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Higher maternal BMI early in pregnancy is
associated with overweight and obesity in
young adult offspring in Thailand
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Abstract

Background: Rates of overweight and obesity among women of reproductive age have been steadily increasing
worldwide and in Thailand. There is mounting evidence that maternal obesity during pregnancy is associated with
an increased risk of obesity and other adverse health outcomes in the offspring, but such data are lacking for
Thailand. We examined the associations between maternal body mass index (BMI) and anthropometry (particularly
the likelihood of obesity) and cardiometabolic parameters in young adult offspring.

Methods: This was a prospective follow-up study of a birth cohort in Chiang Mai (Thailand). Pregnant women
carrying singletons were recruited at their first antenatal visit (< 24 weeks of gestation) and followed until delivery in
1989–1990. Participants were their young adult offspring followed up in 2010. Maternal BMI was recorded at the
first antenatal visit. The offspring underwent clinical assessments, including anthropometry, lipid profile, insulin
sensitivity (HOMA-IR), blood pressure, and carotid intima-media thickness. The primary outcome of interest was the
likelihood of obesity in the offspring.

Results: We assessed 628 young adults (54% were females) at 20.6 ± 0.5 years of age (range 19.1–22.1 years). The
young adult offspring of mothers with overweight/obesity was 14.1 kg (95%CI 9.7, 18.5; p < 0.0001) and 9.4 kg (95%
CI 6.1, 12.8; p < 0.0001) heavier than those born to mothers with underweight or normal weight, respectively, and
had BMI 3.46 kg/m2 (95%CI 2.26, 4.67; p < 0.0001) and 5.27 kg/m2 (95%CI 3.67, 8.68; p < 0.0001) greater, respectively.
For every 1-kg/m2 increase in maternal BMI, the adjusted odds ratio (aOR) of offspring obesity was 25% greater
(95%CI 1.10, 1.42; p < 0.001). Thus, the aOR of obesity in offspring of mothers with overweight/obesity was 4.6 times
greater (95%CI 1.86, 11.26; p < 0.001) and nearly 17-fold greater (95%CI 1.96, 146.4; p = 0.010) compared to young
adults born to mothers with normal weight or underweight, respectively. There were no observed associations
between maternal BMI status and offspring metabolism or blood pressure.
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Discussion: Maternal overweight/obesity early in pregnancy was associated with increased BMI and greater odds
of obesity in their young adult offspring in Thailand. These findings highlight the public health importance of
fostering healthier lifestyle choices among women of reproductive age.

Keywords: Anthropometry, Body mass index, Developmental origins of health and disease, DOHaD, Metabolism,
Mother, Programming, Weight

Background
Obesity is a growing public health issue worldwide. With
the rise in obesity rates among women of reproductive
age, there has been a consequent increase in the preva-
lence of women entering pregnancy with obesity [1, 2].
The prevalence of obesity [i.e., body mass index (BMI)
≥30.0 kg/m2] among pregnant women has been gradually
increasing, from approximately 10% in the 1990s to 16–
22% in the early 2000s [3, 4], and to as much as 30% in
the present decade [1, 5, 6]. This rapid increase in the
prevalence of pregnant women with overweight and
obesity has been observed in both high- and middle-
income countries [7], but the exact burden of overweight
and obesity during pregnancy remains unclear.
Similar to what has been observed in other countries,

rates of overweight and obesity in Thailand have been
steadily increasing [8]. Data from the Thai National
Health Examination Survey showed that rates of over-
weight (BMI 25.0–29.99 kg/m2) in young adult women
(aged 18–24 years) increased from 8.6% in 1991 to 13.0%
in 1997, and 18.1% in 2004; for obesity, the respective
rates were 1.7, 4.9, and 5.7% [8]. However, there are lim-
ited data on rates of maternal overweight and obesity dur-
ing pregnancy. A 2009 study in Bangkok reported that, at
the first antenatal visit, 13 and 4% of 3715 pregnant
women had overweight and obesity, respectively, [9]. An-
other study from a different hospital in Bangkok (2007–
2010) reported very similar figures, with 14.2 and 3.7% of
women entering pregnancy with overweight and obesity,
respectively [10]. Lastly, data on 1192 pregnant women
collected in 2006–2007 in Thailand’s four southernmost
provinces (Songkhla, Pattani, Yala, and Narathiwat) again
reported similar prevalence, with 15.5% having overweight
and 3.4% obesity [11]. While there seems to be no pub-
lished data looking at the trends in the prevalence of ma-
ternal obesity during pregnancy over the last decades in
Thailand, these would most likely mirror the trends ob-
served for young adult women in general.
Maternal obesity is associated with an increased risk of

