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ABSTRACT

Objectives: This research was aimed at analyzing the dual burden of maternal pre-pregnancy body mass index (BMI) and their effects on the 
pregnancy outcomes in a tertiary care center in North Kerala.

Methods: Based on maternal BMI calculated from the pregnant women’s height and pre-pregnancy weight, 299 pregnant women with singleton 
pregnancies were divided into four groups and morbidities compared.

Results: Underweight women had two fold more chances of delivering an LBW infant. Maternal age in overweight or obese was slightly more and had 
longer operative time compared to those with normal weight. Maternal height and mean gestational age were comparable across the groups. Slightly 
heavier babies were born to mothers with increasing BMI. Mean hospital stay was 4.34–4.85 days in all the groups irrespective of body weight.

Conclusion: The results re-iterated the existence of a double burden of malnutrition in rural mothers in Kozhikode district of North Kerala which 
can help policy makers the need to adopt appropriate pre-natal planning and counselling tailored to improve women’s nutritional status and thereby 
prevent possible adverse health outcomes in their reproductive career by achieving BMI to be between 18.5 and 22.9.
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INTRODUCTION

One of the most influential factors affecting the health of mother and 
the new-born is her Nutrition [1,2]. In population-based studies, 
nutrition status is commonly assessed by body mass index (BMI) that 
is calculated by weight in kilograms divided by the square of the height 
in meters (kg/m2). Pre-pregnancy BMI was categorized as underweight 
(BMI <18.5 kg/m2), normal (18.5 kg/m2 - BMI-22.9 kg/m2), overweight 
(22.9–24.9 kg/m2), or obese (BMI >25 kg/m2) using the Asian Indian 
specific guidelines BMI Classification [3,4].

India is a low middle income country and is unique as it suffers from a dual 
burden of malnutritionas higher number of underweight women reside in 
Chhattisgarh, Bihar, and Jharkhand and Punjab, Delhi, Kerala and Sikkim 
being home to the other end of the spectrum, that is, obesity [5]. More 
than 20% of females aged 20 years and older in India and more than one-
third of females in Pakistan were overweight or obese [6]. Undernutrition 
is more prevalent in rural areas, whereas obesity is 3  times higher in 
urban area. Globally, half of the underweight women live in South Asia, 
particularly in Bangladesh, India, and Pakistan [7,8]. At the other end of 
spectrum, many low-income countries are now in a phase of nutrition 
and epidemiologic transitions that have led to an increase in overweight/
obesity in women of reproductive age at a population level with high risk 
of pregnancy-induced hypertension, and cesarean delivery, depression 
and anxiety during pregnancy [9,10]. Neonatal complications includes 
large for gestational age babies and low Apgar scores at birth and 
extended NICU stay. Long-term risks include childhood obesity, type  2 
diabetes mellitus and metabolic syndrome [11-13].

Objectives
The objectives of the study are as follows:
1.	 To estimate the prevalence of double burden of BMI in a cohort of 

299 mothers

2.	 To determine the adverse maternal and perinatal outcomes in 
mothers associated with both extremes of malnutrition.

METHODS

Informed consent of the pregnant women was taken. Study approval 
was obtained from Institutional Ethical Committee and Institutional 
Research Committee, for formal review and approval of the study 
conduct. A pre-designed case record form was used for data collection. 
Information on maternal demographic data, socioeconomic status, 
education was taken. Maternal age was defined as the completed 
age in years at conception. Obstetric score and details regarding 
exact gestational age, medical comorbidities, maternal anxiety were 
noted. Labor-related variables like induction of labor, outcomes, and 
gestational age at delivery were highlighted. Birth weight of new-
born, NICU admission, and the length of hospital stay were recorded to 
assess neonatal morbidity. Maternal height and weight were measured 
by standard protocol and calibrated instruments. BMI was calculated 
as weight (kg) divided by height (m2). BMI at first booking (early 
pregnancy) was classified according to the WHO Asia Pacific BMI cut 
points [14].

