to be feasible. Given the 

caveat of sample size, the improvements in BP observed and in the case of DBP, the 

persistence of the differences well after the initial intervention, suggest that self-

management may have a significant place in the postpartum management of HDP. A 

large-scale RCT with BP as the primary outcome is warranted to confirm these findings 

and further explore the hypothesis that improved short-term BP control in the 

puerperium can positively modulate long-term BP and potentially cardiovascular risk. 

  



V4.0  14/05/2018 
HYPE201810911  Page 17 of 33 

Contributors 

RJM gained funding for the study. AEC led the study, drafted the report and undertook 

the analyses, with statistical advice from SM and JM. All authors participated in design, 

execution, and oversight of the study. All authors had access to the data, commented on 

subsequent drafts, and approved the final submitted version. RJM will act as guarantor 

and with AEC made the final decision to submit for publication. 

SNAP-HT Investigators:  

Carole Crawford (Research Midwife): University of Oxford 

Claire Edwards (Research Midwife): University of Oxford 

Natasha Baker (Research Midwife), Mark Selinger (Principal Investigator): Royal 

Berkshire NHS Foundation Trust 

Sue Lloyd (Principal Investigator): Northampton General Hospital NHS Trust 

Julie Tebbutt (Research Midwife), Felicity Ashworth (Principal Investigator): 

Buckinghamshire Healthcare NHS Trust 

Rebecca Pullon (Doctoral Student): University of Oxford 

Acknowledgements 

The views expressed are those of the author(s) and not necessarily those of the NHS, 

the NIHR or the Department of Health. This research would not have been possible 

without the help of the participants and maternity units. We would also like to extend 



V4.0  14/05/2018 
HYPE201810911  Page 18 of 33 

particular thanks to the Data Monitoring and Ethics Committee (Sally Kerry, Lucy 

Chappell and Baskaran Thilaganathan) for their support throughout. 

Funding 

The research was funded by the National Institute for Health Research (NIHR) 

Collaboration for Leadership in Applied Health Research and Care Oxford at Oxford 

Health NHS Foundation Trust and via a Research Professorship awarded to RJM (NIHR-

RP-02-12-015). 

Disclosures 

RJM has received BP monitors for research purposes from Omron and travel expenses 

and honoraria for speaking from the Japanese Society of Hypertension and the 

American Society of Nephrology. The other authors have declared no competing 

interests. 

  



V4.0  14/05/2018 
HYPE201810911  Page 19 of 33 

References 

1. Knight M, Nair M, Tuffnell D, Kenyon S, Shakespeare J, Brocklehurst P, Kurinczuk 

J. Saving lives, improving mother's care - surveillance of maternal deaths in the 

UK 2012-14 and lessons learned to inform maternity care from the UK and 

Ireland Confidential Enquiries in Maternal Deaths and Morbidity 2009-14. 2016 

2. Khan KS, Wojdyla D, Say L, Gulmezoglu AM, Van Look PF. WHO analysis of causes 

of maternal death: A systematic review. Lancet. 2006;367:1066-1074 

3. Podymow T, August P. Postpartum course of gestational hypertension and 

preeclampsia. Hypertens Pregnancy. 2010;29:294-300 

4. Berks D, Steegers EA, Molas M, Visser W. Resolution of hypertension and 

proteinuria after preeclampsia. Obstet Gynecol. 2009;114:1307-1314 

5. Muri JH, Crawford N, Jellen BC. Reducing avoidable obstetrical and neonatal 

readmissions. http://www.aha.org/content/11/PerinatalReadmissionscall1.pdf 

2011, accessed June 20, 2017. 

