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ABSTRACT     Objective: The present cross-sectional study was aimed to investigate the association between food 
patterns and body composition during pregnancy.  
Methods: A total of 500 healthy, pregnant women aged 16 to 33 years took part in the study. Subjects were categorized 
into three trimester groups. Pregnant women were recruited from the out patient department (OPD) of the two-referral 
hospital in Bolpur subdivision of Birbhum district, West Bengal, India. Anthropometric measures were collected using 
standard techniques. Arm muscle circumference (AMC), arm muscle area (AMA) and arm fat area (AFA) were 
subsequently computed. Body mass index (BMI), percentages of body fat (% BF), fat mass (FM), fat free mass (FFM) and 
sum of four skinfolds (SF4) were also considered. Weekly consumption (frequency) of food stuffs were collected using a 
food frequency schedule.  
Results: It was observed that there existed no significant differences across the gestational groups for age, height, FM, 
AMC, AMA and AFA. On the other hand, Group I had significantly lower mean than Group III only for weight, BMI, %BF, 
and FM. Moreover, weekly consumption of rice as well as fats and oils was relatively higher. The SF4, AMC and AFA were 
significantly correlated with fat and oils in Group I whereas SF4 was significantly correlated with the consumption of 
nut, fruit, meat (p<0.05) and fish (p<0.001) in Group II.  
Conclusions: It seems rational to argue that while dealing with pregnant women, clinicians should consider body 
composition and dietary consumption simultaneously to better comprehend the pregnancy homeostasis and energy 
metabolism. 
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Introduction 
The evaluation of body composition permits quantification of the major structural components of the body-
muscle, bone and fat which are based on partitioning the total mass.1 Although the proportional distribution 
of storage fat in men and women is similar (12% in men, 15% in women), the total percentage of essential 
fat in women, including the sex specific fat is four times higher than in men.2 The ideal situation is for 
women to enter pregnancy at maternal weight and good nutritional status.3-5 Dietary intakes during 
pregnancy must provide the energy that ensure in the full term delivery of a healthy new born baby of 
adequate size. Over the last century attempts have been made to obtained reliable estimates of food and 
nutrient intakes in order to relate them to the health of individuals and groups as well.2-8  
 Nutrition has been considered as one of the important environmental factors which deserved 
important consideration in prenatal care.9 The nutrients needed for the child should be furnished in the 
mother's food or they may be drawn to some extent from her own tissue. 10 The importance of nutrition and 
body composition during pregnancy has long been appreciated. Overall nutritional adequacy e.g. sufficient 
supply of protein is a major determinant of weight gain during pregnancy.11 Maternal intake of 
carbohydrates, proteins, essential fatty acids and micronutrients such as zinc, iron, calcium, riboflavin and 
vitamin-C may also have important effects on fetal growth and perinatal outcomes.12-14 Maternal nutrition 
plays a fundamental role in optimizing pregnancy outcome and unlike other factors such as heredity or pre-
existing conditions, the nutritional status is amenable to change.14 During the first 6 months of pregnancy, 
well nourished women tend to add an additional 3.5 kg of fat to the fat stored during childhood and 
puberty.15 Further, during the last 10 to 12 weeks of pregnancy some stored fat may be mobilized to meet 
the needs of the growing fetus.16 This process continues even after birth since well nourished lactating 
women tend to lose about 0.8 kg of fat per month.17  
 Maternal malnutrition during pregnancy can lead to intrauterine growth retardation and has been 
shown to be a major determinant for reduced birth weight.18-19 Even in developed countries like United 
States a substantial proportion of women of childbearing age consume diets that provide less than 
recommended amount of nutrient particularly zinc, calcium, folate and iron.20 In a prospective study on 
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underweight Indian women, increased infant birth weight was found to be associated with the consumption 
of foods rich in micronutrients (vitamin A, C, folacin, calcium and iron).21  ̀ Women who consumed green 
leafy vegetables, fruit or milk products 3-4 times/wk compared with the women who consumed these foods 

