
ABSTRACT

This cross-sectional study examined the relationship between maternal pre-pregnancy body 
mass index (BMI) and dietary intake on birth size in the north-east part of Iran. Maternal 
information including BMI and dietary intake from 453 healthy pregnant women were 
collected in 2013–2014. Maternal pre-pregnancy BMI were obtained from health records 
and dietary intakes in third trimester were collected by using a validated food frequency 
questionnaire (FFQ), which consisted of 160 Iranian foods. Anthropometric measurements 
of neonates including weight, height, and head circumference were 3.19 ± 0.49 kg, 50.24 ± 
2.1 cm, and 34.61 ± 1.5 cm, respectively. A significant difference was found in neonatal birth 
weight (p < 0.001) and head circumference (p = 0.002) between underweight and obese 
mothers. Furthermore, maternal intake of fat had a direct correlation with birth size. There 
was a positive relationship between vitamin A and potassium intake and birth height. The 
article concludes that normal maternal pre-pregnancy weight and appropriate diet are likely 
essential for healthy babies.
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INTRODUCTION

Accumulate evidence shows that the size at birth is associated with several chronic diseases 
such as obesity, cardiovascular disease, type 2 diabetes, hypertension in adults and the elderly 
[1-4]. Size at birth represent the fetus trajectory of growth that is highly affected by maternal 
nutrient intake [5]. The most important factors correlated with birth size are maternal 
anthropometric values and maternal dietary intakes. Parental levels of mental health status and 
economic circumstances are the other important factors which correlated with fetal growth [6].
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Barker and colleagues [7] reported that the mother's adequate diet as well as health condition 
during pregnancy possess the long-term impacts on infant overall health even throughout 
adulthood. Maternal and undernourished children account for more than one third of all 
deaths among children [8].

Moreover, it has been reported that proper nutrition prior to and during pregnancy is of 
high importance for health outcomes in later life of both mothers and children [9]. In fact, 
it is proposed that to promote long term health of both mother and her child, following 
a healthy diet before and during pregnancy is crucial. In addition, the chance of entering 
life in good health increase in infants who are well nourished in the womb [10]. Hence, 
sufficient nutrients should be provided by mother's diet to meet infant's need without 
depleting in maternal nutrient stores [11,12]. It is believed that there is a close association 
between both low and high birth weight with increased infant mortality and long-term 
morbidity. Low birth weight is also associated with type 2 diabetes risk and ischemic heart 
diseases in the later life [13]. Moreover, mothers with body mass index (BMI) below 18.5 
are expected to have underweight preterm infants [14,15]. It has been proposed that in 
developing nations, due to the existing several issues including socio-economic constraints, 
poor diet quality, high intensity of agricultural labour, and frequent reproductive cycles, the 
risk for malnutrition during pregnancy is high [16]. A recent review article indicated that 
nutrition status in pregnant women in developing countries is far from the desired level; 
as such, imbalanced macronutrients distribution, inadequate micronutrient consumption 
and predominantly plant-based diets was seen in most of the pregnant women in these 
countries [16]. It is suggested that the nutrition status of pregnant women in Iran has been 
poorly investigated [17]. It has been recently shown that food insecurity is prevalent in 
about 50% of Iranian households [18,19]. Importantly, the latest version of the National 
Integrated Micronutrient Survey of Iran conducted in 2012, shows that the nutritional status 
of Iranian pregnant women does not meet the recent recommendations and micronutrient 
insufficiency and deficiency are endemic in this population [20] suggesting that more 
studies, particularly longitudinal studies are needed. Data regarding the nutritional status 
and relationship between maternal nutrition and birth size of neonates of pregnant women 
in the east and north-east part of Iran is found to be insufficient. Nevertheless, in a previous 
study, it has been shown the prevalence of low birth weight in this area of the country was 
11.1% [21].

Therefore, the aim of this study was to investigate the relationship between maternal dietary 
intake in the third trimester of pregnancy and BMI in first trimester pregnancy and birth size-
body's weight, length, and head circumference.

MATERIALS AND METHODS

This is a cross-sectional study and convening sampling technique has been used. A total of 
560 pregnant women were recruited over 5 healthcare centers in Torbat-e Jam, Mashhad, 
Iran of which 500 women agreed to participate. The sample size was calculated based on a 
previous study [22], to provide 80% power at the 0.05 level of significance. Recruitment of 
subjects took place between May 2013 and December 2014. Ethics Committee of Mashhad 
University of Medical Sciences approved the study protocol. Moreover, written informed 
consent was obtained from all participants. The inclusion criteria included non-smoker 
women who were in their third trimester of pregnancy, aged between 18 and 40 years old, 
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had no history of diabetes, cardiovascular diseases, and serious medical conditions, and 
gave birth at full-term. Women who left 70 items blank on the food frequency questionnaire 
(FFQ) and who reported a total daily energy intake outside the range of 800–4,200 kcal 
were excluded from the study. After these exclusions, 453 pregnant women remained for the 
present analysis, of which, BMI of 425 women were recorded in their health record.

