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Abstract 
Background: Gestational diabetes mellitus (GDM) contributes 
significantly to maternal and neonatal morbidity, but data from 
marginalized populations remains scarce. This study aims to compare 
risk-factor-based screening to universal testing for GDM among 
migrants along the Thailand-Myanmar border. 
Methods: From the prospective cohort (September 2016, February 
2019), 374 healthy pregnant women completed a 75g oral glucose 
tolerance test (OGTT) at 24-32 weeks gestation. Fasting, one hour and 
two hour cut-offs were based on Hyperglycaemia and Adverse 
Pregnancy Outcomes (HAPO trial) criteria and cases were treated. The 
sensitivity and specificity of risk-factor-based screening criteria was 
calculated using OGTT as the gold standard. Risk factors included at 
least one positive finding among 10 criteria, e.g., obesity (body mass 
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index (BMI) ≥27.5kg/m2), 1st degree relative with diabetes etc. 
Adverse maternal and neonatal outcomes were compared by GDM 
status, and risk factors for GDM were explored. 
Results: GDM prevalence was 13.4% (50/374) (95% CI: 10.3-17.2). Risk-
factors alone correctly identified 74.0% (37/50) OGTT positive cases: 
sensitivity 74.0% (59.7-85.4) and specificity 27.8% (3.0-33.0). Burman 
women accounted for 29.1% of the cohort population, but 38.0% of 
GDM cases. Percentiles for birthweight (p=0.004), head circumference 
(p=0.005), and weight-length ratio (p=0.010) were higher in newborns 
of GDM mothers compared with non-GDM, yet 21.7% (75/346) of 
newborns in the cohort were small-for-gestational age. In Burman 
women, overweight/obese BMI was associated with a significantly 
increased adjusted odds ratio 5.03 (95% CI: 1.43-17.64) for GDM 
compared to normal weight, whereas underweight and 
overweight/obese in Karen women were both associated with 
similarly elevated adjusted odds, approximately 2.4-fold (non-
significant) for GDM. GDM diagnosis by OGTT was highest prior to 
peak rainfall. 
Conclusions: Risk-factor-based screening was not sufficiently 
sensitive or specific to be useful to diagnose GDM in this setting 
among a cohort of low-risk pregnant women. A two-step universal 
screening program has thus been implemented.
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Introduction
Gestational diabetes mellitus (GDM) is rising in tandem with 
obesity globally, including in South- and South-East Asia1.  
Population characteristics such as urban or rural residence 
and the diagnostic method used, results in wide estimates 
such that in Thailand, for example, the GDM prevalence is  
estimated between 6.1%1 and 29.2%2. In Myanmar, there is  
insufficient data to provide reliable estimations of the prevalence1. 
Detection of GDM is important as it is associated with neonatal  
macrosomia, neonatal hypoglycaemia and an increased risk for  
birth complications, such as shoulder dystocia and the need for  
caesarean section3–5. Furthermore, GDM is associated with an 
increased risk of preeclampsia, and entails a tenfold risk of  
developing type II diabetes6 and doubles the risk of cardiovascular 
events later in life7.

In absolute numbers, GDM predominantly affects women in  
low- and middle-income countries (LMIC), although at 13.5% 
relative estimates are similar in low-income countries compared 
to high-income countries8 (HIC) at 13.4%9. In HIC, migrant  
women have a higher risk for GDM and associated adverse 
birth outcomes10. In South-East Asia, a large proportion of the  
population lives in rural areas with high poverty rates and  
lack of access to adequate health care11. While most women  
do receive some form of antenatal care (ANC), screening for  
GDM is often not available12. In addition, awareness of GDM is 
limited, as are adequate protocols and tools to monitor blood  
glucose, which hinders best-practice management12,13. In LMICs, 
antenatal care visits provide a small window for interventions  
to address the intergenerational cycle of malnutrition that is  
common in these settings10.

In a meta-analysis, Lee et al.14 described a GDM prevalence 
of 11.5% in Asian women and identified the following risk 
factors: multiparity, previous GDM, or pregnancy-induced  
hypertension (PIH), a family history of GDM and an increased 
maternal body mass index (BMI ≥25kg/m2). An obstetric  
history of preterm birth, macrosomia, stillbirth, or an infant with 
congenital anomalies are also recognised GDM risk factors14.  
In resource-limited settings, assessment of the uterus size by 
symphysis-fundal height measurement (SFH) as a proxy for  
foetal size has been suggested as a first level screening tool for 
foetal growth assessment. SFH measurement is a straightforward  
and inexpensive method, but its precision is controversial3. 
A bespoke SFH growth curve was estimated for the pregnant  
Thailand-Myanmar border population15; however, its applicability 
for GDM screening has not been assessed.

In 2020, the global migrant population was estimated to be 281 
million, about 3.6% of the world’s total population (World  
Migration Report 2020). According to the Thailand Ministry  
of Labour, there were 2,877,144 registered and an unknown 
number of undocumented migrants working in Thailand  
in 201916. There are also an estimated 100,000 Karen and  
Burmese refugees in camps on the Thailand-Myanmar border. 
While the Shoklo Malaria Research Unit (SMRU) has provided 

health care to both the refugee and migrant population in its  
30 plus year history, current efforts focus on humanitarian  
health care for migrants. In the pregnant migrant population 
attending SMRU ANC clinics, the nutrition transition has been 
marked by a two-fold increase in first trimester overweight 
measured by BMI in just over a decade17, aggravated by limited  
awareness of healthy diets and lifestyle18.

The environment has also been associated with GDM incidence,  
with positive associations with the warmer rather than the 
winter season, although this was less consistent when using 
actual measured temperature19. A systematic review and  
meta-analyses evidenced 11 studies, all conducted in tem-
perate countries, with no evidence from tropical countries19.  
Nonetheless, undernutrition in the ‘hungry’ season, which  
coincides with the monsoon season when the previous year’s  
food crops become depleted before the current year’s harvest,  
has been associated with low birth weight and these infants grow  
up to have a higher risk of metabolic disease including diabetes20.

Adequate GDM diagnosis and management improves maternal12 
and perinatal outcomes21. Both universal and risk-factor-based 
screening are common practices, with no international  
consensus about best practice2,22,23. Data remains scarce on 
GDM prevalence and its associated consequences in rural and  
marginalized populations. In 2011-2012, one of the first  
surveys conducted in a refugee camp reported a GDM preva-
lence of 10.1% (95% CI 6.2-14.0%) in Maela, the largest of the  
Thailand-Myanmarborder camps22. In this survey, GDM was  
significantly associated with increased maternal age and parity, 
and low literacy. Although the proportion of caesarean section and  
obesity were higher among women with GDM, this difference 
was not significant22. In the low-resource setting of the refugee  
camp, the decision at that time was to commence efforts to 
screen for GDM based on risk factors using the Hyperglycaemia  
and Adverse Pregnancy Outcomes24 criteria24. SMRU implemented  
this approach in all its clinics on the border, i.e., for refu-
gees and migrants. The applicability of the current GDM  
risk-factor-based screening policy in the migrant population has  
not been assessed.

This study aimed to evaluate the performance of the current  
risk-factor-based screening used in antenatal care clinics  
for migrant women to detect GDM compared to universal  
screening of all women. Within this cohort, adverse maternal 
and neonatal outcomes in women with and without GDM were  
evaluated and risk factors for GDM explored.

