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A B S T R A C T

Background: Maternal hemoglobin during pregnancy is an important predictor of neonatal outcomes such as birth
weight. The newborn weight of an infant is considered a crucial factor for morbidity andmortality. This study aimed
to assess the association between maternal hemoglobin concentration and newborn weight at term pregnancy.
Methods: A hospital-based cross-sectional study was conducted at Tribhuvan University Teaching Hospital
(TUTH), Kathmandu, Nepal from 14th April 2018 to 13th April 2019. Term singleton pregnant women who were
admitted for delivery in the labor room of TUTH were included in this study. Maternal characteristics such as age,
parity, birth space, ethnicity, education level, dietary habit, body mass index (BMI), and hemoglobin level were
recorded. The newborn weight was taken immediately after delivery. The main outcome of this study was the
birth weight. The association between hemoglobin level and newborn weight was analyzed using bivariate and
multivariable logistic regression analysis.
Results: Of 2,418 term pregnant women, the prevalence of low hemoglobin and high hemoglobin levels were 24%
(95% CI: 22–25.4), and 17% (95% CI: 15.7–18.7), respectively. The prevalence of low birth weight (LBW) was
12.9% (95% CI: 11.7–14.4). Multivariable logistic regression analysis showed that those mothers who had low
hemoglobin concentration (adjusted Odds Ratio/aOR ¼ 3.77, 95% CI: 2.84–5.01), and high hemoglobin con-
centration (aOR ¼ 3.07, 95% CI: 2.23–4.24) had higher odds of having LBW compared to mothers having normal
hemoglobin level. Mothers with both young age pregnancy (aged 16–20 years) and older pregnancy (aged �31
years) (aOR ¼ 1.60, 95% CI: 1.01–2.52) and (aOR ¼ 1.60, 95% CI: 1.06–2.41), respectively had higher odds of
LBW compared to mothers aged 21–25 years. Those mothers who attended a primary level of education had
higher odds of (aOR ¼ 1.93, 95% CI: 1.05–3.55) LBW compared to those mothers with a higher level of education.
Moreover, mothers who belonged to Janajati ethnic group (aOR ¼ 0.47, 95% CI: 0.34–0.65) compared to the
Brahmin/Chhetri ethnic group, and mothers with a birth space of more than three years (aOR ¼ 0.63, 95% CI:
0.41–0.97) compared to those who had less than three years of birth spacing and mothers who were overweight/
obese (aOR ¼ 0.74, 95% CI: 0.55–0.99) compared to normal nutritional status had lower odds of having LBW.
Conclusions: Our study concludes that both low and high hemoglobin had an increased risk of having low birth
weight. Policies and programs can benefit by adopting the findings of this study. More empirical research is
critical to understanding the impact of hemoglobin levels on birth weight.
1. Background induced a slight decrease in hemoglobin (Hb) levels during pregnancy [3,
Low birth weight refers to the absolute weight of a newborn whose
birth weight is less than 2500 g (5.5 pounds) regardless of gestational age
[1, 2]. During pregnancy, a rapid increase in plasma volume allows
adequate growth of the fetus [3]. Even in healthy females, this condition
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4]. However, an inadequate increase in plasma volume during pregnancy
is a risk factor for low birth weight and placental weight [4]. Low birth
weight (LBW) is a major health problem in resource-poor countries [5].
Birth weight is a reliable indicator of the future health and nutritional
outcome of infants [6]. Low birth weight baby has a high risk of
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developing long-term neurologic disability, cardiovascular diseases,
diabetes, impaired language development, and poor cognitive develop-
ment [7].