adverse health outcomes in pregnancy (e.g., miscarriage,
gestational diabetes, and preeclampsia [12]), as well as
both fetal and neonatal death [13]. Importantly, there is
increasing evidence that maternal obesity is also associ-
ated with adverse long-term health outcomes in the off-
spring [14–16]. In particular, many studies have shown

maternal obesity to be associated with an increased risk
of obesity in the offspring in childhood, adolescence, and
adulthood [17, 18]. However, the evidence for an associ-
ation between maternal obesity and long-term obesity
risk in the offspring has been mainly reported from
Western countries. There is a paucity of data for South-
east Asia, particularly in adulthood, and the lack of re-
search in low- and middle-income countries on the
developmental origins of health and disease was recently
highlighted by a systematic review on this subject [19].
In Thailand, several studies have reported on the asso-

ciations between maternal obesity and adverse short-
term outcomes during pregnancy and in the perinatal
period [9, 20–22]. However, no studies in Thailand seem
to have looked at associations between maternal obesity
during pregnancy and potential long-term adverse health
outcomes in the offspring. Therefore, we aimed to exam-
ine the associations between maternal BMI early in preg-
nancy and anthropometry and obesity risk in the adult
offspring from a birth cohort in Thailand.

Methods
Study design
This was a prospective follow-up study of the offspring
born to mothers from the Chiang Mai Low Birth Weight
Study (1989–1990) in Thailand [23].

Study participants
A total of 2184 pregnant women carrying singletons
were recruited at their first antenatal visit (≤ 24 weeks of
gestation) from two public hospitals in Chiang Mai,
northern Thailand (Maharaj Nakorn Chiang Mai Hos-
pital and The Maternal-Child Health Care Center). At
the time, these were the only public hospitals providing
antenatal care in Chiang Mai Province [23]. Participants
were followed up through their routine clinical care until
delivery.
In 2010, a follow-up study was carried out where our

research team attempted to contact the mothers from
the original study by phone, mail, and home visits, using
available contact information from the Ministry of Inter-
ior and the Maharaj Nakorn Chiang Mai Hospital data-
base [24]. Mothers and offspring who agreed to
participate in the follow-up study underwent clinical
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assessments at the Research Institute for Health Sciences
(RIHES) at Chiang Mai University.

Assessments
Maternal weight and height were recorded at their first
antenatal visit in the original study [23], at a median gesta-
tional age of 14 weeks [quartile 1 = 11 weeks, quartile 3 =
18 weeks]. Demographic characteristics were also ob-
tained, including maternal and paternal education levels,
and family income. Note that mother's gestational age in
the original study was assessed from the reported last
menstrual period and the fundal height; in cases of uncer-
tainty, ultrasound measurements were also performed.
The young adults (offspring) had their height and weight

measured while barefoot and wearing light clothing. BMI
for both mother and offspring were derived, with BMI sta-
tus categorised as underweight (BMI < 18.5 kg/m2), nor-
mal weight (BMI 18.5–24.99 kg/m2), overweight (BMI
25.0–29.99 kg/m2), or obesity (BMI ≥30.0 kg/m2), as de-
fined by the World Health Organization [25].
Following an overnight fast, venous blood samples

were collected from the young adult participants. Clin-
ical parameters measured included lipid profile [total
cholesterol, high-density lipoprotein cholesterol (HDL),
and triglycerides], glucose, and insulin. The homeostatic
model assessment of insulin resistance (HOMA-IR) was
used as a surrogate marker of insulin sensitivity [26]. La-
boratory assays were performed at RIHES.
Young adult participants had their blood pressure

measured on the left arm at heart level using a sphyg-
momanometer, following a 5-min rest. Two measure-
ments were taken, and the average was recorded.
Carotid intima-media thickness (CIMT) was measured
with a Philips iE33 and an L10–4MHz linear array
transducer. Measurements were made in the distal por-
tion of the right common carotid artery while the partic-
ipants were in the recumbent position. Note that in
adults, CIMT is a known marker of cardiovascular
health [27].

