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Abstract

Purpose Pre-pregnancy body fat mass is one of the important indicators of the mother’s and the infant’s health.
Therefore, the purpose of this study was to investigate relationship of pre-pregnancy body mass index (PPBM))
with maternal anthropometric indices and weight retention as well as the baby’s weight and nutrition in the first
6 months post-partum.

Materials and methods This is a prospective cohort study including 397 mothers giving birth to healthy babies
and referring to health centers in Ahvaz (southwest of Iran) in 2022. The following data were extracted from the par-
ticipants'electronic record: body mass index (BMI) before or at the beginning of pregnancy, gestational weight gain,
and weight at the time of delivery. In addition to demographic information, the following data were also evaluated:
maternal anthropometric indices including weight, hip and waist circumference, and conicity index during the first
10 days post-partum, along with the weight and nutrition pattern of the baby 2, 4 and 6 months post-partum.

Results The mean age of the mothers was 29.96+5.7 years. The frequency of mothers according to BMI classifica-
tion (i.e., underweight, normal, overweight, and obese) was 4.3%, 38.5%, 37%, and 20.3%, respectively. In this study,
PPBMI had a significant relationship with decreasive changes of weight, waist and hip circumferen and conicity index
after child birth, 2, 4 and 6 months post-partum (P<0.05) but the mean reduction of these anthropoemetric indices
at 6™ month postpartum were not related to PPBMI (P>0.05). However, this relationship was not significant when it
came to the weight of the baby (P> .05). The lowest reduction in weight, waist and hip circumference and conicity
index belonged to overweight mothers but the highest frequency of mothers with excesive gestational weight gain,
the lowest frequency of breastfeeding until 6 months and also the lowest values of postpartum weight retention
were observed in obese mothers (P<0.05).

Conclusion According to the findings of this study, the decrease in anthropometric indices up to 6 months

after delivery in overweight mothers is less than other BMI groups, but the consequences related to weight and nutri-
tion in infants of obese mothers need special attention. Also, the results re-emphasize the importance of focusing

on provision of educational and counseling services to mothers in order to improve their nutrition and weight, espe-
cially before pregnancy.
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Introduction

Pregnancy is one of the most important stages of wom-
en’s life and a period characterized with increased proba-
bility of obesity [1]. Gestational weight gain (GWG) is an
important indicator for maternal and infant health and
quality of life [2]. However, recent reports indicate high
rates of GWG in women with no return to pre-pregnancy
weight [3]. The most basic index for obesity is the body
mass index (BMI), which is accepted by both the World
Health Organization (WHO) and the International Insti-
tute of Medicine (IOM) as a measure of obesity [4]. Since
1990, the IOM has provided recommendations regarding
GWG based on pre-pregnancy body mass index (PPBMI)
in order to optimize fetal growth and postpartum out-
comes, and these recommendations were revised in 2009
[4, 5]. Based on PPBMI, women are divided into four cat-
egories, namely: Underweight (less than 18.4), Normal
(18.5 to 24.9), Overweight (25 to 29.9) and Obese (>30).
According to IOM, the optimal GWG for the under-
weight mothers is 12.5 to 18 kg, and it is 11.5- 16 kg for
those in normal category, 7 to 11.5 kg for overweight
mothers, and 5 to 9 kg for obese mothers [4]. A previous
study showed that 25% of obese women gained weight
according to IOM recommendations, 27% gained insuffi-
cient weight, and 48% exceeded the recommended values
[6].

Optimal GWG is essential for optimal maternal and
fetal outcomes because inappropriate GWG can pose
health risks to both the mother and the baby [7]. Evi-
dence has shown that women who are overweight or
obese before pregnancy are more at risk of adverse
maternal or neonatal outcomes, especially the risk of
low birth weight (LBW) or macrosomia [8], which are
the main causes of child mortality [9]. In a normal pro-
cess at birth, the weight of the baby, the amniotic fluid
and the placenta are lost, and by week 6, the blood vol-
ume is reduced to pre-pregnancy levels, and the uterus
returns to its normal size. The excess weight remaining
after this period comes mainly from body fat reserves.
Accordingly, mothers experience a significant weight
loss during the first 6 weeks after birth, especially
in the first 2 to 3 weeks post-partum [10]. Research
shows that failure to lose or maintain the GWG after
child birth will lead to maternal overweight and obe-
sity [11]. The results of a study have shown that 75%
of women are heavier one year after giving birth than
what they weighed before pregnancy, with nearly 50%
of them maintaining more than 10 pounds and almost
25% maintaining more than 20 pounds [12]. Also, the

findings of a study in Vietnam have shown that being
underweight before pregnancy and experiencing exces-
sive weight gain (EWQ@) help to retain weight up to one
year after delivery [13].