WHO Asia 
Pacific

BMI ‑ <18.5 BMI 
18.5–22.9

BMI 
23–24.9

BMI>25

BMI (16) Underweight Normal Overweight Obese

Random selection of 299 antenatal patients with singleton pregnancies 
within the first 12 weeks of gestation attending Outpatient department 
of KMCT Medical College, Kozhikode and were willing to be a part of 
this research constituted the study sample during September 2021–
March 2022.
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Inclusion criteria
The following criteria were included in the study:
1. Singleton pregnancy
2.	 Documentedpre-pregnancyweightandfirsttrimesterheight.

Exclusion criteria
The following criteria were excluded from the study:

Included pre-term delivery before 24 completed weeks of gestation, 
multifetal gestation, previous cesarean pregnancy.

Based on maternal BMI calculated from the pregnant women’s reported 
height and pre-pregnancy weight, all pregnant women were divided 
into four groups:
1. Underweight pregnant women with a BMI <18.5kg/m2 at the time 

of conception formed groupA (n=44),
2. Women with a normal weight at conception (BMI between 18.5 and 

22.9kg/m2) formed groupB (n=121)
3. Overweight, [BMI 22.9–24.9] (n=34) formed groupC,
4.	 Obese[BMI≥25]whichisgroupDof(n=100mothers).

New-born weight (in grams) was measured conventionally immediately 
after delivery using an automatic device. Neonatal SGA and LGA 
identification (90th percentile) were identified. All statistical analyses 
were performed with Prism 5.0 for Windows (GraphPad Software, 
2007, San Diego, CA, USA). Analysis included the Mann–Whitney test for 
continuous data, Chi-square test and Fisher’s exact test for categorical 
data. The results were considered statistically significant when two-
sidedanalysisyieldedp≤0.05.

Ethical considerations
The ethical approval for the research was provided by the following 
institutions, KMCT Medical College and conducted according to the 
principles of Helsinki Declaration.

RESULTS

1. Underweight/BMI <18.5 kg/m2 at the time of conception formed 
group A (n=44), women with a normal weight at conception 
(BMI between 18.5 and 22.9 kg/m2) formed group B (n=121), 
Overweight [BMI 22.9–24.9kg/m2] (n=34) formed groupC, Obese 
[BMI≥25kg/m2] which is groupD of (n=100 mothers.) (Table1).

71 had BMI of 25–29.9, which one fifth of obese had BMI 0f 
30–34.9.There were 8% with morbid obesity with BMI>35 (Table2).

Mothers who were overweight or obese before pregnancy were older, 
and had longer operative time compared with mothers with pre-
pregnancy normal weight. Maternal height was comparable with mean 
gestational age being similar across groups. Slightly heavier babies 
were born to mothers with increasing BMI. Hospital stay was 4.34–
4.85days, not affected by increasing body weight (Table3).

Age and occupation was similar across all these categories (Table4).

Anemia was comparable across all the groups. Hypertension of 
pregnancy was only 9.1% in underweight, while almost doubled in 
obese mothers. Similarly, twice the babies needed surveillance for 
fetal growth restriction in underweight category there were 28 obese 
mothers with GDM, while only six underweight mothers needed insulin 
for glycemic control compared to overweight and obese. SSI was more 
frequent in obese and overweight mothers than lean ones. Antepartum 
anxiety was higher in obese mothers followed by underweight mothers 
(Table5).

There were relatively more number of 1st time mothers who were 
underweight compared to normal BMI mothers. Multigravida 
predominated overweight and obese groupBMI Mothers. Gestational 
age was similar across all the groups. New-born of undernourished 
mothers were Low birth weight (25%) compared to babies born 

Table1: Distribution of body mass index in the study population 
by WHO Asia Pacific BMI cut points

Asian 
criteria

BMI‑<18.5 BMI 18.5–22.9 BMI 23–24.9 BMI>25

Number 44 (14.7%) 121 (40.5%) 34 (11.4%) 100 (33.4%)

Table2: Distribution of 100 obese antenatal mothers according 
to body mass index and severity

Obese ranges n=100
BMI‑25–29.9 71 (71.0)
BMI‑30–34.9 21 (21.0)
BMI>35 8 (8.0)

to obese mothers. There was no difference in the number of NICU 
admission and extended hospital stay (Table6).

Slightly heavier babies were born to mothers with increasing BMI 
(Table7).