Statistical analyses
Analyses were performed comparing health outcomes in
the offspring of mothers stratified according to their
BMI status early in pregnancy: Underweight, Normal
weight, or Overweight/obesity (BMI ≥25.0 kg/m2). The
primary outcome was the likelihood of obesity in young
adult offspring. Secondary outcomes of interest included
parameters on anthropometry (BMI and weight), glucose
metabolism (HOMA-IR, fasting glucose, and fasting in-
sulin), blood pressure (systolic and diastolic), lipid profile
(total cholesterol, HDL, and triglycerides), and athero-
sclerosis marker (CIMT).
Data on demographic characteristics, maternal anthro-

pometry, and birth parameters were compared using

one-way ANOVA, non-parametric Kruskal-Wallis tests,
or Fisher’s exact tests, as appropriate. The linear associ-
ation between maternal BMI and offspring BMI was ex-
amined using Pearson’s correlation coefficients.
Multivariable models were subsequently run, adjusting
for several confounders known to affect anthropometry
and health outcomes in young adulthood, namely gesta-
tional age [28–33], birth order [34–37], and sex [38].
The odds of obesity in the young adult offspring in asso-
ciation with maternal BMI were examined using general-
ised linear regression models (logistic regressions).
Adjusted models were subsequently run, adjusting for
the above-described confounders.
Anthropometry and clinical parameters were then

compared between young adult offspring born to
mothers of different BMI statuses using general linear
models. Multivariable models adjusted for the above-
described confounders and the individual’s height where
their weight or blood pressure [39] was the outcome,
and maternal height where offspring height was the
outcome.
Analyses were performed in SAS v9.4 (SAS Institute,

Cary, USA) and SPSS v25 (IBM Corp, Armonk, NY,
USA). All tests were two-tailed, with significance level
maintained at p < 0.05, with no adjustments for multiple
comparisons as per Rothman (1990) [40]. There were
available data on the primary outcome for all in-
cluded participants (i.e., completed anthropometric
data), and missing data were not imputed.

Results
Study population
From the 2184 mothers with liveborn infants in the ori-
ginal study, 672 agreed to participate; 632 young adults
and their mothers attended the follow-up assessments
and were enrolled in the study (Fig. 1). Four participants
were excluded from this investigation due to incomplete
maternal anthropometric data; thus, we studied 628 par-
ticipants (338 females and 290 males) assessed at a mean
age of 20.6 years (standard deviation = 0.5; range 19.1 to
22.1 years). Included and excluded participants had simi-
lar maternal or familial characteristics (data not shown)
and similar mean birth weight (2.98 vs 3.01 kg, respect-
ively; p = 0.09), but there were slight differences in birth
length (48.8 vs 49.4 cm, respectively; p < 0.001) and ges-
tational age (39.0 vs 38.8 weeks, respectively; p = 0.012).
The demographic and birth characteristics of our

study population are shown in Table 1. Mothers who
were underweight early in pregnancy were younger and
better educated, and their partners were also better edu-
cated compared to mothers (and their partners) who
were of normal weight or had overweight/obesity (Table
1). There was a progressive increase in infant birth
weight according to maternal BMI status, with babies
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born to mothers with overweight/obesity being approxi-
mately 200 g and 360 g heavier than babies born to
mothers who were of normal weight or underweight, re-
spectively (Table 1). However, there were no observed
differences in birth length or gestational age between the
three groups of infants (Table 1).

BMI status in mothers and offspring
The prevalence of obesity among mothers was minimal
at 0.3%, while 8.1% were overweight (Table 2). In com-
parison, the prevalence of obesity in the offspring was
5.4% (18-fold greater) and of overweight 11.1% (Table
2), so that the prevalence of overweight/obesity was
twice as high in the offspring than in mothers (16.5% vs

8.4%, respectively). Rates of obesity were the same in
male and female offspring (5.5% vs 5.3%, respectively),
but there was a greater proportion of males with over-
weight (14.5% vs 8.3%, respectively) (Table 2).