 2 time/wk had infant with a significantly higher mean birth weight.21 A study which was conducted in 
Uttar Pradesh where there was a slight improvement in the percentage reference weight for height 
according to gestational age of pregnant women from 91.65% in non-nutrition education group to 92.65% 
in post nutrition education group though the difference was not significant. Thus suggesting that the longer 
period of intervention say from early pregnancy would be more beneficial.22  
              However, to the best of authors’ knowledge, no study has been undertaken on Asian Indian 
population to study the associations of food patterns with body composition and anthropometric 
characteristics during pregnancy. Keeping this view in mind, the present cross-sectional study was aimed to 
examine the associations of food patterns, body composition and anthropometric characteristics changes 
during pregnancy in Asian Indian population living in the eastern part of India. 
 

Material & Method 
Study population 
The present cross-sectional study was conducted at the out patient department (OPD) of the two referral 
hospital in Bolpur subdivision, West Bengal. The study population comprises of 500 healthy, pregnant 
women aged 16 to 33 years. All subjects were belonged to Bengalee population and were inhabitants of the 
Bolpur subdivision, Birbhum district, West Bengal, India (the district ‘Birbhum’ lies in between 23032’30” 
and 24035’00” north latitude and 88010’40” and 87005’25” east longitude). Prior to actual commencement of 
the study written consents were obtained both from the hospitals authority as well as from the participants. 
All subjects were interviewed and examined at the OPD. The ages were obtained from the date of birth 
written in the prenatal vaccination card (PVC). The gestational period (trimester stage) was ascertained also 
from the PVC as well as with the help of attending nurses. Women with recurrent pregnancy loss or 
suffering from chronic diseases were excluded from the study. 
Anthropometric and body composition variables 
All anthropometric measurements were taken using standard anthropometric technique.23 Heights and 
weights of lightly clothed subjects were measured to the nearest 0.1 kg and 0.1 cm respectively. Mid-upper 
arm circumference (MUAC) measurement was taken to the nearest 0.1 cm using a tape measurement to the 
nearest 0.1 cm using a tape measure (Triced, Shanghai, China). Skinfold thickness at biceps, triceps, 
subscapular and suprailiac were measure on the left side of the body to the nearest 0.2 mm using a Holtain 
skinfold caliper (Holtain Corporation, UK). Body mass index (BMI) and percentage of body fat (%BF) were 
measured using an Omron body fat analyzer (Omron Corporation, Tokyo, Japan). The validity of analyzer 
was checked (using a subset of the present subjects, n=30) by calculating PBF separately from four skinfolds 
(Biceps, Triceps, Subscapular and Suprailiac) using the standard equation24 equation that has already been 
validated in Asian Indians.25 It is noteworthy to mention that the Pearson’s correlation coefficient (r) 
between analyser operated BMR and manually calculated BMR [as proposed by Food and Agriculture 
Organisation (FAO)/World Health Organisation (WHO)/United Nation University (UNU), 1985 where, 
BMR=14.7 x body weight (kg) + 496 for women aged 18-32 years] was 0.78 (r=0.78; p<0.0001).  Fat mass 
(FM) was then calculated. The following equations were used:  
FM (kg) = (%BF/100) x weight (kg)  
Fat free mass (FFM) was calculated as:   
FFM (kg) = weight (kg) – FM (kg) 
Arm muscle circumference (AMC) and Arm muscle area (AMA) were derived using the standard equation: 26  
AMC (cm) = MUAC (cm) – π (Triceps skinfold in cm) 
AMA (cm2) = AMC (cm2) / 4 π  
Arm fat area (AFA) was calculated using the following equation 27 
AFA (cm2) = (Triceps in cm   x   MUAC in cm) - (π x Triceps in cm2) / 4  
SF4 (sum of four skinfolds in mm) = (biceps + triceps + subscapular+ suprailliac)    
Food pattern variables 
Weekly consumptions (average consumption) of rice, cereals, pulses, vegetables, nuts, fruits, milk and milk 
product, fat and oils, meat, fish, egg etc., were collected using a pre-designed schedule that had had already 
been validated in this population.28 
Statistical analyses 
Descriptive statistics such as mean and standard deviation were undertaken separately for three groups. 
Comparison of groups for variables was done using analysis of variance (ANOVA) and with Scheffe’s post-
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hoc test. Mean, standard deviation (SD) and 95% confidence interval of the food pattern variables were 
computed. Both Pearson’s (parametric test) and Spearman’s (non-parametric test) correlation coefficient 
was also undertaken (separately for trimester groups as well on total sample) amongst anthropometric, 
body composition and food pattern variables with almost similar level of significance. Therefore, we have 
had proceeded further with parametric test i.e. Pearson’s correlation.  
 All statistical analyses were performed using the SPSS (PC+ version 10). A p value of <0.05 (two 
tailed) was considered as significant. 
 