Data collection
Demographic characteristics namely age, parity, and educational level were collected using 
a questionnaire. Income level was assessed by household assets ownership using an index of 
nine owned assets: house, car, washer dryers, liquid-crystal-display television, dishwasher, 
side by side refrigerator, rug, computer/laptop, and microwave [23,24]. Income status was 
categorized into three categories: high (7–9 items), medium (4–6 items), and low (≤ 3 items) 
[23,24]. Face-to-face interview was conducted to obtain dietary intake in third trimester based 
on a valid and reliable FFQ consisting of 160 Iranian foods [25]. Maternal pre-pregnancy BMI 
were collected from health records. Maternal health records include the weight and height of 
the mother before pregnancy or the beginning of pregnancy. BMI was calculated as weight in 
kilograms divided by the square of height in meters (kg/m2).

In accordance with the BMI categorization proposed by World Health Organization (WHO), 
subjects were assigned into 4 groups [26]: underweight (BMI < 18.5), normal (18.5 ≤ BMI 
≤ 24.9), overweight (25 ≤ BMI ≤ 29.9), and obese (BMI ≥ 30). Maternal dietary intake 
was assessed in third trimester. Pertained data on each infant (weight, length and head 
circumference at birth) was gathered from hospital records or health cards.

Statistical analysis
In this study, we collected mothers' BMI and their nutrient intakes including protein, 
carbohydrate, fat, fiber, potassium, folate, vitamin A, and vitamin E to investigate their 
relationship with weight, length and head circumference of newborn infants. First, descriptive 
statistics (mean ± standard deviation) were used to describe the data. Then 3 regression 
models were fitted to investigate the relationship between birth outcomes and maternal 
nutrient intakes. In the first step, all the explanatory variables (mothers' BMI and their 
nutrient intakes) entered the regression model. Next, those variables with p-value > 0.2 were 
excluded and the final model was determined. In this paper, SPSS software version 16 (IBM 
Corp., Armonk, NY, USA) was applied for statistical analysis and significant level was 0.05.

RESULTS

The mean age of pregnant women was 27 ± 1.1 years, 60% of whom expecting a second child.

As for educational level, 72% gained an undergraduate degree (42% diploma and 30% 
secondary school) while only a quarter obtained higher education. A total of 118 women 
were categorized in the low income level, 280 subjects were in the medium level and 55 
women were categorized in high level of incomes. Among participants, 425 women were 
recorded BMI with WHO criteria; 36 mothers were underweight, 236 mothers were normal, 
116 mothers were overweight, and 37 mothers were obese. Anthropometric measurements 
of neonates including weight, height, and head circumference were 3.19 ± 0.49 kg, 50.24 
± 2.1 cm, and 34.61 ± 1.5 cm, respectively. Twenty-two infants were low birth weight (birth 
weight less than 2.5 kg). The mean of energy and nutrient intake per day of women in the 
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third trimester of pregnancy are presented in Table 1. In comparison to the dietary reference 
intakes (DRIs) [27], intake of carbohydrate and vitamin E was higher than DRI values in 
majority of pregnant women though women who consumed protein, fiber, vitamin A and 
folate less than DRIs value were higher than those who consumed these nutrients more than 
DRI values (Table 2).

Relationship between birth weight, height, and head circumferences and 
mother BMI
As shown in Table 3, at first we categorized pregnant women in 4 groups based on their 
BMI values; underweight, normal, overweight, obese pregnant women. In this regards, 
regression analysis has shown that birth weight and head circumference were significantly 
different between underweight and obese groups. The weight and head circumference were 
significantly lower in neonate whose mother was underweight in comparison to infants whose 
mother was obese (379.312 g [p < 0.001] and 1.065 cm [p = 0.002], respectively) (Table 3). 
However, birth height did not have a significant correlation with mothers' BMI.

