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ABSTRACT
Introduction To examine the interactions between short
maternal stature, body mass index (BMI) and gestational
weight gain (GWG) among appropriate for gestational
age (AGA) term newborns in a population of refugees
and migrants in Southeast
Asia.
Methods This is a retrospective cohort study from 2004
to 2016, including women delivering term, singleton
newborns, with first trimester height, weight and
gestation dated by ultrasound and a last body weight
measured within 4 weeks of birth. AGA newborns were
those not classified as small for gestational age or
large for gestational age by either INTERGROWTH-21st
or Gestation Related Optimal Weight standards. The
influence of maternal stature on GWG in delivering an
AGA newborn was analysed, with GWG compared with
existing National Academy of Medicine (NAM)
recommendations.
Results 4340 women delivered AGA newborns. Mean
maternal height (SD) was 151.5 cm (5.13), with 58.5%
of women considered too short by INTERGROWTH-21st
standards. Only one in four women (26.5%, 1150/4340)
had GWG within NAM recommendations. Women of
shorter stature had a significantly lower mean GWG
compared with taller women in underweight and normal
BMI categories (p<0.001 for both BMI categories). Mean
GWG of overweight and obese women did not differ by
height (p=1.0 and p=0.85, respectively) and fell within
the lower range of NAM recommendations.
Conclusion These results suggest that short maternal
stature can be an important predictor of GWG and should
be considered with prepregnancy BMI. Limited-resource
settings and special populations need robust GWG
recommendations that reflect height and BMI.

Key questions
What is already known?
►► Maternal short stature is common in low-income

and middle-
income countries, but the extent to
which it affects gestational weight gain (GWG) and
in turn, giving birth to appropriate for gestational age
newborns, is unknown.

What are the new findings?
►► In a Southeast Asian population with a high preva-

lence of short maternal stature, nearly 80% of women birthed appropriate for gestational age newborns
in spite of being considered ‘unhealthy’ by international standards.
►► Women of shorter stature had a significantly lower mean GWG compared with taller women in
underweight and normal body mass index (BMI)
categories.
►► Two-
thirds of the women birthing appropriate for
gestational age newborns had suboptimal GWG according to international recommendations.

What do the new findings imply?
►► Short maternal stature can be an important predictor

of GWG and should be considered with prepregnancy BMI.
►► Larger data sets are needed to inform standards and
data pooling should be encouraged.

INTRODUCTION
A meta-
analysis in 2015 estimated that
5.5 million or 18.6% of term, small for gestational age (SGA) births are associated with
short maternal stature (<155 cm). Nearly 70%
of Southeast Asian women studied were of
short stature.1 However, the most commonly
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METHODS
Setting
This retrospective cohort study collated data from refugee
and migrant communities along the Myanmar-Thailand
border from 2004 to 2016. Data on refugees came
from Mae La camp, with an estimated 37 786 refugees
in 2016.22 The Shoklo Malaria Research Unit (SMRU)
provided antenatal care (ANC) services to approximately
90% of the women in the Mae La camp with 75% of them
delivering at the SMRU clinic.23–25 SMRU also serves the
migrant communities within Tak province, Thailand and
Karen State, Myanmar, through clinics in Maw Ker Thai
and Wang Pha, Thailand. The estimated catchment of
2

Figure 1 Flow of study participants: singleton pregnancies
from 2004 to 2016, presenting in the first trimester, with
known outcome and no pregnancy complications (IG-21st
inclusion/exclusion criteria)31 and with AGA newborns
(n=4340). AGA, appropriate for gestational age; BMI, body
mass index; GROW, Gestation Related Optimal Weight; SGA,
small for gestational age.

