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Abstract
Objective: Identifying nutritional risk factors associated with
LBW is of critical importance to plan appropriate interventional
programs for achievement in reduction of prevalence of LBW.

Method: Clinically normal full term ANC mothers registering
within 20 weeks of gestation at a rural hospital in Maharashtra,
India were enrolled (n=370). Their socioeconomic, demographic
information, dietary consumption pattern and anthropometric
measurements were recorded and were followed up till delivery.

Result: Most mothers had low education, were engaged in heavy
work and had low family income. They were thin (46.2 ± 7.5Kg), short
(150.8 ± 6.1cm) and undernourished (20. 3 ± 3.2Kg/m2). Mean birth
weight of babies was 2568 ± 305 g while the prevalence of low birth
weight (LBW) was 41.9 %. Significant risk for LBW was seen for young
(<20 yr) mothers (OR=2.21; CI: 1.1 - 4.3), for those with previous
abortion (OR=3.1; CI: 1.7-5.4), for those with low (<42.5 Kg) weight
at registration (OR=1.8; CI: 1.1-3.0) and for those with low (<18.5Kg/
m2) BMI (OR=1.8; CI: 1.1 - 3.0). Significant risk was also observed
for mothers with lower (<1/d) consumption of roti (OR= 1.77; CI:
1.0-3.1) and low (<1cup/wk) consumption of milk (OR=1.85; CI: 1.13.3) or milk products (OR=1.75; CI: 1.1- 2.7) and more importantly,
it remained significant even after adjusting for the above maternal
confounders.

Conclusion: Independent influence of nutritional factors i.e.
low consumption of staple food and milk on risk of lbw assumes
importance, as dietary modification offers the only modifiable avenue
for improving birth weight in poor populations.
Keywords: Low Birth Weight; Maternal BMI; Maternal Dietary
Consumption

Introduction

Eighty percent of all new born with Low Birth Weight
(LBW) at term are born in Asia. High prevalence of low birth
weight continues to be a major nutritional concern in many
developing countries including India. Although poverty is an
underlying cause, it is necessary to understand the factors
of maternal environment; especially nutritional factors
associated with risk of Low Birth Weight (LBW) so as to plan
Symbiosis Group

appropriate interventional activities. Maternal environment
comprises of social, economic, demographic, nutritional and
clinical variables which influence birth weight.

Among the socio economic variables family type, size,
income and occupation affect food availability [1] and the
work load of the mother, [2] while education of mother and
her husband influences the important decisions [3] like
seeking antenatal care during pregnancy that influence birth
outcome. Similarly, certain demographic factors like early
age at marriage and conception are known [4] to adversely
affect the pregnancy outcome in many communities. In poor
populations, the delayed age of menarche coupled with
early age of marriage and subsequent conception, is more
detrimental to pregnancy outcome [5]. There is substantial
literature that addresses possible association of maternal
age and pregnancy outcome [6]. Obstetric variables may even
have direct influence on pregnancy outcome. For example,
history of repeated abortions makes women more vulnerable
for poor pregnancy outcome [7]. Studies have shown that
spacing of less than 2 years between successive deliveries,
adversely affects the pregnancy outcome in mothers from low
socio-economic class. [8, 9, 10, 11].
Maternal nutritional status is often an outcome of sociocultural settings in which the mother is brought up and
is known to be one of the key determinants of pregnancy
outcome. It is known that the populations where proportions
of mothers with low levels of BMI are high are also the
populations where several socio demographic factors have
significant impact [12, 13] leading to high prevalence of LBW.
The biological support that the mother gives to the child
during its growth and development depends particularly
upon maternal nutritional factors like her nutritional status,
her nutrition through pregnancy and lactation and influence
birth weight considerably.
Although the factors associated with birth weight are well
studied, those associated with significant risk for LBW are
not. In fact, the two issues are different as they have different
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implications. Issue of identifying nutritional factors associated
with risk of LBW is of critical importance as achievement in
reduction of prevalence of LBW will have multi factorial
benefits such as reduction in mortality [14, 15] and morbidity,
improvement in the growth rate of children etc. Present
study attempts to examine whether nutritional factors have
independent influence on risk of LBW among mothers from
poor rural community of Maharashtra.

Material And Methods

Present study was a hospital based prospective study,
carried out at Dr. Bhausaheb Sardesai Rural Hospital Talegaon,
attached to MIMER medical college.

