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Background: Malnutrition is a serious underlying cause of child and maternal deaths around the world. The 
objective of this study evaluates maternal anemia and body mass index as determinants of pregnancy outcomes. 
Undernourishment during pregnancy can occurs Intra Uterine Growth Retardation. Contributing to about 80,0000 
new-borns, 40,0000 infant deaths and 20% under 2 years children have stunted, 20% of maternal deaths during labor 
and early postpartum.

Methods: This study Hospital-based cross-sectional study. The study comprised laboring women admitted for 
delivery in selected tertiary care hospital in South India from 10th November 2021 to 20th January 2022.  Structured 
interview schedule for demographic information, patient’s case sheet for information about the ‘Body Mass Index as 
a determinants of pregnancy outcomes’ and anthropometric measurement for body mass index (weight and height). 
All registered deliveries in the study period have been included, comprising of 101 sample size Bivariate logistic 
regressions were used to determine the factors associated with outcome variables. A significant level of 5% was used 
to decide the significance of statistical tests.

Results: Body Mass Index in the 1st antenatal visit of the women who came for delivery in tertiary care hospital, 
underweight 36.6%, normal body mass index 52.5%, and overweight 10.9%.  During 1st antenatal visit 58.4% had 
anemia, while 53.5% had mild anemia during the last antenatal visit. Respectively 39.6% of antenatal women had 
normal Hb% during 1st antenatal care visit, whereas 46.5% had normal Hb%, during their last antenatal visit. The 
mode of delivery; spontaneous vaginal delivery 45.5%, vacuum delivery 3.0%, emergency caesarean section delivery 
50.5%. Preterm delivery was statistically significant among whose first antenatal care visit was after 11th weeks of 
gestation. Whereas, emergency caesarean section delivery was statistically significant among underweight. Increasing 
maternal weight body mass index was associated with maternal and neonatal health outcomes. Which was risk of 
pregnancy induced hypertension, preeclampsia, eclampsia, gestational diabetes mellitus and caesarean section delivery. 

Conclusions:  Every 2nd women was anemic, every 3rd pregnant women was underweight (BMI >18.5), every 2nd 
baby was born with caesarean section delivery. Preterm delivery was statically significant of weeks of gestation during 
first antenatal care visit with more than 11th weeks of gestation. Whereas, emergency cesarean section was significant 
with low body mass index. 
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INTRODUCTION

Globally 1.62 billion women are suffering from anemia.1 
According to WHO, 1993 to 2005 data, 32 million 
(38%) pregnant women are anemic, of whom 750,000 
are severely anemic (hemoglobin level <7.0/dl).2 The 
majority of anemic pregnant women, in low-income 
and middle-income countries, are 43% which is the 
highest prevalence found in Southern Asia 52%, Central 
African and West African countries 56%.3,4 Anemia is a 

major consequence for women’s health as well as socio-
economic development which results in the loss of 
billions of dollars annually. 1,5,6 The prevalence of anemia 
in pregnant women in developed countries are14%, in 
developing countries 51%, and in India, it varies from 
65% to 75%. 7,8 

Complications of maternal obesity (BMI>25 kg/m2) 
including gestational hypertension, preeclampsia, 
macrosomia, early induction of labor and need for 
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caesarean section deliveries and currently apply 
upmost but also concede increasingly in middle-income 
countries, including India.9

While, in the countryside of India, undernutrition 
(BMI<18.5 kg/m2) is associated with low birth weight 
(LBW< 2.5 kg) and preterm deliveries.

METHODS

The purpose of the study has been already explained to 
women before the data collection, and written informed 
consent was obtained from every subject. For socio-
demographic, socio-economic condition structured 
interview schedule techniques were used. For the 
maternal and newborn pregnancy outcomes information 
patient case sheet was used. For BMI every subject had 
taken weight and height and for previous (first antenatal 
clinic visit) weight and height patient’s case sheet had 
used. The total number of samples were 101. Date was 
collected from 10th November 2021 to 20th January 2022. 
Ethical clearance was obtained from the ethical review 
committee of KLE Academy of Higher Education and 
Research (KAHER), to conduct the study. 

The collected data was entered in MS Excel-2016 and 
exported in SPSS- version 20 for analysis.  Data has 
been checked for consistency and completeness by 
exploratory data analysis before running the statistical 
analysis. Univariate and bi-variate were used to see 
the distribution of the study subjects by outcome 
variables (low birth weight, preterm delivery, and 
mode of delivery). Bivariate logistic regressions were 
used to determine the factors associated with outcome 
variables. A significant level i.e; 5%, was used to decide 
the significance of statistical tests.

Data quality was ensured in collection, coding, entry, 
and analysis. Structured Interview Schedule and patient 
case sheet, each case information was checked for its 
consistency, provision of full information and apposite 
documents.