these clinics is approximately 200 000 migrants.26 The
predominant ethnic group along the border remains
the Karen, but the flow of migrants from neighbouring
Myanmar has led to a greater diversity of communities
served by SMRU. Both refugee and migrant communities
come from socially and economically disadvantaged situations, often from regions in Myanmar with poor access
to maternal health services.27–29
Study design and participant Inclusion/exclusion
We performed a retrospective analysis of digital clinical records containing antenatal and birth details of
patients receiving care at SMRU clinics from January
2004 through December 2016 (figure 1). We included
only those women with a first trimester weight and height
measurement as this is considered an accurate proxy for
prepregnancy BMI calculations.30 Women with term (estimated gestational age (EGA) 37.0–42.0 weeks), singleton
births and at least two weight measurements over the
course of their pregnancy, with the last one between 34.0
and 40.0 weeks, were included. Stillbirths, early neonatal
deaths in the first 7 days of life, congenital abnormalities
Lee SJ, et al. BMJ Global Health 2021;6:e004325. doi:10.1136/bmjgh-2020-004325
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followed guidelines for optimal gestational weight gain
(GWG) to achieve appropriate for gestational age (AGA)
newborns recommends GWG ranges based on prepregnancy body mass index (BMI) alone, without accounting
for maternal height.2 3 The National Academy of Medicine
(NAM) in the USA, which produced these guidelines,
recognised their GWG recommendations may be limited
in ‘special populations’ with short stature.2 Prepregnancy
BMI in Asian populations may also require caution, as the
WHO advises different categories for Asian populations
to adjust for their risk of non-communicable diet-related
disease at lower BMI.4–10 Hence, it remains unclear what
recommendations address maternal stature, BMI and
GWG to deliver AGA term newborns in Asian populations where short maternal stature is the norm.
Identifying AGA term newborns, however, may be
easier. Two international standards for identifying SGA
and large for gestational age (LGA) newborns include
the population-
based INTERGROWTH-
21st (IG-21)
Project11 and the Gestation Related Optimal Weight
(GROW) customised centiles.12 IG-21 standards arose
from prospective cohorts of ‘healthy’ women across eight
countries, representative of multiple ethnicities.13 14
GROW standards employ ‘customised’ growth trajectories
gathered from large birthweight databases and adjusts for
physiologic variation with respect to ethnicity, maternal
height, and parity.15 Although neither are perfect when
applied to general obstetric populations,16 17 we assume
that when taken together these standards can accurately
identify true AGA newborns.
Marginalised populations of refugees and migrants on
the Myanmar-Thailand border have emerged in the past
few decades, where compromised nutrition is commonplace,18 19 and the average maternal height of 151 cm20
is on par with the shortest 3 of 132 countries.21 However,
short maternal stature alone should not preclude women
from being considered ‘healthy’, having healthy pregnancies, or from having realistic GWG recommendations. With well-
characterised pregnancies, including
height from this at-
risk population and global standards to identify AGA newborns, we compared GWG
for AGA newborns in this population with NAM GWG
recommendations.
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Variables and measurements
Demographic variables
Information on refugee/migrant status, ethnicity (self-
identified), age and parity were collected.
Anthropometric variables
Trained midwives collected weight measurements at first
ANC consultation and at each follow-up visit by mechanical Salter scales with 0.5 kg precision. Midwives collected
height measurements at first ANC using a mechanical
stadiometer with 5 mm precision until 2010 when these
were replaced with electronic stadiometers with 1 mm
precision.
Estimating gestational age
EGA was calculated by ultrasound, using crown-
rump
length at 9+0 to 13+6 weeks according to international
standards.32 The quality of ultrasound in this setting has
been assessed previously and quality control of gestational age measurements is conducted twice annually.33
SGA and LGA calculations
Sex-adjusted birthweight centiles were calculated using
IG-21 standards from the Fetal Growth Longitudinal
Study and Newborn Cross-Sectional Study13 and using the
GROW customised centile calculator V.8.0.12 15 Newborns
not determined to be SGA or LGA by either IG-21 or
GROW standards were assumed AGA.
Gestational weight gain
GWG was the difference between the first weight measured (in the first trimester) and the last weight measured
no more than 4 weeks prior to delivery.
Analysis
Maternal demographic and birth outcomes, including
IG-21 and GROW defined SGA (<10th centile) and LGA
(>90th centile), were described according to BMI categories. Comparisons across BMI categories, including for
GWG for delivery of AGA newborns, were made using
a nonparametric test for trend across ordered groups.
GWGs were compared against those recommended
Lee SJ, et al. BMJ Global Health 2021;6:e004325. doi:10.1136/bmjgh-2020-004325