Offspring anthropometry
Increasing maternal BMI early in pregnancy was corre-
lated with greater offspring weight (r = 0.23; p < 0.0001)
and BMI (r = 0.25; p < 0.0001). Thus, after adjustment
for confounders, the offspring of mothers with over-
weight/obesity were 9.4 kg heavier than the offspring
born to mothers of normal weight (95% CI 6.1, 12.8; p <
0.0001) and 14.1 kg heavier than those born to under-
weight mothers (95% CI 9.7, 18.5; p < 0.0001) (Table 3).

Fig. 1 Flow diagram outlining participants’ recruitment into the Chiang Mai Low Birth Weight Study (1989–1990) and subsequently to the follow-
up study on the offspring (2010)
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Similarly, the offspring of mothers with overweight/
obesity had BMI that was 3.46 kg/m2 (95% CI 2.26, 4.67;
p < 0.0001) and 5.27 kg/m2 (95% CI 3.67, 8.68; p <
0.0001) greater than young adults born to mothers of
normal weight or who were underweight, respectively
(Table 3). There were no associations between maternal
BMI and offspring stature (Table 3).

Maternal BMI status vs offspring BMI status and the
likelihood of obesity
The associations between mothers’ BMI status early in
pregnancy and the BMI status of their young adult off-
spring are presented in Fig. 2. Rates of overweight and
rates of obesity in the offspring were progressively higher
with increasing maternal BMI status, with the same pat-
tern observed in males and females (Fig. 2).
For every 1 kg/m2 increase in maternal BMI early in

pregnancy, the adjusted odds ratio (aOR) of obesity in
the offspring was 25% greater [aOR 1.25 (95% CI 1.10,
1.42); p < 0.001]. As a result, the aOR of obesity in the
offspring of mothers with overweight/obesity was 4.6
times greater (95% CI 1.86, 11.26; p < 0.001) and 17-fold
greater (95% CI 1.96, 146.38; p = 0.010) than in young
adults born to mothers who were of normal weight or
underweight, respectively (Table 4).

Cardiometabolic outcomes
There were no observed associations between maternal
BMI status early in pregnancy and offspring metabolism
or blood pressure (Table 5). The exception was an iso-
lated (and likely spurious) finding of total cholesterol/
HDL that was 9% lower in the offspring of mothers with
normal weight compared to those born to mothers with
overweight/obesity (p = 0.024; Table 5).

Discussion
This study shows that maternal overweight/obesity early
in pregnancy was associated with a marked increase in
the likelihood of obesity in the young adult offspring in
Thailand. These findings in Thai people corroborate the
body of evidence mostly from Western countries re-
ported in childhood, late adolescence, and adulthood
[17, 18], which show that maternal obesity begets obesity
in the offspring [41].
Of note, we observed no associations between mater-

nal BMI status early in pregnancy and cardiometabolic
outcomes in the young adult offspring. As reviewed by
Drake & Reynolds, studies have reported associations
between maternal obesity during pregnancy and adverse
cardiometabolic health in their offspring, including dys-
regulation of glucose/insulin homoeostasis and vascular
dysfunction [42]. A large British study on 37,709 people

Table 3 Anthropometric parameters in the offspring in association with maternal body mass index (BMI) status early in pregnancy,
derived from both unadjusted and adjusted analyses

Maternal BMI status

Underweight Normal weight Overweight/obesity

Unadjusted Height (cm) 163.4 (161.3, 165.5) 164.0 (161.8, 166.2) 163.8 (163.1, 164.5)

Weight (kg) 52.6 (46.6, 55.7) 57.2 (56.0, 58.4)†† 66.7 (63.0, 70.3)**** ††††

BMI (kg/m2) 19.4 (18.4, 20.5) 21.2 (20.8, 21.6)†† 24.5 (23.5, 25.7)**** ††††

Adjusted Height (cm) 163.0 (161.6, 164.4) 164.3 (163.8, 164.8) 165.1 (163.6, 166.5)