Low concentration of Hb level or maternal anemia is also a common
public health problem in low- and middle-income countries (LMICs)
where nearly one in every two pregnant women had a low Hb level
during pregnancy [8, 9]. South and Southeast Asian countries account for
the largest burden of anemia, with an estimated prevalence of 52.5%
among women of reproductive age (WRA) [10]. According to World
Health Organization (WHO), anemia in pregnancy refers to the condition
in which total red blood cells or hemoglobin concentration in blood is
less than 110 g/L (less than 11 g/dL) in venous blood during any
trimester [11]. Anemia can be categorized as acquired or inherited. The
most common acquired anemia includes iron, folate, and vitamin B12
deficiency, chronic disease, acquired hemolytic anemia, and aplastic
anemia [11]. Sickle cell anemia, thalassemia, and Fanconi anemia are
known as hereditary anemia [11]. Low concentration of Hb in blood
during pregnancy is mostly due to iron deficiency [11]. Similarly,
nutritional problems such as due to inadequate dietary intake [12], a low
diversified diet [13], and inadequate weight gain during pregnancy
contribute to a lower intake of nutrients [14].

Despite adequate evidence, the relationship between low hemoglobin
levels during pregnancy and adverse birth outcomes is controversial.
Though several studies have demonstrated the positive association of low
hemoglobin levels with LBW of newborns while some studies have shown
no relationship between maternal hemoglobin level and birth weight
[15, 16, 17]. Comparatively, there is limited evidence about the associ-
ation of high maternal hemoglobin concentration during pregnancy with
newborn weight. In addition, few studies showed that the maternal he-
moglobin level during the different gestational periods has different birth
weight outcomes [18, 19]. The previous studies also suggested that
maternal hemoglobin concentration differs with maternal age, race/-
ethnicity, lifestyle behaviors, socioeconomic status, maternal food habits,
nutritional status, altitude, and ecological regions [15]. Moreover, the
low Hb concentration during pregnancy and LBW are considered major
risk factors for maternal and newborn mortality and morbidity in
resource-poor countries like Nepal [20, 21, 22]. On the other hand,
several studies have also found that higher maternal hemoglobin levels
during pregnancy are linked to a higher chance of having LBW [23, 24].

Several studies from Nepal have explicitly presented the persistently
high prevalence of anemia among reproductive-aged women across
different ecological regions and among different socioeconomic and ethnic
groups [25, 26, 27]. The prevalence of LBW (12%) and low concentration
of Hb among pregnant women (46%) has remained stagnant for the last
decade (2005–2016) in Nepal [28]. LBW in neonates is the single most
common cause of neonatal mortality andmorbidity [22]. According to the
Multiple Indicator Cluster Survey (MICS), 2019, the neonatemortality rate
for Nepal was 16 deaths per 1000 live births [29], a 5% decline from 2016
[28]. The majority of previous research from different countries empha-
sized the effects of maternal anemia, and only a few studies were found to
reveal an association between maternal high hemoglobin levels and
newborn outcomes [30]. Although previous studies have examined the
association of low hemoglobin concentration with newborn weight, evi-
dence of the association of high Hb with low birth weight is lacking in
Nepal. This study aims to assess the association between maternal hemo-
globin concentrations and newborn weight at term pregnancy. Since the
changes in the Hb concentrations level during pregnancy is most common,
it is important to measure its association with LBW, which would fill the
gap for the necessity of local evidence in the Nepalese context.

2. Methods

2.1. Study design

A hospital-based cross-sectional study was conducted among preg-
nant women at term pregnancy (37–42 weeks) who were admitted to the
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labor room for delivery in Tribhuvan University Teaching Hospital
(TUTH), Nepal. The participants were enrolled from 14th April 2018 to
13th April 2019. Tribhuvan University Teaching Hospital is the first
Teaching Hospital and a leading institute for medical education in Nepal,
which was established in 1983AD [31]. Tribhuvan University Teaching
Hospital has been providingmulti-speciality healthcare services in Nepal.

2.2. Sampling strategy and setting

Tribhuvan University Teaching Hospital was selected purposively.
Since this study was conducted in a hospital's labor room, the principal
investigator of this study collected the data during his duty schedule
throughout the study period. During the study period, a total of 2,418
term pregnancies were included in this study. A consecutive purposive
sampling technique was used to select the participants. The term
singleton pregnancy (37–42 weeks period) was included in the study.
The pregnant women who were already diagnosed with special medical
complications such as diabetes mellitus, hypertension, antepartum
hemorrhage, renal disease, cardio-pulmonary disease, and inflammatory
bowel diseases were excluded from the study. Similarly, those pregnant
women who delivered preterm delivery and those who received a blood
transfusion during pregnancy were also excluded from the study.