by NAM for each BMI category. Mean GWG according
to BMI category was analysed for height categorised as
<145 cm, 145–149.9 cm, 150–154.9 cm and ≥155 cm.
Data were analysed using STATA, V.15.1 (StataCorp).
Patient and public involvement in research
At the outset of the study, the research team engaged the
local population through a local ethics and research advisory committee, the Tak Province Community Advisory
Board, Thailand. This group is comprised of community
leaders, and were asked to advise on study design, process,
and outcomes of interest, and subsequently approved the
study (TCAB-9/2/2015).
RESULTS
From 2004 to 2016, 5611 women met IG-21 inclusion
criteria, apart from height and formal education requirements.31 A total of 4340 (77.3%) newborns, roughly three
in four, were classified as AGA (figure 1). The AGA analysis included 3180 (73.3%) refugee and 1160 (26.7%)
migrant women (table 1). The median (IQR) gestational
age in term AGA newborns was 39.2 (38.5–39.6) weeks.
SGA and LGA
Of the newborns excluded (1271, 22.7%), 981 (17.5%)
were SGA and 290 (5.17%) were LGA by either IG-21 or
GROW standards; 442 (7.88%) were identified as SGA
and 111 (1.98) as LGA by both standards. Prevalence of
SGA was lower by GROW standards at 8.2% compared
with IG-21 standards at 17.2% and LGA was low overall,
but higher by GROW standards at 4.8% than by IG-21 at
2.4% (online supplemental table 1).
Maternal stature and BMI categories
The proportion of underweight women was higher than
overweight and obese combined (632 (14.6%) vs 469
(10.8%)) (table 1). Mean height (SD) for women with
AGA term newborns was 151.5 cm (5.13) (table 1). Each
centimetre of height was associated with an 11 g increase
in newborn weight (95% CI 9.61, 12.7). A majority of this
cohort, 58.5% (2539), would have been excluded by the
IG-21 height criteria set at <153 cm.31
GWG by BMI and maternal stature
Mean GWG (SD) decreased as BMI increased: underweight 10.9 kg (3.3), normal 9.9 kg (3.7), overweight
7.6 kg (4.1) and obese 5.9 kg (4.8) (table 1, p<0.001
for trend). Overall, across all BMI categories, only one
in four women (1150/4340, 26.5%) had GWG within
the range recommended by NAM. The proportion of
inadequate, excessive and appropriate GWG for each
BMI category demonstrated that approximately 70% of
under- and normal weight women had inadequate GWG
by NAM (figure 2). Nearly two-thirds of overweight and
three-fourths of obese women did not meet the NAM-
recommended GWG, and one in four obese women had
excessive GWG.
3
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and newborns with no birth weight measured in the first
72 hours of life were excluded.
To facilitate comparison of this population with others
in the published literature, GWG was analysed for
women defined using IG-21 inclusion criteria.31 Inclusion
criteria were: non-smoking, no severe medical conditions
(malaria, severe anaemia, pre-
eclampsia or eclampsia,
postpartum haemorrhage or gestational diabetes
mellitus) and age 18–35 years old (figure 1). However, to
avoid excluding most women from this study population,
we did not use the IG-21 exclusion criteria for maternal
stature (<153 cm) or formal education.31 As we wanted
analysis of GWG by BMI category, we kept in women from
all BMI categories, as categorised by NAM and used by
IG-21 (underweight <18.5 kg/m2, normal 18.5–24.9 kg/
m2; overweight 25.0–29.9 kg/m2; obese ≥30.0 kg/m2).
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N

All

Underweight
<18.5 kg/m2

Normal
Overweight
18.5–24.9 kg/m2 25–29.9 kg/m2

Obese
≥30 kg/m2

Maternal demographics
Median age (IQR); years

4340 4340
4340 24 (21–28)

632 (14.6%)
23 (20–26)

3239 (74.6%)
24 (21–28)

393 (9.1%)
27 (23–30)

76 (1.8%)
29 (25–31)

Refugees

4340 3180 (73.3%)

410 (64.9%)

2393 (73.9%)

311 (79.1%)

66 (86.8%)

Migrants

4340 1160 (26.7%)

222 (35.1%)

846 (26.1%)

82 (20.9%)

10 (13.2%)

Ethnicity

3281

 Karen

2373

307 (64.1%)

1821 (74.7%)

208 (70.3%)

37 (53.6%)

 Burman

537

120 (25.1%)

373 (15.3%)

35 (11.8%)

9 (13.0%)

 Burmese Muslim

371

52 (10.9%)

243 (10.0%)

53 (17.9%)

23 (33.3%)

 Primigravida (G1P0)

4340 1211 (27.9%)

232 (36.7%)

909 (28.1%)

64 (16.3%)

6 (7.9%)

 Mean height (SD), cm

4340 151.5 (5.13)

152.2 (5.15)

151.4 (5.13)

151.4 (4.98)

151.7 (5.34)

 Short (<153 cm)

4340 2539 (58.5%)

346 (54.7%)

1916 (59.2%)

237 (60.3%)

40 (52.6%)