Although BMI has been widely used as an anthropo-
metric index, it fails to explain the distribution of fat
mass, and studies have shown that complications due
to obesity are more associated with abdominal fat. For
this reason, in recent years, measurements of waist
circumference, the ratio of waist circumference to hip
circumference, and height have been considered as
alternatives to BMI in clinical research. Recently, the
conicity index has also been suggested to check the
obesity status, and a number of studies have reported
its superior value compared to the ratios of waist cir-
cumference to hip and waist circumference to height
[14, 15].

Despite the large body of literature on the relation-
ship between PPBMI and advers pregnancy or neonatal
outcomes [8, 9], there is dearth of studies on the rela-
tionship between PPBMI and changes in anthropo-
metric indices, conicity index, and weight retention in
mothers as well as the baby’s weight and nutrition up
to 6 months after delivery [3, 16]. Therefore, the focus
of the present study was to evaluate these relationships.

Materials and methods

This is a prospective cohort research approved by the
Ethics Committee of Ahvaz Jundishapur University of
Medical Sciences (IR.AJUMS.REC.1399.188). In Ahvaz
city, there are a total of 36 comprehensive health ser-
vice centers (19 centers are located in the east and 17
centers are located in the west of the city). In this study,
a total of 8 centers were randomly selected (4 centers
from the west and 4 centers from the east districts of
Ahvaz). After receiving approval from university, the
research team visited the selected health centers and
obtained the approval of the relevant authorities. Then
the eligible participants were gradually selected from
among mothers referring to those centers in a simple
random sample. The number of women selected from
each center was proportional to the population under
coverage. Based on the findings of a previous study [4],
the sample size was calculated to be 388 using MedCalc
® statistical software with 80% power and 5% error. In
2022, a total of 600 pregnant mothers were examined of
whom only 397 remained, and the rest were gradually
excluded from the study based on the exclusion criteria.
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The inclusion criteria in the present study were:
willingness to participate in the study, the presence of
information about weight before or at the beginning
of pregnancy, GWG, birth weight and breastfeeding,
age over 18 years, and having a healthy singleton baby.
Exclusion criteria were: unwillingness to continue par-
ticipation in the study, maternal or infantile chronic
diseases and medical conditions requiring medical
interventions, the presence of high-risk pregnancy
(preeclampsia, gestational diabetes, depression, pla-
centa previa, and twin pregnancy), addiction to drugs
such as psychotropic or stimulant drugs, consuming
alcoholic beverages, smoking cigarettes or hookah, or
being on maternal post-partum weight loss diet or pro-
fessional exercise programs.

After the participants were briefed on the study objec-
tives, informed consent was obtained from them, and
they were requested to complete a demographic and
obstetrics questionnaire. The content validity of this
questionnaire was approved by 15 faculty members
of Ahvaz Jundishapur University of Medical Sciences,
Ahvaz. Information about weight and BMI before or
at the beginning of pregnancy (up to 13 weeks of preg-
nancy) as well as GWG was extracted from the women’s
electronic record and was divided and recorded based on
IOM classification.

Upon the first postnatal visit (within the first 10 days
after delivery), the weight, waist circumference, hip cir-
cumference, and conicity of the mother were measured
using a standard scale in the center (which was previ-
ously calibrated with a standard weight) and a plastic
tape measure. The above indicators and the weight of the
child were measured and recorded again 2, 4 and
6 months after delivery as part of the routine care of the
child. The mother’s weight was measured with minimal
clothing and barefooted with the same scale (which was
previously calibrated with a standard weight). Abdominal
circumference was measured after several consecutive
normal exhalations and was based on the middle point of
the distance between the pelvic spine and the last palpa-
ble rib and around the buttock at the level parallel to the
floor and at the place of the largest part of the pelvis,
using an inflexible plastic tape measure without imposing
any pressure on the person’s body which was covered by
light clothing. This was done following the protocol of
the World Health Organization. Then, using the formula:

we(rm) the anthropometric index of

conicity = ————,
ht(m)
0.109,/ 5%y
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conicity, which indicates the amount of fat and obesity
status, was calculated and recorded [17]. Also, by sub-
tracting the initial weight of the participant before preg-
nancy or at the beginning of pregnancy until the 13th
week from the weight of 6 months after delivery, we
obtained the weight retention.