Weight (kg) 52.3 (49.3, 55.3) 57.0 (56.0, 58.0)†† 66.4 (63.3, 69.6)**** ††††

BMI (kg/m2) 19.4 (18.3, 20.5) 21.2 (20.8, 21.5)†† 24.6 (23.5, 25.8)**** ††††

Data are means and 95% confidence intervals
Underweight, BMI < 18.5 kg/m2; normal weight, 18.5–24.99 kg/m2; and overweight/obesity, ≥25.0 kg/m2

Adjusted models accounted for gestational age, birth order, sex, and age, as well as height for offspring weight, and maternal height for offspring height
****p < 0.0001 for comparisons to the offspring of mothers of normal weight; ††p < 0.01 and ††††p < 0.0001 for comparisons to the offspring of
underweight mothers

Table 2 Body mass index (BMI) status in two generations in Chiang Mai (Thailand): of the mothers early in pregnancy and young
adult offspring at a mean age of 20.6 years

Mothers All offspring Male offspring Female offspring

n 628 628

Underweight 62 (9.9%) 169 (26.9%) 57 (19.7%) 112 (33.1%)

Normal weight 513 (81.7%) 355 (56.5%) 175 (60.3%) 180 (53.3%)

Overweight 51 (8.1%) 70 (11.1%) 42 (14.5%) 28 (8.3%)

Obesity 2 (0.3%) 34 (5.4%) 16 (5.5%) 18 (5.3%)

Data are presented as n (%). Underweight, BMI < 18.5 kg/m2; normal weight, BMI 18.5–24.99 kg/m2; overweight, BMI 25.0–29.99 kg/m2; and obesity,
BMI ≥30.0 kg/m2

Ounjaijean et al. BMC Public Health          (2021) 21:724 Page 6 of 11



also showed that maternal obesity during pregnancy was
associated with increased risk of hospitalisation and all-
cause mortality in the offspring aged 34–61 years [43]. It
is possible that our cohort was still too young, and
therefore yet to develop overt cardiometabolic dysfunc-
tion. Therefore, it would be of interest to follow-up our
participants in the long-term to ascertain whether their
young age was a factor, or whether there may be inher-
ent differences between our study population in
Thailand and other groups studied overseas that mainly
consisted of Caucasians.
There are still uncertainties regarding the potential

mechanisms underpinning the effects of maternal obesity
on offspring obesity risk and long-term health. Animal
models have attempted to describe these mechanisms [44,

45], and this association between maternal and offspring
obesity risk has been explained, at least in part, by shared
genetic traits that influence body weight or weight gain
[46, 47]. It has been suggested that a combination of
changes in fetal nutrient supply and genetic and epigenetic
mechanisms may be at play [48].
In women with overweight or obesity, the effects of

gestational weight gain on obesity risk in the offspring
are likely associated with mechanisms in utero, in con-
trast to mothers of normal weight, where such effects
likely result from shared familial characteristics (i.e.,
genes and the early environmental) [49]. It is also pos-
sible that the expected changes in maternal metabolism
during pregnancy are exacerbated in women with obes-
ity, leading to increased inflammation and higher blood

Fig. 2 Body mass index (BMI) status in the young adult offspring (n = 628) at a mean age of 20.6 years in Chiang Mai (Thailand), according to
maternal BMI status early in pregnancy. Underweight, BMI < 18.5 kg/m2; normal weight, BMI 18.5–24.99 kg/m2; overweight, BMI 25.0–29.99 kg/m2;
obesity, BMI ≥30.0 kg/m2; and overweight/obesity, BMI ≥25.0 kg/m2. NW: mothers with normal weight; OW/OB: mothers with overweight/obesity;
UW, mothers with underweight

Table 4 The unadjusted and adjusted odds ratios (OR) of obesity and overweight/obesity in the young adult offspring at a mean
age of 20.6 years in association with maternal body mass index (BMI) status early in pregnancy

OFFSPRING BMI STATUS

Overweight/obesity Obesity

MATERNAL BMI STATUS Unadjusted OR Adjusted OR Unadjusted OR Adjusted OR

Overweight/obesity vs Underweight 12.90 (3.57, 46.60)**** 14.70 (3.95, 54.71)**** 10.84 (1.31, 89.83)* 16.95 (1.96, 146.38)*

