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Abstract Many women of reproductive age from devel-

oping countries have poor nutritional status, and the preva-

lence of depression during pregnancy is high. The objective

of the present study was to assess the prevalence of antenatal

depressive symptoms in early pregnancy, and to identify

the demographic and nutritional factors associated with

these symptoms in a sample of urban South Indian pregnant

women. This cross-sectional study was the baseline assess-

ment of a prospective randomized controlled trial of vitamin

B12 supplementation in urban pregnant south Indian women

between the ages of 18 and 40 years (www.clinicaltrials.gov

: NCT00641862). 365 women in their first trimester of

pregnancy were screened for depressive symptoms at an

urban clinic in Karnataka, South India, using the Kessler

Psychological Distress Scale (K-10). Nutritional, clinical

and biochemical factors were also assessed. Mean (SD) age

of the cohort was 22.6 (3.7) years and mean (SD) BMI was

20.4 (3.3) kg/m2. 121 (33 %) of the women in the 1st tri-

mester had symptoms consistent with depression (K-10 score

[6). In multivariate log binomial regression analysis, pres-

ence of antenatal depressive symptoms in the first trimester

were positively associated with vomiting, prevalence ratio

(PR) = 1.54 (95 % CI 1.10, 2.16) and negatively with ane-

mia, PR = 0.67 (95 % CI 0.47, 0.96). Nutrient intakes,

serum vitamin B12, methylmalonic acid, homocysteine and

red cell folate levels were not associated with measures of

depression. Antenatal depressive symptoms in early preg-

nancy are highly prevalent in urban Indian women and are

more common in women with vomiting and without anemia.

In this cross-sectional data, blood concentrations of vitamin

B12 and folate were not associated with depressive symp-

toms. The relationship between nutritional status and

depressive symptoms may require larger and longitudinal

studies.
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Introduction

Depression is common during pregnancy [1, 2], with esti-

mates ranging from 8 to 30 % [3–5]. Recent studies from

the developing world report higher rates of antenatal

depression (25–45 %) [6–9]. Particularly high rates of

antenatal depression have been reported in the Asian sub-

continent, with estimates of 28–57 % in Pakistan [10, 11]

and 33 % among pregnant Bangladeshi women [12].While

there are several studies of postnatal depression from India

[13, 14] few have examined the prevalence and correlates

of antenatal depression in Indian women [7].

One possible risk factor for antenatal depression in poor

women from developing countries is inadequate nutritional

status during pregnancy [15]. This risk may be mediated

directly through various nutrient deficiencies such as folate,

vitamin B12, iron, zinc and polyunsaturated fatty acids that

impact brain functions linked to mood regulation [16, 17]

or indirectly with a poorly nourished women having

reduced physical capacity to cope with daily life stressors

[18].
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While several studies have demonstrated an association

between inadequate nutrient status and a greater risk for

depression in the general adult population [16], few studies

have examined the association between nutrient status dur-

ing pregnancy and maternal depression. Among 1,277

pregnant Korean women, depression as measured on Gold-

berg’s depression scale was not associated with intakes of

multivitamins [19]. This study was, however, questionnaire-

based and did not include biochemical markers of nutritional

status. A more recent study in 86 pregnant Japanese women

found no association between depression in the first trimester

as measured on Center for Epidemiologic Studies Depres-

sion (CES-D) scale and folate, vitamins B6 and B12 intakes or

with serum folate and plasma homocysteine concentrations

[20]. However, a small but significant positive correlation

was observed between higher CES-D scores and hemoglobin

concentration.

Few investigators have studied the role of nutrient status

in the development of post-natal depression. Corwin et al.

[21] reported that women who were anemic had signifi-

cantly higher depressive symptoms at day 27 postpartum

compared to non-anemic women. There was a negative

correlation between depression and hemoglobin concen-

tration in the postpartum period. In a later randomized,

placebo controlled study the same group of investigators

reported that iron supplementation from 10 weeks to

9 months postpartum resulted in 25 % improvement in

depressive symptoms among anemic mothers [22]. In a

study of 865 pregnant Japanese women, there were no

associations between intakes of folate, pyridoxine and

cobalamin measured through self-administered diet history

questionnaire and depression measured at 2–9 months

postpartum [23]. However, women with riboflavin intakes

in the third quartile compared to first quartile had a lower

risk of postpartum depression.