Methods
Ethical approval
The study was approved by the ethics committee of the Faculty 
of Tropical Medicine, Mahidol University, Bangkok, Thailand 
(Ethics Reference: TMEC 15–062, initial approval 1 December 
2015), the Oxford Tropical Research Ethics Committee (Ethics  
Reference: OxTREC: 33–15, initial approval 16 December 

Page 4 of 14

Wellcome Open Research 2022, 7:132 Last updated: 08 APR 2022

https://worldmigrationreport.iom.int/wmr-2020-interactive/
https://worldmigrationreport.iom.int/wmr-2020-interactive/


2015) and reviewed by the local Tak Province Community  
Ethics Advisory Board. The study was conducted in full  
conformity with the Declaration of Helsinki and followed  
regulations of the ICH Guidelines for Good Clinical Practice.

Study design
This study is reported in line with the STARD guidelines25. 
Data was collected prospectively between September 2016 and  
February 2019 in women enrolled in their first trimester of preg-
nancy to an observational cohort study (ClinicalTrials.gov  
Identifier: NCT02797327) with GDM screening occurring from  
December 2016 to November 2018.

Study setting
SMRU was established more than three decades ago and  
combines research and humanitarian work that serves the migrant 
population alongside the Thailand-Myanmar border. To be  
accessible within these communities, which largely depend 
on below minimum wage jobs, SMRU operates free-of-charge 
walk-in clinics offering universal antenatal care, as well as  
24-hour delivery services, led by trained personnel originating  
from the local population.

At the same clinics, women may be invited to participate in 
research. The study was explained to all pregnant women attend-
ing SMRU ANC clinics in the first trimester and they were 
invited to participate if they met the study inclusion criteria and 
enrolled if consent was forthcoming. Informed consent was 
obtained in the form of a signature or in the event of an illiterate 
participant by thumbprint coupled with a confirmatory signature  
by an impartial literate witness.

Sample size
A detailed description of the study protocol and SMRU  
routine ANC procedures are available elsewhere26. Briefly, 
women were followed fortnightly throughout pregnancy, at deliv-
ery, and in the postpartum period. The planned sample size of  
400 in the original study was based on estimated preterm birth 
rates (of approximately 8%) and on the following cohort inclusion  
criteria: a viable, singleton first trimester pregnancy and an  
unremarkable medical and obstetric history e.g., no history of  
caesarean section. For the secondary analysis of this cohort in 
relation to GDM risk-factor-based screening, additional exclusion  
criteria were miscarriage, maternal death, lost to follow-up,  
withdrawal of consent (primary cohort), and if OGTT was  
performed late (gestational age (GA) ≥33 weeks) or not done 
at all. Women who did not complete follow-up to delivery were  
replaced as permitted in the original protocol.

Study variables
Baseline characteristics, regular prenatal check-ups for SFH, 
blood pressure, weight, and assessment of gestation by ultra-
sound, as well as birth outcomes, were collected by trained ANC 
staff and midwives in accordance with the study protocol. GA 
was estimated by crown rump length measured by first trimester  
ultrasound27.

While the study protocol specified GDM screening with OGTT 
at 24–26 weeks of gestation, the Hyperglycaemia and Adverse 
Pregnancy Outcomes24 study target time for testing was at  
28 weeks (24–32 weeks). Therefore, OGTTs to 32 weeks of 
gestation were included in this study24. In women with a history  
of GDM, an OGTT was performed as early as possible in  
pregnancy and repeated at 24–26 weeks if previously negative.  
GDM diagnosis was based on HAPO trial cut-offs: a fasting  
capillary blood glucose measurement of ≥92mg/dL, ≥180mg/dL  
one hour or ≥153mg/dL two hours after ingestion of 75g glucose 
were considered positive24.

Since 2018, a fixed list of risk factors has been used to guide 
screening. These were derived by consensus from the refugee  
camp data24 and local clinical experience e.g., including women 
with a history of difficult birth because GDM could result in 
an even more difficult birth in this pregnancy. Potential risk  
factors for GDM were collected at enrolment and throughout 
pregnancy. The local risk factor for GDM screening required 
at least one positive finding among the following 10 criteria:  
age ≥30, obesity (BMI ≥27.5kg/m2), GDM in previous  
pregnancy, family history (1st degree relative) of diabetes mellitus  
(although this is of reduced sensitivity in LMIC as access to  
diabetes screening is limited), previous macrosomia (≥4kg),  
previous caesarean section regardless of birth-weight, previous  
stillbirth, SFH ≥90th percentile, 2+/3+ glucose on a urine  
dipstick test, or polycystic ovarian syndrome (PCOS). As women 
with a previous caesarean section were excluded from the  
original study protocol, no PCOS were encountered, and there 
was no routine glucosuria screening, these criteria were not  
included in the analysis.

Serial symphysis-fundal height measurements (SFH) were 
included from 16 weeks of gestation on a two-weekly basis. 
After abdominal palpation, the SFH was measured from the pubic  
symphysis to the uterine fundus using a tape measure and 
rounded to the nearest centimetre28. SFH data was examined using 
both local population centiles of 7,476 measurements in 2,467 
women with an average height of 151cm15 and international cen-
tiles based on 20,566 measurements in 4,239 women with an  
average height of 162cm29.

Neonatal anthropometry (i.e., birthweight, head circumfer-
ence, and length) were only considered if measured within 72 
hours of birth. If women gave birth at SMRU, the neonate was 
weighed on a digital SECA 354 scale (precision 5g) with weekly  
calibration. Percentiles and z-scores for neonatal anthropometric  
parameters and for weight-length ratio (WLR) were  
calculated using standards as published by the Intergrowth-21st  
Project30. Born too small or large for GA (SGA, LGA) were  
defined as ≤10th and ≥90th percentile, respectively.

Gestational weight gain was defined as the final maternal weight 
measured not more than four weeks prior to birth, minus the 
weight measured at the first antenatal visit. For women with 
a normal BMI at enrolment (between 18.50 and 24.99kg/m2),  
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Intergrowth-21st standard percentiles30,31 for each weight meas-
urement from ≥26 weeks and ≤40 weeks of gestation were  
calculated.

GDM management
If GDM was diagnosed, all women were counselled about life-
style modification (e.g., diet and exercise), and their glucose 
levels were monitored weekly or every two weeks at the clinic.  
Treatment was provided either directly or if non-pharmacologic 
interventions led to insufficient glucose control, with metformin 
as the first choice and glibenclamide as an additional oral agent. 
Due to the lack of home-based glucose monitoring options 
and the absence of adequate storage facilities, insulin is only 
(and rarely) prescribed in this population when oral agents  
fail to provide adequate control.

Statistical analysis
Data were analysed using SPSS, version 27 (IBM Corp. 
Armonk, NY, USA) (IBM SPSS Statistics, RRID:SCR_016479)  
and Stata, version 16.1 (TX, USA) (Stata, RRID:SCR_012763). 
Normally distributed continuous data were presented as means 
with standard deviation and non-normally distributed data as 
medians with interquartile range (IQR). Baseline characteris-
tics as well as birth outcomes were compared between women 
with and without GDM. For continuous variables, the Student’s  
t-test or Mann-Whitney U test were used, and categorical vari-
ables were compared using the Fisher’s exact or Chi-square test. 
Univariate associations were quantified using logistic regres-
sion. To evaluate the predictive ability of the current screen-
ing approach to identify women with GDM, all risk factors were  
combined into one logistic regression model, using GDM as the 
outcome. The sensitivity and specificity of risk-factor-based 
screening criteria was calculated using OGTT as the gold standard.  
To identify risks and potential risk groups for GDM in this popu-
lation, age (30 or older, vs. all others), smoking (yes/no), ethnic-
ity (Karen and Burman), and BMI groups underweight, normal 
weight (reference group) and overweight/obese were explored 
using interaction terms and logistic regression modelling.  
Seasonality of GDM diagnosis was also explored by plotting the 
proportion of OGTT positive by month over the study period, 
against temperature and precipitation. Historic meteorological 
data was obtained from Weather Underground (weather station  
ID: IMAESO5), a service that provides real-time and historic 
weather information. Plots were created with the R package ggplot2 
(RRID:SCR_014601) 

Results
Following exclusions, 87.4% (374/428) of pregnant women from 
the original cohort were available for analysis (Figure 1). Of 
these, 13.4% (50/374, 95% CI 10.3-17.2), were diagnosed with 
GDM by OGTT. The median (IQR) number of antenatal care 
visits was 16 (IQR 15–17). Baseline maternal characteristics 
of women with and without GDM were compared (Table 1;32).  
Women with GDM were significantly more likely to have had 
previous GDM (4.0% vs. 0, p<0.001), postpartum hyperten-
sion (4.0% vs. 0.3%, p=0.006) and non-significantly, to smoke 

(12.0% vs. 6.5%, p=0.161) and report prior macrosomia (2.0% 
vs. 0.31%, p=0.127). They were less likely to have had previ-
ous preterm labour (0% vs. 7.41%, p=0.047). A family history 
of diabetes was rarely reported (n=6) by women irrespective  
of GDM status (2.0% vs. 1.5%, p=0.811).