6. Visser VS, Hermes W, Franx A, Koopmans CM, Van Pampus MG, Mol BW, De 

Groot CJM. High blood pressure six weeks postpartum after hypertensive 

pregnancy disorders at term is associated with chronic hypertension. Pregnancy 

Hypertens. 2013;3:242-247 

7. Lazdam M, de la Horra A, Diesch J, Kenworthy Y, Davis E, Lewandowski AJ, 

Szmigielski C, Shore A, Mackillop L, Kharbanda R, Alp N, Redman C, Kelly B, 

Leeson P. Unique blood pressure characteristics in mother and offspring after 

early onset preeclampsia. Hypertension. 2012;60:1338-1345 

http://www.aha.org/content/11/PerinatalReadmissionscall1.pdf


V4.0  14/05/2018 
HYPE201810911  Page 20 of 33 

8. National Institute for Health and Care Excellence. NICE clinical guideline 107: 

Hypertension in pregnancy: The management of hypertensive disorders during 

pregnancy. 2011 

9. Magee L, von Dadelszen P. Prevention and treatment of postpartum 

hypertension. Cochrane Database Syst Rev. 2013 

10. Cairns AE, Pealing L, Duffy JMN, Roberts N, Tucker KL, Leeson P, MacKillop LH, 

McManus RJ. Postpartum management of hypertensive disorders of pregnancy: 

A systematic review. BMJ Open. 2017;7:e018696 

11. Stergiou GS, Bliziotis IA. Home blood pressure monitoring in the diagnosis and 

treatment of hypertension: A systematic review. Am J Hypertens. 2011;24:123-

134 

12. Bobrie G, Chatellier G, Genes N, Clerson P, Vaur L, Vaisse B, Menard J, Mallion 

JM. Cardiovascular prognosis of "masked hypertension" detected by blood 

pressure self-measurement in elderly treated hypertensive patients. JAMA. 

2004;291:1342-1349 

13. McManus RJ, Mant J, Bray EP, Holder R, Jones MI, Greenfield S, Kaambwa B, 

Banting M, Bryan S, Little P, Williams B, Hobbs FD. Telemonitoring and self-

management in the control of hypertension (TASMINH2): A randomised 

controlled trial. Lancet. 2010;376:163-172 

14. McManus RJ, Mant J, Haque MS, Bray EP, Bryan S, Greenfield SM, Jones MI, 

Jowett S, Little P, Penaloza C, Schwartz C, Shackleford H, Shovelton C, Varghese J, 

Williams B, Hobbs FD. Effect of self-monitoring and medication self-titration on 



V4.0  14/05/2018 
HYPE201810911  Page 21 of 33 

systolic blood pressure in hypertensive patients at high risk of cardiovascular 

disease: The TASMIN-SR randomized clinical trial. JAMA. 2014;312:799-808 

15. Lanssens D, Vandenberk T, Smeets CJ, De Canniere H, Molenberghs G, Van 

Moerbeke A, van den Hoogen A, Robijns T, Vonck S, Staelens A, Storms V, Thijs 

IM, Grieten L, Gyselaers W. Remote monitoring of hypertension diseases in 

pregnancy: A pilot study. JMIR Mhealth Uhealth. 2017;5:e25 

16. Hirshberg A, Bittle MD, VanDerTuyn M, Mahraj K, Asch DA, Rosin R, Bennett I, 

Srinivas SK. Rapid-cycle innovation testing of text-based monitoring for 

management of postpartum hypertension. J Clin Outcomes Manag. 2017;24:77-

85 

17. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, Lancaster 

GA. Consort 2010 statement: Extension to randomised pilot and feasibility trials. 

BMJ. 2016;355:i5239 

18. Tucker KL, Sheppard JP, Stevens R, Bosworth HB, Bove A, Bray EP, Godwin M, 

Green B, Hebert P, Hobbs FD, Kantola I, Kerry S, Magid DJ, Mant J, Margolis KL, 

McKinstry B, Omboni S, Ogedegbe O, Parati G, Qamar N, Varis J, Verberk W, 

Wakefield BJ, McManus RJ. Individual patient data meta-analysis of self-

monitoring of blood pressure (BP-SMART): A protocol. BMJ Open. 