DISCUSSION

Age and maternal medical morbidity
Mothers who were overweight or obese before pregnancy were 
older as the obesity prevalence increases with age as seen in Menon 
and Sivaprasad [15] Obese pregnant women have been shown to 
have high likelihood, two to eleven-fold, of developing gestational 
diabetes mellitus (GDM) [14,16] as in our observation that there 
were 28 obese mothers with GDM, while only 6 underweight 
mothers needed insulin for glycaemic control. About 17% of obese 
women show GDM in pregnancy compared to 1–3% women in 
normal BMI [17].

Hypertensive disorders of pregnancy are significantly higher among 

pre-pregnancy BMI [19]. Frederick et al. found that every 1 kg/m2 
increase in pre-pregnancy BMI resulted in an 8% increased risk of 
preeclampsia [19].

FGR: Twice the babies needed surveillance for fetal growth restriction 
in underweight category while the same was seen in obese mothers in 
study by Dasgupta et al. [20,21].

Gestational age at birth
Hendler had predicted fewer total and spontaneous preterm births 
withmaternalpre-pregnancyBMI≥30Kg/m2 [22]. It was marginally 
earlier in the study group compared to the controls 37.11±2.34 versus 
37.87±2.28 in Menon and Sivaprasad and Leddy et al.[23] with more 
preterm deliveries while in the present study, gestational age was 
38.4–38.6 across increasing BMI groups with 6.8% underweight 
preterm deliveries born preterm and only 4% in obese.

Operative time
With escalating trend in BMI, authors noted longer operative 
time compared with mothers with pre-pregnancy normal weight. 
Underweight caesarean had a mean operating time of 57 min while 
it needed another 15 min to complete the caesarean delivery due to 
technical reasons similar to Jain et al. [24].

Maternal height
Was comparable with mean gestational age being similar across groups.

Birth weight of newborn
Pre-pregnancy BMI was positively associated with infant birth weight. 
Slightly heavier babies were born to mothers with increasing BMI.

obese women. O’Brien  et al.  [18] demonstrated that the risk of pre-
eclampsia is typically doubled with every 5–7 kg/m2 increase in 
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Table 3: Mean of significant variables

Variable BMI<18.5 BMI 18.5–22.9 BMI 23–24.9 BMI>25
Maternal age in years 24.20 25.42 26.53 26.74
Maternal weight in kg 46.61 58.09 66.31 77.63
Gestational age in weeks 38.41 38.64 38.43 38.43
Maternal height in cm 154.15 156.41 156.64 153.54
Operating time in minutes 57.78 66.65 71.50 72.38
Birth weight‑baby in gm 2726.93 2917.20 2937.71 3049.01
Hospital stay in days 4.34 4.60 4.85 4.82
Weight gain in kg 8.41 8.50 7.64 9.13

Table 5: Obstetric medical variables

Variable BMI<18.5 BMI 18.5–22.9 BMI‑23–24.9 BMI>25

n=44 (%) n=121 (%) n=34 (%) n=100 (%)
Anemia

Yes 8 (18.2) 23 (19.0) 6 (17.6) 17 (17.0)
No 36 (81.8) 98 (81.0) 28 (82.4) 83 (83.0)

Hypertension in PREG
Yes 4 (9.1) 10 (8.3) 5 (14.7) 17 (17.0)
No 40 (90.9) 111 (91.7) 29 (85.3) 83 (83.0)

GDM
Yes 6 (13.6) 26 (21.5) 8 (23.5) 28 (28.0)
No 38 (86.4) 95 (78.5) 26 (76.5) 72 (72.0)

Antepartum anxiety
Yes 20 (45.5) 23 (19) 8 (23.5) 49 (49)
No 24 (54.5) 98 (81) 26 (76.5) 51 (51)

Surgical site infection
Yes 2 (4.5) 12 (9.9) 3 (8.8) 9 (9.0)
No 42 (95.5) 109 (90.1) 31 (91.2) 91 (91.0)

Fetal growth restriction
Yes 20 (45.5) 34 (28.1) 8 (23.5) 25 (25.0)
No 24 (54.5) 87 (71.9) 26 (76.5) 75 (75.0)