Overall, 23 women (6.1%) were obese (BMI ≥27.5kg/m2) 
and this was similar in GDM positive compared to negative 
women (8.0% vs. 5.9%, p=0.558). Women who self-identified 
as being of Burman descent had a higher, albeit not statistically  
significant, GDM prevalence when compared with Karen and 
women of other ethnicities (17.4% (19/109) vs. 11.7% (29/247) 
and 11.1% (2/18), respectively, p=0.333). Burman women 
accounted for 29.1% of the cohort population, but 38.0% of GDM  
cases (Table 1). Median gestational weight gain was similar 
between the two groups (p=0.982), but there were more women 
with GDM with an SFH ≥90th centile during pregnancy with  
gestational week ≥24, 68.0% vs. 52.8%, p=0.044 (Table 2). In 
particular, from about 224 days (32 weeks) onwards, women with 
GDM appeared to have larger SFH when compared with women  
without GDM (Figure 2).

Birth outcomes
Newborns from mothers with GDM were heavier (mean birth-
weight (SD): 3096g (408) vs. 2952g (398), p=0.019), and 
nearly five times more likely to be large for GA (OR 4.78, 95% 
CI 1.04-22.1). They were also more likely to be in a higher 
percentile for birthweight adjusted for GA and sex (median  
(IQR): 40.5 (16.3, 61.0) vs. 23.2 (11.2, 43.9), p=0.004), have 

Figure 1. Flow diagram of participant selection. Abbreviations: 
GDM gestational diabetes mellitus, OGTT oral glucose tolerance test.  
* Sudden death due to mixed mitral valve disease at seven months 
gestation.
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Table 1. Demographic characteristics of the cohort.

Characteristics Total Without GDM With GDM p-value

N 374 324 50

Age (years), median [IQR] 25 [21, 30] 25 [21, 30] 24 [22, 28] 0.899

Age 30 and older, n (%) 99 (26.5%) 87 (26.9%) 12 (24.0%) 0.671

Ethnicity*, n (%) 0.333

    Karen 247 (66.0%) 218 (67.3%) 29 (58.0%)

    Burman 109 (29.1%) 90 (27.8%) 19 (38.0%)

    Other 18 (4.8%) 16 (4.9%) 2 (4.0%)

Gravidity, n (%) 0.935

    Nulligravida 99 (26.5%) 86 (26.5%) 13 (26.0%)

    Multigravida 275 (73.5%) 238 (73.5%) 37 (74.0%)

GA at enrolment (weeks), median [IQR] 9.6 [8.1, 11.6] 9.5 [8.0, 11.6] 9.9 [8.6, 11.7] 0.211

Literate, n (%) 240 (64.2%) 210 (64.8%) 30 (60.0%) 0.509

Smoking, n (%) 27 (7.2%) 21 (6.5%) 6 (12.0%) 0.161

BMI (kg/m2), median [IQR] 20.6 [18.9, 23.3] 20.5 [19.0, 23.1] 21.0 [18.5, 24.4] 0.586

BMI 27.5kg/m2 and higher, n (%) 23 (6.1%) 19 (5.9%) 4 (8.0%) 0.558

BMI <18.5kg/m2, n (%) 73 (19.5%) 61 (18.8%) 12 (24.0%) 0.390

Height (cm)29, mean ± SD 151.8 ± 4.8 151.7 ± 4.8 152.4 ± 4.7 0.369

MUAC (cm)29, median [IQR] 25.9 [23.8, 28.3] 25.9 [23.9, 28.3] 25.4 [23.6, 28.9] 0.793

HIV, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.00

Syphilis, n (%) 6 (1.6%) 6 (1.9%) 0 (0.0%) 0.331

HepBsAg positive, n (%) 21 (5.6%) 17 (5.2%) 4 (8.0%) 0.431

Obstetric history, n (%)

    GDM 2 (0.5%) 0 (0.0%) 2 (4.0%) <0.001

    Vacuum delivery 3 (0.8%) 3 (0.9%) 0 (0.0%) 0.495

    Macrosomia 2 (0.5%) 1 (0.3%) 1 (2.0%) 0.127

    Stillbirth 6 (1.6%) 6 (1.9%) 0 (0.0%) 0.332

    Miscarriage 93 (24.9%) 82 (25.3%) 11 (22.0%) 0.614

    Previous preterm Labour 24 (6.4%) 24 (7.4%) 0 (0.0%) 0.047

    Pregnancy Induced Hypertension 2 (0.5%) 2 (0.6%) 0 (0.0%) 0.577

    Hypertension postpartum 3 (0.8%) 1 (0.3%) 2 (4.0%) 0.006

    Family history of diabetes 6 (1.6%) 5 (1.5%) 1 (2.0%) 0.811
Abbreviations (alphabetic order): Ag antigen, BMI body mass index, GA gestational age, GDM gestational diabetes mellitus, 
IQR interquartile range, HepBsAg hepatitis B surface antigen, HIV human immunodeficiency virus, MUAC mid-upper arm 
circumference, SD standard deviation. 

*Other includes Mon (n=8), Pa Oh (n=5), Rakhine (n=2), Shan (n=1), Ka Main (n=1), one patient self-identified as Muslim (n=1)
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Table 2. Birth outcomes and neonatal anthropometry.

Birth outcomes and neonatal 
anthropometry Total Without GDM With GDM p-value

N 374 324 50

GA at delivery (weeks), median [IQR] 39.6 [38.7, 40.1] 39.6 [38.8, 40.3] 39.1 [38.3, 39.9] 0.068

Gestational weight gain (kg), median [IQR] 10 [7, 12] 10 [7, 12] 10 [7, 12] 0.982

Weight gain ≥90th centile 43/367 (11.7%) 38/319 (11.9%) 5/48 (10.4%) 0.764

SFH ≥90th centile (GA ≥24), n (%) 205/374 (54.8%) 171/324 (52.8%) 34/50 (68.0%) 0.044

Preterm birth, n (%) 18/374 (4.8%) 17/324 (5.2%) 1/50 (2.0%) 0.318

Stillbirth, n (%) 4/374 (1.1%) 4/324 (1.2%) 0/50 (0.0%) 1.000

Mode of delivery

    Vaginal delivery, n (%) 352/374 (94.1%) 304/324 (93.8%) 48/50 (96.0%) 0.543

    Caesarean Section, n (%) 20/374 (5.3%) 18/324 (5.6%) 2/50 (4.0%) 0.649

Place of labour 0.905

    SMRU clinic, n (%) 301/374 (80.5%) 259/324 (79.9%) 42/50 (84.0%)

    Home, n (%) 27/374 (7.2%) 25/324 (7.7%) 2/50 (4.0%)

    Hospital, n (%) 37/374 (9.9%) 32/324 (9.9%) 5/50 (10.0%)

