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Background & Aim: Recently, early growth patterns have been associated with metabolic and
cardiovascular diseases in adulthood. Early child development depends on women’s health. Lack of
maternal health during pregnancy can lead to death, disease, and disability in the newborn baby.
This research was conducted to study the effect of maternal weight gain during pregnancy on the
children’s growth until 6 months of age.

Methods & Materials: This retrospective cohort study was conducted on a sample of
257 mother/child pairs using the household records of the urbane health center of Amirieh in
Shahriar County. Health care records of pregnant women were collected, and their children’s weight
was measured at birth and 6 months of age. Multiple linear regressions were used to estimate the
adjusted association between maternal and infant weight gain from birth to 6 months of life.

Results: According to multiple analysis, there was no statistically significant and clinically
important association between the infant weight gain and gestational weight gain [b = 3.8; 95%
confidence interval (CI): —20.8, 28.5; P = 0.076]. Gestational weight gain, however, showed a
significant association with birth weight (b = 16.34; 95% CI: 3.4, 29.3; P = 0.014).

Conclusion: In this study, there was no association between gestational weight gain and infant
weight gain from birth to 6 months. It seems that further studies with larger sample sizes and
variables can help us to understand the maternal factors affecting early infant growth.

Introduction

infant growth (1). Women who gain weight
more than normal during pregnancy are at an

Human growth is a continuous process in
which each stage of the life cycle has different
characteristics and is influenced by endogenous
factors (e.g. biological, genetic, and racial
factors); and external factors (e.g. nutrition,
cultural, environmental, and social conditions).
Several pre- and postnatal factors can affect
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increased risk of preterm birth, low birth weight,
preterm delivery, cesarean delivery, and birth
defects (2-4). Li et al. (5) found that weight gain
more than 20.43 kg during pregnancy was
associated with a risk of early onset of
overweight in the offspring. Many studies have
found that children who gain more weight in
infancy are at a later risk for obesity in
childhood and adulthood (6, 7). Evidence
suggests that early life growth patterns are
associated with an increased risk of metabolic
syndrome and chronic diseases such as
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hypertension, high cholesterol, and coronary heart
disease (8, 9). In 2009, the Institute of Medicine
(IOM) highlighted both pre-pregnancy body mass
index (BMI) and excess weight gain during
pregnancy as significant contributors to infant
evolvement (10-12). According to well-established
associations between pre-pregnancy BMI and both
high birth weight and later obesity, the IOM has
especially focused on the relationship between
excess weight gain during pregnancy and
childhood obesity as a modifiable risk factor for
improving the maternal and child health (10-12).
Based on published statistics of the UNICEF,
161 million under-5 years’ children were estimated
to be stunted in 2013. About half of all stunted
children live in Asia and over one-third in Africa
(13). In Iran, the prevalence of stunting, wasting,
underweighting, and overweighting, among
children under 5 years, was 13.1, 4.5, 7.6, and
5.2 percent, respectively, in 2000-2002. The
prevalence of stunting and underweighting was so
sever in rural areas (14). It represents an urgent
need to speed up the integration of nutrition
control programs during pregnancy and before the
age of two when the speed of physical and
emotional growth in children and their evolution is
the highest. However, few studies have examined
whether maternal weight gain during pregnancy
also predicts the weight gain of their children in
early infancy (15-17). Therefore, the aim of the
present study was to evaluate the effect of maternal
weight gain during pregnancy on child growth
until 6 months of age.

Methods

This was a retrospective cohort study on
mother-infant dyads in Amirieh Health Center.
Amirieh is a county with 12,054 residents
(according to the 2012 general population and
housing census) in central Shahriar City, Tehran.
Health-care records for both the pregnant
women and their offspring are routinely
collected in the Amirieh Health Center. Pregnant
women’s health are recorded within the first
12 weeks of pregnancy, and other general
information including age, education, numbers
of pregnancies/infants, family history of
diseases, personal history of diseases, and

clinical measurements [weight, ultrasonography,
blood pressure, gestational diabetes mellitus
(GDM) screening tests, and other lab tests]. The
health records of the offspring include the
information of newborn’s postnatal period
(< 40 days after birth), infancy (health
examinations every 2 months during the first
6 months and at 12 months). The information of
the feeding mode (exclusive breastfeeding,
mixed breast and formula feeding, and exclusive
formula feeding) during the first 6 months and
the measurements of weight, height, head
circumference are collected and available. We
collected 290 records of both mothers and their
infants who were born between April 2011
and May 2014. The present study included
257  mother-child  pairs with  required
measurements for analysis. Weight gain during
pregnancy was calculated as the difference
between weigh measurement taken at the first
visit and weight on the last visit. Infant weight
gain was calculated as the difference between
the weight at birth and at 6 months of age.