Statistical analysis was done using SPSS version 20.
Descriptive statistics (mean, standard deviation, fre-
quency, percentage, etc.), Chi-square test, ANOVA and
repeated measure test were used to compare characteris-
tics between different groups. Statistical significance was
set at p<0.05.

Results

The participants of the present study included 397 preg-
nant mothers whose mean age was 30 years. The body
mass index before or at the beginning of pregnancy
(PPBMI) indicated underweight in 17 (4.3%) mothers,
normal weight in 153 (38.5%), overweight in 147 (37%),
and obesity in 80 (20.2%) women. Table 1 shows the rela-
tionship between body mass index and four demographic
variables, namely mother’s age, educational attainment,
occupation, and family income. Among the above vari-
ables, the mother’s age and educational attainment had
a significant relationship with body mass index (P<0.05).
The majority of mothers (57.4%) were over 30 years and
mother’s age has a significant relationship with different
body mass indices, with the body mass index increasing
with age. In this study, the majority of the participants
(46.1%) had a university degree, and the highest percent-
age of these mothers (44.3%) were in the body mass index
group above normal. As far as family income was con-
cerned, 84.9% of the participants reported that their fam-
ily income was sufficient.

Table 2 provides information about the following quan-
titative variables: anthropometric indicators of weight,
waist circumference, hip circumference and conicity
index of the mother and baby’s weight in 4 evaluations
at birth, 2, 4 and 6 months post-partum. Table 3 includes
the values of weight retention rate (weight of 6 months
after delivery—initial weight before or at the beginning
of pregnancy), maternal weight reduction (weight after
childbirth — weight at 6th month), waist circumference
reduction ( waist circumference after chilbirth—waist
circumference at 6th month), hip circumference reduc-
tion (hip circumference after chilbirth—hip circumfer-
ence at 6th month), conicity index reduction (conicity
index after chilbirth—conicity index at 6th month) and
baby weight gain ( baby weight at 6th month—baby birth
weight) in mothers with body mass indices indicating
underweight, normal weight, overweight, and obese.

According to the results of repeated measure test
in Table 2, PPBMI had a significant relationship with
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Table 1 The relationship between maternal PPBMI and mother’s demographic status
Qualitative Variables BMI Pearson p-value
chi-
Less than normal Normal Above normal Fat Total square
Mother age (yr) 18-24 9 (12.7%) (50.7%) 20 (28.2%) 6 (8.5%) 71(17.9%) 33.89 <0.001
25-29 5(5.1%) (44.9%) 30 (30.6%) 19 (19.4%) 98 (24.7%)
>30 3(1.3%) (32%) 97 (42.5%) 55(24.1%) 228 (57.4%)
Mother Education High school 8 (8.2%) (37.1%) 29 (29.9%) 24 (24.7%) 97 (244%) 1491 021
Diploma 6 (5.1%) 7 (40.2%) 37 (31.6%) 27 (23.1%) 117 (29.5%)
College education 3(1.6%) (383%) 81 (44.3%) 29 (15.8%) 183 (46.1%)
Mother Job Governmental employee 0 (0.0%) 13 (40.6%) 14 (43.8%) 5(15.6%) 32(8.1%) 11.75 068
Housewife 17 (4.9%) 136 (39.1%) 121(34.8%) 74(213%) 348(87.7%)
Non-governmental employee 0 (0.0%) 4 (23.5%) 12 (70.6%) 1(5.9%) 17(4.3%)
Income Enough 14 (4.2%) 134 (39.8%) 120 (35.6%) 69 (20.5%) 337(84.9%) 2.28 516
Insufficient 3(5.0%) 19 (31.7%) 27 (45.0%) 11 (18.3%) 60 (15.1%)