2015;5:e008532 

19. Chung Y, de Greeff A, Shennan A. Validation and compliance of a home 

monitoring device in pregnancy: Microlife WatchBP Home. Hypertens Pregnancy. 

2009;28:348-359 



V4.0  14/05/2018 
HYPE201810911  Page 22 of 33 

20. Janssen MF, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L, Swinburn P, 

Busschbach J. Measurement properties of the EQ-5D-5L compared to the EQ-5D-

3L across eight patient groups: A multi-country study. Qual Life Res. 

2013;22:1717-1727 

21. Teare MD, Dimairo M, Shephard N, Hayman A, Whitehead A, Walters SJ. Sample 

size requirements to estimate key design parameters from external pilot 

randomised controlled trials: A simulation study. Trials. 2014;15:264 

22. Walters SJ, Bonacho Dos Anjos Henriques-Cadby I, Bortolami O, Flight L, Hind D, 

Jacques RM, Knox C, Nadin B, Rothwell J, Surtees M, Julious SA. Recruitment and 

retention of participants in randomised controlled trials: A review of trials 

funded and published by the United Kingdom Health Technology Assessment 

programme. BMJ Open. 2017;7:e015276 

23. Melchiorre K, Sutherland GR, Liberati M, Thilaganathan B. Preeclampsia is 

associated with persistent postpartum cardiovascular impairment. Hypertension. 

2011;58:709-715 

24. Li Y, Wei FF, Thijs L, Boggia J, Asayama K, Hansen TW, Kikuya M, Bjorklund-

Bodegard K, Ohkubo T, Jeppesen J, Gu YM, Torp-Pedersen C, Dolan E, Liu YP, 

Kuznetsova T, Stolarz-Skrzypek K, Tikhonoff V, Malyutina S, Casiglia E, Nikitin Y, 

Lind L, Sandoya E, Kawecka-Jaszcz K, Mena L, Maestre GE, Filipovsky J, Imai Y, 

O'Brien E, Wang JG, Staessen JA, International Database on Ambulatory blood 

pressure in relation to Cardiovascular Outcomes I. Ambulatory hypertension 

subtypes and 24-hour systolic and diastolic blood pressure as distinct outcome 



V4.0  14/05/2018 
HYPE201810911  Page 23 of 33 

predictors in 8341 untreated people recruited from 12 populations. Circulation. 

2014;130:466-474 

25. Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones DM, Newby LK, 

Pina IL, Roger VL, Shaw LJ, Zhao D, Beckie TM, Bushnell C, D'Armiento J, Kris-

Etherton PM, Fang J, Ganiats TG, Gomes AS, Gracia CR, Haan CK, Jackson EA, 

Judelson DR, Kelepouris E, Lavie CJ, Moore A, Nussmeier NA, Ofili E, Oparil S, 

Ouyang P, Pinn VW, Sherif K, Smith SC, Jr., Sopko G, Chandra-Strobos N, Urbina 

EM, Vaccarino V, Wenger NK. Effectiveness-based guidelines for the prevention 

of cardiovascular disease in women--2011 update: A guideline from the 

American Heart Association. Circulation. 2011;123:1243-1262 

26. McDonald SD, Malinowski A, Zhou Q, Yusuf S, Devereaux PJ. Cardiovascular 

sequelae of preeclampsia/eclampsia: A systematic review and meta-analyses. 

Am Heart J. 2008;156:918-930 

27. Benschop L, Duvekot JJ, Versmissen J, van Broekhoven V, Steegers EAP, Roeters 

van Lennep JE. Blood pressure profile 1 year after severe preeclampsia. 