Table 6: Obstetric variables associated with dual burden

Variable BMI<18.5 BMI 18.5–22.9 BMI‑23–24.9 BMI>25

n=44 (%) n=121 (%) n=34 (%) n=100 (%)
Obstetric score

1st time mothers 25 (56.8) 60 (49.6) 14 (41.2) 43 (43.0)
G2 12 (27.3) 30 (24.8) 7 (20.6) 25 (25.0)
G3 4 (9.1) 23 (19.0) 11 (32.4) 13 (13.0)
G>4 3 (6.8) 8 (6.6) 2 (5.9) 19 (14.0)

Gestational age at delivery
Preterm 3 (6.8) 5 (4.1) 2 (5.9) 4 (4.0)
Term 41 (93.2) 116 (95.9) 32 (94.1) 96 (96.0)

Birthweight in grams 
<2499 11 (25.0) 19 (15.7) 6 (17.6) 10 (10.0)
>2500 33 (75.0) 102 (84.3) 28 (82.4) 90 (90.0)

NICU admission
Yes 12 (27.3) 32 (26.4) 11 (32.4) 29 (29.0)
No 32 (72.7) 89 (73.6) 23 (67.6) 71 (71.0)

Table 4: Demographic variables age and occupation

Variable BMI<18.5 BMI 18.5–22.9 BMI‑23–24.9 BMI>25

n=44 (%) n=121 (%) n=34 (%) n=100 (%)
Maternal age

>35 years 1 (2.3) 6 (5.0) 3 (8.8) 6 (6.0)
<35 years 43 (97.7) 115 (95.0) 31 (91.2) 94 (94.0)

Occupation ‑mother
Yes 25 (56.8) 76 (62.8) 17 (50.0) 58 (58.0)
No 19 (43.2) 45 (37.2) 17 (50.0) 42 (42.0)
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Wound sepsis
SSI was more frequent in obese (9%) and overweight mothers than 
lean ones (4.5%) which was higher than Kiran et al. (1.6%), and Sebire 
et al. (1.34%) in the obese population and lower than Jain et al. [24-26].

Hospital stay
It was 4.34–4.85days, not affected by increasing body weight. Increased 
maternal morbidity resulted in prolonged hospital stay in obese 
mothers than normal weight mothers in authors including Pillai and 
Menon and Sivaprasad [14, 27]

CONCLUSION

The WHO Asia Pacific BMI was found to be an essential risk stratification 
tool in obstetrics because it re-iterated the existence of a double burden 
of malnutrition in rural mothers in Kozhikode district of North Kerala 
which reinforces the need to adopt appropriate pre-natal planning and 
counselling tailored to women’s nutritional status to prevent possible 
adverse health outcomes in their reproductive career.

AUTHORS’ CONTRIBUTIONS

All authors read and agreed to the final version of this manuscript.

CONFLICTS OF INTEREST

None declared.

FUNDING

No funding sources.

SOURCE OF SUPPORT

Nil.

ETHICAL APPROVAL

The ethical approval for the research was provided by the following 
institutions-KMCT Medical College and research conducted according 
to the principles of Helsinki Declaration.

REFERENCES

1. Ramakrishnan U, Grant F, Goldenberg T, Zongrone A, Martorell R. 
Effect of women’s nutrition before and during early pregnancy on 
maternal and infant outcomes: A systematic review. Paediatr Perinat 
Epidemiol 2012;26:285-301. doi: 10.1111/j.1365-3016.2012.01281.x, 
PMID 22742616

2. Wrottesley SV, Lamper C, Pisa PT. Review of the importance of 
nutrition during the first 1000days: Maternal nutritional status and its 
associations with foetal growth and birth, neonatal and infant outcomes 
among African women. J Dev Orig Health Dis 2016;7:144-62. 
doi: 10.1017/S2040174415001439, PMID 26279311

3. Misra A, Vikram NK, Gupta R, Pandey RM, Wasir JS, Gupta VP. Waist 

circumference cut off points and action levels for Asian Indians for 
identification of abdominal obesity. Int J Obes (Lond) 2006;30:106-11. 
doi: 10.1038/sj.ijo.0803111, PMID 16189502

4. Misra A, Chowbey P, Makkar BM, Vikram NK, Wasir JS, Chadha D, 
et al. Consensus statement for diagnosis of obesity, abdominal obesity 
and the metabolic syndrome for Asian Indians and recommendations for 
physical activity, medical and surgical management. JAssoc Physicians 
India 2009;57:163-70. PMID 19582986