We used a multiple linear regression model to
estimate “b,” i.e., the expected change in infant
weight gain (g) per 1 kg increase in gestational
weight gain, 95% confidence interval after
adjusting the variables, maternal age, maternal pre-
pregnancy BMI, birth weight and height, maternal
level of education, homeowner, mode of delivery,
feeding modalities, first pregnancy, personal car
ownership, infant sex, and the rank of birth.
Categorical variables are presented as frequency
(percentage), and continuous variables are
summarized as mean standard deviation (SD). We
also examined the adjusted associations between
gestational weight gain and infant birth weight.

Results

This retrospective cohort study was conducted
on a sample of 257 mother/child pairs. About half
(129) of the infants were male, 233 (90.7%) of
the infants were exclusively breastfed to 6 months
of age, 20 (7.8%) were exclusively formula-fed,
and 4 (1.6%) received both breast milk and
formula. The mean (SD) gestational weight gain
was 10.90 (4.14) kg. A total of 129 (50.2%)
mothers had a normal pre-pregnancy BMI
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(18.5-24.9 kg/m?) while 91 (35.4%) mothers were
overweight, and 19 (7.4%) were obese. It was the
first pregnancy for 114 (44.4%) mothers. The
mean (SD) infant weight gain from birth to
6 months of age was 4746.6 (808.2) g, ranging
from 2550 to 7300 g. Descriptive characteristics
of the participants are shown in table 1. In
unadjusted regression analyses, only the
association between the infant sex and infant
weight gain during the first 6 months of life was
statistically significant at a 5% level; the mean
difference in the infant weight gain between boys
and girls was b = 570.7; 95%, confidence interval
(CI): 406.8, 734.6 g; P < 0.001. Multiple linear
regression of the infant weight gain on gestational
weight gain and potential confounding variables
are shown in table 2. There was no statistically
significant and clinically important association
between the infant weight gain and gestational
weight gain (b = 3.8; 95% CI: —20.8, 28.5;
P = 0.760). According to adjusted regression
analysis, birth height (b = 58.6; 95% CI: 3.2,
114.1; P = 0.038) was positively associated with
the infant weight gain. Boys gained weight more
rapidly from O to 6 months than girls (b = 520.1;
95% CI. 327.7, 712.6; P < 0.001). The
association between pre-pregnancy BMI and
weight gain from birth to 6 months of age tended
to be significant (b = 25.6; 95% CI: —1.1, 52.3;
P = 0. 060). A significant association was
detected between the rate of gestational weight
gain and birth weight, for each 1 kg increase in
weight gain during pregnancy, the infant weight
birth increased by b = 16.34; 95% CI: 3.4, 29.3 g;

P =0.014 (Table 3).

Table 1. Descriptive characteristics of the participants*

Variable Mean = SD or

n (%)

Maternal age (years) 25.78 £5.55
Maternal pre-pregnancy BMI (kg/m?) 23.94 +£3.85
Birth weight (g) 3210.21 + 446.97
Birth height (cm) 50.15+2.21
Head circumference (cm) 3474 +1.43
Family size 3.700 £ 0.759
Infant weight gain from birth to 6 4746.60 + 808.17
months (g)
Gestational weight gain (kg) 10.90 £4.14
Maternal age > 35 11 (4.28)
Maternal age < 18 12 (4.67)
Being nulliparous 114 (44.36)
Type of delivery

Cesarean 117 (45.53)

Natural 140 (54.47)
Infant sex

Male 129 (50.19)

Female 128 (49.81)
Mother’s education

Iliterate 13 (5.06)

Elementary 91 (35.41)

High school 67 (26.07)

Diploma 74 (28.79)

Academic 12 (4.67)
Mod of infant feeding

Exclusive breastfeeding 233 (90.66)

Exclusive formula feeding 20 (7.78)

