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pregnancy and child’s body mass index at preschool age

Jeewon Shin, MD", Yoowon Kwon, MD?, Ju Hee Kim, MD3, Su Jin Jeong, MD'

"Department of Pediatrics, CHA Bundang Medical Center, CHA University School of Medicine, Seongnam, Korea; “Department of Pediatrics, Chungnam National
University Sejong Hospital, Sejong, Korea; *Department of Pediatrics, Kangdong Sacred Heart Hospital, Seoul, Korea

Background: Recent studies reported that prepregnancy body
mass index (BMI) and weight gain during pregnancy affect birth
weight and contribute to childhood obesity. However, no such
data are available in Korea.

Purpose: This study gathered data on weight gain during
pregnancy and its impact on birth weight and childhood obesity
in Korea.

Methods: We reviewed 1,753 singleton full-term babies born
at CHA Bundang Medical Center in 2014-2016. We first
review each maternal and baby factor based on prepregnancy
BMI (underweight, normal, overweight/obese) and then divided
them into low, normal, and excess gestational weight gain
(GWG) groups based on the American Institute of Medicine
(IOM) guidelines. We reviewed the characteristics of each group
and analyzed the association between maternal GWG based on
IOM guidelines and child BMI after 6 years.

Results: The maternal prepregnancy BMI group showed a
significant difference in birth weight and child BMI at 6 years.
As the prepregnancy BMI increased, the birth weight and BMI
at 6 years also increased (P<0.001). Mean birth weight and
child BMI at 6 years differed significantly among the GWG
groups. Furthermore, excess postpartum weight gain increased
the risk of childhood overweight and obesity (odds ratio, 2.21;
95% confidence interval, 1.40-3.49).

Conclusion: Excess weight gain during pregnancy should be
avoided due to its short- and long-term association with child-
hood obesity. Owing to the high prevalence of excess GWG
and childhood obesity, excess weight gain during pregnancy can
have significant public health implications.
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Key message

Question: What are the risk factors of newborn birth weight?

Does gestational weight gain and prepregnancy body mass
index affect childhood weight?

Finding: Excess maternal weight gain increases the risk of
overweight/obesity, newborn birth weight, and child body
mass index at 46 years.

Meaning: Maternal weight control before and during preg-
nancy should be well controlled.

Introduction

Globally, the prevalence of overweight and obesity in childhood
and adulthood is increasing. Hence, further research is needed to
understand the origins and the critical time periods that could
increase the risk of obesity and adverse health outcomes later in
life. Over the many years in America, overweight and obesity
rates in women of reproductive age have increased rapidly.” The
prevalence of overweight and obesity before pregnancy among
women who gave birth increased from 23.2% in 1993-1994
to 44.8% in 2009.%% Another important issue for pregnant
women is that excessive pregnancy weight gain is becoming more
common among women with high prepregnancy body mass
index (BMI).

Evidence shows that maternal overweight and obesity have
long-term health consequences on the offspring’s later health.
These associations are stronger with maternal than paternal
obesity, suggesting that they cannot solely be explained by a
common genetic background. Maternal and fetal well-being
is directly coupled. The optimal fetal growth is influenced by
several factors. These factors control the fetal metabolic signaling
pathways and guide “fetal programming” through an intricate
mechanism. Recent studies suggest that “fetal origin” effects can
be extended to a wider range of lifelong outcomes, particularly
poor health at birth is a major pathway by which insufficient or
excessive nutritional intake exerts lasting effects during fetal
development.>® This study will shed new light on such a pathway
since GWG is a good measure of nutrition in utero and both high
birth weight and low birth weight are the crucial indicators of
poor infant health.
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Graphical abstract. BMI, body mass index; Cl, confidence interval.