Hypertension. 2018;71:491-498 

28. Tucker KL, Sheppard JP, Stevens R, Bosworth HB, Bove A, Bray EP, Earle K, 

George J, Godwin M, Green BB, Hebert P, Hobbs FDR, Kantola I, Kerry SM, Leiva 

A, Magid DJ, Mant J, Margolis KL, McKinstry B, McLaughlin MA, Omboni S, 

Ogedegbe O, Parati G, Qamar N, Tabaei BP, Varis J, Verberk WJ, Wakefield BJ, 

McManus RJ. Self-monitoring of blood pressure in hypertension: A systematic 

review and individual patient data meta-analysis. PLoS Med. 2017;14:e1002389 



V4.0  14/05/2018 
HYPE201810911  Page 24 of 33 

29. Waugh J, Habiba MA, Bosio P, Boyce T, Shennan A, Halligan AW. Patient initiated 

home blood pressure recordings are accurate in hypertensive pregnant women. 

Hypertens Pregnancy. 2003;22:93-97 

30. Gaisin IR, Iskchakova AS, Shilina LV. Indapamide in the management of post-

partum hypertension: A randomized, case-control study. Eur Heart J. 

2013;34:271 

31. Ilshat Gaisin IR, Iskchakova AS, Shilina LV. Control of cardiovascular risk factors 

with ursodeoxycholic acid and indapamide in postpreeclamptic nursing mothers: 

Results from a randomized, case-control 1-year study. Eur J Prev Cardiol. 

2014;21:S120 

32. Sharma KJ, Greene N, Kilpatrick SJ. Oral labetalol compared to oral nifedipine for 

postpartum hypertension: A randomized controlled trial. Hypertens Pregnancy. 

2017;36:44-47 

  



V4.0  14/05/2018 
HYPE201810911  Page 25 of 33 

Novelty and Significance 

What’s new? 

 No studies have previously evaluated self-management of hypertension 

postpartum; 

 First evaluation of a comprehensive management strategy that suggests 

improved postpartum BP control; 

 First postpartum hypertension trial to demonstrate a potential treatment effect 

between groups in the medium term. 

What’s relevant? 

 The puerperium often falls into the shadow of pregnancy and childbirth, but in 

view of the proportion of complications that occur after delivery, and 

readmissions attributable to hypertension, it should not be overlooked. 

Summary of conclusions 

 Self-management appears to be a feasible and promising management strategy 

for postpartum women with HDP, and large-scale evaluation is justified. 
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Figures 

Figure 1: Consort Flowchart  
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Tables 

Abbreviations: Adj. OR = adjusted odds ratio; AHT = antihypertensive; BMI = body mass 

index; BP = blood pressure; C = control; CI = confidence interval; DBP = diastolic blood 

pressure; I = intervention; IMD = Index of multiple deprivation; IQR = interquartile 

range; MAP = mean arterial pressure; PCR = protein:creatinine ratio; PN = postnatal; SBP 

= systolic blood pressure; SD = standard deviation; WHO DDD = World Health 

Organisation defined daily dose 
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Table 1: Baseline characteristics (n=91) 

Variable Intervention 

(n=45) 

Control 

(n=46) 

Mean age (SD) /years 31.7 (5.3) 31.7 (5.3) 

Mean BMI (SD) /kg/m2 29.0 (7.5) 28.0 (8.3) 

Parity (n (%)) 

0 

≥1 

 

32 (71%) 

13 (29%) 

 

31 (67%) 

15 (33%) 

Ethnicity (n (%)) 

White (British) 

White (other) 

Black 

Asian 

 

38 (84%) 

3 (7%) 

1 (2%) 

3 (7%) 

 

37 (80%) 

6 (13%) 

1 (2%) 

2 (4%) 

IMD quintile (n (%)) 

1st 

2nd 

3rd 

4th 

5th  

 

16 (36%) 

9 (20%) 

14 (31%) 

4 (9%) 

2 (4%) 

 

22 (48%) 

7 (15%) 

9 (20%) 

7 (15%) 

1 (2%) 

Diagnosis (n (%)) 

Gestational hypertension 

Pre-eclampsia 

 

20 (44%) 

25 (56%) 

 

22 (48%) 

24 (52%) 
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Median PCR (IQR) (pre-eclampsia) 

/mg/mmol 

109.2 (55 to 152.9) 55.4 (41.4 to 114.5) 