Chi-square test was used for all analyses

decreasive changes of weight, waist and hip circumferen
and conicity index after child birth, 2, 4 and 6 months
post-partum (P<0.05). As can be seen in Table 3, the
greatest amount of weight loss in six months after deliv-
ery was in obese wemen, followed by women with nor-
mal weight, underweight, and overweight mothers. The
order of hip circumference decrease from highest to low-
est was in obese, normal weight, overweight, and under-
weight mothers, respectively. The same order for waist
circumference and conicity index was: underweight,
obese, normal weight, and overweight mothers, respec-
tively. If we disregard the small number of mothers with
an PPBMI representing underweight (n=17) compared to
other groups, the greatest reductions in waist circumfer-
ence, hip circumference, and conicity index six months
after delivery were observed in obese and normal weight
mothers, respectively but overweight mothers experi-
enced the lowest decrease. These relationships were not
significant. Table 2 shows that there is no significant rela-
tionship between PPBMI of the mothers and the weight
of the baby at birth, and 2, 4, and 6 months after birth.
However, the highest to lowest baby weight gain up to
six months after birth was seen in underweight, normal,
overweight and obese mothers, respectively (Table 3).
According to this table, maternal weight retention sixth
months after delivery was significantly different in moth-
ers with different body mass index classifications, with
the highest rate of weight retention being seen in under-
weight mothers (6.45 kg). Interestingly, not only did
obese mothers experience no weight retention, but some
of them experienced weight loss (0.8 kg) compared with
their weight recorded in the first pregnancy visit.

Table 4 shows the relationship between BMI and the
following qualitative variables: GWG, different values of

maternal weight maintenance in the sixth month after
delivery, parity, weight at birth, and the predominant
feeding pattern of the baby up to six months of age.

In this study, gestational weight gain had a significant
relationship with PPBMI, so that with increasing BMI,
EWG or excesive weight gainl also increased.

PPBMI was significantly associated with maternal
weight retention rate. In underweight mothers, the
majority retained a weight of more than 6 kg. In normal
weight, overweight, and obese mothers, on the other
hand, the majority retained a weight of less than 1.5 kg.
Also, BMI had a significant relationship with parity, with
higher parities indicating higher BMIs. The highest num-
ber of mothers para 3 and above was seen in obese moth-
ers. In this study, the birth weight of the baby had no
significant relationship with maternal BMI, and the num-
ber of macrosomic babies (birth weight 4 kg and above)
was equal in all three groups of normal weight, over-
weight, and obese. According to Table 4, baby’s nutri-
tion pattern had a significant relationship with maternal
BMI. The predominant nutrition pattern of most babies
up to their 6 months of age in all four different groups of
maternal BMI was exclusive breastfeeding. The predomi-
nant nutrition pattern in normal and overweight moth-
ers was a combination of breastfeeding and baby formula
in 7.8% of cases, while this rate was only 4% in the obese
mothers. A very small minority of babies born to obese
mothers (0.8%) were fed exclusively with baby formula.

Discussion

The purpose of this study was to investigate the rela-
tionship of PPBMI with changes in maternal anthro-
pometric indices, conicity index, postpartum weight
retention and also baby’s weight and nutrition up to
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Table 2 The relationship of maternal PPBMI with age, anthropometric indices, and baby weight
Mother Weight (Kg)
Pre pregnancy BMI After child birth 2 months after child 4 months after child 6 months after child Within subject effect
groups (n) Mean+SD birth birth birth