2.3. Data collection and variables

Data were collected through individual interviews at the labor room/
birthing center conducted in the Nepali language by a Gynecology resi-
dent (trainee for Master's Degree in Gynaecology) trained for five days on
the objective of the study, data collection procedure, sampling method,
ethical aspects of the study, data entry techniques, and data management.
Term singleton pregnant women who came for delivery in TUTH were
admitted to labor room (LR). The history was taken and clinical exami-
nations were conducted during admission. Gestational age was calcu-
lated from 1st day of the last menstruation period (LMP) in regularly
menstruating women. The LMP was used to measure the gestational age
in the previous study [32]. In the case of the irregular menstrual cycle,
the pregnancy date was calculated from the 1st trimester Ultrasonogram
(USG) scan. If there was a discrepancy in gestational age calculation
between the last menstruation period and USG scan of more than two
weeks then the gestational age was calculated by USG. A case record form
(CRF) was used to record all the information. A face-to-face interview
was undertaken to collect data using the semi-structured questionnaire.

2.4. Predictor variables

Predictors of this study were selected based on the literature review
mainly on two aspects: 1) socio-demographic characteristics, including
maternal age, education level, and ethnicity. The age of the pregnant
women was recorded as 16–20, 21–25, 26–30, and �31 years. Maternal
education is classified into primary (1–5 grade), secondary (6–10 grade),
intermediate (11–12 grade), and higher education levels (University
level). Ethnicity (categorized as Brahmin/Chhetri, Dalit, Janajati, and
others used by the government of Nepal in Nepal Demographic and
Health Survey (NDHS) [28]. 2) Maternal health-related characteristics
including parity, birth spacing, body mass index (BMI), dietary habit and
hemoglobin level were measured. Parity was classified into primipara
and multipara. Birth space recoded into �3 years and >3 years. The BMI
was categorized into underweight (<18.5 kg/m2), normal (18.5–24.99
kg/m2), overweight (25–29.99 kg/m2) and obesity (�30 kg/m2) ac-
cording to the WHO classification. Dietary habits were categorized into
vegetarian and non-vegetarian.

Biochemical assessments such as hemoglobin level estimation were
taken before delivery. Venous blood was drawn in EDTA vial (~1ml) and
sent to the haematology department of TUTH for Hb estimation. The Hb
was measured using an automatic analyzer in the lab. (It measures by the
non-cyanmethemoglobin method). Hemoglobin level were further
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classified as low Hb (<11 g/dL), normal Hb (11–13 g/dL) and high Hb
(>13 g/dL) [11]. Women with low Hb (<11 g/dL) were further sub-
divided into 3 groups: mild (10–10.9 g/dL), moderate (7–9.9 g/dL) and
severe anemia (<7 g/dL) [11].

2.5. Outcome variable

After delivery and care of the baby, the weight of the baby was taken
and recorded. Newborn weight was further dichotomized into low birth
weight (<2500 gm), and normal birth weight (�2500 gm) [1, 2].

2.6. Data management and analysis

Data checking and compiling were done manually to ensure
completeness and accuracy before data were entered for analysis. Data
were entered in Epi Data version 3.1 and analyzed using Stata/MP
version 14.1 (Stata Corp LP, College Station, Texas).

Exploratory data analysis included frequency estimations and cross-
tabulations of each predictor and outcome variable. Categorical vari-
ables were presented in percentage and frequency. After the normality
test, all the continuous data were normally distributed thus we presented
continuous variables in mean and standard deviation. In bivariate anal-
ysis, binary logistic regression was used to estimate the odds ratio and
95% Confidence Intervals (CIs). Variables that were found statistically
significant (95% CI is not overlapping the null) during bivariate analyses
were checked for multicollinearity by calculating the Variance Inflation
Factor (VIF) [33]. In multivariable logistic regression analysis, all pre-
dictor variables were included for adjusting the confounders. Crude odds
ratio (cOR) and adjusted odds ratio (aOR) with 95% CIs were calculated
to assess the presence and strength of association, with a threshold of p<

0.05 used for the determination of statistical significance.