    Other, n (%) 9/374 (2.4%) 8/324 (2.5%) 1/50 (2.0%)

Induction of labour, n (%) 25/373 (6.7%) 22/323 (6.8%) 3/50 (6.0%) 0.831

Augmentation of labour, n (%) 36/373 (9.7%) 31/323 (9.6%) 5/50 (10.0%) 0.929

Length of ROM (min), median [IQR] 36 [5, 160] 35 (5, 156) 65 (7, 217) 0.287

Postpartum haemorrhage‡, n(%) 19/352 (5.4%) 18/304 (5.9%) 1/48 (2.1%) 0.274

Perineum 0.604

    Intact, n (%) 160/303 (52.8%) 136/261 (52.1%) 24/42 (57.1%)

    1st or 2nd degree tear, n (%) 134/303 (44.2%) 116/261 (44.4%) 18/42 (42.9%)

    Episiotomy, n (%) 9/303 (3.0%) 9/261 (3.4%) 0/42 (0.0%)

Infant sex (male), n (%) 181/373(48.5%) 155/323 (48.0%) 26/50 (52.0%) 0.597

Median Apgar score [IQR] at one min 9 [9, 9] 9 [9, 9] 9 [9, 9] 0.825

Median Apgar score [IQR] at five min 10 [10, 10] 10 [10, 10] 10 [10, 10] 0.620

Neonatal resuscitation, n (%) 8/361 (2.2%) 8/313 (2.6%) 0/48 (0.0%) 0.263

Abnormal newborn exam, n (%) 4/373 (1.1%) 4/323 (1.2%) 0/50 (0.0%) 1.00

Infant weight (g), mean ± SD 2972 ± 402 2952 ± 398 3096 ± 408 0.019

    Large for GA (>p90), n (%) 7/346 (2.0%) 4/297 (1.3%) 3/49 (6.1%) 0.028

    Small for GA (<P10), n (%) 75/346 (21.7%) 68/297 (22.9%) 7/49 (14.3%) 0.175

    Percentile*, median [IQR] 24.8 [11.6, 47.6] 23.2 [11.2, 43.9] 40.5 [16.3, 61.0] 0.004

Head circumference28, mean ± SD 32.8 ± 1.3 32.7 ± 1.3 33.3 ± 1.3 0.005

Length28, mean ± SD 48.2 ± 2.0 48.1 ± 2.0 48.4 ± 1.8 0.358

Weight-length ratio (%), mean ± SD 6.2 ± 0.7 6.1 ± 0.7 6.4 ± 0.7 0.010
Abbreviations (alphabetic order): GA gestational age, GDM gestational diabetes mellitus, IQR interquartile range, min minutes, ROM 
rupture of membranes, SD standard deviation, SFH symphysis fundal height, SMRU Shoklo Malaria Research Unit. 

*birth weight for GA and sex, ‡ >500ml blood loss
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Figure 2. Symphysis-fundal height trajectories throughout pregnancy. Red lines indicate women with GDM (13.4%, n=50), blue lines 
women without GDM (86.6%, n=324). Dashed black line indicates the 90th centile. Heavy red and blue lines represent fractional polynomial 
fit from individual measurements. Abbreviations: GDM gestational diabetes mellitus.

a larger head circumference (mean (SD): 33.3cm (1.3) vs. 
32.7cm (1.3), p=0.005) and to have a higher weight-length ratio 
(mean (SD): 6.4% WLR (0.7) vs. 6.1% w/l (0.7), p=0.010),  
Table 2. Overall, the proportion of SGA was relatively high 
(21.7%, 75/346). Other adverse birth outcomes such as stillbirth 
(0%, 0/50 of GDM positive; 1.2%, 4/324 of GDM negative), 
and preterm birth (2.0%, 1/50 in GDM positive; 5.2%, 17/324  
of GDM negative) were low.

Risk-factor-based screening for GDM
Of the women with GDM, 88.0% (44/50) had only one of  
the three glucose measurements above the cut-offs. Testing as  
practiced in some settings to reduce costs, with fasting and  
two-hour tests would result in only 66% (33/50) of the GDM 
cases being detected (Table 3). Of the 50 OGTT positive cases, 37  
were correctly identified by risk factors alone, resulting in a  
sensitivity of 74.0% (59.7%-85.4%). Specificity was low, with  
90 of 324 being correctly identified as negative for GDM using  
risk-factor-based screening: 27.8% (23.0%-33.0%). The positive 
and negative predictive values were 13.7% (9.8%-18.3%) and 
87.4% (79.4%-93.1%), respectively.

Of the seven risk-factor-based screening items included in this 
analysis, a history of GDM and previous stillbirth could not be 
included in a multivariable model due to zero counts. None of 
the risk-factor-based screening criteria significantly predicted  
GDM status in this migrant population. History of macrosomia 
had a positive (wide confidence interval) and non-significant 
association due to the small number of cases (6.59, 95% CI 
0.41-107.1, p=0.185). All other risk factors were not significant  
at p>0.20.

GDM management and treatment
Approximately two out of three women, 64% (32/50), were 
medicated for their GDM (Table 3). Most received metformin 
only (54% (27/50)), with a smaller proportion receiving met-
formin plus glibenclamide (8.0% (4/50)), and only one patient  
(2.0%) received insulin due to metformin failure at 27+3 weeks 
of gestation. This case required referral to the government  
hospital.

GDM risk in Burman and Karen ethnic groups
Risk factors for GDM were examined separately for the two 
main ethnic groups in the population by multivariate analysis  
(Table 4). After adjustment, overweight or obese Burman women 
were at a five-fold higher risk of GDM. A different relation-
ship between BMI and GDM was apparent for Karen women 
where the risks were similarly elevated (non-significant) for  
both underweight and overweight or obese women (Table 4).

GDM and seasonality
Seasonality of the proportion of women diagnosed each month 
was plotted against the total monthly rainfall (Figure 3a)  
and the average monthly temperature (Figure 3b). Although 
the numbers were small, peaks of GDM diagnosis appeared  
consistently raised in June: in 2017, of 17 screened women, five 
were GDM positive (29.4%) and five of nine in 2018 (55.6%). 
Monthly mean temperature demonstrated minor variation rang-
ing from 24.1 °C to 29.7 °C. The two highest mean temperatures 
occurred in March, two months before the peaks in GDM diagnosis  
(Figure 3b). There was a positive association in GDM diagno-
sis and monthly rainfall, which peaked in July in both years  
of the study period (p=0.053).
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Table 3. Details of OGTT test result and GDM treatment.

OGTT test results and GDM treatment Total Without GDM With GDM p-value

N 374 324 50

GA (weeks) at OGTT, median [IQR] 26.6 [25.7, 27.6] 26.6 [25.7, 27.6] 26.6 [25.9, 27.4] 0.949

OGTT* results (mg/dL), median [IQR]

    BSL fasting 79 [74, 84] 78 [73, 83] 86 [81, 96] <0.001

    BSL one hour 132 [114, 154] 129 [112, 147] 173 [142, 191] <0.001

    BSL two hours 111 [97, 127] 110 [96, 123] 129 [113, 157] <0.001

Proportion positive at each timepoint

    Fasting only 17 (34%)

    One hour only 17 (34%)

    Two hours only 10 (20%)

    Fasting and one hour 2 (4%)

    Fasting and two hours 0 (0%)

    One hour and two hours 3 (6%)

    All three 1 (2%)

GDM treatment, n (%)

    Diet and exercise only 18 (36%)

    Diet & metformin 27 (54%)

    Metformin and glibenclamide 4 (8%)

    Metformin and insulin (uncontrolled on oral) 1 (2%)
Abbreviations (alphabetic order): BSL blood sugar level, GA gestational age, GDM gestational diabetes mellitus, HAPO 
Hyperglycaemia and Adverse Pregnancy Outcomes, IQR interquartile range, OGTT oral glucose tolerance test. 