Mean+SD Mean+SD Mean +SD
Less than normal (17) 56.65+7.71 55.71+9.38 54.08+893 52.75+8.72 F=110.61
Normal (153) 65.09+8.85 63.09+801 62.04+7.68 60.95+7.47 P<0.001
Above normal (147) 76.00+848 74.05+8.03 73.01+7.74 7236+7.29
Fat (80) 87.99+8.05 85.68+7.98 84.76£8.14 83.66+8.69
Between subject effect F=179.5P<0.001
Mother Waist Circumference (Cm)
Less than normal (17) 86.12+13.81 8147+13.27 79.65+11.93 75.88+10.60 F=242.84
Normal (153) 92.77+11.86 88.25:+10.44 86.33+10.04 84.73+1007 P<0.001
Above normal (147) 103.09+9.63 98.53+8.71 96.73+8.88 95.10+£856
Fat (80) 109.86+10.46 104.01+9.30 101.794+9.65 100.03+10.10
Between subject effect F=69.35P<0.001
Mother Hip Circumference (Cm)
Less than normal (17) 9453+11.63 9268+12.12 91.35+12.10 89.24+10.69 F=104.79
Normal (153) 10333£1080  99.77+9.96 98344973 96.97£9.29 P<0.001
Above normal (147) 112444790 10849+7.50 106.95+7.05 105.55+7.14
Fat (80) 119.48+743 114.72+7.18 112+7.34 111.49+7.16
Between subject effect F=7581P<0.001
Mother Conicity Index
Less than normal (17) 1.35+0.19 1.28+0.15 1.27+0.14 1.23+0.13 F=169.58
Normal (153) 1354013 130£0.11 1284011 1274012 P<0.001
Above normal (147) 1.38+0.11 1.34+0.09 1.32+0.10 131+0.10
Fat (80) 137+£0.12 1.31+0.10 1.29+0.11 1.28+0.12
Between subject effect F=421P=0.006
Baby Weight (Gr)
Less than normal (17) 3146.76+370.67 502647 +516.64 6417.65+788.38 7544.124+924.30 F=3046.75
Normal (153) 318438446950 518644+756.36 6614.87+91147 7627.58+967.56 P<0.001
Above normal (147) 3233.06+441.15  5220.95+687.32 6705.34+843.67 7808.30+951.50
Fat (80) 3340.00+456.24  5258.13+682.31 6591.760+65 7641.88+907.94

Between subject effect

F=0.890 P=0.446

Repeated measure test was used for all analyses

Table 3 Mean and Standard deviation of postpartum weight retention, reduction of anthropometric indices and baby weight gain in
pre pregnancy BMI groups

Pre pregnancy BMI  Postpartum Mother weight Mother Waist Mother Hip Mother Conicity Baby weight gain
groups weight retention reduction (Kg) Circumference Circumference Index reduction  (Gr)
(Ka) Mean +SD reduction (Cm) reduction (Cm) Mean+SD Mean+SD
Mean+SD Mean+SD Mean+SD
Less than normal 645+642 39+4.15 10.23+7.50 530+5.60 0.11+0.10 4247.65+622.62
Normal 1.89+4.12 4.14+431 8.04+648 6.35+5.11 0.07+0.07 4193.68+759.64
Above normal 0.82+427 3.64+433 7994643 6.28+9.86 0.07+0.71 4181.08+954.60
Fat -0.81+522 4.34+5.08 9.84+5.78 7994538 0.09+0.73 4113+£730.37
F (P-value) 14.39 (<0.001) 0.52 (0.668) 2.188(0.089) 1.296 (0.276) 2.16 (0.092) 0.222(0.0881)

ANOVA test was used for all analyses
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Table 4 The relationship of PPBMI with maternal total weight gain, postpartum weight retention, parity, baby’s birth weight, and baby

nutrition pattern

Qualitative Variables BMI Person p-value
Less than normal Normal Above normal Fat Total zzzare

Total Weight gain Inadequate 5(4.8%) (49.5%)  27(25.7%) 21(20.0%) 105(264%) 31.16 <0.001
Adequate 7(5.1%) 64(47.1%)  49(36.0%) 16(11.8%) 136(34.3%)
Excessive 5(3.2%) (23.7%)  71(45.5%) 43(27.6%) 156(39.3%)

Retained Postpartum Weight < 1.5 kg (n %) 4(1.8%) 83(36.9%) 87(38.7%) 51(22.7%) 225(56.7%) 47.55 <0.001
1.5-3kg (n %) 5(6.7%) 27(36.0%)  29(38.7%) 14(18.7%) 75(18.9%)
3-4.5 kg (n %) 0(0.0%) 8(30.8%) 8(30.8%) 10(38.5%) 26(6.5%)
4.5-6 kg (n %) 0(0.0%) 15(51.7%)  14(48.3%) 0(0.0%) 29(7.3%)
>6kg (n %) 8(19.0%) 20(47.6%)  9(21.4%) 5(11.9%)  42(10.6%)

Para 1-2 16 (5.6%) 123(42.9%) 114(39.7%) 34(11.8%) 287(72.3%) 46.84 <0.001
3-4 1(1.0%) 27(26.7%)  31(30.7%) 42(41.6%) 101(25.4%)
>4 0(0.0%) 3(33.3%) 2(22.2%) 4(44.4%)  9(2.3%)