Results 
In the present cross sectional study, the subjects were categorized into three groups as per gestational 
period: trimester 1 (Group I, n=40), trimester 2 (Group II, n=211), trimester 3 (Group III, n=249). The mean 
and standard deviation (SD) of age, anthropometric variables and body composition characteristics by 
gestational period (trimester) is presented in Table 1. No significant differences across the gestational 
groups were observed for age, height, FM, AMC, AMA and AFA. Group I had significantly lower mean than 
Group III only for weight, BMI, %BF, and FM.  
 The weekly consumption of different food items in the study is presented in Table 2. It was found 
that the weekly consumption of rice as well as fats and oils was relatively higher (7.87 and 7.58 days 
respectively) compared to other food items (e.g. animal proteins). The consumption of vegetables, roots and 
tubers were varied from three to five days per week.  
 The Pearson’s correlations amongst the food variables, anthropometric and body composition 
characteristics are presented in Table 3. In Group I (Table 3a), it was found that the body weight and BMI 
was significantly (p<0.05) correlated with the consumption of the fish and meat. The FM on the other hand 
was significantly correlated with the consumption of rice, pulses, other vegetable, roots and tubers (p<0.05) 
as well as fat and oils (p<0.01). Furthermore, FFM was significantly associated with the consumption of 
roots and tubers, milk and milk products (p<0.05) as well as fat and oils (p<0.01). The SF4, AMC and AFA 
were also significantly correlated with fat and oils. Significant positive correlations were also observed for 
weekly consumption of egg as well as roots and tubers with AFA (p<0.05). The maximum number of 
correlations between the food consumptions (especially pulses, cereals and minerals, fruits, milk and milk 
products, fish, meat etc.) and the variables like weight, BMI, % BF were observed in Group II (Table 3b). 
Significant positive association (p<0.01) for weight with consumption of fruits, milk and milk product as 
well as meat (p<0.001) were also observed. The BMI had significant positive correlation with the 
consumption of foods (cereals and minerals, fruits, milk and milk products, fish and meat). The SF4 was 
significantly correlated with the consumption of nut, fruit, meat (p<0.05) and fish (p<0.001). In Group III 
(Table 3c), the correlation for weight with consumption of food items, like green leafy vegetables, other 
vegetables and meat were found to be significant also. The consumption of fish was found to be correlated 
significantly with BMI where as, the SF4 was highly correlated with the consumption of vegetables (p<0.05). 
Over all, (Table 3d), the correlation coefficients for anthropometric and body compositions characteristics 
were not significantly associated with the consumption of fish and meat except for weight and BMI.  
 