Overweight/obesity vs Normal weight 3.55 (1.95, 6.47)**** 3.91 (2.10, 7.28)**** 3.47 (1.48, 8.14)** 4.57 (1.86, 11.26)***

Normal weight vs Underweight 3.63 (1.11, 11.88)* 3.76 (1.14, 12.40)* 3.13 (0.42, 23.47) 3.70 (0.49, 28.06)

Data are the unadjusted and adjusted odds ratios with the respective 95% confidence intervals. Adjusted models accounted for gestational age, birth order,
and sex
Underweight, BMI < 18.5 kg/m2; normal weight, BMI 18.5–24.99 kg/m2; and overweight/obesity, BMI ≥25.0 kg/m2

*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 for pairwise comparisons
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lipids levels, which, in turn, alter the development of the
embryo and fetus in utero [48]. Further, Catalano pro-
posed that the increased maternal insulin resistance
early in pregnancy due to maternal obesity may be asso-
ciated with altered placental function and increased feto-
placental availability of nutrients later in gestation, not
only of glucose but also of free fatty acids and amino
acids [41].
It should be noted that beyond maternal obesity, there

are other potential reasons for the observed increase in
the overall rates of overweight and obesity in the off-
spring, including among those born to underweight
mothers. For example, this increase might be related to
lifestyle changes in the offspring, most notably regarding
dietary patterns due to Thailand’s economic and social
transitions since the mid-1980s. Thai people’s dietary
patterns have shifted from their traditional rice-based
diet, low in fat, and with a high intake of vegetables, to a
westernised diet based on beef and pork, high in fats and
simple sugars [50]. Besides, with increasing urbanisation,
Thai people have progressively lessened their leisure and
work-related physical activity levels, spending more time
in sedentary activities, such as watching television,

‘surfing’ the internet, and playing video games [51]. Not
surprisingly, a nationwide study on 87,134 students (me-
dian age 29 years) from an open university in Thailand
reported increased odds of obesity in association with a
range of lifestyle factors; these included lower levels of
self-reported physical activity, increased sedentary be-
haviours (e.g., watching television or spending time on
computers), and consumption of unhealthy foods (e.g.,
fried foods, Western-style fast food, or soft drinks) [52].
Our study’s main limitation was the lack of data on

lifestyle parameters in the offspring, particularly physical
activity levels and dietary intake. Nonetheless, key demo-
graphic parameters associated with obesity risk (i.e., par-
ental education and family income) were relatively
similar in the groups stratified according to maternal
BMI. We also did not have data on paternal anthropom-
etry; while maternal BMI is a stronger determinant of
offspring obesity than paternal BMI [53], there is evi-
dence that elevated BMI in both mothers and fathers
has a compounding effect on offspring obesity risk [53,
54]. Lastly, mothers in our study had their BMI status
derived based on measurements in the first trimester of
pregnancy. However, obtaining pre-pregnancy data is

Table 5 Cardiometabolic outcomes in the young adult offspring at a mean age of 20.6 years in association with maternal body
mass index (BMI) status early in pregnancy, derived from both unadjusted and adjusted analyses

UNADJUSTED ADJUSTED

Underweight Normal
weight

Overweight/
obesity

Underweight Normal
weight

Overweight/
obesity

Glucose
metabolism

n (%) 62 (100%) 497 (97%) 51 (96%) 62 (100%) 497 (97%) 51 (96%)

Fasting glucose
(mg/dL)

83 (81, 85) 83 (82, 83) 83 (81, 85) 83 (81, 85) 83 (82, 84) 83 (81, 86)

Fasting insulin
(mIU/L)

7.34 (6.29, 8.79) 7.24 (6.83, 7.68) 8.41 (6.99, 10.12) 7.21 (6.04, 8.61) 7.15 (6.74, 7.60) 8.72 (7.21, 10.55)

HOMA-IR 1.53 (1.28, 1.82) 1.48 (1.40, 1.58) 1.72 (1.42, 2.08) 1.49 (1.24, 1.79) 1.47 (1.38, 1.56) 1.79 (1.47, 2.18)