In summary, the findings from the few studies examining

associations of nutrient status before and after pregnancy

with maternal depression are varied, and some have meth-

odological problems. In addition, small sample sizes and

absence of biochemical markers of nutrient status in some of

the studies precludes any firm conclusions. We are not aware

of any studies that have evaluated the relationship between

nutrient status during pregnancy and maternal depressive

symptoms from a developing country where a majority of

women during pregnancy have inadequate nutrient intakes

[24, 25]. The objective of the present study was to assess the

prevalence of antenatal depressive symptoms in early preg-

nancy and to examine the demographic and nutritional fac-

tors associated with these symptoms in a sample of urban

South Indian pregnant women. We hypothesized that poorer

nutritional status, as measured by anthropometric, dietary

and biochemical assessment techniques, would be associated

with a higher prevalence of depressive symptoms.

Methods

This cross-sectional study was part of a prospective ran-

domized controlled trial (RCT) of vitamin B12 supple-

mentation in urban pregnant south Indian women between

the ages of 18 and 40 years (www.clinicaltrials.gov:

NCT00641862) and is the baseline-cross-sectional data of

the above mentioned RCT. Recruitment and follow-up took

place at Hosahalli Hospital, a Government of Karnataka

facility in Bangalore. This hospital predominantly caters to

the needs of the pregnant women from the lower socio-

economic strata of urban Bangalore. Pregnant women were

enrolled in early pregnancy (B 14 weeks gestation) from

December 2008 until November 2010. The Institutional

Review Board at St. John’s Medical College and Harvard

School of Public Health approved all study procedures.

Written informed consent was obtained from each study

participant at enrollment.

Study Population

All pregnant women aged between 18 and 40 years, who

were B14 weeks of gestation and registered for antenatal

screening at the Hosahalli Hospital, were invited to par-

ticipate in the study. Women with multiple gestation, those

with a clinical diagnosis of chronic illness (diabetes mel-

litus, hypertension, heart disease or thyroid disease), those

who tested positive for HepBSAg, HIV or syphilis, those

who anticipated moving out of the city before delivery,

those who were already consuming vitamin B12 supple-

ments, or those who were treated for infertility were

excluded.

Of the 1,376 women contacted at the antenatal clinic

during the study period, 958 women were excluded for the

following reasons: 836 women planned to deliver outside

Bangalore; 67 women wanted to terminate the pregnancy;

four women were\18 years; seven women had a history of

hypertension; four women with previous elective caesarean

section were excluded as caesarean section was thought

likely to interfere with full participation in the parent RCT

and pregnancy was not confirmed among 40 women. Of the

remaining 418 women, 366 women consented while 52

women declined to participate. One subject refused psy-

chological assessment and therefore the data of 365 women

are provided.

Measurements

Socio-Demographic and Anthropometric Information

Trained research assistants interviewed women in their 1st

trimester to obtain socio-demographic information like age,

education, occupation, income and parity. These data were
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collected using questionnaires developed for the study.

Gestational age (in weeks) was calculated from the repor-

ted first day of the last menstrual period (LMP). Maternal

body mass index was calculated as weight in kg divided by

the square of height in meters (kg/m2).

Medical Morbidity

We captured maternal medical morbidity through a ques-

tionnaire adminstered at baseline and subsequently every

trimester. This questionnaire had a list of 21 common

medical symptoms related to respiratory, gastrointestinal,

central nervous system and dermatological illnesses and

the responses were recorded in a binary yes/no format. Any

medical consultation that was sought for medical symp-

toms was noted.