*HAPO cut points in GDM: fasting, one hour and two hours BSL are ≥92, ≥180 and ≥153mg/dL, respectively. 

Table 4. Risk factors for GDM in Karen and Burman women.

Risk factors Karen 
n=247

Burman 
n=109

No GDM, 
n=218

GDM, 
n=29

Adjusted Odd Ratio 
(95% CI)

p-value No GDM, 
n=90

GDM, 
n=19

Adjusted Odd 
Ratio (95% CI)

P-value

Age 30 and older, n (%) 56 (25.7) 6 (20.7) 0.52 (0.18-1.52) 0.231 24 (26.7) 5 (26.3) 0.54 (0.15-1.92) 0.343

Smoker, n (%) 19 (8.72) 5 (17.2) 3.09 (0.92-10.39) 0.069 2 (2.22) 1 (5.26) 5.27 (0.39-71.88) 0.213

BMI, kg/m2

    Normal (18.50-22.99) 126 (57.8) 11 (38.0) reference 46 (51.1) 6 (31.6) reference

    Underweight (≤18.5) 31 (14.2) 7 (24.1) 2.41 (0.85-6.79) 0.097 26 (28.9) 4 (21.1) 1.20 (0.30-4.73) 0.704

    Overweight / obese (≥23) 61 (28.0) 11 (37.9) 2.36 (0.95-5.89) 0.064 18 (20.0) 9 (47.4) 5.03 (1.43-17.64) 0.012
Data are shown in n (%) unless otherwise indicated. 

Abbreviations (alphabetic order): BMI body mass index, GDM gestational diabetes mellitus.
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Figure 3a. Seasonality of GDM diagnosis with cumulative monthly rainfall. Abbreviations: GDM gestational diabetes mellitus.

Figure 3b. Seasonality of GDM diagnosis with average monthly temperature (deg. C). The error bars indicate maximum and 
minimum temperatures. Abbreviations: GDM gestational diabetes mellitus.
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Discussion
At least one in seven ‘healthy’ migrant women presenting to 
antenatal care in this study cohort had GDM based on the 75g 
OGTT. This analysis identified the shortcomings of current  
clinical practice as almost one in four women with GDM would 
have been missed based on risk-factor-based selection for 
screening. While the risk-factor-based screening had sensitivity  
74.0% (95% CI 59.7-85.4), it lacked specificity 27.8% (95%  
CI 23.0-33.0) and resulted in a grossly inadequate positive  
predictive value of 13.7% (95% CI 9.8-18.3). Reasons for this 
poor performance could be related to the limited size of the 
cohort; due to the ‘healthy woman’ criteria and exclusion of 
those with a previous caesarean section (potentially due to undi-
agnosed GDM) from the original cohort; or that risk-factor-based  
screening is inherently weak for GDM diagnosis in Asian women. 
The low incidence of reported prior history of GDM or family 
history of diabetes, most likely results from the limited extent 
of testing in this population that has limited access to health  
care33. The SFH >90th centile, which improves the sensitivity 
of the risk-factor-based screening, is detectable from 32 weeks 
onwards, which is late in gestation to initiate treatment for  
GDM.

This evaluation identifies GDM as a significant health problem  
in Burman and Karen migrants on the Thailand-Myanmar  
border, similar to other migrant populations globally who 
have to make food choices based on limited expenditure34. The  
BMI-related differences in risk factors observed on regression 
analysis for GDM in Karen and Burman women may relate to 
different diets and smoking habits between these ethnic groups.  
A more detailed dietary analysis based on quantitative 24-hour 
food recall is currently under evaluation. The similar odds for 
GDM in underweight and overweight/obese Karen women 
may be related to the thin-type II diabetic phenotype where  
individuals are at increased risk at a lower BMI35. Gujral et al.36 and  
Rajakramikan et al.37 have proposed pathogenic mechanisms 
including: impaired insulin secretion, in utero undernutrition, 
or epigenetic alterations in the genome, to explain thin-type 
II diabetes. Of greatest concern is the propensity for this  
group of patients with undernutrition to have worse diabetes.

One of the novel findings of the study is the association  
between GDM just prior to the peak of the rainy season. Whether 
GDM is related to food type and availability at this period or 
a result of epigenetic changes, e.g., if these mothers were born 
during the hungry season and are pre-programmed to respond 
to nutrition differently, which increases the risk of metabolic  
diseases as adults, including in pregnancy, as hypothesized in the  
‘Developmental Origins of Health and Disease’, is unknown20.

Published studies in high-income settings have demonstrated 
a significant increase in perinatal morbidity in women with 
uncontrolled GDM compared to women with adequately treated  
GDM38. In this analysis, there was a positive association 
between GDM and higher percentiles for infant birthweight, 
head circumference and weight-length ratio composition39–41 
but no difference was seen in mode of delivery, postpartum  
haemorrhage, perineal damage or Apgar score by GDM status.  

Given that pregnant women with an unremarkable medical 
and obstetric history were prioritized in the cohort and women 
with GDM received treatment following the abnormal OGTT 
result, the low rate of adverse birth outcomes is not unexpected.  
The high rate of small for GA (one in five) newborns has 
been reported previously and highlights the double burden 
of nutrition in this population17 but may also signal a risk for  
thin-type II diabetes35.

Early detection of GDM may prevent the need for caesarean 
section, which limits total expenditure per pregnancy. While 
the cost for an individual OGTT is small (i.e., approximately  
18 THB (0.54 USD) for one glucose test strip, 7.5 THB (0.22 
USD) for 75g glucose powder), costs add up if thousands of 
pregnant women are universally screened each year. Consider-
ing the average cost for caesarean section in 2020 for migrant 
women was 27,695 THB (approximately 824 USD) referred to 
the public hospital system, one averted caesarean section would 
be equivalent to 1,539 glucose test strips – enough for OGTT in  
500 women. Mo et al.42 concluded that cost effectiveness of 
universal GDM screening is likely favourable over screening  
of targeted high-risk populations in a meta-analysis in mostly 
HIC, while others suggest that universal screening is not  
useful43. Since access to adequate diabetes monitoring and  
pharmacological intervention is severely limited outside of  
pregnancy in resource-limited settings, there may be added benefit  
to universal screening in LMIC. The counselling women receive 
during pregnancy about their GDM in LMIC may be the first 
and only information provided on lifestyle modification to  
prevent the development of type II diabetes later in life44. Reducing  
from three (fasting, one hour, two hours) to two (fasting, two 
hours) tests to reduce costs is not a useful alternative in this  
population as nearly nine in 10 were positive at a single timepoint 
distributed across all three time points. As the majority (68.7%) 
of GDM positive women in this study used pharmacological  
hypoglycaemic agents, there is a need for a better understanding  
of effective lifestyle interventions in this marginalized  
group2,18,45.

The data on SFH contributes to the ongoing debate on the 
use of population-based vs. local centiles. As well as the  
significantly higher proportion of women with SFH ≥90th centile  
from 24 weeks with GDM compared to women without GDM, 
there were 54.8% of all women with at least one SFH >90th 
centile from 24 weeks, making this a useful and affordable 
tool. The proportion ≥90th centile using local vs. the few SFH  
measurements that fall above the SFH 90th centile using interna-
tional centiles differs markedly. Using international standards, 
most GDM positive women would not be signalled as women 
with a problem in this population29. This most likely arises from 
the greater than 10cm difference in maternal height between the 
populations participating in the cohorts for the centile curves.  
Both SFH centile methods have merits, but their limitations need  
to be understood by obstetric practitioners.