Median gestation at diagnosis (IQR) /weeks 35.9 (31.9 to 37.7) 34.7 (31.7 to 36.9) 

Median gestation at delivery (IQR) /weeks 37.6 (36.2 to 39.2) 37.2 (36.3 to 39.1) 

In-utero growth restriction (n (%)) 12 (27%) 15 (33%) 

Special Care Baby Unit admission (n (%)) 10 (22%) 14 (30%) 

Median duration antenatal AHT treatment 

(IQR) /days 
10 (4 to 19) 9 (5 to 22) 

Median dose AHT at baseline visit (IQR) 

(WHO DDD) 
1 (0.7 to 1.5) 1 (0.7 to 1.7) 

Mean SBP / DBP at antenatal booking visit 

(SD) /mmHg 

119.2 (14.1) /  

72.7 (9.3) 

116.8 (12.6) /  

73.0 (9.4)* 

Mean SBP / DBP (readings 2+3) at baseline† 

(SD) /mmHg 

135.2 (15.5) /  

87.1 (9.2) 

130.8 (13.0) /  

85.4 (10.5) 

  

                                                      
* n=44 (missing data for n=2) 
† Baseline visit day 1-6 after birth 
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Table 2: Feasibility measures 

Recruitment*  

Recruitment rate 49% (91 randomized, 186 approached) 

59% (91 randomized, 154 eligible approached) 

Recruitment rate per 

site per month 

1.5 participants randomized per site per month  

(91 randomized, cumulative 59.1 months recruitment period) 

Consent rate 66% (101 consented, 154 eligible approached) 

Conversion rate 90% (91 randomized, 101 consented) 

Retention rate  Whole population 

(n=91) 

Intervention 

(n=45) 

Control 

(n=46) 

6-months 

6-weeks 

90% (82) 

92% (84) 

89% (40) 

91% (41) 

91% (42) 

94% (43) 

Trial fidelity  Whole population 

(n=91) 

Population that finished 

follow-up (n=82) 

Study follow-up visits 

attended within pre-

defined window 

Study follow-up visits 

attended  

85% (388/455) 

 

 

91% (412/455) 

93% (380/410) 

 

 

98% (403/410) 

 

                                                      
* The majority of patients were consented pre-delivery (two consented after birth) and 
randomised if they remained eligible and willing post-delivery 



V4.0      14/05/2018 
HYPE201810911      Page 31 of 33 

Table 3: Mean blood pressure at follow-up 

Variable Baseline 

(1-6d PN) 

Day 10 

(8-14d PN) 

4 weeks 

(21-35d PN) 

6 weeks 

(36-49d PN) 

12 weeks 

(77-91d PN) 

26 weeks 

(168-196d PN) 

Number of observations (I/C) 45 / 46 41 / 42 41 / 42 41 / 42 40 / 41 40 / 42 

AHT treatment (n (%)) (I/C)  45 (100%) / 

45 (100%) 

38 (93%) / 

38 (91%) 

22 (54%) / 

30 (71%) 

14 (34%) / 

19 (45%) 

5 (13%) / 

8 (20%) 

1 (3%) / 

2 (5%) 

Median WHO DDD AHT treatment (IQR)  

(I/C)  

1 (0.7 to 1.5) / 

1 (0.7 to 1.7) 

1 (0.4 to 1.4) / 

1 (0.7 to 1.5) 

0.3 (0 to 0.7) / 

0.4 (0 to 1) 

0.2 (0.5) / 

0.4 (0.8) 

0 (0 to 0.4) / 

0 (0 to 0.7) 

0 (0 to 0) / 

0 (0 to 0) 

SBP I (Mean (SD)) /mmHg* 135.2 (15.5) 127.5 (10.9) 123.3 (10.4) 121.6 (8.7) 126.7 (13.1) 125.8 (12.9) 