RESULTS

Table 1 shows that, the preterm delivery was 33.3% and 
14.3% among women of age group <25 years respectively. 
The preterm delivery was 37.5% and 26.1% in women 
who were vegetarian and mixed diet respectively. 
The preterm delivery was 44.4%in women who were 
vegetarian (consume egg).  Respectively, the preterm 
delivery was 44.4%, 27.2% among women who visited 
the total number of ANC visit ≤ 4 times and >5 times 
respectively (Table 1).

Figure 1.   Body Mass Index (BMI) Level  (n=101).

Figure 1. shows that, findings of the study of Body Mass 
Index (BMI) in the first antenatal visit of the women, 
underweight 36.6%, normal BMI 52.5% and overweight 
10.9% (Figure 1).

Figure 2. HB Level (n=101).

Figure 2. shows that, the percentage of mild anemia was 
58.4% and 53.5% in 1st antenatal visit and last antenatal 
visit respectively. Likewise, normal Hb level was 39.6% 
and 46.5% during 1st and last antenatal visit respectively. 
Moderate anemia was 2.0% during 1st antenatal visit. 
(Figure 2).

 Figure 3. Mode of delivery (n=101)

Figure 3. shows that, the mode of delivery; spontaneous 
vaginal delivery  was 45.5%, vacuum delivery was 3.0%, 
emergency caesarean section (C/S) 50.5% and elective 
cesarean  section (C/S) 1.0% (Figure 3).

Table 1. Shows that, socio-demographic and socio-
economic information about the women who were 
participated in this study (Table 1).

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes
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Table 1. Distribution of outcome preterm delivery n=101.

Background Characteristics Preterm delivery

No Yes N

n1 % n2 %

Age

< 25 Years 34 66.7 17 33.3 51

25-29 Years 26 72.2 10 27.8 36

30+ Years 12 85.7 2 14.3 14

Women 
Education

Secondary 31 68.9 14 31.1 45

PUC 29 74.4 10 25.6 39

Graduation and above 12 70.6 5 29.4 17

Occupation of 
Woman

Home maker 46 74.2 16 25.8 62

Govt. Service 1 50.0 1 50.0 2

Pvt. Service 5 71.4 2 28.6 7

Business 4 66.7 2 33.3 6

Others 16 66.7 8 33.3 24

Dietary pattern

Pure vegetarian 16 66.7 8 33.3 24

Vegetarian (consume egg) 5 62.5 3 37.5 8

Vegetarian and non- vegetarian mixed 51 73.9 18 26.1 69

Dietary habit

once times a day 0 0.0 0 0.0 0

Twice a day 0 0.0 0 0.0 0

Thrice a day 70 70.7 29 29.3 99

Four or More than 4 times a day 2 100.0 0 0.0 2

Monthly family 
income

<20000 16 69.6 7 30.4 23

20000-40000 27 64.3 15 35.7 42

40001+ 29 80.6 7 19.4 36

Total ANC Visit
≥4 5 55.6 4 44.4 9

5+ 67 72.8 25 27.2 92

First ANC Visit < 6 Week 19 59.4 13 40.6 32

Time week
6-10 23 74.2 8 25.8 31

11+ 30 78.9 8 21.1 38

Utilization of 
health facility

≥5 27 71.1 11 28.9 38

6-10 36 70.6 15 29.4 51

11+ 9 75.0 3 25.0 12

Past Reported Hb 

Severe 0 0.0 0 0.0 0

Moderate 1 50.0 1 50.0 2

Mild 45 76.3 14 23.7 59

Normal 26 65.0 14 35.0 40

Current report of Hb

Severe 0 0.0 0 0.0 0

Moderate 0 0.0 0 0.0 0

Mild 37 68.5 17 31.5 54

Normal 35 74.5 12 25.5 47

BMI

Underweight 26 70.3 11 29.7 37

Normal 36 67.9 17 32.1 53

Overweight 10 90.9 1 9.1 11
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Table 2. Distribution of outcome low birth weight in KG n=101.