Many studies have shown that both prepregnancy BMI and
GWG are the 2 key determinants of infant health.” There is a
growing association between prepregnancy BMI and large
gestational age (LGA) outcomes which have also been observed
in other studies. Furthermore, BMI>85th percentile at birth
is independently associated with being overweight at 4 years.?
Newborn overweight is perhaps superior to newborn macroso-
mia in predicting overweight at age 4. This suggests that early
‘adiposity rebound” may lead to adult obesity. We want to know
that an LGA newborn of obese mothers has the potential to track
into later life and confer negative effects on their future body
composition and, thus, metabolic health.

So firstly, we intended to evaluate the effects of prepregnancy
BMI and GWG on the infant’s birth weight. Secondly, we want-
ed to investigate such programming using the body composition
data from birth and at ages 46 of Korean children born to obese
mothers.

Methods

1. Study population

We reviewed the data of 6,669 babies born at the Bundang
CHA Medical Center from January 2014 to December 2016.
We excluded 1,761 preterm babies (under gestational age [GA],
37+ weeks) and 1,245 twin babies from the study. We collected
the medical data of 1,753 normal singleton and full-term babies
eligible for this study (Fig. 1). We obtained information about the
maternal and baby factors via electronic medical records. For the
maternal factors, we collected age, weight before the pregnancy,
total weight gain during the pregnancy, height, and BMI before
and after the pregnancy. Prepregnancy weight and height were
self-reported by mothers, and during pregnancy, body measure-
ments were taken on the first day of pregnancy and the day

6,669 All children born at the Bundang
CHA Medical Center during 2014-2016

1,245 Exclude
twin-born

1,761 Exclude
<GA 37+0 weeks

1,753 Eligible maternal data
for this study

232 Maternal 1,342 Maternal 179 Maternal

prepregnancy prepregnancy prepregnancy
BMI >18.5 kg/m? | | BMI 18.5-24.9 kg/m? BMI 25-29.9 kg/m?
and BMI >30 kg/m#)

Fig. 1. Schema of participant selection process. BMI, body mass index; GA,
gestational age (weeks). ®BMI 25-29.9 kg/m? and BMI >30 kg/m? groups
combined.

of delivery at the hospital. We collected the birth weight and
height, infant sex, and the delivery method for the baby factors.
Furthermore, out of 1,753 babies, we confirmed a BMI of 473 at
ages 4-6 years during their vaccination visit.

2. Measurements

We used the prepregnancy weight and height self-reported
by mothers to calculate the BMI (kg/m?). We categorized it
according to the World Health Organization guidelines” as group
1: underweight (BMI<18.5 kg/m?), group 2: normal weight
(BMI 18.5-24.9 kg/m?), group 3: overweight (BMI 25.0-29.9
kg/m?) and obese (BMI=30 kg/m?) (Fig. 2). The weight at
delivery was measured at the hospital and used to calculate the
GWG by subtracting it from woman’s prepregnancy weight. For
further statistical evaluations, we combined the overweight and
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the obese groups due to the small sample size in the obese group.
The proper GWG for underweight, normal weight, overweight
and obese women is 12.5-18 kg, 11.5-16 kg, 7-11.5 kg, and
5-9 kg, respectively, based on the American Institute of Medicine
(IOM) recommendations.!? We divided them into 3 groups
based on gestational weight gain specified in the IOM guidelines:
low GWG, normal GWG, and excess GWG (Fig. 2).

3. Statistical analysis
The data are presented as mean, standard deviation, number,

>|OM recommendations
Within IOM recommended range
<IOM recommendations

100% ———

80%

60% ———

40%

20% ———

0%

<185 18.5-24.9 >25
Prepregnancy body mass index (kg/m?)