2.7. Ethical considerations

The ethical clearance for this study was obtained from the Institu-
tional Review Committee (IRC) of the Institute of Medicine (IOM),
Tribhuvan University Ref: 383 (6-11-E)2/074/075. Written informed
consent was obtained from the participants and all the participants were
informed about voluntary participation, their right to refusal at any
point, and the confidentiality of their identity.

3. Results

In this study, Figure 1 shows the hemoglobin level of the study par-
ticipants. The prevalence of low hemoglobin and high hemoglobin was
24% (95% CI: 22–25.4), and 17% (95% CI: 15.7–18.7), respectively.
Similarly, the prevalence of mild, moderate, and severe anemia was
Figure 1. Prevalence of normal, low and high hemoglobin concentration status
at term pregnancy.
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15.8% (383/2,418), 7.7% (187/2,418), and 0.1% (3/2,418), respec-
tively (Figure 2).

The mean (SD) of the mother's age was 26.5 (4.3) years and the mean
(SD) of the gestation period was 39.2 (1.1) weeks. The mean (SD) he-
moglobin level of the mothers was 11.8 (1.3) g/dL. The average BMI of
the study population was 23.6 (3.6) kg/m2. The average birth weight of
the newborn was 3.1 (0.4) kg. This study shows more than one-third
(37.9%) of the mothers' age groups were between 21-25 years, and
26–30 years, respectively. More than half (57.9%) of the mothers were
primipara. Slightly more mothers had attended higher education level
(38.1%) followed by intermediate education (37.2%). The majority of
the participants belonged to Brahmin ethnicity (40.6%) followed by
Janajati ethnic group (30.9%). More than two-thirds (71.4%) of mothers
had a birth spacing of less than three years. Almost all (99.3%) mothers
had a non-vegetarian diet habit. Only 3.7% of the mothers were under-
weight in nutritional status (BMI¼<18.5 kg/m2) and 30% of themothers
were overweight and obesity (BMI ¼ �25 kg/m2). In this study, only
12.9% (95% CI: 11.7–14.4) of the newborn was low birth weight
(Table 1).

In bivariate analysis, those mothers who had a low hemoglobin
concentrations had 3.85 times (Crude odd ratio, cOR ¼ 3.85, 95% CI:
2.91–5.19) higher odds of LBW compared to mothers having normal
hemoglobin levels. Moreover, mothers with high hemoglobin levels were
three times (cOR ¼ 3.04, 95% CI: 2.21–4.17) more likely to have LBW
compared to mothers with normal hemoglobin levels. Those mothers
who practiced vegetarian diet habits had 3.07 times (cOR ¼ 3.07, 95%
CI: 1.06–8.92) higher odds of having LBW compared to mothers with
non-vegetarian diet habits, and others with young age pregnancy (aged
16–20 years) were 1.71 times (cOR ¼ 1.71, 95% CI: 1.12–2.62) more
likely to have higher odds of LBW compared to mothers aged 21–25 years
(Table 2).

In this study, several maternal factors predicted a lower likelihood to
have LBW: Overweight/obese mothers had lower odds of having LBW
(cOR ¼ 0.69, 95% CI: 0.52–0.91) compared to normal BMI status,
mothers with birth space of more than three years had lower odds of
having LBW (cOR ¼ 0.61, 95% CI: 0.46–0.82) compared to less than
three years, multipara mothers had lower odds of having LBW (cOR ¼
0.70, 95% CI: 0.54–0.89) compared to primipara mothers, and mother
who belonged to Janajati ethnic group were less likely to have LBW (cOR
¼ 0.51, 95% CI: 0.37–0.68) compared to a Brahmin/Chhetri ethnic group
(Table 2).