Background Characteristics Low birth weight in Kg

No Yes n

n1 % n2 %

Age

< 25 Years 35 68.6 16 31.4 51

25-29 Years 27 75.0 9 25.0 36

30+ Years 12 85.7 2 14.3 14

Women 
Education

Secondary 30 66.7 15 33.3 45

PUC 31 79.5 8 20.5 39

Graduation and above 13 76.5 4 23.5 17

Occupation of 
Woman

Home maker 43 69.4 19 30.6 62

Govt. Service 1 50.0 1 50.0 2

Pvt. Service 6 85.7 1 14.3 7

Business 6 100.0 0 0.0 6

Others 18 75.0 6 25.0 24

Dietary pattern

Pure vegetarian 16 66.7 8 33.3 24

Vegetarian (consume age) 5 62.5 3 37.5 8

Vegetarian and non- vegetarian mixed 53 76.8 16 23.2 69

Dietary habit

once times a day 0 0.0 0 0.0 0

Twice a day 0 0.0 0 0.0 0

Thrice a day 72 72.7 27 27.3 99

≥ 4 times a day 2 100.0 0 0.0 2

Monthly
family income

<20000 17 73.9 6 26.1 23

20000-40000 30 71.4 12 28.6 42

40001+ 27 75.0 9 25.0 36

Total ANC Visit
≤ 4 7 77.8 2 22.2 9

5+ 67 72.8 25 27.2 92

First ANC Visit 
Time
Week

< 6 Week 22 68.8 10 31.3 32

6-10 22 71.0 9 29.0 31

11+ 30 78.9 8 21.1 38

Utilization of 
health facility

≤ 5 29 76.3 9 23.7 38

6-10 37 72.5 14 27.5 51

11+ 8 66.7 4 33.3 12

Past reported 
Hb%

Severe 0 0.0 0 0.0 0

Moderate 2 100.0 0 0.0 2

Mild 42 71.2 17 28.8 59

Normal 30 75.0 10 25.0 40

Current 
Reported Hb
%

Severe 0 0.0 0 0.0 0

Moderate 0 0.0 0 0.0 0

Mild 41 75.9 13 24.1 54

Normal 33 70.2 14 29.8 47

BMI

Underweight 27 73.0 10 27.0 37

Normal 36 67.9 17 32.1 53

Overweight 11 100.0 0 0.0 11
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Table 2 shows, that, the percentage of low birth weight  
babies were 31.4%  and 14.3% among women of age group 
<25 years and >30 years respectively. The percentage of 
low birth weight was 37.5% and 23.2% in women who 
consume vegetarian and mixed diet respectively. (Table 
2).

The percentage of low birth weight babies were 29.8%, 
24.1% in women who had Hb % normal and who were 
mild anemic respectively in current Hb% normal. The 
percentage of low weight babies were 32.1%, 27.0% in 
women who had normal BMI and underweight (BMI>18.5) 
respectively (Table 2).

Table 3 shows that, the percentage of spontaneous 
vaginal delivery was 47.1% and 64.3% among women of 
age group <25 years and >30 years respectively.  The 
percentage of caesarean section delivery was 53% and 
28.6% among women of age group <25 years and > 30 
years respectively. The percentage of spontaneous 
vaginal delivery was 58.3% and 59.5% among women 
whose family monthly income was Rs. 4000 or more 
than 40001 and Rs 20000- 40001 in Indian currency 
respectively (Table 3).

Table 4; shows that, preterm delivery was 5.82 times 
higher in the pregnant women of age group <25 years 
than >30 years.  Low birth weight was 3.56 times higher 
in women <25 years of age group, while emergency 
cesarean section was 4.93 times higher than the women 
>30 years of age group. Likewise, emergency cesarean 
section was 2.99 times higher in women <25 years of age 
group. (Table 4). 

Table 5; shows that, emergency cesarean section 
delivery was higher in PUC level of education women 
than secondary, graduate and above graduate level of 

education women. Preterm delivery was 10.21 times 
higher in women who had government service holder 
than women who had home maker, private service holder, 
business and other occupation women. Emergency 
caesarean section was 5 times higher in women who 
had occupation of business than women who were 
home maker. Emergency C/S delivery was statistically 
significant among underweight (BMI> 18.5) women, 
whereas preterm delivery was statistically significant 
among women who visit ANC for the 1st time after 11th 
weeks of gestation (Table 5).

Table 6; shows that, preterm delivery was 2.24 times 
higher in rural women than in urban women. Low birth 
weight was 1.53 times higher in rural women than in 
urban women. Emergency C/S delivery was 3.01 times 
higher in semi-urban women than in urban women. 
Preterm delivery, low birth weight and emergency 
C/S delivery were higher in women who had problem 
of preeclampsia in primi para women than multi para. 
While preterm delivery was 7.45 times higher in women 
who had problem of eclampsia with primi para women. 
Emergency C/S delivery was 3.14 times higher in women 
who had no history of gestational diabetes mellitus than 
women who had gestational diabetes mellitus. Low 
birth weight was 1.45 times higher in women who had 
one time abortion history than in women who had no 
abortion history, emergency caesarean section delivery 
was higher in women who had history of one time 
abortion than women who had no history of abortion. 
Low birth weight was 7.69 times higher in women who 
were in 4th gravida than women who were in 1st gravida, 
similarly emergency caesarean section was 14.17 times 
higher in women who were 4th gravida than women who 
were 1st gravida (Table 6).

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes

Table 3.Distribution of outcomes (Mode of delivery) (spontaneous vaginal delivery, vacuum delivery and emergency 
Caesarean Section C/S) delivery) n-101.