Fig. 2. Percentage of women in each body mass index class based
on the American Institute of Medicine (IOM) gestational weight gain
category.

and rate (%). The chi-square test conducted comparisons of
mean values of the categorical variables. The Kruskal-Wallis test
was performed to show the relationship between prepregnancy
BMI, maternal factors, and birth height. We used the Mann-
Whitney test for post hoc analysis as the data showed nonnormal
distribution. We used analysis of variance analysis for normal
distribution variables to find the association between the prepreg:
nancy BMI group and the birth weight and childhood BMI. The
Bonferroni test was used for post hoc analysis. Furthermore, we
used linear regression with log gamma function to calculate beta
coefficients (B) and 95% confidence intervals (Cls) and odds
ratio (OR) to describe the association between the prepregnancy
maternal BMI, GWG, birth weight, and BMI at age 4-6. Adjusted
B (ap) were calculated to describe the relative risk and adjusted
for GA (day), sex, maternal height, and birth weight. All analyses
were performed using IBM SPSS Statistics ver. 26.0 (IBM Co.,
Armonk, NY, USA). In this study, probability (P)<0.05 (2-sided)
was considered statistically significant.

Results

1. Baseline characteristics

In this study, we had data from 1,753 mothers and newborn
infants and 473 4-6-years-old children. Table 1 shows the
different characteristics of a maternal and newborn infant by
the prepregnancy BMI status. In the underweight, normal, and
overweight/obese groups, the median prepregnancy BMI was

Table 1. Characteristics and maternal prepregnancy BMI status of total study population

Prepregnancy BMI status

Total study population

Characteristic (n=1.753) Underweight Normal Overweight/obese P value
' (Group 1)? (n=232)  (Group 2)? (n=1,342)  (Group 3)* (n=179)
Maternal factors
Gestational age (day) 272.34%7.23 272.09+£7.13 272.62+7.17 270.61+7.55 0.001”
Maternal age (yr) 33.85+3.81 33.09+3.88 33.84%3.70 34.95+4.28 <0.001”
Weight before the pregnancy (kg) 55.7618.64 46.47+3.48 54.98+5.13 73.6918.97 <0.001”
Total weight gain (kg) 13.44%4.50 13.19+4.51 13.52+4.48 13.12+4.62 0.178"
BMI before the pregnancy (kg/m?) 21.31£3.10 17.65+0.72 21.02£1.63 28.19£2.93 <0.001”
Height (cm) 161.72+4.89 162.18+5.43 161.66+4.77 161.59+5.02 0.515"
Baby factors
Birth weight (kg) 3.1920.37 3.08£0.35 3.19£0.37 3.3320.39 <0.001°
Birth height (cm) 49.32+10.99 48.77+1.75 49.41+12.51 49.3242.21 0.005”
Infant sex 09719
Male 913(52.08) 120(51.72) 701 (52.23) 92 (51.39)
Female 840 (47.91) 112 (48.72) 641 (47.76) 87 (48.60)
Delivery method <0.001"
NSVD 970 (55.33) 138 (59.48) 757 (56.40) 75 (41.89)
Cesarean section 783 (44.66) 94 (40.51) 585 (43.59) 104 (58.10)

Values are presented as meantstandard deviation or number (%).
BMI, body mass index; NSVD, normal spontaneous vaginal delivery.

a)Underweight: prepregnancy BMI >18.5 kg/m? normal: prepregnancy BMI 18.5-24.9 kg/m? overweight/obese: prepregnancy BMI 25-29.9 kg/m? or
prepregnancy BMI >30 kg/m?. °Differences among groups were analyzed using the Kruskal-Wallis test. Thus, any relationship between 2 of the 3 groups was
significant. C’Intergroup differences were analyzed using analysis of variance; thus, any relationship between 2 of the 3 groups was significant. d)Intergroup

differences were analyzed using the chi-square test.
Boldface indicates a statistically significant difference with £<0.05.

www.e-cep.org

https://doi.org/10.3345/cep.2022.01158 78


http://www.e-cep.org
https://doi.org/10.3345/cep.2022.01158

17.65%0.72, 21.02+1.63, and 28.19%2.93 kg/m? (P<0.001),
respectively, and the average birth weight was 3.08=0.35 kg,
3.19%0.37 kg, 3.33x0.39 kg (P<0.05), respectively. Both of
these things in each group showed statistically significant differ-
ences. There was no significant difference in the infant sex (P=
0.971) between the 3 groups. However, the ratio of cesarean
section (¢/sec) delivery was significantly higher than normal spon-
taneous vaginal delivery, which showed a statistical difference in
group 3 (P<0.001).