In multivariable analysis, mothers who had low hemoglobin con-
centration (aOR ¼ 3.77, 95% CI: 2.84–5.01), and high hemoglobin
concentrations (aOR ¼ 3.07, 95% CI: 2.23–4.24) had more than three
times higher odds of LBW compared to normal hemoglobin concentra-
tions. Likewise, mothers who had both young age pregnancy (aged 16–20
years) and elder pregnancy (aged �31 years) (aOR ¼ 1.60, 95% CI:
1.01–2.52) and (aOR¼ 1.60, 95% CI: 1.06–2.41), respectively were 1.60
times higher odds of LBW compared to mothers aged 21–25 years.
Figure 2. Prevalence of anemia at term pregnancy.



Table 1. Socio-demographic characteristics of the study participants (n ¼ 2,418).

Respondent's characteristics Total Low Hb level (<11 gm/dl) Normal Hb level (11–13 gm/dl) High Hb level (>13 gm/dl)

mean SD mean SD mean SD mean SD

Mother age 26.5 4.3 26 4 26 4 27 4

Gestational age 39.2 1.1 39.3 1.1 39.3 1 39.1 1

Hemoglobin level 11.8 1.3 10.1 0.8 11.9 0.5 13.7 0.7

Birth weight 3.1 0.4 2.9 0.5 3.1 0.4 2.9 0.5

BMI 23.6 3.6 23.3 3.5 23.6 3.5 23.9 4.1

n % n % n % n %

Mothers age groups

16–20 167 6.9 44 26.3 97 58.1 26 15.6

21–25 918 37.9 221 24.1 542 59.1 155 16.9

26–30 918 37.9 206 22.4 550 59.9 162 17.6

�31 415 17.3 102 24.6 242 58.3 71 17.1

Parity

Primipara 1402 57.9 331 23.6 814 58.1 257 18.3

Multipara 1016 42.1 242 24.8 617 60.7 157 15.5

Education level

Primary 110 4.5 31 28.2 66 60 13 11.8

Secondary 488 20.2 108 22.1 292 59.8 88 18.1

Intermediate 899 37.2 229 25.4 526 58.5 144 16.1

Higher 921 38.1 205 22.3 547 59.4 169 18.3

Ethnicity

Brahmin 981 40.6 241 24.6 572 58.3 168 17.1

Chhetri 443 18.3 106 23.9 257 58.1 80 18.1

Dalit 103 4.3 24 23.3 65 63.1 14 13.6

Janajati 747 30.9 163 21.8 454 60.8 130 17.4

Others 144 5.9 39 27.1 83 57.6 22 15.3

Birth spacing

�3 years 1726 71.4 416 24.1 1007 58.3 303 17.6

>3 years 692 28.6 157 22.7 424 61.3 111 16.1

Dietary habit

Non vegetarian 2402 99.3 572 23.8 1421 59.2 409 17.1

Vegetarian 16 0.7 1 6.3 10 62.5 5 31.2

BMI

Underweight 139 5.7 38 27.3 76 54.7 25 17.9

Normal 1543 63.8 380 24.6 911 59.1 252 16.3

Overweight/obesity 736 30.4 155 21.1 444 60.3 137 18.6

Birth weight

Normal birth weight 2104 87.1 441 20.9 1328 63.1 335 15.9

Low birth weight 314 12.9 132 42.1 103 32.8 79 25.1
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Mothers who attended only a primary level of education had almost 2
times (aOR ¼ 1.93, 95% CI: 1.05–3.55) higher odds of LBW compared to
those mothers with higher education (Table 2).

In contrast, mothers who belonged to Janajati ethnic group were 53%
less likely to have LBW (aOR ¼ 0.47, 95% CI: 0.34–0.65) compared to
Brahmin/Chhetri ethnic group, mothers who had a birth space of more
than three years had 37% less likely to have LBW (aOR ¼ 0.63, 95% CI:
0.41–0.97) compared to less than three years birth spacing, and mothers
who had overweight/obese nutritional status were 26% lower odds of
having LBW (cOR ¼ 0.74, 95% CI: 0.55–0.99) compared to normal BMI
status (Table 2).