Mixed breast and formula 4 (1.56)

Homeowner 90 (35.02)

Personal car ownership 91 (35.41)
Pre-pregnancy BMI

Underweight (<18.5) 18 (7)

Normal (18.5-24.9) 129 (50.19)

Overweight (25-29.9) 91 (35.41)

Obese (>30) 19 (7.39)

“n (%), except were otherwise indicator, BMI: Body mass index

Table 2. Multiple linear regression models predicting infant weight gain during the first 6 months of life (n = 257)

Variable

Infant weight gain (g) from birth to age 6 months

b P value 95% confidence interval
Pre-pregnancy BMI (kg/m?) 25.6 0.060 -1.1 52.3
Sex (0 = female, 1 = male) 520.1 <0.001 327.7 712.6
Birth weight (g) -0.315 0.029 -0.03 -0.6
Birth height (cm) 58.6 0.038 3.2 114.1
Mod of infant feeding (formula feeding) 62.6 0.490 -114.4 239.6
Homeowner 206.2 0.054 -3.9 416.3
Personal car ownership -151.8 0.150 -359.8 56.1
Gestational weight gain (kg) 3.83 0.760 -20.8 285
Mother’s education 22.45 0.670 -82.01 126.9
Type of delivery (natural) 974 0.330 -98.9 293.7
Maternal age (years) -71.97 0.480 -30.4 144
Rank of birth -102.8 0.410 -346.9 141.4
First pregnancy -159.23 0.320 -476.4 157.9

“Mean difference in infant weight gain (g) for categorical binary variables and expected change in infant weight gain (g) per one unit increase for

continuous variables
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Table 3. Multiple linear regression models predicting birth weight (n = 294)

Birth weight (g)

Variable

b’ P value 95% confidence interval
Pre-pregnancy BMI (kg/m?) 19.7 0.005 6.01 33.4
Sex (0 = female, 1 = male) -17.9 0.720 -117.3 81.6
Ownership -31.9 0.570 -142.4 78.5
Personal car ownership 83.4 0.120 -23.4 190.3
Gestational weight gain (kg) 16.3 0.014 3.4 29.3
Mother’s education 36.18 0.180 -17.1 89.5
Maternal age (years) -7.91 0.180 -19.6 3.7
The rank of birth 108.8 0.090 -17.4 235
First pregnancy 0.95 0.990 -161.5 163.4

"Mean difference in birth weight (g) for categorical binary variables and expected change in birth weight (g) per one unit increase for

continuous variables

Discussion

Few studies have examined the effect of
maternal pre-pregnancy BMI and gestational
weight gain on infant anthropometric outcomes.
The majority of previous studies in literature
have focused on the association between weight
gain during pregnancy and outcomes at birth
(18-23).

This study was conducted to investigate the
effect of maternal weight gain during pregnancy
on the child growth until 6 months of age.

The result showed that both maternal pre-
pregnancy overweight and excessive weight gain
during pregnancy were associated with a higher
birth weight. These results support previous
studies (17, 24).

Although most previous studies have showed
an association between gestational weight gain
and children’s weight gain after birth.
(15-17, 25-28) We did not find any significant
association between gestational weight gain and
pre-pregnancy BMI with infant weight gain
from birth to 6 months of age. However, some
studies have reported no association (29-31).
Nonetheless, in our study, the relationship
between pre-pregnancy BMI and weight gain
from birth to 6 months of age was borderline
significant (P = 0.060).

The results of this study support the earlier
findings of Baker et al. (32) on a negative
association between birth weight and infant
weight gain. However, some researchers such as
the study of Olson et al. (29) and Whitaker (31)
have reported a positive association between
birth weight and subsequent growth.

In our study, we found a significant

association between height at birth and infant
weight gain, which is consistent with the results
of the study by Whitaker (31). Consistent with
other studies, boys gained weight more rapidly
than girls (31, 32). There was no association
between infant weight gain and other variables
such as the mother’s educational level, maternal
age, and first pregnancy in this study. In the
study by Whitaker, first pregnancy and
preschooler obesity were related, but there was
no association between maternal education level,
maternal age, and risk of obesity in children of
preschool age (31).

The strength of this study was the use of the
data of health records as an opportunity for
research. It can encourage researchers to use
such information which unused in health centers.