2. Maternal prepregnancy BMIvs. 4-6-years BMI

Table 2 shows the correlation between the maternal prepreg-
nancy BMI and the child’s BMI at 4-6-year-old as well as the
newborn infants’ birth weight. As the mother’s prepregnancy
BMI increases, the infants” birth weight increased (af=0.054;
95% CI, 0.037-0.072; P<0.001). BMI at 4-6-year-old also
showed a positive correlation with the prepregnancy maternal
BMI (af=0.059; 95% CI, 0.031-0.087; P<0.001).

Table 2. Association between maternal prepregnancy BMl and c

3. Maternal GWG vs. newborn birthweight and 4-6-year-old

BMI

The association between birthweight and BMI at 46 years of
age and GWG based on the IOM guidelines are demonstrated
in Table 3. Maternal weight gain during pregnancy shows a
relationship between birthweight and BMI at age 4—6 years.
Indeed, our data showed a relationship between GWG and birth-
weight and BMI at 46 years of age. GWG based on the IOM
guidelines and the birthweight significantly increased in the
excess GWG group than in the low and the normal GWG groups
(ap=0.050; 95% CI, 0.036-0.064; P<0.001). Also, the BMI at
4-6 year of age also showed the relationship with the excess GWG
group (ap=0.025; 95% CI, 0.005-0.045; P<0.015) (Table
3). The proportion of 4—6-year-old overweight/obese children
showed the highest value in the excess GWG group and was
statistically significant. After correcting for confounding variables
such as GA (day), sex, maternal height, prepregnancy BMI, and
birthweight, the overweight/obese ratio of children 4-6 years of
age was statistically significantly higher in the excess GWG group
(aOR 1.77;95% CI, 1.09-2.88; P<0.021) (Table 4).

hild’s BMI at 4-6 years (N=1,753)

Birthweight
Prepregnancy maternal BMI 3 - -
Mean (95% Cl) (kg) P value Crude 8 (95% CI)® Pvalue Adjusted 8 (95% CI)%" Pvalue
Underweight (n=232)? 3.08 (3.03-3.12) -0.037 (-0.053 to -0.020) <0.001 -0.036 (-0.051 t0 -0.021) <0.001
Normal (n=1,342)" 3.19(3.17-3.21) 0.001" Ref Ref
Overweight/Obese (n=1 79)C) 3.33(3.27-3.39) 0.042 (0.024-0.061) <0.001 0.054 (0.037-0.072) <0.001
BMI in childhood (4-6 yr old)
Prepregnancy maternal BMI 5 3 ) - ]
Mean (95% Cl) (kg/m?) P value Crude 8 (95% ClI)® Pvalue Adjusted B (95% CI)*¢ Pvalue
Underweight (n=1 16)% 15.74 (15.45-16.03) -0.049 (-0.075 t0 -0.023) <0.001 -0.041 (-0.066 to -0.015) <0.002
Normal (n=267)" 16.52 (16.28-16.78)  <0.001" Ref Ref
Overweight/Obese (n=89)° 17.69(17.19-18.18) 0.068 (0.039-0.096) <0.001 0.059 (0.031-0.087) <0.001

BMI, body mass index; Cl, confidence interval.
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JUnderweight: prepregnancy BMI >18.5 kg/m? "Normal: prepregnancy BMI of 18.5-24.9 kg/m?. Overweight/obesity: prepregnancy BMI of 25-29.9 kg/
m? or prepregnancy BMI >30 kg/m?2. “intergroup differences were analyzed using analysis of variance. Thus, any relationship between 2 of the 3 groups was
significant. ®8 and 95% Cl values were calculated using generalized linear regression with a log gamma function. "Adjusted for gestational age (days), sex,
and maternal height. ?Adjusted for gestational age (days), sex, maternal height, and birth weight. h)Using the Bonferroni test for the post hoc analysis, all
intergroup differences were statistically significant.