4. Discussion

This study showed the prevalence of low hemoglobin was 24% in
term pregnancy. This prevalence is lower than the previous study con-
ducted at Paropakar Maternity andWomen's Hospital, Kathmandu, Nepal
among full-term singleton pregnancies in 2013 [34]. Also, this preva-
lence is lower than the prevalence in nationally representative de-
mographic and health survey data [28]. This may be due to the fact that
4

this study was conducted at a tertiary care hospital in Kathmandu, the
capital city of Nepal. In addition, a high number of normal Hb levels
could be due to the free distribution of iron folic acids supplementation
offered throughout the country. A previous study that utilized spatial
analysis also showed the prevalence of anemia was observed lower in
urban areas compared to the rural region of Nepal [27]. On the other
hand, the prevalence of high hemoglobin was 17% in our study. This
prevalence is lower than previous studies conducted in Iran (32%) [35],
and neighboring country India (30%) [36] but higher than the preva-
lence from a study in Northwest China, where hemoglobin levels (�130
g/L) were 8.2% [24].

In this study, mothers who had low hemoglobin concentration, and
high hemoglobin concentrations were found to have higher odds of LBW
compared to mothers with normal hemoglobin concentrations. The
mothers having low hemoglobin had the chance of giving birth to an LBW
which is also supported by the results of the previous studies [14, 30, 34,
37, 38]. The changes in placental angiogenesis are brought by the low
level of hemoglobin which limits the availability of oxygen to the fetus
and hence can potentially restrict intrauterine growth [39]. Low hemo-
globin levels impede the delivery of oxygen and nutrients to the fetus by



Table 2. Bivariate and multivariable logistic regression analysis of maternal factors and newborn birth weight (n ¼ 2,418).

Respondent's characteristics Normal birth weight (�2.5 kg) Low birth weight (<2.5 kg) Bivariate analysis P-valuea Multivariable analysis P-valueb

n (%) n (%) cOR (95% CI) aOR (95% CI)

Hemoglobin level (g/dL)

Low Hb level 441 (20.9) 132 (42.1) 3.85 (2.91–5.10) <0.001* 3.77 (2.84–5.01) <0.001*

Normal Hb level 1328 (63.1) 103 (32.8) Ref Ref

High Hb level 335 (15.9) 335 (25.2) 3.04 (2.21–4.17) <0.001* 3.07 (2.23–4.24) <0.001*

BMI (kg/m2)

Underweight 114 (5.4) 25 (7.9) 1.35 (0.85–2.13) 0.192 1.25 (0.77–2.03) 0.284

Normal 1328 (63.1) 215 (68.5) Ref Ref

Overweight/obesity 662 (31.5) 74 (23.6) 0.69 (0.52–0.91) 0.010* 0.74 (0.55–0.99) 0.047*