Background Characteristics

Mode of delivery

Spontaneous 
vaginal Delivery

Instrumental 
delivery (Vacuum)

Emergency 
C/S n

n1 % n2 % n3 %

Age

< 25 Years 24 47.1 0 0 27 53 51

25-29 Years 13 36.1 2 5.6 21 58.3 36

30+ Years 9 64.3 1 7.1 4 28.6 14

Women 
Education

Secondary 19 42.2 1 2.2 25 55.5 45

PUC 17 43.6 2 5.1 20 51.3 39

Graduation and above 10 58.8 0 0 7 41.2 17

Occupation 
of Woman

Home maker 32 51.6 1 1.6 29 46.8 62

Govt. Service 1 50 0 0 1 50 2

Pvt. Service 3 42.9 1 14.3 3 42.9 7

Business 2 33.3 0 0 4 66.7 6

Others 8 33.3 1 4.2 15 62.5 24
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Dietary 
pattern

Pure vegetarian 13 54.2 0 0 11 45.9 24

Vegetarian (consume age) 4 50 1 12.5 3 37.5 8

Vegetarian and non- vegetarian mixed 29 42 2 2.9 38 55.1 69

Dietary habit

once times a day 0 0 0 0 0 0 0

Twice a day 0 0 0 0 0 0 0

Thrice a day 44 44.4 3 3 52 52.5 99

Four or More than 4 times a day 2 100 0 0 0 0 2

Monthly
family 
income

<20000 11 47.8 0 0 12 52.2 23

20000-40000 14 33.3 3 7.1 25 59.5 42

40001+ 21 58.3 0 0 15 41.7 36

Total ANC 
Visit

≤4 3 33.3 1 11.1 5 55.6 9

5+ 43 46.7 2 2.2 47 51.1 92

First ANC 
Visit Time
Week

< 6 Week 15 46.9 0 0 17 53.1 32

6-10 11 35.5 2 6.5 18 58.1 31

11+ 20 52.6 1 2.6 17 44.7 38

Utilization
of health 
facility

≤5 15 39.5 3 7.9 20 52.6 38

6-10 22 43.1 0 0 29 56.9 51

11+ 9 75 0 0 3 25 12

Past 
reported 
Hb%

Severe 0 0 0 0 0 0 0

Moderate 1 50 0 0 1 50 2

Mild 28 47.5 0 0 31 52.5 59

Normal 17 42.5 3 7.5 20 50 40

Current 
reported 
Hb%

Severe 0 0 0 0 0 0 0

Moderate 0 0 0 0 0 0 0

Mild 30 55.6 0 0 24 44.4 54

Normal 16 34 3 6.4 28 59.5 47

BMI

Underweight 20 54.1 1 2.7 16 43.2 37

Normal 19 35.8 1 1.9 33 62.3 53

Overweight 7 63.6 1 9.1 3 27.3 11

Table 4. Distribution of outcomes (Mode of delivery) (spontaneous vaginal delivery, vacuum delivery and emergency 
Caesarean Section (C/S) delivery) (n=101).

Background Characteristics Preterm 
delivery

Low birth 
weight

Spontaneous 
vaginal delivery

Emergency 
C/S n

Residence

Urban 21.9 21.9 53.1 46.9 32

Semi urban 26.3 26.3 26.3 73.7 19

Rural 34 30 54 46 50

Parity

Primi Para 31.1 31.1 48.9 51.1 45

Low parity 24 20 50 50 50

Multi Para 50 50 33.3 66.7 6

Gravida

G1 33.3 33.3 50 50 42

G2 23.3 23.3 53.3 46.7 30

G3 19 9.5 47.6 52.4 21

G4 66.7 66.7 16.7 83.3 6

G5 0 0 0 100 1

G6 0 0 100 0 1

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes
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 Preeclampsia 

Primi 37.2 34.9 48.8 51.2 43

Yes 50 0 0 100 2

No 21.4 21.4 50 50 56

Eclampsia

Primi 37.2 34.9 48.8 51.2 43

Yes 0 0 0 0 0

No 22.4 20.7 48.3 51.7 58

Abortion

Abortion 0 29.5 27.3 48.9 51.1 88

Abortion 1 27.3 27.3 45.5 54.5 11

Abortion 2 0 0 50 50 2

Abortion 3 0 0 0 0 0

GDM
Yes 37.5 37.5 62.5 37.5 8

No 28 25.8 47.3 52.7 93

Pregnancy induce 
Hypertension

Yes 37.5 25 50 50 16

No 27.1 27.1 48.2 51.8 85

Table 5. Multiple logistic registration output for socio-demographic, maternal anemia and BMI factors associated with 
pregnancy outcomes conclusions, Karnataka, 2022 (n=101).

Background Characteristics
OR (95% C.I.)