This study had several limitations. The
anthropometric measurements were taken as part
of routine care and were not specifically taken
for the purposes of this study. Likewise, all other
variables of interest were extracted from the
health records. The second limitation was that
we only followed infant growth to 6 months of
age. Thus, we cannot assess the effect of
maternal weight gain during pregnancy on the
offspring’s growth and development after
6 months. More studies are recommended to
evaluate the impact of maternal weight gain
during pregnancy on other age groups of
children. Another limitation of this study was
that the information in health records was
collected by different health-care workers which
could affect their accuracy.

Conclusion

It seems that further studies with larger
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sample sizes and more variables can help us to
understand the maternal factors affecting the
early infant growth

Conflict of Interests

Authors have no conflict of interests.

Acknowledgments

This study is supported by Tehran University
of Medical Sciences. We sincerely appreciate
their assistance to support this study.

References

1.

162

Spyrides MH, Struchiner CJ, Serrano
Barbosa MT, Kac G. The effect of
breastfeeding practices on infant growth. Rev
Bras Saude Mater Infant 2005; 5(2): 145-53.
Young TK, Woodmansee B. Factors that are
associated with cesarean delivery in a large
private practice: The importance of
prepregnancy body mass index and weight
gain. Am J Obstet Gynecol 2002; 187(2):
312-8.

Sebire NJ, Jolly M, Harris JP, Wadsworth J,
Joffe M, Beard RW, et al. Maternal obesity
and pregnancy outcome: A study of 287,213
pregnancies in London. Int J Obes Relat
Metab Disord 2001; 25(8): 1175-82.
Guelinckx 1, Devlieger R, Beckers K,
Vansant G. Maternal obesity: Pregnancy
complications, gestational weight gain and
nutrition. Obes Rev 2008; 9(2): 140-50.

Li C, Goran MI, Kaur H, Nollen N,
Ahluwalia JS. Developmental trajectories of
overweight during childhood: Role of early
life factors. Obesity (Silver Spring) 2007;
15(3): 760-71.

Baird J, Fisher D, Lucas P, Kleijnen J,
Roberts H, Law C. Being big or growing fast:
Systematic review of size and growth in
infancy and later obesity. BMJ 2005;
331(7522): 929.

Min J, Li J, Li Z, Wang Y. Impacts of
infancy rapid weight gain on 5-year
childhood overweight development vary by
age and sex in China. Pediatr Obes 2012;
7(5): 365-73.

http://jbe.tums.ac.ir

10.

11.

12.

13.

14.

15.

16.

17.

18.

Barker DJ. Fetal origins of coronary heart
disease. BMJ 1995; 311(6998): 171-4.
Victora CG, Adair L, Fall C, Hallal PC,
Martorell R, Richter L, et al. Maternal and
child undernutrition: Consequences for adult
health and human capital. Lancet 2008;
371(9609): 340-57.

Ludwig DS, Currie J. The association
between pregnancy weight gain and
birthweight: a within-family comparison.
Lancet 2010; 376(9745): 984-90.

Nohr EA, Bech BH, Vaeth M, Rasmussen
KM, Henriksen TB, Olsen J. Obesity,
gestational weight gain and preterm birth: A
study within the Danish National Birth
Cohort. Paediatr Perinat Epidemiol 2007;
21(1): 5-14.

Yaktine AL, Rasmussen KM. Weight gain
during  pregnancy: Reexamining the
guidelines.  Washington, DC: National
Academies Press; 2010.

WHO and the World Bank Group. Levels
and trends in child malnutrition [Online].
[cited 2016]; Available from: URL:
www.who.int/nutgrowthdb/jme_brochure201
6.pdf

Houshiar Rad A, Dorosty A, Kalantari N,
Abdollahi M, Abtahi M. Prevalence of
stunting,  underweight,  wasting  and
overweight among Iranian under-five-year-
old children (2000-2002). Iran J Nutr Sci
Food Technol 2009; 3(4): 49-56.
Chandler-Laney PC, Gower BA, Fields DA.
Gestational and early life influences on infant
body composition at 1 year. Obesity (Silver
Spring ) 2013; 21(1): 144-8.

Heerman WJ, Bian A, Shintani A, Barkin SL.
Interaction between maternal prepregnancy
body mass index and gestational weight gain
shapes infant growth. Acad Pediatr 2014;
14(5): 463-70.