Subjects

The study population comprised of Anti Natal Care
(ANC) cases who registered themselves at the Obstetrics and
Gynechelogy out patients department of the hospital, for the
first time within 20 weeks of gestation. Considering 35%
prevalence of low birth weight with 5% tolerance estimated
sample size was 425 cases allowing for 15% loss to follow
up. Clinically apparently normal ANC cases, within 18 to 40
years of age, were included in the study after obtaining their
oral consent. Multiple pregnancies and cases with congenital
anomalies or major illness for more than 3 weeks, were
excluded from the study.

Qualitative information

Maternal socio economic and demographic information
was collected on each enrolled woman at the time of
registration using a structured questionnaire. It comprised of
size of the family, monthly income, education and occupation
of the mother as well as her husband. The demographic
information about her age at menarche, marriage and at
registration was also recorded. Similarly, obstetric information
on variables like parity, spacing and previous abortions, if any,
was recorded for each mother.

Maternal nutritional status

Maternal nutritional status was assessed using several
anthropometric measurements. Maternal weight that reflects
current nutritional status was measured using (up to 100 g)
digital weighing balance, while maternal height that reflects
past nutritional status was measured (up to 0.1 cm) using
stediometer. Maternal head circumference which is believed
to reflect maternal nutritional status when she was in utero
was measured (up to 0.1 cm) using non stretchable tape
while body fat (%) which is the reflection of mother’s energy
stores was recorded using body fat analyzer (HBF300, OMRON
Corporation, Japan). Babies were measured at birth using
digital weighing balance.

Maternal dietary intake

Dietary intake was assessed using pre tested Food
Frequency Questionnaire (FFQ) to record consumption
of various foods and their frequency in last one month. It
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covered total of 54 food items divided into 13 groups such as
milk, milk products, cereals, lentils, legumes, vegetables, green
leafy vegetables, fruits, non-vegetarian foods, snacks, bakery
products etc. Amount of food intake was measured in terms of
number of roties and in terms of serving spoons of standard
size for other foods. Frequency of consumption in terms of
once, twice or more in a day / week or month was also noted.

Statistical methods

Means of two groups were compared using‘t’ test while
linearity in group means was tested using ANOVA. Logistic
regression was done to estimate Odd Ratio (OR) for risk of low
birth weight in higher category considering lower category as
reference category for various risk factors. Statistical analysis
of data thus collected was done using SPSS 19.0 version.

Results

In view of the persistent nature of high prevalence of LBW
is a major public health problem in rural India, identifying
factors associated with low birth weight is of vital importance
for planning appropriate strategies to overcome it.

Maternal socio economic variables

Out of total 437 mothers registered for the study, 370
mothers completed the full gestational period of 37 weeks.
Most mothers (56.5%) had family size < 5 and 87.8% of
mothers had education only up to 10th standard. They were
either housewife (75.0 %) or were engaged in farming (17 %).
Their husbands were also largely engaged in unskilled jobs
(47.1 %) and almost all had low (<5000 Rs) monthly income
(Table 1). Trend in mean birth weight across sub categories
of socio economic variables did not show significance (Fig.1).

Maternal demographic variables

The reported age at menarche was > 14 yr in case of
71.2% mothers while a large proportion (47.4%) had age at
first conception less than 20 yrs. Thus, majority (73.5 %) of
mothers were young (<25 yr) at registration (Table 1). Among
these demographic variables, age at menarche (<14 yr) did
not show association with mean birth weight but mother’s
age at registration showed significant positive association
with mean birth weight (Fig1). Young mothers (<20 years) at
registration had babies with lowest birth weight (2458 ± 270
g) and showed highest prevalence of LBW (61.4%).

Maternal obstetric variables

Among the study population 41.6% were primy and
among the multiparous mothers the interval between two
successive pregnancies was < 2 yr (Table 1) in case of 55.6%
mothers. Mean birth weight was lowest for primies (2507 ±
252g) and increased significantly (p<0.001) with the parity of
the mother (Fig 1). The prevalence of LBW among primies
was considerably high (44.4%).