Pre-term delivery Low Birth Weight Emergency C/S

Age Groups

30+ Years 1.00 1.00 1.00

< 25 Years 5.82 (0.68, 49.63) 3.56 (0.51, 24.84) 2.99 (0.62, 14.47)

25-29 Years 3 (0.36, 24.8) 1.86 (0.27, 12.95) 4.93 (0.96, 25.4)

Women Education

Secondary 1.00 1.00 1.00

PUC 0.66 (0.19, 2.22) 0.32 (0.09, 1.12) 1.08 (0.36, 3.28)

Graduation and above 1.03 (0.18, 5.84) 0.39 (0.06, 2.4) 0.55 (0.12, 2.58)

Occupation of women

Home maker 1.00 1.00 1.00

Govt. Service 10.21 (0.27, 381.52) 3.02 (0.11, 84.24)

Pvt. Service 2.93 (0.27, 31.86) 2.1 (0.15, 29.29) 1.55 (0.18, 13.44)

Business 3.36 (0.3, 38.16) 5 (0.53, 47.42)

Others 0.61 (0.15, 2.43) 0.41 (0.1, 1.66) 2.45 (0.63, 9.56)

Dietary pattern

Pure vegetarian 1.00 1.00 1.00

Vegetarian (consume egg) 1.93 (0.27, 13.93) 2.25 (0.3, 16.79) 0.38 (0.05, 2.94)

Vegetarian and non-vegetarian mixed 0.76 (0.23, 2.53) 0.64 (0.19, 2.18) 1.28 (0.4, 4.13)

Monthly family income

<20000 1.00 1.00 1.00

20000-40000 1.41 (0.34, 5.79) 1.02 (0.23, 4.47) 1.01 (0.27, 3.72)

40001+ 0.42 (0.07, 2.5) 0.9 (0.16, 4.95) 0.58 (0.13, 2.54)

Total ANC visit during your Pregnancy

≤4 1.00 1.00 1.00

5+ 0.4 (0.07, 2.28) 1.38 (0.2, 9.61) 0.99 (0.18, 5.52)

First ANC Visit Time in week

< 6 Week 1.00 1.00 1.00

6-10. 0.29 (0.07, 1.24) 0.87 (0.18, 4.17) 1.03 (0.27, 3.96)

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes
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11+ 0.2 (0.05, 0.79) 0.65 (0.15, 2.83) 0.49 (0.14, 1.7)

Utilization of health facility in year

≤5 1.00 1.00 1.00

6-10. 1.18 (0.39, 3.56) 1.63 (0.51, 5.23) 1.3 (0.46, 3.64)

11+ 0.61 (0.08, 4.73) 3.11 (0.37, 26.28) 0.38 (0.06, 2.56)

Current reported Hb

No 1.00 1.00 1.00

Yes 1.65 (0.55, 4.93) 0.67 (0.22, 2.05) 0.46 (0.17, 1.25)

BMI 1.00 1.00 1.00

Normal 1.00 1.00 1.00

Underweight 0.82 (0.26, 2.63) 0.65 (0.2, 2.1) 0.32 (0.11, 0.97)

Overweight 0.13 (0.01, 1.77) 0.21 (0.03, 1.24)

Received iron calcium vitamins tablet
Yes 1.00 1.00 1.00

No 0.07 ( 0, 1.39) 0.3 ( 0.02, 5.66) -

Table 6. Multiple logistic registration output for socio-demographic, maternal anemia and BMI factors associated with 
pregnancy outcomes conclusions, Karnataka, 2022 (n=101).

Background Characteristics
OR (95% C.I.)

Pre-term delivery Low Birth Weight Emergency C/S

Place of Residence

Urban 1.00 1.00 1.00

Semi-urban 1.4 (0.33, 5.87) 1.32 (0.27, 6.47) 3.01 (0.73, 12.45)

Rural 2.24 (0.73, 6.9) 1.53 (0.49, 4.78) 1.09 (0.41, 2.92)

Eclampsia

Primi 1.00 1.00 1.00

Yes 0.36 (0.13, 0.97) 0.31 (0.02, 5.94) 0.42 (0.02, 7.38)

No - - -

Preeclampsia

Primi 1.00 1.00 1.00

Yes 7.45 (0.36, 154.07) - -

No

GDM

Yes 1.00 1.00 1.00

No 0.43 (0.09, 2.11) 0.76 (0.13, 4.28) 3.14 (0.52, 19)

Pregnancy induce Hypertension

Yes 1.00 1.00 1.00

No 0.51 (0.15, 1.78) 1.01 (0.24, 4.24) 1.33 (0.38, 4.59)

Abortion History

0 1.00 1.00 1.00

1 0.79 (0.16, 3.78) 1.45 (0.21, 10.13) 0.75 (0.14, 4.17)

2 - - -

Gravida

1 1.00 1.00 1.00

2 - 1.68 (0.08, 37.76) 2.34 (0.12, 46.03)