Strengths of this study
The strengths of this study include first trimester enrolment 
and ultrasound dating allowing accurate assessment of neonatal  
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anthropometry based on gestation. The risk of information 
bias is reduced by the prospective cohort design with minimal  
missing data. There was also close monitoring throughout  
pregnancy with a high number of antenatal care visits (median 16,  
IQR 15–17). Furthermore, weight and SFH were measured 
with calibrated instruments and by well-trained personnel. In 
addition, this analysis has had a direct local impact resulting 
in the implementation of universal screening with a two-step  
approach.

Potential study limitations
Women with a complicated obstetric or medical history were 
excluded from the original study. As SMRU does not perform 
caesarean section in their own clinic, women thought to be at 
risk of this pregnancy complication were excluded from the  
original study as they were predicted to not be able to provide a 
complete set of samples. This was a selection bias for healthier 
pregnant women, potentially leading to an underestimate of the 
GDM prevalence in this border population, i.e., the study likely 
presents the minimum GDM rate in the community of pregnant  
women.

Conclusions
These findings imply that GDM is a problem, more so in  
Burman than Karen migrants at the Thailand-Myanmar border, 
with overweight/obese Burman women at the highest risk. GDM  
determined by risk-factor-based screening performed poorly in  
this rural, resource-constrained pregnant population. Access to 

universal screening for GDM can potentially reduce negative  
impacts for an individual pregnancy but also provide an  
opportunity to reduce the onset of type II diabetes in marginalized 
populations undergoing rapid nutrition transition.

Data availability
Underlying data
Oxford University Research Archives: MSP COHORT GDM 
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Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).

Reporting guidelines
Figshare: STARD checklist for ‘Risk factor-based screening 
compared to universal screening for gestational diabetes mel-
litus in marginalized Burman and Karen populations on the  
Thailand-Myanmar border: an observational cohort’. https://doi.
org/10.6084/m9.figshare.1938262425

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).

Acknowledgments
We are immensely grateful to all women in the cohort and 
for the efforts of local healthcare workers in the recruitment 
centres to participate in patient management and study data  
collection.

References

1. 	 Nguyen CL, Pham NM, Binns CW, et al.: Prevalence of Gestational Diabetes 
Mellitus in Eastern and Southeastern Asia: A Systematic Review and Meta-
Analysis. J Diabetes Res. 2018; 2018: 6536974.  
PubMed Abstract | Publisher Full Text | Free Full Text 

2. 	 Kunasegaran T, Balasubramaniam VRMT, Arasoo VJT, et al.: Gestational 
Diabetes Mellitus in Southeast Asia: A Scoping Review. Int J Environ Res 
Public Health. 2021; 18(3): 1272.  
PubMed Abstract | Publisher Full Text | Free Full Text 

3. 	 Goto E: Symphysis-fundal height to identify large-for-gestational-age 
and macrosomia: a meta-analysis. J Obstet Gynaecol. 2020; 40(7): 929–935. 
PubMed Abstract | Publisher Full Text 

4. 	 Plows JF, Stanley JL, Baker PN, et al.: The Pathophysiology of Gestational 
Diabetes Mellitus. Int J Mol Sci. 2018; 19(11): 3342.  
PubMed Abstract | Publisher Full Text | Free Full Text 

5. 	 Tieu J, McPhee AJ, Crowther CA, et al.: Screening for gestational diabetes 
mellitus based on different risk profiles and settings for improving 
maternal and infant health. Cochrane Database Syst Rev. 2017; 8(8): CD007222. 
PubMed Abstract | Publisher Full Text | Free Full Text 

6. 	 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: m1361.  
PubMed Abstract | Publisher Full Text | Free Full Text 

7. 	 Paschou SA, Sydney GI, Ioakim KJ, et al.: Comment on the systematic 
review and meta-analysis titled “Gestational diabetes and the risk of 
cardiovascular disease in women”. Hormones (Athens). 2020; 19(3): 447–448. 
PubMed Abstract | Publisher Full Text 

8. 	 Dellicour S, Sevene E, McGready R, et al.: First-trimester artemisinin 
derivatives and quinine treatments and the risk of adverse pregnancy 
outcomes in Africa and Asia: A meta-analysis of observational studies. PLoS 
Med. 2017; 14(5): e1002290.  
PubMed Abstract | Publisher Full Text | Free Full Text 

9. 	 Guariguata L, Linnenkamp U, Beagley J, et al.: Global estimates of the 
prevalence of hyperglycaemia in pregnancy. Diabetes Res Clin Pract. 2014; 

103(2): 176–185.  
PubMed Abstract | Publisher Full Text 

10. 	 Seghieri G, Di Cianni G, Seghieri M, et al.: Risk and adverse outcomes of 
gestational diabetes in migrants: A population cohort study. Diabetes Res 
Clin Pract. 2020; 163: 108128.  
PubMed Abstract | Publisher Full Text 

11. 	 MoHS: Myanmar Demographic and Health Survey 2015-16. In. Edited by 
Sports MMoHa. Nay Pyi Taw Myanmar: MoHS and ICF; 2017.  
Reference Source

12. 	 Nielsen KK, de Courten M, Kapur A: Health system and societal barriers for 
gestational diabetes mellitus (GDM) services - lessons from World Diabetes 
Foundation supported GDM projects. BMC Int Health Hum Rights. 2012; 12: 33. 
PubMed Abstract | Publisher Full Text | Free Full Text 

13. 	 Lorga T, Srithong K, Manokulanan P, et al.: Public knowledge of diabetes in 
Karen Ethnic rural residents: a community-based questionnaires study in 
the far north-west of Thailand. Int J Gen Med. 2012; 5: 799–804.  
PubMed Abstract | Publisher Full Text | Free Full Text 

14. 	 Lee KW, Ching SM, Ramachandran V, et al.: Prevalence and risk factors of 
gestational diabetes mellitus in Asia: a systematic review and meta-
analysis. BMC Pregnancy Childbirth. 2018; 18(1): 494.  
PubMed Abstract | Publisher Full Text | Free Full Text 

15. 	 White LJ, Lee SJ, Stepniewska K, et al.: Estimation of gestational age from 
fundal height: a solution for resource-poor settings. J R Soc Interface. 2012; 
9(68): 503–510.  
PubMed Abstract | Publisher Full Text | Free Full Text 

16. 	 IOL: Thailand (April - June 2019). In: Triangle in ASEAN Quarterly Briefing Note. 
Bangkok, Thailand: International Labour Organization; 2019.  
Reference Source

17. 	 Hashmi AH, Solomon N, Lee SJ, et al.: Nutrition in transition: historical cohort 
analysis summarising trends in under- and over-nutrition among pregnant 
women in a marginalised population along the Thailand-Myanmar border 
from 1986 to 2016. Br J Nutr. 2019; 121(12): 1413–1423.  
PubMed Abstract | Publisher Full Text 