Hanieh S, Ha TT, Simpson JA, Thuy TT,
Khuong NC, Thoang DD, et al. Postnatal
growth outcomes and influence of maternal
gestational weight gain: A prospective cohort
study in rural Vietnam. BMC Pregnancy
Childbirth 2014; 14: 339.

Drehmer M, Duncan BB, Kac G, Schmidt MlI.
Association of second and third trimester



Maternal weight gain and child growth

J Biostat Epidemiol. 2016; 2(4): 158-63.

19.

20.

21.

22.

23.

24,

25.

weight gain in pregnancy with maternal and
fetal outcomes. PLoS One 2013; 8(1): e54704.
Li Y, Chen X, Chen S, Wu J, Zhuo X, Zheng
Q, et al. A cohort study on the impacts of pre-
pregnancy maternal body mass index,
gestational weight gain on neonate birth
status and perinatal outcomes in Fujian
province. Zhonghua Liu Xing Bing Xue Za
Zhi 2014; 35(6): 635-40.

Durie DE, Thornburg LL, Glantz JC. Effect
of second-trimester and third-trimester rate of
gestational weight gain on maternal and
neonatal outcomes. Obstet Gynecol 2011;
118(3): 569-75.

Ota E, Haruna M, Suzuki M, Anh DD, Tho
Le H, Tam NT, et al. Maternal body mass
index and gestational weight gain and their
association with perinatal outcomes in Viet
Nam. Bull World Health Organ 2011; 89(2):
127-36.

Jeric M, Roje D, Medic N, Strinic T,
Mestrovic Z, Vulic M. Maternal pre-
pregnancy underweight and fetal growth in
relation  to  institute of  medicine
recommendations for gestational weight gain.
Early Hum Dev 2013; 89(5): 277-81.
Watanabe H, Inoue K, Doi M, Matsumoto M,
Ogasawara K, Fukuoka H, et al. Risk factors
for term small for gestational age infants in
women with low prepregnancy body mass
index. J Obstet Gynaecol Res 2010; 36(3):
506-12.

Rafraf M, Mahdavi R, Afiat Milani S,
Majboub SA. Assessment of some effective
factors on the weight gain during pregnancy
and birth weight of newborns. Med J Tabriz
Univ Med Sci 2002; 24(3): 31-8. [In Persian].
Fraser A, Tilling K, Macdonald-Wallis C,
Sattar N, Brion MJ, Benfield L, et al.

26.

27.

28.

29.

30.

31

32.

http://jbe.tums.ac.ir

Association of maternal weight gain in
pregnancy with offspring obesity and
metabolic and vascular traits in childhood.
Circulation 2010; 121(23): 2557-64.

von Kries R, Ensenauer R, Beyerlein A,
Amann-Gassner U, Hauner H, Rosario AS.
Gestational weight gain and overweight in
children: Results from the cross-sectional
German KiGGS study. Int J Pediatr Obes
2011; 6(1): 45-52.

Wrotniak BH, Shults J, Butts S, Stettler N.
Gestational weight gain and risk of
overweight in the offspring at age 7 y in a
multicenter, multiethnic cohort study. Am J
Clin Nutr 2008; 87(6): 1818-24.

Li N, Liu E, Guo J, Pan L, Li B, Wang P, et
al. Maternal prepregnancy body mass index
and gestational weight gain on offspring
overweight in early infancy. PLoS One 2013;
8(10): e778009.

Olson CM, Demment MM, Carling SJ,
Strawderman MS. Associations between
mothers' and their children's weights at 4
years of age. Child Obes 2010; 6(4):
201-7.

Deierlein AL, Siega-Riz AM, Adair LS,
Herring AH. Effects of pre-pregnancy body
mass index and gestational weight gain on
infant anthropometric outcomes. J Pediatr
2011; 158(2): 221-6.

Whitaker RC. Predicting preschooler obesity
at birth: The role of maternal obesity in early
pregnancy. Pediatrics 2004; 114(1): e29-e36.
Baker JL, Michaelsen KF, Rasmussen KM,
Sorensen TI. Maternal prepregnant body
mass index, duration of breastfeeding, and
timing of complementary food introduction
are associated with infant weight gain. AmJ
Clin Nutr 2004; 80(6): 1579-88.

163