3 - 0.57 (0.02, 13.47) 1.76 (0.09, 33.29)

4 - 7.69 (0.28, 209.96) 14.17 (0.3, 675.66)

5 - - -

6 - - -

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes



JNHRC Vol. 20 No. 2 Issue 55 Apr - Jun 2022472

DISCUSSION

Maternal anemia is an indicator of health and poor 
nutrition. Two major indicators of maternal nutrition 
are body mass index (BMI) and anemia, both of which 
can affect health of a mother and her fetus. In rural 
India, undernutrition (BMI <18.5 kg/m2) associated with 
low birth weight (LBW <2.5 kg) and preterm deliveries 
(<37 weeks of gestation). Pawalia A et al.10  However in 
low and middle income country 56% of pregnant women 
were suffering from anemia Black RE et al.11 Therefore 
this study aimed to evaluate the anemia and BMI as 
determinants of pregnancy outcomes in South, India. 

The study shows that, BMI during first antenatal visit of 
the women was 36.6% underweight, 58.4% Mild anemia, 
while during last antenatal visit 53.5% Mild anemia. 
While, Hb% >7 was 2.0% moderate anemia during 
first antenatal visit. Similarly, anemia 90% low BMI 
(18.5<) 35%, and 0.2% severe anemia. Majority of the 
women suffered from mild anemia than moderate and 
severe anemia. The risk of caesarean section delivery 
were significantly higher in non-anemic women than 
anemic women. While, this study women with anemia 
were significantly higher risk for C/S delivery, didn’t 
supported the Patel A et al and Kumar A et al.12,13 Age 
of the pregnant women and gravida were independently 
associated with maternal anemia, low birth weight, and 
preterm delivery, while preterm delivery was significant 
among women who visited first ANC visit after 11th weeks 
of gestation, which was supported, Agarwal KN et al.14 

Kumari S et al study maternal anemia was a strongly 
statistically significant risk for preterm birth than non-
anemic women. Whereas, weakly statically significant 
risk for low birth weight. While, preterm delivery and 
low birth weight were positive association between 
each other.15 Participants were 32% from rural area, 
whereas in similar study 20% participant were from rural 
area, Ethiopia CS. Statistical 2004/2005.16 Mild anemic 
women were 54.5% during first antenatal visit, which 
was supported, Bagi- Ansari N et al.17 Supplementation 
of iron sulfate, folic acid, calcium and vitamins during 
current pregnancy did not significantly reduced the 
incidence of anemia  which was supported the Brion MJ 
et al, Thirukkanesh S et al, Zhang Q et al, Aikawa R et 
al  and Khan DA et al.18-22 Nutritional status, education, 
occupation, dietary pattern, and socio-economic status 
of the women were associated factors of anemia and 
body mass index which were risk of preterm delivery, 
low birth weight and emergency caesarean section 
which was supported, Bodnar LM et al.23

Maternal weight was associated with maternal and 

neonatal health outcomes. Maternal obesity may 
increase risk of pregnancy induced hypertension, 
preeclampsia, eclampsia, GDM and cesarean section 
delivery. Preeclampsia, eclampsia, and gestational 
diabetes mellitus were risk of low birth weight, preterm 
delivery and cesarean section delivery. Preterm delivery 
and low birth weight were high risks of neonatal deaths, 
while C/S delivery was the risk of maternal mortality, 
which was supported, James AH et al, Doherty DA et al, 
and Callaway LK et al.24-26 

CONCLUSIONS

The combination of anemia and body mass index (BMI) 
in pregnancy increased the risk of low birth weight, 
preterm birth, and neonatal mortality. These adverse 
birth outcomes raise major concerns because national 
programs to address iron deficiency anemia have not 
reduced the rates of anemia among rural pregnant 
women in Karnataka. Meanwhile, seeking simultaneously 
short-term strategies such as spouse counseling, 
community awareness program in reproductive health. 
Reduce or minimize delay in the decision to seek care, 
delay in identifying, reaching health facilities and delay 
in receipt of adequate and appropriate treatment 
to better healthcare service and management of the 
provision of safe delivery for the segment of pregnant 
women who are both anemic and underweight could be 
helpful in reducing neonatal and maternal mortality and 
morbidity. Such actions are could be helpful in reducing 
neonatal and maternal mortality and imperative to 
break the intergenerational cycle of poor growth in the 
new-born and also for improving child health survival.