Discussion 
The study concerning the association between food patterns and body composition characteristics through 
the stages of gestational period is not enough to get into the insight of homeostasis during pregnancy. Here 
lies the uniqueness of the present cross-sectional study. No significant increase of weight and subsequently 
BMI was observed from first to second trimester hinted that less attentiveness to expected mothers during 
the early gestational phase. Moreover, differences in sample size from trimesters (n= 40, n= 211 and n= 249 
for trimester 1, 2 and 3 respectively) further vindicated that less prenatal caring until expected mothers’ 
reached their median gestational phase, a characteristic of many developing countries and could be 
assuaged to intra-uterine growth retardation or underweighted baby .29, 30 
 The results of the present study had revealed considerable association between the food pattern 
variables and body composition characteristics. It was found that body composition characteristic e.g. FM 
and FFM were variably associated with the consumption of fat and oil as well as milk and milk products 
across the groups. Significant association of weight and BMI with the consumption of fish and meat in the 
study reinforced the earlier study where it was found that people in this part of the world often used 
mustard oil along with rapeseed oil as cooking medium.31 Both mustard and rapeseed oil contains a number 
of long chain monounsaturated fatty acids (MUFA), for example, erucic acids, polyunsaturated fatty acids 
(PUFA) and saturated fatty acids (SFA). It was also found that the people who were using mustard and PUFA 
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oil in a weekly manner had better metabolic profiles and less body fat compared to those who were 
consuming mustard oil only as cooking medium.31 Therefore, it seems reasonable to argue that increase 
intake of unsaturated to SFA would be more beneficial across the group concerning their health.  
 It was also observed in our study that there was a reverse association between the FM and the 
consumption of fish and the reason behind that the frequent consumption of n-3 PUFA by means of fish 
eating that lowers blood triacylglycerol concentration significantly and independently of their influence on 
lipoprotein concentration.32 For the females the contribution of lipids and fats is high to the body weight in 
compare to male.30, 33 As of % BF, the body weight and BMI also changed positively from first to third 
trimester subsequently to maintain homeostasis. 
 The requirement of nutrient specially the protein, minerals and lipids substances for expecting 
mother should be high in their daily diets for the adjustment of body composition34 however, the population 
under study used to consume ample carbohydrates and lipids compared to proteins etc., as the family 
expenditure for most of cases was not so high (≤ 1800.00 or US $ 40) and most subjects belonged to the 
family size ranged 5-10 members. Owing to cultural heterogeneity concomitant with food intake in Asian 
Indian population, further studies are required to be done before making ethnic and region specific 
standard of daily dietary allowance (DDA). At present no such standard existed in India.     
 However, longitudinal studies involving the association of foods patterns, lipids and body 
composition characteristics across the trimester will be more informative especially when the food 
quantities can be assessed. 
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Table 1.  Characteristics of the study population (n=500) 

 
MUAC= mid upper arm circumference; SF4= sum of four skinfolds (biceps + triceps + subscapular + 
suprailiac) BMI= body mass index; %BF= percentage of body fat; FM= fat mass; FFM= fat free mass; AMC= 
arm muscle circumference; AMA= arm muscle area; AFA= arm fat area 
 

$Values are Mean ± SD 
ANOVA with Scheffe’s posthoc test revealed:  
1 = Group I has significantly lower mean both Group II and Group III; 2 = Group I has significantly lower mean 
than Group III; 3 = No significant groups difference 

Table 2.  Food consumption pattern in the study population (n= 500) 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=


[ VOLUME 5  I  ISSUE 4  I  OCT.– DEC. 2018]                                                           E ISSN 2348 –1269, PRINT ISSN 2349-5138 

 798𝗎          IJRAR- International Journal of Research and Analytical Reviews                                           Research Paper 

 
Table 3 a. Pearson’s correlation between the anthropometric variables and food pattern variables of 

Trimester 1 (n=40) 

 
Table 3 b. Pearson’s correlation between the anthropometric variables and food pattern variables of 

Trimester 2 (n=211) 

 
Table 3 c. Pearson’s correlation between the anthropometric variables and food pattern variables of 

Trimester 3 (n=249) 

 
Table 3 d. Pearson’s correlation between the anthropometric variables and food pattern variables in the 

total study population (n=500) 

 
Wt= weight; BMI= body mass index; %BF= percentage of body fat; FM= fat mass; FFM= fat free mass; AMC= arm  
muscle circumference; AMA= arm muscle area; AFA= arm fat area. Significant at, * p<0.05; ** p<0.01; *** p<0.001 