Maternal nutritional status

Nutritional status of the mothers at registration was poor
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Figure 1: Mean birth weight (g) by levels of various factors of maternal environment.
BMI- Body mass index
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Table 1: Socioeconomic, demographic, obstetric and anthropometric
measures of mothers
Variable

Family Size
Maternal education
Husbands education
Mothers occupation
Husbands occupation
Family income (Rs)
Parity
Spacing (yr)
No. of abortions
Age at menarche (yr)

Age at registration (yr)

Category

N

Mean or
% frequency

<5

205

56.5

Up to 10th std

323

87.8

>=5

>10th std

158
45

Up to 10th std

307

Light / Medium

302

Unskilled

81

>10th std
Heavy

60
62

skilled

280

2000-5000

162

Primy

153

<2000
>5000
>1
<2

>=2

55

143
215
119
95

Nil

111

<14
14-15
>=15

105
141
119

>=1

< 20
20 -25
>=25

103

57
215
98

43.5
12.2
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birth weight. Thus, mean birth weight of the babies born to
mothers in the lowest tertile of weight (2532 ± 313g), or BMI
(2518 ± 308g), or body fat (2509 ± 292g) was lowest (Fig.1)
with highest prevalence of LBW (50.0%, 50.8% and 48.7 %
respectively ).
Table 2: Maternal anthropometric measures (mean ± sd)
Variable

N

Mean ± sd

342

151.0 ± 5.9

343

24.7 ± 6.4

Weight (kg)

368

83.0

BMI (kg/m2)

359

22.4

Below risk cut off for weight

83.7
16.3
17.0
77.6
15.3
45.0
39.7
41.6
58.4
55.6
44.4
51.9
48.5
28.8
38.5
32.7
15.4
58.1
26.5

(Table 2). Mothers were thin and the mean maternal weight
was lower (46.2 ± 7. 5 Kg) suggesting that current nutritional
status was poor. This was also true with regard to maternal
height showing a smaller mean height (150.9 ± 6.1 cm)
indicating that they had experienced malnutrition in the past.
Consequently, maternal undernutrition was reflected in the
lower mean BMI (20.3 ± 3.2 Kg/m2). Further, almost 9.8 % of
mothers were below 38 kg and 8.6% of mothers were below
145 cm for height, which are risk cut offs for low birth weight.
Almost 32.0% women were under nourished as their BMI was
below 18.5 kg/m2.
The mean birth weight was only 2568 ± 305 g owing to
the fact that large proportion of mothers was undernourished.
The lowest birth weight was 1700 g while the highest birth
weight was 3750 g. The prevalence of LBW was 41.9 % and
the mean birth weight of normal babies was only 2731 ± 289 g.
All the three indicators of mother’s nutritional status
showed significant positive association with birth weight
indicating that poorer the nutritional status lower was the

Height (cm)

Body fat (%)

46.2 ± 7.5

20. 3 ± 3.2

i.e. % below 38 Kg

36

9.8

i.e. % below 145 cm

31

8.6

Below risk cut off for height
Undernutrition
i.e. BMI % below 18.5 Kg/m2

BMI – Body Mass Index

115

32

Maternal dietary intake
Majority of mothers were vegetarian and Roti or Bhakari
(bread made from wheat or sorghum), was a major food item
consumed at all the three meals and contributed more than
75% of day’s energy intake. Rice was mostly included only at
dinner time. Almost half of the mothers (44.8%) consumed
dal on alternate days. Only 35% mothers had one serving or
more of vegetables everyday and 16% included green leafy
vegetables in their daily diet. Their diets clearly lacked variety.
Intake of milk was very low and two third (66.4%) mothers
never drank milk. Nearly 42% mothers had fruits daily which
included seasonal fruits like banana, oranges, guava, grapes
and berries and apple.
We examined mean birth weight by levels of consumption
of all 13 food groups but found significant trends only for
specific foods like roti, milk and milk products. Mothers having
lower consumption of roti, which was their staple food, had
babies with significantly lower birth weight (2537 ± 283g)
and showed higher prevalence (47.0%) of LBW. Significantly
low birth weight of babies was also observed (Fig 1) among
mothers who never consumed milk (2544 ± 315 g) or milk
products (2532 ± 299 g) showing high prevalence of LBW too
(46.4% and 49.4% respectively).