Relationship between birth weight, height, and head circumferences and 
mother macro and micro nutrients intake
As presented in Table 3, mothers' fat intake has a significant positive association with 
infants' weight, head circumferences and height. Each gram of fat intake was associated with 
an increase of 3.92 g in mean weight of infant (p < 0.001) as well as 0.013 cm in mean height 
(p = 0.001) and 0.008 cm in mean head circumference of the neonate (p = 0.006) (Table 3). 
We also observed a positive relationship between vitamin A and potassium intake with birth 
height; for each µg maternal consumption of vitamin A and 1 g of potassium, birth height 
was increased by 10 µm and 3 µm (p < 0.05), respectively. However, maternal folate intake 
was not associated with birth size.
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Table 1. Mean nutrient intake (per day) of women in the third trimester (n = 453)
Nutrients Mean ± standard deviation
Protein (g) 75.93 ± 31.08
Fat (g) 81.76 ± 36.53
Carbohydrate (g) 245.75 ± 88.70
Fiber (g) 17.32 ± 9.61
Energy (kcal) 2,021.53 ± 741.67
Potassium (g) 2,917.87 ± 1,355.72
Folate (µg) 412.85 ± 320.90
Vitamin A (µg) 656.75 ± 437.62
Vitamin E (mg) 8.77 ± 15.64

Table 2. Distribution of pregnant women with intake less or more than DRIs (third trimester, n = 453)
Nutrient intake DRIs No (%)

DRIs > DRIs <
Carbohydrate (g) 175 108 (23.8) 345 (76.2)
Protein (g) 71 245 (54.1) 208 (45.9)
Fiber (g) 28 398 (87.9) 55 (12.1)
Folate (µg) 600 387 (85.4) 66 (14.6)
Vitamin A (µg) 770 325 (71.7) 128 (28.3)
Vitamin E (mg) 15 58 (12.8) 395 (87.2)
DRIs was not determined for energy and total fat.
DRI, dietary reference intake.

https://e-cnr.org


DISCUSSION

Findings of the present study show the association of maternal food intake and pre-pregnancy 
BMI on infant birth size; significant differences were found in neonatal birth weight and 
head circumference between underweight and obese mothers. In addition, no significant 
differences were found for neonatal birth size between normal and obese mothers. In this 
regard, a previous systematic review and meta-analysis has shown that being underweight 
pre-pregnancy is associated with increased risk of small for gestational age (SGA) and 
low birth weight and the risk of large for gestational age (LGA), whilst high birth weight 
and subsequent offspring overweight and obesity could increase in the mother who began 
pregnancy while overweight and obese [15]. However, it has been previously shown that the 
risk of an overweight and obese offspring increase in the mother who suffer from malnutrition 
during early gestation [15]. Moreover, in the present study, Mitanchez et al. [28] reported that 
infant birth weight is not different between normal and obese mothers, which is in line with 
our results. However, in another study, it was shown that higher maternal pre-pregnancy BMI 
is associated with higher birth weight, head circumferences, height [29]. This inconsistency 
could be due to a several potential factors and mechanisms such as maternal age, ethnicity, 
gestational hypertension, gestational diabetes mellitus, smoking during pregnancy, and 
gestational weight gain (GWG). For example, a previous study showed a significant and 
independent association between weight gain during pregnancy and birth weight for 
gestational age percentile [30]. Overall, it should be mentioned that differences in sample size, 
study method, quality grade of study, and source of pre-pregnancy BMI or infant birth weight, 
which all could affect the results of the studies are the other potential explanations for these 
heterogeneous findings [15]. In addition, the author believes that the association between 
maternal BMI and neonate head circumferences was poorly investigated suggesting more 
studies are required to clarify its precise association and involved underlying mechanisms.
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Table 3. Relationship between anthropometric measures of newborns and pre-pregnancy BMI and nutrient intake of pregnant women
Birth size parameters Mother parameters* B† SEM t‡ Sig.
Weight (g) Fat (g) 3.92 0.70 5.60 0.000

Folate (µg) −0.07 0.07 −0.98 0.329
BMI < 18.5 (kg/m2) −379.31 106.53 −3.56 0.000
18.5 ≤ BMI ≤ 24.9 (kg/m2) −71.16 80.39 −0.88 0.377
25 ≤ BMI ≤ 29.9 (kg/m2) −126.07 85.59 −1.47 0.142
BMI ≥ 30 (kg/m2) 0† - - -

Head circumference (cm) Fat (g) 0.008 0.002 3.38 0.001
Folate (µg) −0.0003 0.0002 −1.43 0.153
BMI < 18.5 (kg/m2) −1.06 0.35 −3.06 0.002
18.5 ≤ BMI ≤ 24.9 (kg/m2) −0.34 0.26 −1.31 0.191
25 ≤ BMI ≤ 29.9 (kg/m2) −0.55 0.28 −1.95 0.051
BMI ≥ 30 (kg/m2) 0† - - -