ACKNOWLEDGEMENTS

The authors would like to thank KLE Academic of Higher 
Education and Research KAHER for securing ethical 
clearance for this study. Additional thanks will go to KLE, 
Dr. Prabhakar Kore hospital and medical research Centre 
(MRC), obstetrics and gynecology ward head for allowing 
the data collection procedures. My great gratitude Dr. 
Jang Bahadur Prasad asst. professor, Dr. Prakash Adhikari 
asst. professors, Dr. Divya Koirala and my friend Arenlila 
Jamir for their irreplaceable support throughout the 
whole work with their valuable advises.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES 

1. Balarajan Y, Ramakrishnan U, Özaltin E, Shankar AH, 

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes



JNHRC Vol. 20 No. 2 Issue 55 Apr - Jun 2022 473

Subramanian SV. Anemia in low-income and middle-
income countries. The Lancet. 2011 Dec 17;[PubMed] 

2. Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, 
Flaxman SR, Branca F, et al. Nutrition Impact Model Study 
Group. Global, regional, and national trends in hemoglobin 
concentration and prevalence of total and severe anemia in 
children and pregnant and non-pregnant women for 1995–
2011: a systematic analysis of population-representative 
data. The Lancet Global Health. 2013 Jul 1; 1(1):e16-25.
[PubMed] 

3. Rahman MM, Abe SK, Rahman MS, Kanda M, Narita S, 
Bilano V, et al. Maternal anemia and risk of adverse birth 
and health outcomes in low-and middle-income countries: 
systematic review and meta-analysis, 2. The American 
journal of clinical nutrition. 2016 Feb 1; 103(2):495-504.
[PubMed] 

4. Glover-Amengor M, Owusu WB, Akanmori BD. 
Determinants of anaemia in pregnancy in Sekyere West 
District, Ghana. Ghana medical journal. 2005 Sep; 
39(3):102.[PubMed] 

5. De Benoist B, Cogswell M, Egli I, McLean E. Worldwide 
prevalence of anaemia 1993-2005; WHO global database 
of anaemia. file:///C:/Users/User4/Downloads/
cdc_5351_DS1%20 (3).pdf.

6. WHO U, Focusing on anaemia: towards an integrated 
approach for effective anaemia control. WHO, 
Geneva, Switzerland. 2004. https://www.who.int/
publications/m/item/focusing-on-anaemia-towards-an-
integrated-approach-for-effective-anaemia-control.

7. Kalaivani K. Use of intravenous iron sucrose for treatment 
of anaemia in pregnancy. Indian Journal of Medical 
Research. 2013 Jul 1; 138(1):16-7.[FullText] 

8. Mbule MA, Byaruhanga YB, Kabahenda M, Lubowa A. 
Determinants of anaemia among pregnant women in Rural 
Uganda. Rural and remote health. 2013 May 1; 13(2):1-5.
[PubMed] 

9. Pawalia A, Kulandaivelan S, Yadav VS. Effect of Obesity 
on Pregnancy Outcomes–Indian Perspective: A Review. 
MEDICAL SCIENCE. 2015 Jul;4(7).[Download PDF] 

10. International Institute of Population Sciences, National 
family health survey-4: Maharashtra state fact sheet. 
(accessed 30 Nov 2017).[Download PDF]

11. Patel A, Prakash AA, Das PK, Gupta S, Pusdekar YV, 
Hibberd PL. Maternal anemia and underweight as 
determinants of pregnancy outcomes: cohort study in 
eastern rural Maharashtra, India. BMJ open. 2018 Aug 1; 
8(8):e021623.[Article] 

12. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, 

De Onis M, et al. Maternal and child undernutrition and 
overweight in low-income and middle-income countries. 
The lancet. 2013 Aug 3; 382(9890):427-51.[PubMed] 

13. Kumar A, Chaudhary K, Prasad S. Maternal indicators 
and obstetric outcome in the north Indian population: a 
hospital-based study. Journal of postgraduate medicine. 
2010 Jul 1; 56(3):192.[PubMed] 

14. Agarwal KN, Agarwal DK, Sharma A, Sharma K, Prasad 
K, Kalita MC,  et al. Prevalence of anaemia in pregnant 
& lactating women in India. Indian journal of medical 
research. 2006 Aug 1; 124(2):173.[PubMed] 

15. Kumari S, Garg N, Kumar A, Guru PK, Ansari S, Anwar 
S, et al. Maternal and severe anaemia in delivering women 
is associated with risk of preterm and low birth weight: A 
cross sectional study from Jharkhand, India. One Health. 
2019 Dec 1; 8:100098.[PMC6715890]

16. Ethiopia CS Statistical Report, Household Income, 
Consumption, and Expenditure (HICE) Survey 2004/05, 
vol. 2, no. 394. Addis Ababa, Ethiopia. 2007.[Download 
PDF] 

17. Baig-Ansari N, Badruddin SH, Karmaliani R, Harris H, 
Jehan I, Pasha O,et al. Anemia prevalence and risk factors 
in pregnant women in an urban area of Pakistan. Food and 
nutrition bulletin. 2008 Jun; 29(2):132-9.[PubMed] 