Maternal environment and risk of LBW

We examined various maternal factors for risk of LBW
(OR). Among socio economic factors family income showed
marginal (p=0.07) significance while among the demographic
variables, younger maternal age at registration was a
significant risk factor (Table 3) for delivering LBW (OR = 2.21;
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CI: 1.1-4.3; p<0.05). Among the obstetric variables parity
did not confer risk for LBW but previous history of abortion
was a significant risk factor for LBW. Thus, mothers who had

previous abortion had significantly higher risk (OR=3.1; CI:
1.7-5.4; p<0.05) for delivering LBW baby (Table 3).

Table 3: Factors of maternal environment and OR for risk of LBW
Variable
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Categories

OR (CI) for lbw by categories

Family income (Rs)

<2k

2k-5k

>=5k

1.78 (0.95 – 3.3)

1.22

1.0

Age (yr) at registration

<20

20-25

≥25

2.21* (1.1 - 4.3)

0.81

1.0

Age (yr) at menarche
Previous abortions

Maternal

Wt (Kg)

BMI (Kg/m )
2

Consumption of Roti (no/d)
Milk (cup/d)

Milk product

<14
Yes

14-15

≥15

No

<42.5 42.5- 48 ≥48

<18.5 18.5-21.1 ≥21.1
<2

2-4

≥4

<1/wk 1/wk to 1/d ≥1/d
<1/wk

BMI – Body mass index; Wt - Maternal weight
OR (CI) – Odds ratio (95% confidence interval)

≥1/wk

Maternal nutritional status is a known determinant of birth
weight and a significant risk for LBW was indeed observed
for mothers with poor maternal nutritional status. Thus,
significant (p<0.05) risk for LBW was seen for low (<42.0
Kg) maternal weight (OR = 1.87, CI: 1.1-3.1) as well as for low
(<18.5 Kg/m2) BMI (OR = 1.83, CI: 1.1-3.0). No associations
were seen for maternal height or head circumference. Poor
maternal nutritional intake during pregnancy contributes to
low birth weight and accordingly we observed that inadequate
consumption of specific foods was associated with significant
risk for LBW. Thus, mothers who never consumed milk or
milk products had significant (p<0.05) risk (OR=1.62, CI: 1.02.6 and OR=1.75, CI: 1.0-2.7 respectively) for LBW (Table 3).
It was also true in case of low consumption of a staple food
viz., roti (OR=1.77, CI: 1.0-3.1, p<0.05). More importantly, the
ORs for roti and milk remained significant even after adjusting
for these maternal cofactors (maternal age, maternal weight
and previous history of abortion) indicating the independent
effect of maternal consumption of these specific foods i.e. roti
and milk on the risk of LBW (Table 4).

Discussion

Poor maternal nutrition resulting in Low Birth Weight
(LBW) remains single most important cause of infant
mortality and morbidity in developing world. The factors
responsible for LBW range from socio demographic to genetic,
illustrating a wide spectrum of underlying causes. Several
socioeconomic, demographic, obstetric and dietary factors
have been shown to influence birth weight [16, 17, 18, 19] but
only few researchers have examined their association with
risk of LBW [20, 21]. In order to have effective strategies to
combat the problem of LBW, it may be necessary to look into
the nutritional risk factors. Our observations highlight that
maternal diet is a major factor of the maternal environment

1.4

3.1* (1.7 – 5.4)

1.88* (1.1 - 3.13)

0.96
1.0
1.3

1.0

1.6

1.0

1.80 * (1.1 - 3.0)

1.14

1.85 * (1.1 - 3.3)

1.37 (0.63 –3.0)

1.77* (1.0 - 3.1)

1.75 * (1.1 – 2.7)

1.0

1.0

1.0
1.0

and that consumption of staple food like roti and a functional
food like milk, show significant association with risk of LBW
even after adjusting for all other maternal cofactors.

Although most studies identify income as one of the
determinants for LBW, only few examined its association
with risk of LBW using broad categories as below and above
poverty line [22, 23]. We observed marginal risk associated
with family income below Rs.2000 and is in confirmation with
studies from Bangladesh, [24] and Pakistan [25].