Birth Weight <2500 2(8.3%) 10(41.7%)  9(37.5%) 3(12.5%)  24(6.0%) 337 761
2500- 4000 15(4.2%) 139(38.5%) 134(37.1%) 73(20.2%) 361(90.9%)
>4000 0(0.0%) 4(33.3%) 4(33.3%) 4(33.3%)  12(3.0%)

Baby Food Breast milk 17(5.4%) 122(38.6%) 116(36.7%) 61(19.3%) 316(79.6%) 1643 012
Breast milk & Formula  0(0.0%) 31(39.7%)  31(39.7%) 16(20.5%) 78(19.6%)
Formula 0(0.0%) 0(0.0%) 0(0.0%) 3(100%)  3(0.8%)

Chi-square test was used for all analyses

6 months after delivery. In this study, PPBMI had a sig-
nificant relationship with decreasive changes of weight,
waist and hip circumferen and conicity index after
child birth, 2, 4 and 6 months post-partum (P<0.05) but
the mean reduction of these anthropoemetric indices
at 6" month postpartum were not related to PPBMI
(P>0.05). However, this relationship was not significant
when it came to the weight of the baby (P>0.05). The
lowest reduction in weight, waist and hip circumfer-
ence and conicity index belonged to overweight moth-
ers but the highest frequency of mothers with excesive
gestational weight gain, the lowest frequency of breast-
feeding until 6 months and also the lowest values of
postpartum weight retention were observed in obese
mothers(P<0.05).

While BMI is a good indicator to show the nutritional
status of the mother, it simply shows crude obesity and
can neither distinguish fat-free mass or muscle mass
from body fat mass nor show the distribution of fat in
the body [17, 18]. Moreover, body fat percentage can vary
significantly between different people with the same BMI
[19]. Hence, conicity index, which includes weight, height
and waist circumference variables, has been introduced
as a suitable index for evaluating central or abdominal
obesity. High conicity index is associated with diseases
such as diabetes, hypertension, and atherosclerosis [20].
However, it is said that about 30% of women with normal
BMI at the beginning of pregnancy will have abdominal

obesity after giving birth and are exposed to its complica-
tions [21].

In this study, the greatest decrease in anthropomet-
ric indices such as weight and hip circumference, was
observed in obese mothers, while the lowest decrease
was in overweight women. Also, overweight mothers
gained more weight than the recommended values dur-
ing pregnancy compared with other mothers. Therefore,
it can be argued that overweight mothers in the present
study gained more weight during pregnancy than did
other mothers, and they were less likely to experience
reduced anthropometric indices six months after deliv-
ery. Although there is no global consensus on the opti-
mal amount of GWG based on initial BMI, especially in
obese mothers [22], a number of studies have shown that
the higher the PPBMI, the lower the GWG [23, 24]. Of
course, a previous study found that obese mothers gained
more weight during pregnancy [25], which is not consist-
ent with the results of the present study.

It has been reported that mothers with GWG above
the recommended values may retain up to 7 kg of post-
partum weight [26]. In this study, the majority of under-
weight mothers (35.3%) retained more than 6 kg of
post-partum weight whereas the majority of normal
(54%), overweight (59.1%) and obese women (63.75%)
retained less than 1.5 kg of post-partum weight. There-
fore, it could be argued that the mean retained weight
six months after delivery has an inverse relationship with
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the mother’s PPBMI, with obese mothers having the
lowest weight retention rate after delivery. In line with
the results of the present study, the findings of Jayasin-
ghe et al. (2022) showed that obese women had the low-
est rate of weight retention after delivery [27]. However,
Sobhan et al. (2019) found that mothers whose GWG was
more than the recommended amount, regardless of the
mother’s initial BMI, had more weight retention, which
is not in agreement with the findings of the present study
[3]. The results of another study have also indicated that
the postpartum weight retention is an important factor in
the occurrence of obesity up to one year after childbirth,
even for women who had a normal weight before child-
birth [28].

Along with other studies, the results of this study
showed that the increase in the initial BMI classifica-
tion of the mother was directly related to the frequency
of LBW babies (11.7%, 6.5%, 6.1% and 3.7%, respectively)
and had an inverse relationship with macrosomia (0%,
2.6%, 2.7% and 5%, respectively) although these relation-
ships were not significant [27, 28].