 Mean GWG (SD); kg

4340 9.8 (3.8)

10.9 (3.3)

9.9 (3.7)

7.6 (4.1)

5.9 (4.8)

4340 39.2 (38.5, 39.6)
4340 3101.3 (274.6)

39.2 (38.4, 39.6) 39.2 (38.5, 39.6)
3021.9 (247.1)
3097.9 (272.2)

Birth outcomes
 Median EGA (IQR); wks
 Mean BW (SD); g

39.3 (38.5, 40.0) 39.4 (38.5, 40.1)
3215.6 (278.3)
3313.3 (279.4)

BMI, body mass index; EGA, estimated gestational age; GWG, gestational weight gain.

Among underweight and normal BMI women, mean
GWG was lower than the NAM GWG recommendations
for any height (figure 3). For these women, lower height
had a significantly lower mean GWG compared with
women who were taller (p<0.001 for both BMI categories, figure 3). The weight difference between women
<145 cm and women ≥155 cm was 2.2 kg for both underweight (9.6 and 11.8 kg) and normal (8.6 and 10.8 kg)
BMI categories (figure 3). The overweight and obese BMI
categories had smaller sample sizes and mean GWG did
not differ by height (p=1.0 and p=0.85, respectively), and

Figure 2 Among those birthing appropriate for gestational
age newborns (n=4340), the proportion of participants with
inadequate, appropriate or excessive gestational weight gain
(GWG) by NAM GWG guidelines for each BMI category. BMI,
body mass index; NAM, National Academy of Medicine.

4

fell within the lower range of recommendations provided
by the NAM GWG guidelines.
DISCUSSION
This study sought to understand how maternal stature,
BMI and GWG relate to each other among AGA newborns
in an Asian population where short maternal stature is
the norm. The study population is among the shortest
maternal stature cohorts in the literature reporting on
BMI, GWG and newborn birth weight for gestational age
in term infants34 35 with three in four women birthing
AGA newborns by international standards. These same
standards would consider more than half of the women
who birthed AGA newborns unhealthy: nearly two-thirds

Figure 3 Mean gestational weight gain (95% CI) stratified
by height and BMI category (n=4340). Grey boxes indicate
NAM GWG recommendation ranges (12.5–18.0 kg, 11.5–
16.0 kg, 7.0–11.5 kg, and 5.0–9.0 kg for underweight, normal,
overweight and obese women, respectively). BMI, body
mass index; NAM, National Academy of Medicine; GWG,
gestational weight gain.
Lee SJ, et al. BMJ Global Health 2021;6:e004325. doi:10.1136/bmjgh-2020-004325
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Table 1 Maternal characteristics and birth outcomes, by BMI category (n=4340)

BMJ Global Health
International standards should take into consideration
WHO Asian BMI categories in order to accurately stratify
risk of non-communicable diseases in pregnancy for Asian
women. In addition to prospective studies, data pooling
across settings in Asia or meta-analyses can help untangle
the problem of misclassification and clarify appropriate
GWG recommendations that take into account maternal
stature as well as BMI.
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of the women would be excluded as ‘too short’ by IG-21
and two-thirds have suboptimal GWG according to NAM
recommendations.
The most important finding for underweight and
normal BMI women—90% of those birthing AGA
newborns—was the significantly lower mean GWG in
women of short stature who failed to reach NAM GWG
recommendations. These women give credence to
the suggestion that the ‘special populations’ alluded
to in the NAM recommendations do indeed exist, and
that maternal height should be considered with pre-
pregnancy BMI. The NAM guidelines go on to recommend that women <157 cm gain at the lower end of the
GWG recommendations according to their BMI,2 and,
as expected, this study finds that GWG decreases with
decreasing height.
Although significant for underweight and normal
BMI women, a trend of increasing maternal stature
with increasing GWG was not observed for overweight
and obese women. Either there is no trend36 37 or study
limitations may prevent a trend from emerging. Limitations may include: (1) more overweight/obese women
are required to demonstrate a pattern as they have a
30%–40% lower mean overall weight gain compared with
underweight and normal weight women; (2) misclassification of women according to international BMI categories instead of those proposed by WHO for Asian
populations7 and (3) newborns who would be effectively
LGA if using local standards may be misclassified as AGA
using international standards.38 39
Other study limitations include its retrospective design,
and we must agree with NAM that prospective studies in
populations with short maternal stature are needed.2
For the purpose of this analysis GWG was was not linked
to adverse pregnancy outcomes, which were excluded.
Further analysis including the relationship between
GWG and adverse pregnancy outcomes is planned. Some
study strengths, however, include a well-defined cohort
of marginalised populations, summarising information
important for limited resource settings. Among included
and excluded women, trends for maternal characteristics and newborn birthweights were consistent across
BMI categories as reported in other populations,40 indicating robust data. Additional strengths are the utilisation of inclusion/exclusion criteria from the published
literature to allow for comparison with other ‘healthy’
women, and use of consistent and accurate methods for
measuring variables and outcomes.
There is a dearth of literature on GWG recommendations for women of very short stature who are overweight and obese such as those found in this population.
Should these women meet the median or upper ranges
NAM recommends, it is cause for alarm as the risk of
adverse pregnancy outcomes is likely to be increased.39
The nutrition transition is accelerating in limited
resource settings19 41 42 and, as shown in this population,
it is critical that appropriate recommendations be developed that optimise outcomes across all BMI categories.
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Supplemental Table. Maternal characteristics, pregnancy complications and birth outcomes (small-, large-, and appropriate for gestational age)
by BMI category (n=5611).
N