Margono C, et al. Global, regional, and national prevalence of 
overweight and obesity in children and adults during 1980-2013: 
A systematic analysis for the Global Burden of Disease Study 2013. 
Lancet 2014;384:766-81. doi: 10.1016/S0140-6736(14)60460-8, 
PMID 24880830

7. Short VL, Geller SE, Moore JL, McClure EM, Goudar SS, DhadedSM, 
et al. The relationship between body mass index in pregnancy and 
adverse maternal, perinatal, and neonatal outcomes in rural India 
and Pakistan. Am J Perinatol 2018;35:844-51. doi: 10.1055/s-0037-
1621733. PMID 29365329, PMCID PMC6233294

8. Rahman M, Rahman SM, Pervin J, Aktar S, El Arifeen S, RahmanA. 
Body mass index in early-pregnancy and selected maternal health 
outcomes: Findings from two cohorts in Bangladesh. J Glob Health 
2020;10:020419. doi: 10.7189/jogh.10.020419, PMID 33110579, 
PMCID PMC7568936

9. Begum KS, Sachchithanantham K, De Somsubhra S. Maternal obesity 
and pregnancy outcome. Clin Exp Obstet Gynecol 2011;38:14-20. 
PMID 21485717

10. Holton S, Fisher J, Nguyen H, Brown WJ, Tran T. Pre-pregnancy 
body mass index and the risk of antenatal depression and anxiety. 
Women Birth 2019;32:e508-14. doi: 10.1016/j.wombi.2019.01.007, 
PMID 30733069

11. Crane JM, Murphy P, Burrage L, Hutchens D. Maternal and perinatal 
outcomes of extreme obesity in pregnancy. J Obstet Gynaecol 
Can 2013;35:606-11. doi: 10.1016/S1701-2163(15)30879-3, 
PMID 23876637

12. Aziz N, Kallur SD, Nirmalan PK. Implications of the revised consensus 
body mass indices for Asian Indians on clinical obstetric practice. 
JClin Diagn Res 2014;8:OC01-3. doi: 10.7860/JCDR/2014/8062.4212, 
PMID 24995216

13. Ovesen P, Rasmussen S, Kesmodel U. Effect of pre-pregnancy 
maternal overweight and obesity on pregnancy outcome. Obstet 
Gynecol 2011;118:305-12. doi: 10.1097/AOG.0b013e3182245d49, 
PMID 21775846

14. Yogev Y, Visser GH. Obesity, gestational diabetes and pregnancy 
outcome. Semin Fetal Neonatal Med 2009;14:77-84. doi: 10.1016/j.
siny.2008.09.002, PMID 18926784

15. Menon S, Sivaprasad K. Maternal and neonatal outcomes in pregnancies 
complicated by maternal obesity. Int J Reprod Contracept Obstet 
Gynecol 2019;8:474-8. doi: 10.18203/2320-1770.ijrcog20190270.

16. Chu SY, Callaghan WM, Kim SY, Schmid CH, Lau J, England LJ, et al. 
Maternal obesity and risk of gestational diabetes mellitus. Diabet Care 
2007;30:2070-6. doi: 10.2337/dc06-2559a, PMID 17416786

17. Linné Y, Barkeling B, Rössner S. Natural course of gestational 
diabetes mellitus: Long term follow up of women in the SPAWN study. 
BJOG 2002;109:1227-31. doi: 10.1016/s1470-0328(02)01973-0, 
PMID 12452459

Table 7: Weight of new‑born associated with dual burden of BMI

Birth weight BMI<18.5 BMI 18–22.9 BMI 23–24.9 BMI>25
Category Underweight (%) Normal (%) Overweight (%) Obese (%)
In grams n=44 n=121 n=34 n=100
<1499 0 (0.0) 0 (0.0) 1 (2.94) 1 (1.0)
1.5–2499 11 (25.0) 19 (15.7) 5 (14.71) 9 (9.0)
>2.5–3499 32 (72.7) 92 (76) 26 (76.47) 74 (74.0)
>3.5–3999 1 (2.3) 09 (7.43) 2 (5.88) 14 (14.0)
>4000 0 (0.0) 1 (0.83) 0 (0.0) 2 (2.0)

5. National Family Health Survey on Adult Nutrition; 2005-2006.
6. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, 