18. Brion MJ, Leary SD, Smith GD, Mc Ardle HJ, Ness AR. 
Maternal anemia, iron intake in pregnancy, and offspring 
blood pressure in the Avon Longitudinal Study of Parents 
and Children. The American journal of clinical nutrition. 
2008 Oct 1; 88(4):1126-33.[PubMed] 

19. Thirukkanesh S, Zahara AM. Compliance to vitamin and 
mineral supplementation among pregnant women in urban 
and rural areas in Malaysia. Pakistan Journal of Nutrition. 
2010; 9(8):744-50.[Article] 

20. Zhang Q, Li Z, Ananth CV. Prevalence and risk factors 
for anaemia in pregnant women: a population-based 
prospective cohort study in China. Paediatric and Perinatal 
Epidemiology. 2009 Jul; 23(4):282-91.[Article] 

21. Aikawa R, Khan NC, Sasaki S, Binns CW. Risk factors 
for iron-deficiency anaemia among pregnant women 
living in rural Vietnam. Public health nutrition. 2006 Jun; 
9(4):443-8.[PubMed] 

22. Khan DA, Fatima S, Imran R, Khan FA. Iron, folate and 
cobalamin deficiency in anemic pregnant females in 
tertiary care centre at Rawalpindi. Journal of Ayub Medical 
College Abbottabad. 2010 Jun 1; 22(1):17-21.[PubMed] 

23. Bodnar LM, Catov JM, Klebanoff MA, Ness RB, Roberts 
JM. Prepregnancy body mass index and the occurrence of 
severe hypertensive disorders of pregnancy. Epidemiology. 

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes

https://pubmed.ncbi.nlm.nih.gov/21813172/4
https://pubmed.ncbi.nlm.nih.gov/25103581/
https://pubmed.ncbi.nlm.nih.gov/26739036
https://pubmed.ncbi.nlm.nih.gov/17299553
https://www.who.int/publications/m/item/focusing-on-anaemia-towards-an-integrated-approach-for-effective-anaemia-control
https://www.who.int/publications/m/item/focusing-on-anaemia-towards-an-integrated-approach-for-effective-anaemia-control
https://www.who.int/publications/m/item/focusing-on-anaemia-towards-an-integrated-approach-for-effective-anaemia-control
https://journals.lww.com/ijmr/Fulltext/2013/38010/Use_of_intravenous_iron_sucrose_for_treatment_of.6.aspx
https://pubmed.ncbi.nlm.nih.gov/23679828/
https://www.researchgate.net/publication/290439510_Effect_of_Obesity_on_Pregnancy_Outcomes_-_Indian_Perspective_A_Review
http://rchiips.org/nfhs/pdf/%20NFHS4/MH_FactSheet.pdf
https://bmjopen.bmj.com/content/8/8/e021623
https://pubmed.ncbi.nlm.nih.gov/23746772
https://pubmed.ncbi.nlm.nih.gov/20739764
https://pubmed.ncbi.nlm.nih.gov/17015931
https://www.ncbi.nlm.gov/pmc/articles/PMC6715890
https://www.statsethiopia.gov.et/wp-content/uploads/2019/06/Household-Income-Consumption-and-Expenditure-Survey-Analytical-Report-Volume-I-2004-2005.pdf
https://www.statsethiopia.gov.et/wp-content/uploads/2019/06/Household-Income-Consumption-and-Expenditure-Survey-Analytical-Report-Volume-I-2004-2005.pdf
https://pubmed.ncbi.nlm.nih.gov/18842803
https://scialert.net/abstract/?doi=pjn.2010.744.750
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-3016.2009.01031.x
https://pubmed.ncbi.nlm.nih.gov/16870016
https://pubmed.ncbi.nlm.nih.gov/21409895


JNHRC Vol. 20 No. 2 Issue 55 Apr - Jun 2022474

2007 Mar 1:234-9.[PubMed] 

24. James AH, Jamison MG, Brancazio LR, Myers ER. Venous 
thromboembolism during pregnancy and the postpartum 
period: incidence, risk factors, and mortality. American 
journal of obstetrics and gynecology. 2006 May 1; 
194(5):1311-5.[PubMed] 

25. Doherty DA, Magann EF, Francis J, Morrison JC, 
Newnham JP. Pre‐pregnancy body mass index and 
pregnancy outcomes. International Journal of Gynecology 
& Obstetrics. 2006 Dec; 95(3):242-7.[PubMed] 

26. Callaway LK, Chang AM, McIntyre HD, Prins JB. The 
prevalence and impact of overweight and obesity in an 
Australian obstetric population. Medical Journal of 
Australia. 2006 Jan; 184(2):56-9.[PubMed] 

  

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes

https://pubmed.ncbi.nlm.nih.gov/17237733
https://pubmed.ncbi.nlm.nih.gov/16647915
https://pubmed.ncbi.nlm.nih.gov/17007857
https://pubmed.ncbi.nlm.nih.gov/16411868