Birth space

�3 years 1477 (70.2) 249 (79.3) Ref Ref

>3 years 627 (29.8) 65 (20.7) 0.61 (0.46–0.82) 0.001* 0.63 (0.41–0.97) 0.037*

Dietary habit

Non vegetarian 2093 (99.5) 309 (98.4) Ref Ref

Vegetarian 11 (0.5) 5 (1.6) 3.07 (1.06–8.92) 0.038* 3.04 (0.98–9.43) 0.053

Parity

Primipara 1197 (56.9) 205 (65.3) Ref Ref

Multipara 907 (43.1) 109 (34.7) 0.70 (0.54–0.89) 0.005* 0.85 (0.58–1.24) 0.420

Age groups

16–20 133 (6.3) 34 (10.8) 1.71 (1.12–2.62) 0.012* 1.60 (1.01–2.52) 0.042*

21–25 799 (37.9) 119 (37.9) Ref Ref

26–30 812 (38.6) 106 (33.7) 0.87 (0.66–1.15) 0.355 1.12 (0.82–1.53) 0.451

�31 360 (17.1) 55 (17.5) 1.02 (0.72–1.44) 0.884 1.60 (1.06–2.41) 0.025*

Education level

Primary 92 (4.4) 18 (5.7) 1.38 (0.80–2.38) 0.239 1.93 (1.05–3.55) 0.033*

Secondary 432 (20.5) 56 (17.8) 0.91 (0.65–1.28) 0.621 1.13 (0.77–1.66) 0.505

Intermediate 773 (36.7) 126 (40.1) 1.15 (0.87–1.51) 0.302 1.26 (0.94–1.70) 0.115

Higher 807 (38.4) 114 (36.3) Ref Ref

Ethnicity

Brahmin/Chhetri 1213 (57.6) 211 (67.2) Ref Ref

Dalit 87 (4.1) 16 (5.1) 1.05 (0.60–1.83) 0.844 1.06 (0.59–1.91) 0.831

Janajati 686 (32.6) 61 (19.4) 0.51 (0.37–0.68) <0.001* 0.47 (0.34–0.65) <0.001*

Others 118 (5.6) 26 (8.3) 1.26 (0.80–1.98) 0.302 1.09 (0.68–1.77) 0.699

*denotes the statistically significant at P < 0.05.
a Bivariate binary logistic regression analysis.
b Multivariable analysis adjusted for all covariates; cOR: crude odds ratio; aOR: adjusted odds ratio; CI: confidence interval.
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the mother, as well as the body's oxygen supply and placental growth.
These unfavourable repercussions occur in fetal persistent hypoxia and
inadequate nutrient intake, leading to poor fetal weight gain and birth
outcomes such as LBW [30]. LBW is also common in mothers with high
hemoglobin levels. Previous studies have also found that hemoglobin
concentration �13 g/dL was associated with an increased risk of LBW
[24, 30, 35, 36, 37]. The possible reason could be that hyperviscosity due
to high hemoglobin levels results in the poor feto-maternal exchange of
nutrients jeopardizing the newborn weight [40]. In the third trimester, a
high hemoglobin concentration may imply a failure in plasma volume
growth [24, 41]. Inadequate plasma volume expansionmay be to account
for the adverse effects of high maternal hemoglobin concentrations on
fetal growth [42]. The possible mechanism could be that inadequate
plasma volume expansion during pregnancy triggers a rise in blood vis-
cosity, which affects fetal growth and development by lowering placental
blood flow velocity and nutrient delivery capabilities [43, 44]. Reduced
oxygen supply to the fetus is caused by increased viscosity associated
with poor uterine arterial blood flow [30]. As a result, high Hb levels
during pregnancy appear to be linked to a higher risk of negative con-
sequences. Therefore, adequate plasma volume expansion is required for
healthy pregnancy outcomes [43].

In the present study, overweight/obese women had a low risk of LBW
newborns compared to mothers with normal hemoglobin levels. These
5

finding is supported by other studies [45, 46]. The dietary habit of a
mother during pregnancy has a significant role in the maintenance of the
proper weight of newborn babies [47]. The present study has found that
the plant-based dietary pattern of mothers had more risk of getting a low
birth weight baby than that of the non-vegetarianmothers. This finding is
in line with the Zulyniak MA et al., study from Canada [6], which found a
plant-based diet to be associated with lower birth weight. Animal source
food such as an iron-rich diet, and adequate hemopoietic nutrients (iron,
vitamin B12, and folic acid) increase the hemoglobin concentrations [12]
and reduce the risk of getting low birth weight in the newborn baby.

In this study mothers with multiparity had a low risk of having a low
birth weight which was comparable with the finding of the study con-
ducted in Utah, United States [48], where primiparousmothers had LBW.
The association between neonatal birth weights with parity was observed
in this study. Similarly, the previous study also found that the neonatal
birth weight of the multipara was higher (3275.1 � 461.3 g) than that of
the primipara (3262.9 � 452.3 g) [49] which supports the results of our
study.