Atherosclerosis
marker

n (%) 61 (98%) 488 (95%) 51 (96%) 61 (98%) 488 (95%) 51 (96%)

CIMT (mm) 0.443 (0.435.
0.451)

0.439 (0.436,
0.442)

0.436 (0.428,
0.445)

0.445 (0.436,
0.453)

0.440 (0.437,
0.443)

0.435 (0.426,
0.444)

Blood pressure n (%) 62 (100%) 504 (98%) 52 (98%) 62 (100%) 504 (98%) 52 (98%)

Systolic (mmHg) 114 (111, 117) 115 (113, 116) 116 (112, 119) 114 (111, 117) 115 (114, 116) 116 (113, 119)

Diastolic (mmHg) 74 (71, 77) 74 (73, 75) 74 (71, 77) 74 (72, 77) 74 (73, 75) 74 (71, 77)

Lipid profile n (%) 62 (100%) 497 (97%) 52 (98%) 62 (100%) 497 (97%) 52 (98%)

Total cholesterol
(mg/dL)

168 (159, 176) 168 (165, 171) 174 (165, 184) 167 (157, 176) 167 (164, 170) 173 (163, 183)

HDL (mg/dL) 55 (52, 59) 57 (55, 58) 54 (50, 58) 55 (51, 59) 57 (55, 58) 53 (49, 57)

Triglycerides (mg/
dL)

82 (73, 93) 75 (72, 79) 75 (65, 85) 82 (72, 93) 76 (72, 79) 76 (66, 88)

Total cholesterol/
HDL

3.13 (2.91, 3.35) 3.11 (3.03,
3.19)*

3.36 (3.12, 3.59) 3.13 (2.90, 3.36) 3.11 (3.03,
3.18)*

3.41 (3.16, 3.64)

CIMT, carotid intima-media thickness; HDL, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance
Underweight, BMI < 18.5 kg/m2; normal weight, BMI 18.5–24.99 kg/m2; and overweight/obesity, BMI ≥25.0 kg/m2

Data on n (%) are the number and proportion of available samples for a given parameter per group; all other data are means and the respective 95% confidence
intervals, with adjusted models accounting for gestational age, birth order, and sex, as well as participant’s height for blood pressure
*p < 0.05 for a pairwise comparison to the offspring of mothers with overweight/obesity
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difficult, as most pregnancies are unplanned, and most
women do not seek pre-conceptional care [55–57]. Not
surprisingly, most studies comparing BMI at the first
antenatal visit and pre-pregnancy BMI have relied
mainly on self-reported pre-pregnancy weight and height
[55–58], observing only minor differences between the
two BMI measures. Few studies have compared actual
pre-pregnancy measurements to those at the first ante-
natal visit. While two investigations have identified dis-
crepancies in BMI classification between pre-pregnancy
and the first trimester of pregnancy of 5–9% [59] and
10% [60], a study on 1000 women reported that mater-
nal weight and body composition were essentially un-
changed throughout the first trimester of pregnancy
[61]. Thus, although it is likely that the BMI status of a
few women in our study would have been misclassified
in comparison to their pre-pregnancy status, we contend
that BMI status classification based on measurements in
the first trimester of pregnancy are largely reliable.
Among the strengths of our study, apart from its pro-
spective design, this investigation is of particular rele-
vance as ours appears to be the first study to examine
long-term associations between maternal BMI during
pregnancy and long-term health in the offspring in
Thailand. Further, our study participants underwent a
range of cardiometabolic assessments that provided a
relatively comprehensive assessment of their health be-
yond anthropometric measurements.

Conclusions
Despite the growing evidence that maternal obesity ad-
versely affects the offspring’s long-term health, the rates
of women entering pregnancy with obesity continue to
increase [46]. Our study adds further evidence on this
problem, showing that it also affects non-Western coun-
tries such as Thailand. Therefore, greater recognition of
the impacts of maternal obesity on the health of future
generations is required to inform public health policy
and intervention, particularly to foster healthier lifestyle
choices among women of childbearing age (i.e., before
conception).
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