Page 13 of 14

Wellcome Open Research 2022, 7:132 Last updated: 08 APR 2022

https://doi.org/10.5287/bodleian:j1vV56VJq
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode
https://doi.org/10.6084/m9.figshare.19382624
https://doi.org/10.6084/m9.figshare.19382624
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode
http://www.ncbi.nlm.nih.gov/pubmed/29675432
http://dx.doi.org/10.1155/2018/6536974
http://www.ncbi.nlm.nih.gov/pmc/articles/5838488
http://www.ncbi.nlm.nih.gov/pubmed/33572656
http://dx.doi.org/10.3390/ijerph18031272
http://www.ncbi.nlm.nih.gov/pmc/articles/7908368
http://www.ncbi.nlm.nih.gov/pubmed/31814480
http://dx.doi.org/10.1080/01443615.2019.1673713
http://www.ncbi.nlm.nih.gov/pubmed/30373146
http://dx.doi.org/10.3390/ijms19113342
http://www.ncbi.nlm.nih.gov/pmc/articles/6274679
http://www.ncbi.nlm.nih.gov/pubmed/28771289
http://dx.doi.org/10.1002/14651858.CD007222.pub4
http://www.ncbi.nlm.nih.gov/pmc/articles/6483271
http://www.ncbi.nlm.nih.gov/pubmed/32404325
http://dx.doi.org/10.1136/bmj.m1361
http://www.ncbi.nlm.nih.gov/pmc/articles/7218708
http://www.ncbi.nlm.nih.gov/pubmed/31713724
http://dx.doi.org/10.1007/s42000-019-00158-w
http://www.ncbi.nlm.nih.gov/pubmed/28463996
http://dx.doi.org/10.1371/journal.pmed.1002290
http://www.ncbi.nlm.nih.gov/pmc/articles/5412992
http://www.ncbi.nlm.nih.gov/pubmed/24300020
http://dx.doi.org/10.1016/j.diabres.2013.11.003
http://www.ncbi.nlm.nih.gov/pubmed/32259610
http://dx.doi.org/10.1016/j.diabres.2020.108128
https://dhsprogram.com/pubs/pdf/FR324/FR324.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23217159
http://dx.doi.org/10.1186/1472-698X-12-33
http://www.ncbi.nlm.nih.gov/pmc/articles/3552986
http://www.ncbi.nlm.nih.gov/pubmed/23055769
http://dx.doi.org/10.2147/IJGM.S33177
http://www.ncbi.nlm.nih.gov/pmc/articles/3468118
http://www.ncbi.nlm.nih.gov/pubmed/30547769
http://dx.doi.org/10.1186/s12884-018-2131-4
http://www.ncbi.nlm.nih.gov/pmc/articles/6295048
http://www.ncbi.nlm.nih.gov/pubmed/21849388
http://dx.doi.org/10.1098/rsif.2011.0376
http://www.ncbi.nlm.nih.gov/pmc/articles/3262426
https://www.ilo.org/wcmsp5/groups/public/---asia/---ro-bangkok/documents/genericdocument/wcms_736243.pdf
http://www.ncbi.nlm.nih.gov/pubmed/31006391
http://dx.doi.org/10.1017/S0007114519000758


18. 	 Hashmi AH, Paw MK, Nosten S, et al.: ‘Because the baby asks for it’: a mixed-
methods study on local perceptions toward nutrition during pregnancy 
among marginalised migrant women along the Myanmar-Thailand border. 
Glob Health Action. 2018; 11(1): 1473104.  
PubMed Abstract | Publisher Full Text | Free Full Text 

19. 	 Khoshhali M, Ebrahimpour K, Shoshtari-Yeganeh B, et al.: Systematic review 
and meta-analysis on the association between seasonal variation and 
gestational diabetes mellitus. Environ Sci Pollut Res Int. 2021; 28(40): 
55915–55924.  
PubMed Abstract | Publisher Full Text 

20. 	 Moore SE: Early life nutritional programming of health and disease in The 
Gambia. J Dev Orig Health Dis. 2016; 7(2): 123–131.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21. 	 Farrar D, Simmonds M, Bryant M, et al.: Treatments for gestational diabetes: 
a systematic review and meta-analysis. BMJ Open. 2017; 7(6): e015557. 
PubMed Abstract | Publisher Full Text | Free Full Text 

22. 	 Gilder ME, Zin TW, Wai NS, et al.: Gestational diabetes mellitus prevalence in 
Maela refugee camp on the Thai-Myanmar border: a clinical report. Glob 
Health Action. 2014; 7: 23887.  
PubMed Abstract | Publisher Full Text | Free Full Text 

23. 	 Rani PR, Begum J: Screening and Diagnosis of Gestational Diabetes Mellitus, 
Where Do We Stand. J Clin Diagn Res. 2016; 10(4): QE01–04.  
PubMed Abstract | Publisher Full Text | Free Full Text 

24. 	 HAPO Study Cooperative Research Group; Metzger BE, Lowe LP, et al.: 
Hyperglycemia and adverse pregnancy outcomes. N Engl J Med. 2008; 
358(19): 1991–2002.  
PubMed Abstract | Publisher Full Text 

25. 	 Brummaier T: STARD checklist for Risk factor-based screening compared 
to universal screening for gestational diabetes mellitus in marginalized 
Burman and Karen populations on the Thailand-Myanmar border: an 
observational cohort. figshare. Journal contribution. 2022.  
http://www.doi.org/10.6084/m9.figshare.19382624.v1

26. 	 Brummaier T, Syed Ahamed Kabeer B, Lindow S, et al.: A prospective cohort 
for the investigation of alteration in temporal transcriptional and 
microbiome trajectories preceding preterm birth: a study protocol. BMJ 
Open. 2019; 9(1): e023417.  
PubMed Abstract | Publisher Full Text | Free Full Text 

27. 	 Rijken MJ, Mulder EJ, Papageorghiou AT, et al.: Quality of ultrasound biometry 
obtained by local health workers in a refugee camp on the Thai-Burmese 
border. Ultrasound Obstet Gynecol. 2012; 40(2): 151–157.  
PubMed Abstract | Publisher Full Text | Free Full Text 

28. 	 Hayward SE, Deal A, Cheng C, et al.: Clinical outcomes and risk factors 
for COVID-19 among migrant populations in high-income countries: A 
systematic review. J Migr Health. 2021; 3: 100041.  
PubMed Abstract | Publisher Full Text | Free Full Text 

29. 	 Papageorghiou AT, Ohuma EO, Gravett MG, et al.: International standards 
for symphysis-fundal height based on serial measurements from the Fetal 
Growth Longitudinal Study of the INTERGROWTH-21st Project: prospective 
cohort study in eight countries. BMJ. 2016; 355: i5662.  
PubMed Abstract | Publisher Full Text | Free Full Text 

30. 	 Cheikh Ismail L, Bishop DC, Pang R, et al.: Gestational weight gain standards 
based on women enrolled in the Fetal Growth Longitudinal Study of the 
INTERGROWTH-21st Project: a prospective longitudinal cohort study. BMJ. 
2016; 352: i555.  
PubMed Abstract | Publisher Full Text | Free Full Text 

31. 	 Villar J, Cheikh Ismail L, Victora CG, et al.: International standards for 
newborn weight, length, and head circumference by gestational age and 
sex: the Newborn Cross-Sectional Study of the INTERGROWTH-21st Project. 

Lancet. 2014; 384(9946): 857–868.  
PubMed Abstract | Publisher Full Text 

32. 	 McGready R, Brummaier T, Waithira N: MSP COHORT GDM SCREEN. University 
of Oxford. [Dataset]. 2022.  
http://www.doi.org/10.5287/bodleian:j1vV56VJq

33. 	 Saito M, Keereevijit A, San TD, et al.: Challenges to primary healthcare 
services in the management of non-communicable diseases in 
marginalised populations on the Thailand-Myanmar border: a pilot survey. 
Trop Doct. 2018; 48(4): 273–277.  
PubMed Abstract | Publisher Full Text 

34. 	 Pottie K, Hadi A, Chen J, et al.: Realist review to understand the efficacy of 
culturally appropriate diabetes education programmes. Diabet Med. 2013; 
30(9): 1017–1025.  
PubMed Abstract | Publisher Full Text 

35. 	 Gujral UP, Weber MB, Staimez LR, et al.: Diabetes Among Non-Overweight 
Individuals: an Emerging Public Health Challenge. Curr Diab Rep. 2018; 18(8): 
60.  
PubMed Abstract | Publisher Full Text 

36. 	 Gujral UP, Pradeepa R, Weber MB, et al.: Type 2 diabetes in South Asians: 
similarities and differences with white Caucasian and other populations. 
Ann N Y Acad Sci. 2013; 1281(1): 51–63.  
PubMed Abstract | Publisher Full Text | Free Full Text 