Maternal age also affects the newborn weight. This study found that
the mothers of younger ages (16–20) compared with older age groups
had more chance of getting low birth weight. A study from Nepal con-
ducted by Sharma et al., (2015) found younger mothers (less than 20
years) were two times more likely to deliver LBW babies [20]. A study
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conducted by Wang et al (2020) in the Shaanxi Province of Northwest
China also revealed that birth weight increases at a faster rate (16.2 g per
year increase of maternal age from 20 to 23 years old) than the age of
24–34 years with the rate of 12.1 gm per year increase of maternal age,
which is insignificant after the age of 35 years of mothers [50]. This can
be explained in terms of biological factors that teenage mothers do not
have a mature reproductive system, adequate weight, and other exoge-
nous factors that affect food and nutrition [51]. In addition, this can be
also justified in terms of BMI. The BMI increases with age. Chen et al
(2018) from China found that the increasing trend of BMI of Chinese
mothers with age (23.0 at the age of 20 to<30 years, 24.1 at the age of 30
to <40 years, and 24.6 at the age of 40 to <50 years) [52] and the more
the BMI of the mother, the more the weight of neonate [53]. This can be
justified through the maternal anthropometric measurement considered
through BMI. The study conducted by Rafia et al., (2020) from Lahore,
Pakistan found that the more the BMI of the mother, the higher the
chance of having a high birth weight neonate [53].

This study revealed that birth spacing �3 years had more risk of
having low birth weight than the women having birth spacing >3 years.
This finding is consistent with a previous study conducted in Shaikh
Khalifa Bin Zayad Al-Nayan Hospital, Jammu and Kashmir [54]. This
might occurs due to increasing competition for maternal nutrition during
breastfeeding-pregnancy overlap which leads to suboptimal nutrition for
the younger sibling [55].

Ethnicity also affects neonatal birth weight. A previous study indicated
that more black mothers (10%) had low birth weight babies than white
mothers (4%)which also revealed the association of low birth weight with
ethnicity and race [56]. In this study, mothers who belonged to Janajati
ethnic group (indigenous ethnicities) were less likely to have an LBW baby
compared to Brahmin/Chhetri ethnic group (non-indigenous ethnicities)
which is supported by the results from a previous study [21]. Food
practices among the Nepalese population comprise a variety of cuisines
based on ethnicity, cultural diversity, and geography. Every ethnic group
and community has its own types of food culture, traditions, and way of
cooking. The food habit of Brahmin/Chhetri compared to Janjati is
different in terms of tradition, religion, and cultural perspectives. The
Janajati consumed more animal-source food compared to Brahmin/Chhe-
tri. Similarly, the Janjati mostly rely on subsistence farming and consume
food from their own farm. However, the reason for the probability of
having less newborn weight in Janjaati ethnic group compared with the
Brahamin/Chhetri ethnic group needs further research.

This study has some limitations. First, the cross-sectional design of the
study confined the ability to establish a robust causal pathway. Second,
this study relied on hemoglobin as the measure of anemia; further studies
should consider other red blood cell indices [57]. In this study, only
hemoglobin level was measured therefore we could not assess the other
differentiation of anemia or underlying cause of anemia, such as iron
deficiency, nutritional, genetic, and infectious anemia. Third, we were
unable to take hemoglobin levels in the first and second trimesters since
most pregnant women visiting the health center at the study site had
their first ANC visits during the second trimester. Also, there was a
possibility of losing follow-up until the third trimester if we had limited
the criteria to enrol only in the first and second trimesters. Fourth, in-
come level, frequency of antenatal visits, and micronutrient supple-
mentation were not measured. Despite these limitations, this study has an
ample sample size from a tertiary care center, which is the largest med-
ical academic institution in Nepal.

5. Conclusions

There are many factors that cause low newborn weight. Our study
concludes that mothers having low hemoglobin as well as high hemo-
globin levels can contribute to LBW. Programs and health authorities can
benefit by revising their policy focus to explore the association of
maternal Hb level with newborn weight. More research is essential to
build on the evidence from this study.
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