Boldface indicates a statistically significant difference with £<0.05.

Table 3. Association between weight gain during pregnancy, birth weight, and child’'s BMI at 4-6 years
Birth weight (n=1,753)

Wight gain during the pregnancy

Mean (95% Cl) (kg) P value? Crude 8 (95% CI)? Pvalue  Adjusted g (95% CI)>9 Pvalue
Low GWG (n=587) 3.09(3.06-3.12) -0.037 (-0.050 to -0.024) <0.001 -0.027(-0.039t0-0.015)  <0.001
Normal GWG (n=700) 3.21(3.18-3.24) <0.001¢ Ref Ref
Excess GWG (n=466) 3.31(3.28-3.35) 0.068 (0.054-0.083) <0.001 0.050 (0.036-0.064) <0.001
_ _ _ BMI in childhood (4-6 yr old)
Weight gain during the pregnancy -
Mean (95% Cl) (kg/m?) Pvalue?  Crude 8 (95% CI)°, P value Adjusted B (95% CI)><) Pvalue
Low GWG (n=129) 15.60 (15.25-15.95) -0.52 (-0.077 to -0.026) <0.001 -0.035(-0.057 t0-0.013) 0.002
Normal GWG (n=199) 16.43(16.15-16.71)  <0.001? Ref Ref
Excess GWG (n=144) 17.58(17.25-17.91) 0.068 (0.043-0.092) <0.001 0.025 (0.005-0.045) 0.015

BMI, body mass index; Cl, confidence interval; GWG, gestational weight gain.

?Differences among groups were analyzed using analysis of variance. Thus, any relationship between 2 of the 3 groups was significant. ”3 and their
95% Cl were calculated using generalized linear regression with a log gamma function. Adjustment for gestational age (days), sex, maternal height, and
prepregnancy BMI. “The Bonferroni test was used for the post hoc analysis; therefore, all differences among groups were statistically significant.

Boldface indicates a statistically significant difference with £<0.05.
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Table 4. Association between weight at age 4-6 years and maternal gestational weight gain based on Institute of Medicine (I0M)

guidelines

Overweight/obese in childhood (4-6 yr old)

Wight gain during the pregnancy

No. (%) OR (95% Cl)® Pvalue aOR (95% Cl)°* Pvalue
Low GWG (n=129) 21(16.3) 0.55(0.32-0.97) 0.04 0.54 (0.29-0.99) 0.047
Normal GWG (n=200) 52 (26.0) Ref Ref
Excess GWG (n=144) 63 (46.8) 2.21 (1.40-3.49) 0.001 1.77 (1.09-2.88) 0.021

OR, odds ratio; aOR, adjusted OR; Cl, confidence interval; GWG, gestational weight gain; BMI, body mass index.
0verweight and obesity were defined as a BMI (kg/m?) >85th percentile. ®OR and 95% Cl were calculated using binary logistic regression. “Adjustment for

gestational age (days), sex, maternal height, prepregnancy BMI, and birth weight.

Boldface indicates a statistically significant difference with £<0.05.

Discussion

Our study examined the associations between the maternal
prepregnancy BMI and the infant’s weight at birth or the child’s
BMI in childhood and between the maternal GWG and the
infant birthweight or their child’s BMI in childhood. As the pre-
pregnancy BMI increases, the birth weight significantly increases,
even after adjusting for confounding factors. Furthermore,
this study investigated the effect of the maternal prepregnancy
BMI and GWG on the BMI at 4-6 years of age when the early
adiposity rebound occurs. The overweight/obese children ratio in
the excess GWG group was higher than in the low and normal
GWG groups.