Height (cm) Fat (g) 0.01 0.005 2.75 0.006
Folate (µg) −0.0005 0.0004 −1.29 0.196
Vitamin A (µg) 0.001 0.0004 2.14 0.033
Potassium (g) 0.0003 0.0001 2.18 0.030
BMI < 18.5 (kg/m2) −0.30 0.48 −0.62 0.532
18.5 ≤ BMI ≤ 24.9 (kg/m2) 0.41 0.36 1.14 0.256
25 ≤ BMI ≤ 29.9 (kg/m2) 0.22 0.39 0.57 0.569
BMI ≥ 30 (kg/m2) 0† - - -

All the explanatory variables (mothers' BMI and their nutrient intakes) entered the regression model. Next, those variables with p > 0.2 were excluded and the 
final model was determined.
BMI, body mass index; SEM, standard error of the mean.
*Mother's BMI status and macro and micro nutrients intake of the pregnant women; †Regression coefficient; ‡Test statistic.
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In the current study, no significant association between maternal pre-pregnancy BMI and 
neonatal birth length was observed. Although the results of a recent study conducted in 
China is line with our result [31], in their study, Thame et al. [32] showed that mothers with 
lower BMI were more likely to give birth to babies with lower birth height. It is proposed that 
birth height could be influenced by multiple factors, thus considering other factors such as 
race and maternal micronutrients intake (zinc, calcium, vitamin D) and parental height may 
explain the lack of association between maternal BMI and infants' birth height [33,34].

Findings of the current study revealed a direct statistical significant association between 
maternal fat intake and infant birth size. The crucial role of fatty acids such as arachidonic 
acid and docosahexaenoic acid in fetal and infant growth and central nervous system 
development was earlier confirmed [35]. In this respect, a recent study found that intakes 
of fat were positively associated with neonate length [36]. Another study found that higher 
intakes of saturated fatty acids (SFAs) and omega-3 polyunsaturated fatty acids (n-3 PUFAs) 
in early stages of pregnancy were associated with increased birth weight and reduced 
incidence of SGA in a South Indian population [37]. In one study, a significant association 
was found between infant plasma cholesteryl ester arachidonic acid and infant birth weight 
and between triacylglycerol arachidonic acid and infant birth weight and length [35]. A study 
conducted in Japan showed that maternal intake of polyunsaturated fatty acids (PUFAs) has 
a marginal significance correlation with birth weight [38]. Intake of PUFAs was significantly 
positively associated with insulin-like growth factor (IGF-1) levels. Polyunsaturated fat 
intake may also affect the IGF-1 system. Umbilical cord IGF-1 is known as one of the major 
determinants of birth weight [39]. Similar patterns of the type of dietary fat with birth weight 
may indicate that fat intake affects birth weight [38].

In the current study, no association was observed between maternal folate intake and 
neonatal birth size. A study which was conducted among well-nourished Norwegian 
pregnant women indicated that dietary folate and plasma folate during the second trimester 
are not risk factors for infant birth size [40]. Nevertheless, a previous study revealed an 
association between folate intake and birth weight [41]. However, present study differs from 
others with respect to population characteristics, nutritional baseline status, amount of folate 
intake as well as timing and methods used to collect data.

In this study, a significant association was found between neonatal height and maternal 
vitamin A and potassium intake during the third trimester of gestation. In this respect most 
of the earlier studies have evaluated the association between maternal dietary intake and 
birth weight and little data is available to show the relationship between maternal dietary 
intake and birth height suggesting further investigation in longitudinal studies are required.

The limitation of the current study is that the maternal food intake was measured only once 
in the third trimester of pregnancy. It is better to examine the relationship between maternal 
food intake during all stages of pregnancy. Previous studies have shown that the effect of 
consuming different foods or nutrients on birth outcomes varies according to the stage of 
pregnancy [42]. With respect to linking GWG with birth weight, it is favorable to investigate 
GWG according to the guidelines of the Institute of Medicine (IOM) [29]. Furthermore, 
as mentioned earlier, this study was cross-sectional and like other cross-sectional studies, 
determining cause and effect is not possible.
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CONCLUSION

Our findings show that a pre-pregnancy BMI below 18.5 is associated with lower birth weight 
infants compared with obese mothers. Nutrition status of the mother might also influence the 
birth size of neonates. The association between maternal nutrition and pre-pregnancy BMI 
may have important implications for enhancing the nutritional health of mothers and babies.
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