In this study, although the birth weight of the baby at
2, 4, and 6 months of age was not significantly differ-
ent between the groups of mothers’ PPBM]I, in line with
many previous studies, the baby’s birth weight rose with
an increase in the mother’s initial BMI [29-33]. The same
pattern was also maintained 2 months after delivery, but
at 4 and 6 months post-partum, the highest weight was
seen in babies born to overweight mothers [16]. Although
very limited studies have addressed the relationship
between the mother’s initial BMI and the baby’s weight
in infancy;, it is reported that the nutritional status of the
mother during pregnancy causes lasting changes in the
structural and physiological metabolic functions of the
baby [34]. Gul et al. (2020) believe that the reason for the
strong relationship between the mother’s initial BMI and
the weight of the baby is the existence of an intrauterine
fetal programming mechanism that causes a higher birth
weight which becomes more prominent as the child gets
older regardless of the effect of lifestyle and nutrition of
the mother and the family [30].

Despite WHO’s recommendation for exclusive breast
feeding (EBF) until the child is 6 months old [35], the
results of a meta-analysis have shown that with the
increase in the mother’s BMI, mothers are more likely to
avoid EBF, stop it early, or discontinue it before the baby
is 6 months old [36]. Such a trend can be observed in
the results of the present study. Ballesta-Castillejos et al.
(2020) point out several reasons for the lower probability
of EBF in mothers with higher BMI, namely the higher
probability of pregnancy complications, caesarean sec-
tion, less skin-to-skin contact, the delay in lactogenesis
due to the stability of progesterone level in fat tissues,
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and lack of proper milk flow owing to the anatomical
characteristics of the breast tissue in obese mothers [37].

In this study, of all investigated demographic indica-
tors, the mother’s age, educational attainment, and par-
ity had a significant relationship with her PPBMIL. It is
well established that the risk of obesity increases with age
[38], which can be caused by fat storage over many years
[39]. Also, the number of pregnancies increases with the
age of the mother. Therefore, the results of this study are
in line with previous studies that have shown that higher
parity is directly related to a higher BMI at the beginning
of pregnancy [38, 39]. Also, the relationship between
mother’s PPBMI and her education has been confirmed
in previous studies [40]. It has been argued that educa-
tion represents the culture and social background of the
family while income shows the current social status of
the person [41]. Although in this study no correlation was
found between income level and initial BMI, the results
of a study in France showed that obesity and the mother’s
overweight are inversely related to education and family
income level [42].

Strengths and weaknesses

There are a number of factors which make the present
study particularly worthwhile, namely the prospective
design of the study, the use of the conicity index and other
anthropometric indicators of the mother, and the assess-
ment of the weight and nutrition of the baby at different
intervals up to 6 months after delivery. Few, if any, stud-
ies have thus far addressed these factors. However, the
most important limitation of this study is that in prenatal
care, only weight and body mass index are measured, and
there is no information about other anthropometric indi-
cators such as waist circumference, hip circumference,
and conicity before or at the beginning of pregnancy in
mothers cases. Another limitation is the classification of
mothers’ BMI based on the cut-off points provided by
WHO for Western countries, which limits the general-
izability of its results to mothers of Asian countries and
other races [43]. Also, eating habits and culture can affect
the anthropometric indices of the mother and baby and
thus affect the comparison of results.

Conclusion

In this study, the greatest decrease in postpartum
weight reduction and hip circumference were observed
in women whose PPBMI indicated obesity. These moth-
ers also had the greatest frequency of excesive gesta-
tional weight gain, the lowest baby weight gain and
exclusive breastfeeding up to 6 months after childbirth.
The greatest reduction in postpartum weight reten-
tion, waist circumference and conicity index were in
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underweight mothers while the lowest decrease was
observed in overweight women.

Also, the results of the present study re-emphasized
the importance of focusing on provision of educational
and counseling services to mothers to improve their
nutrition and weight, especially before trying to get
pregnant. In addition, considering that in many coun-
tries, the basis for classifying body mass index and
weight gain during pregnancy is the WHO’s recom-
mendations, it seems that it is necessary to conduct
more research to modify and adapt the cut-off points
based on race and ethnicity.
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