37. 	 Rajamanickam A, Munisankar S, Dolla CK, et al.: Impact of malnutrition on 
systemic immune and metabolic profiles in type 2 diabetes. BMC Endocr 
Disord. 2020; 20(1): 168.  
PubMed Abstract | Publisher Full Text | Free Full Text 

38. 	 Langer O, Yogev Y, Most O, et al.: Gestational diabetes: the consequences of 
not treating. Am J Obstet Gynecol. 2005; 192(4): 989–997.  
PubMed Abstract | Publisher Full Text 

39. 	 Logan KM, Gale C, Hyde MJ, et al.: Diabetes in pregnancy and infant 
adiposity: systematic review and meta-analysis. Arch Dis Child Fetal Neonatal 
Ed. 2017; 102(1): F65–F72.  
PubMed Abstract | Publisher Full Text | Free Full Text 

40. 	 Villar J, Puglia FA, Fenton TR, et al.: Body composition at birth and its 
relationship with neonatal anthropometric ratios: the newborn body 
composition study of the INTERGROWTH-21st project. Pediatr Res. 2017; 
82(2): 305–316.  
PubMed Abstract | Publisher Full Text | Free Full Text 

41. 	 Yau KI, Chang MH: Weight to length ratio--a good parameter for 
determining nutritional status in preterm and full-term newborns. Acta 
Paediatr. 1993; 82(5): 427–429.  
PubMed Abstract | Publisher Full Text 

42. 	 Mo X, Gai Tobe R, Takahashi Y, et al.: Economic Evaluations of Gestational 
Diabetes Mellitus Screening: A Systematic Review. J Epidemiol. 2021; 31(3): 
220–230.  
PubMed Abstract | Publisher Full Text | Free Full Text 

43. 	 Fitria N, van Asselt ADI, Postma MJ: Cost-effectiveness of controlling 
gestational diabetes mellitus: a systematic review. Eur J Health Econ. 2019; 
20(3): 407–417.  
PubMed Abstract | Publisher Full Text | Free Full Text 

44. 	 Hashmi AH, Nyein PB, Pilaseng K, et al.: Feeding practices and risk factors 
for chronic infant undernutrition among refugees and migrants along the 
Thailand-Myanmar border: a mixed-methods study. BMC Public Health. 2019; 
19(1): 1586.  
PubMed Abstract | Publisher Full Text | Free Full Text 

45. 	 Martis R, Crowther CA, Shepherd E, et al.: Treatments for women with 
gestational diabetes mellitus: an overview of Cochrane systematic 
reviews. Cochrane Database Syst Rev. 2018; 8(8): CD012327.  
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 14 of 14

Wellcome Open Research 2022, 7:132 Last updated: 08 APR 2022

http://www.ncbi.nlm.nih.gov/pubmed/29785874
http://dx.doi.org/10.1080/16549716.2018.1473104
http://www.ncbi.nlm.nih.gov/pmc/articles/5965027
http://www.ncbi.nlm.nih.gov/pubmed/34490580
http://dx.doi.org/10.1007/s11356-021-16230-1
http://www.ncbi.nlm.nih.gov/pubmed/26503192
http://dx.doi.org/10.1017/S2040174415007199
http://www.ncbi.nlm.nih.gov/pmc/articles/4825101
http://www.ncbi.nlm.nih.gov/pubmed/28647726
http://dx.doi.org/10.1136/bmjopen-2016-015557
http://www.ncbi.nlm.nih.gov/pmc/articles/5734427
http://www.ncbi.nlm.nih.gov/pubmed/24824580
http://dx.doi.org/10.3402/gha.v7.23887
http://www.ncbi.nlm.nih.gov/pmc/articles/4019791
http://www.ncbi.nlm.nih.gov/pubmed/27190902
http://dx.doi.org/10.7860/JCDR/2016/17588.7689
http://www.ncbi.nlm.nih.gov/pmc/articles/4866200
http://www.ncbi.nlm.nih.gov/pubmed/18463375
http://dx.doi.org/10.1056/NEJMoa0707943
http://www.doi.org/10.6084/m9.figshare.19382624.v1
http://www.ncbi.nlm.nih.gov/pubmed/30782707
http://dx.doi.org/10.1136/bmjopen-2018-023417
http://www.ncbi.nlm.nih.gov/pmc/articles/6340419
http://www.ncbi.nlm.nih.gov/pubmed/22262286
http://dx.doi.org/10.1002/uog.11091
http://www.ncbi.nlm.nih.gov/pmc/articles/3443371
http://www.ncbi.nlm.nih.gov/pubmed/33903857
http://dx.doi.org/10.1016/j.jmh.2021.100041
http://www.ncbi.nlm.nih.gov/pmc/articles/8061095
http://www.ncbi.nlm.nih.gov/pubmed/27821614
http://dx.doi.org/10.1136/bmj.i5662
http://www.ncbi.nlm.nih.gov/pmc/articles/5098415
http://www.ncbi.nlm.nih.gov/pubmed/26926301
http://dx.doi.org/10.1136/bmj.i555
http://www.ncbi.nlm.nih.gov/pmc/articles/4770850
http://www.ncbi.nlm.nih.gov/pubmed/25209487
http://dx.doi.org/10.1016/S0140-6736(14)60932-6
http://www.doi.org/10.5287/bodleian:j1vV56VJq
http://www.ncbi.nlm.nih.gov/pubmed/30020027
http://dx.doi.org/10.1177/0049475518786853
http://www.ncbi.nlm.nih.gov/pubmed/23534455
http://dx.doi.org/10.1111/dme.12188
http://www.ncbi.nlm.nih.gov/pubmed/29974263
http://dx.doi.org/10.1007/s11892-018-1017-1
http://www.ncbi.nlm.nih.gov/pubmed/23317344
http://dx.doi.org/10.1111/j.1749-6632.2012.06838.x
http://www.ncbi.nlm.nih.gov/pmc/articles/3715105
http://www.ncbi.nlm.nih.gov/pubmed/33183277
http://dx.doi.org/10.1186/s12902-020-00649-7
http://www.ncbi.nlm.nih.gov/pmc/articles/7659078
http://www.ncbi.nlm.nih.gov/pubmed/15846171
http://dx.doi.org/10.1016/j.ajog.2004.11.039
http://www.ncbi.nlm.nih.gov/pubmed/27231266
http://dx.doi.org/10.1136/archdischild-2015-309750
http://www.ncbi.nlm.nih.gov/pmc/articles/5256410
http://www.ncbi.nlm.nih.gov/pubmed/28445454
http://dx.doi.org/10.1038/pr.2017.52
http://www.ncbi.nlm.nih.gov/pmc/articles/5605677
http://www.ncbi.nlm.nih.gov/pubmed/8518517
http://dx.doi.org/10.1111/j.1651-2227.1993.tb12715.x
http://www.ncbi.nlm.nih.gov/pubmed/32448822
http://dx.doi.org/10.2188/jea.JE20190338
http://www.ncbi.nlm.nih.gov/pmc/articles/7878709
http://www.ncbi.nlm.nih.gov/pubmed/30229375
http://dx.doi.org/10.1007/s10198-018-1006-y
http://www.ncbi.nlm.nih.gov/pmc/articles/6438940
http://www.ncbi.nlm.nih.gov/pubmed/31779599
http://dx.doi.org/10.1186/s12889-019-7825-7
http://www.ncbi.nlm.nih.gov/pmc/articles/6883662
http://www.ncbi.nlm.nih.gov/pubmed/30103263
http://dx.doi.org/10.1002/14651858.CD012327.pub2
http://www.ncbi.nlm.nih.gov/pmc/articles/6513179