Worldwide, the prevalence of excessive gestational weight gain
in women has increased, and much research about weight gain
during prepregnancy increases body fat and birth weight.!!"!9
Zhao et al."¥ found that overweight and obese women had
a higher risk of developing macrosomia and LGA compared
to women with normal weight. Nehab et al." also found
that children of mothers who gained excessive weight during
pregnancy had increased body fat and birth weight. There have
not been many studies about the relationship between weight
gain during pregnancy and the child’s weight at 46 years when
an early adiposity rebound occurs. So, in this paper, we tried to
confirm that weight gain during pregnancy is associated with
BMI at 4-6-year-old.

Several studies have linked fetal macrosomia with a higher risk
of developing type 2 diabetes mellitus, obesity, and metabolic
syndrome in childhood or adulthood, perpetuating this cycle
in the next generation. Increasing maternal glucose and free
fatty acids levels are related to maternal overweight and obesity
proposed by the overnutrition hypothesis.">'®) This may lead
to permanent fetal body composition changes, in the long run,
increasing the risk of obesity-related health outcomes later in the
future.!” Maternal body size closely relates to the infant’s birth
size and also reflects maternal nutritional status long term.'®

Our study shows a relationship between the delivery mode and
prepregnancy BMI. This demonstrates that the larger the baby
higher the chance of being born by ¢/sec, which is consistent with
previous studies. In a recent study from the United Arab Emirates,
the prevalence of ¢/sec delivery (OR, 2.3) was higher in birth
weight, more than 4,000 g (OR, 3.9)."” Sebire et al.?” showed

that the ¢/sec delivery rate in the very obese group was more than
20%, whereas it was only close to 10% in the normal weight
group. Rutayisire et al.>" reported the chance of overweight
(OR, 1.24; 95% CI, 1.07-1.44; P=0.003), and obesity (OR,
1.29; 95% CI, 1.13-1.49); P<0.001) was remarkably related
to ¢/sec in preschool children. In other words, as the mothers’
BMI increases, the possibility of ¢/sec increases, and ¢/sec affects
childhood obesity as an independent factor; it may be predicted
that the mother’s weight gain is the most important factor in
preventing childhood obesity.

Sex differences in body weight and body fat development at a
young age have been shown in previous studies.?>?® Eriksson et
al.’ confirmed that a higher percentage of body fat in adulthood
is associated with a higher birth weight in men born in women
with high maternal BMI. However, Voerman et al.>® studies did
not reveal gender differences; this is maybe because fat and lean
mass are not distinguished by BML. Further studies on the causal
relationship and underlying mechanisms of these relationships
are needed.”

As a result of this study, it was statistically confirmed that the
maternal age increased as the prepregnancy BMI increased. It
should be considered that the number of elderly mothers in Korea
is recently increasing, which is also an important risk factor for
childhood obesity in the future.

The present study has several limitations. First, the sample size
of 4-6-year-old was relatively small either due to loss of follow-up
after birth or because the child’s body weight data was missing.
Second, the prepregnancy weight and height were self-reported,
producing recall error and leading either to underestimation or
overestimation of GWG. Third, it was a single-center study;
hence the results may only represent Bundang CHA Medical
Center. And finally, we did not consider gestational diabetes and
other maternal medical issues which may affect the fetus. The
strength of this study is that it was a long-term longitudinal study,
and the sample size of the newborn baby was large.

In this study, we confirmed that the prepregnancy BMI and the
maternal weight gain during the pregnancy affect the birth weight
and the BMI at 46 years of age. GWG increases the risk of later
childhood overweight or obesity at ages 4-6. Overall, it is worth
noting that excess GWG may significantly impact public health
due to the prevalence of obesity in children.
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