C (Mean (SD)) /mmHg 130.8 (13.0) 125.5 (16.0) 124.9 (10.7) 126.6 (11.0) 126.6 (10.9) 126.8 (14.0) 

Adj. ΔI–C (95% CI) 

/mmHg†,‡ 

4.5  

(-1.2 to 10.3) 

1.6  

(-3.9 to 7.1) 

-1.8  

(-6.1 to 2.6) 

-5.2  

(-9.3 to -1.2) 

-0.1  

(-5.1 to 4.9) 

-1.0  

(-6.3 to 4.4) 

                                                      
Bold denotes where 95% CI around adjusted difference does not cross zero 
* 6 readings taken at 1-minute intervals: first reading discarded, mean of second and third readings used 
† For differences between BP readings at baseline, a linear regression model was fitted, with treatment group as the independent variable, 
adjusting for recruitment centre. 
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Variable Baseline 

(1-6d PN) 

Day 10 

(8-14d PN) 

4 weeks 

(21-35d PN) 

6 weeks 

(36-49d PN) 

12 weeks 

(77-91d PN) 

26 weeks 

(168-196d PN) 

DBP I (Mean (SD)) /mmHg 87.1 (9.2) 83.7 (8.6) 82.0 (6.5) 80.5 (6.6) 81.7 (8.4) 81.0 (8.2) 

C (Mean (SD)) /mmHg 85.4 (10.5) 85.2 (10.9) 84.8 (7.4) 86.0 (9.7) 85.8 (8.2) 85.5 (9.9) 

Adj. ΔI–C (95% CI) 

/mmHg 

1.7  

(-2.4 to 5.9) 

-1.7  

(-5.7 to 2.3) 

-3.0  

(-5.8 to -0.1) 

-5.8  

(-9.1 to -2.5) 

-4.3  

(-7.7 to -0.8) 

-4.5  

(-8.1 to -0.8) 

 

  

                                                                                                                                                                                                                                                              
‡ For differences between BP readings at follow-up, a repeated measures mixed effects regression model was used, with randomised group, 
time and an interaction between time and randomised group as fixed effects, adjusting for recruitment site and baseline BP, fitted as fixed 
effects with an unstructured covariance pattern.   
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Table 4: Proportion of BP readings inside target range at follow-up 

Variable Day 10 

(8-14d PN) 

4 weeks 

(21-35d PN) 

6 weeks 

(36-49d PN) 

12 weeks 

(77-91d PN) 

26 weeks 

(168-196d PN) 

I C I C I C I C I C 

Number of observations 41 42 41 42 41 42 40 41 40 42* 

SBP <140 ≥100mmHg 

& DBP <90 ≥60mmHg 

(on treatment) 

OR 

SBP <140mmHg 

& DBP <90mmHg 

(off treatment) 

Mean of 

readings 

2&3 

n (%) 27 

(66%) 

26 

(62%) 

37 

(90%) 

30 

(71%) 

38 

(93%) 

26 

(62%) 

30 

(75%) 

30 

(73%) 

32 

(80%) 

26 

(62%) 

Adj. OR 

(95% CI) 

1.2  

(0.4 to 3.2) 

3.7  

(1.0 to 13.1) 

8.0  

(2.1 to 30.6) 

1.2  

(0.4 to 3.3) 

2.3  

(0.8 to 6.3) 

Mean of 

readings 

2-6 

n (%) 33 

(81%) 

26 

(62%) 

36 

(88%) 

31 

(74%) 

36 

(88%) 

25 

(60%) 

32 

(80%) 

31 

(76%) 

30 

(75%) 

28 

(67%) 

Adj. OR 

(95% CI) 

3.3  

(1.0 to 10.6) 

2.5  

(0.8 to 8.3) 

5.4  

(1.7 to 17.6) 

1.3  

(0.5 to 3.9) 

1.4  

(0.5 to 3.7) 

 

                                                      
Bold denotes where 95% CI around adjusted odds ratio does not cross zero 
* n=41 for mean of readings 2-6 