Adverse influence of demographic variables like early age
at marriage and early age at conception on reproductive health
has been reported [26, 27, 28]. Similarly, devastating effects
of early conception in terms of increased risks for pregnancy
wastage (stillbirths & abortion) and premature delivery are
reported among adolescent rural Indian undernourished girls
[5] but are not reported for risk of LBW. We observed that
mothers with younger age (<20 yr) at registration had 2.21
times higher risk for LBW compared to those who were aged
more than 25 yr.
Importance of maternal nutritional status is unquestionable
in the context of low birth weight. In fact, the countries where
high proportions of LBW are seen are also the countries where
women have low body mass index, indicating poor maternal
nutritional status which is a major determinant of LBW. We
observed that mothers in the lowest tertile of maternal weight
(<42.5 Kg) or maternal BMI (<18.5 Kg/m2) indicated 1.8 times
higher risk of LBW compared to their counterparts. This is in
confirmation with a study [10] reporting four times risk of
LBW for mothers with weight <45 Kg. from rural Maharashtra.
A study from Bangladesh [29] also reports 43 kg and 19kg/
m2 as respective cut offs for maternal weight and BMI for
predicting the risk of LBW.
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Table 4: Risk (OR) for LBW associated with consumption level of Roti and milk after adjusting for several maternal cofactors
Food item

Roti consumption no./d

Frequency
consumption
<2
2-4

Milk
consumption

>=4

Never
Yes

of

Unadjusted
OR

1.77
(1.0 – 3.0)

1.61
(0..89 – 2.9)
1.0

OR adjusted+ for maternal

age (yr)

abortion

1.86
(1.0 – 3.3)

1.75
(0.96 – 3.2)

1.77
(1.1 – 2.8)
1.0

+ Adjustment done by adding sequentially each maternal cofactor

Although short maternal height or smaller head
circumference have been shown to be associated with birth
weight by other researchers [30] they did not turn out to
be risk factors for LBW. Similarly, body fat was associated
with mean birth weight but did not prove to be a risk factor
for LBW. Finally, our observation that low consumption (<
1 /d) of roti shows 1.77 times high risk for LBW while not
consuming milk during gestation shows 1.62 times higher
risk assumes significance as dietary modification offers the
modifiable and feasible avenue for improving birth weight in
poor populations. Further, the risks became significant after
adjusting for several cofactors of maternal environment,
indicating independent effect of these specific foods. Low
milk consumption (less than 250 ml/day) is shown to be
associated with low birth weight among Canadian [31] and
Danish women [32]. Review of studies published in the recent
decade also reports a significant positive association between
maternal milk consumption and fetal growth as well as infant
birth weight and suggests the importance of including some
milk and dairy in the maternal diet essentially as a source of
protein and other valuable nutrients [33, 34]. Our observation
not only supports above findings but also indicates that
providing one cup of milk per day to undernourished mother
from rural India could be a simple feasible and possible food
based intervention for improving the birth weight.
In conclusion, maternal environment comprises of
several socio economic and demographic factors besides
her nutritional status that influence birth weight. The fact
that associations of some of these factors with mean birth
weight did not necessarily imply associations with risk of
LBW, is in line with the report that in South Asia during last
few decades, there has been marginal improvement (52 to
126 g) in birth weight but not in the prevalence of LBW [35].
Identifying nutritional risk factors associated with LBW in
poor populations is therefore of vital importance for reducing
its prevalence. Most importantly, our observation that specific
foods like roti and milk have independent effect underscores

1.0

1.85
(1.2 – 2.9)
1.0

weight (Kg)

1.98
(1.1 – 3.4)

1.84
(1.0 – 3.2)

1.0

1.0

1.84
(1.0 – 3.4)
1.91
(1.2 – 2.9)
1.0

1.66
(0.9 – 3.1)
1.92
(1.1 – 2.8)
1.0

the importance of maternal diet. These food items being items
from their daily food basket, opens an avenue for planning
food based interventions for rural Indian mothers that are
likely to have higher degree of compliance. Secondly, in
view of the recent report [36] imparting nutrition education
for dietary modification appears promising approach to
bring about behavioural change resulting in sustainable
improvement in the overall quality of the maternal diet. In
contrast, improving maternal nutritional status of young rural
mothers or increasing their age at marriage for preventing
early conception are difficult propositions to achieve in a short
period of time due to socio-cultural factors. Finally, different
populations and in different settings may indicate different
pivotal factors and foods for their associations with risk of
LBW. Based on such pivotal factors, research must address
to develop a simple screening tool which can be used by a
lowest level health worker for identifying mothers at risk. Our
findings therefore, have wider implications for similar rural
settings especially from other developing countries in Asia.
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