All

Underweight
<18.5 kg/m2

Normal
18.5-24.9 kg/m2

Overweight
25-29.9 kg/m2

Obese
≥30 kg/m2

Maternal demographics

5,611

5,611

919 (16.4%)

4,120 (73.4%)

479 (8.5%)

93 (1.7%)

Median age (IQR); yrs

5,611

24 (21, 28)

23 (20, 26)

24 (21, 28)

27 (23, 30)

29 (25, 31)

Refugees

5,611

4,070 (72.5%)

597 (65.0%)

3,014 (73.2%)

379 (79.1%)

80 (86.0%)

Migrants

5,611

1,541 (27.5%)

322 (35.0%)

1,106 (26.8%)

100 (20.9%)

13 (14.0%)

Ethnicity

4,238
3,049

450 (63.9%)

2,304 (74.5%)

252 (70.2%)

43 (51.8%)

Burman

702

170 (24.1%)

481 (15.6%)

40 (11.1%)

11 (13.3%)

Burmese Muslim

487

84 (11.9%)

307 (9.9%)

67 (18.7%)

29 (34.9%)

Karen

Primigravida (G1P0)

5,611

1,663 (29.6%)

360 (39.2%)

1,216 (29.5%)

80 (16.7%)

7 (7.5%)

Mean height (SD), cm

5,611

151.2 (5.26)

151.7 (5.32)

151.1 (5.25)

151.4 (5.08)

151.4 (5.60)

Short (<153cm)

5,611

3,398 (60.6%)

545 (59.3%)

2,511 (60.9%)

289 (60.3%)

53 (57.0%)

Mean GWG (SD); kg

5,611

9.6 (3.8)

10.5 (3.4)

9.8 (3.7)

7.6 (4.1)

6.0 (4.8)

Median EGA (IQR); wks

5,611

39.2 (38.5, 39.6)

39.2 (38.4, 39.6)

39.2 (38.5, 39.6)

39.3 (38.5, 40.0)

39.4 (38.6, 40.0)

Mean BW (SD); g

5,611

3038.8 (375.3)

2903.7 (358.1)

3044.5 (366.3)

3196.9 (381.4)

3308.7 (401.7)

SGA IG-21

5,611

963 (17.2%)

254 (27.6%)

658 (16.0%)

46 (9.6%)

5 (5.4%)

SGA GROW

5,611

460 (8.2%)

100 (10.9%)

309 (7.5%)

42 (8.8%)

9 (9.7%)

AGA IG-21

5,611

4,516 (80.5%)

658 (71.6%)

3,370 (81.8%)

407 (85.0%)

81 (87.1%)

AGA GROW

5,611

4,882 (87.0%)

787 (85.6%)

3,605 (87.5%)

412 (86.0%)

78 (83.9%)

LGA IG-21

5,611

132 (2.4%)

7 (0.8%)

92 (2.2%)

26 (5.4%)

7 (7.5%)

LGA GROW

5,611

269 (4.8%)

32 (3.5%)

206 (5.0%)

25 (5.2%)

6 (6.5%)

Birth outcomes

Abbreviations: AGA appropriate for gestational age, G gravida, GROW Gestation Related Optimal Weight, IG-21 Intergrowth-21st, IQR interquartile range, LGA large for gestational age, P
parity, SGA small for gestational age, SD standard deviation
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