Dietary Assessment

An interview-administered food frequency questionnaire

(FFQ) was used to estimate the habitual dietary intake for

the 3 months preceding the pregnant women’s entry into

the study. The questionnaire was adapted from an earlier

questionnaire developed for urban populations residing in

South India [26]. We recently validated the FFQ for

assessment of dietary habits in a population of south Indian

pregnant women [27]. Nutrient intakes were computed by

multiplying the relative frequency of consumption of each

food item by nutrient content of the standard portion size.

The questionnaire yielded nutrient information on 27

macro- and micro-nutrients. Energy-adjusted nutrient

intakes were calculated by residual methods [28].

Biochemistry Assessments

Approximately 10 mL of blood was drawn from fasted

subjects by venipuncture and collected in both ethylene di-

aminetetraacetate (EDTA) and plain vacutainers (BD

Franklin Lakes, NJ, USA). Details of biochemical assess-

ments have been previously described [29]. Briefly hemo-

globin (Hb) and complete blood count were analyzed on

whole blood samples in an automated Coulter counter (ABX

Pentra C?, Horiba medicals, CA, US). Anemia was defined

as Hb \ 11.0 g/dL and severe anemia as Hb \ 7.0 g/dL

[30]. Microcytosis was defined as MCV \ 80 fL [31] while

microcytic anemia was defined as anemia with MCV \
80 fL. Vitamin B12 was measured using electrochemilumi-

nescence (Elecsys 2010, Roche Diagnostics Mannheim,

USA), while the measurement of homocysteine (Hcy) and

methylmalonic acid (MMA) was performed by gas chro-

matography-mass spectrometry (GC–MS) method (Varian

3800, Palo Alto, CA, USA). The intra- and inter-day assay

coefficients of variation (CV) for vitamin B12 were 0.54 and

2.44, respectively. The inter-day assay CV for MMA and

Hcy was 5.57 and 5.04, respectively while the intra-day

assay CV was 6.92 and 5.60, respectively. Erythrocyte folate

was measured by a competitive immunoassay with direct

chemiluminescence detection on an automatised immuno-

analyser (ADVIA Centaurs, Bayer Health Care Diagnostics,

Tarrytown, New York).

Assessment of Depressive Symptoms

Depressive symptoms were assessed on the Kessler Psy-

chological Distress Scale (K-10). Developed for use in the

US National Health Interview Survey (NHIS) to screen for

depression, the K-10 consists of 10 items based on a

4-week recall period [32]. Each item has five response

categories and is scored from 0 to 4 (‘0’ = ‘None of the

time’, ‘1’ = ‘A little of the time’, ‘2’ = ‘Some of the

time’, ‘3’ = ‘Most of the time’ and ‘4’ = ‘All of the time’)

yielding a total sum of score (range 0–40). In an Indian

study comparing five screening questionnaires to detect

common mental disorders, the K-10 showed a high degree

of correlation with other commonly used screening ques-

tionnaires in the detection of depression [33]. The K-10

was developed based on extensive psychometric analyses

in large general population samples by using modern item

response theory methods [32]. Its items are found to be

independent of socio-cultural differences and lack mean-

ingful gender and education biases [34]. The K-10 has been

validated for screening for mental illness in the general

population in the developing world. In addition, in a recent

study in one hundred ninety-four women in their third

trimester, we found that the K-10 compared well with the

Edinburgh postnatal depression scale (EPDS) [35] in

detecting depression [36]. A receiver-operating character-

istic analyses showed K-10 to be good screening instru-

ment for prenatal depression in rural South India at a cut-

off of C6 (sensitivity = 100 %, specificity = 81.3 %, and

area under the curve = 0.95) [36]. As part of this study we

observed that while participants were easily able to com-

prehend all ten items on the K-10, some experienced dif-

ficulties with item 6 of the EPDS, ‘‘In the past 7 days, I feel

like things have been getting on top of me’’. Finally, K-10

is easier to administer and score as it has uniform response

options for all the 10 questions unlike the EPDS, where

items have different response options.

Statistical Analysis

The data were analyzed using SPSS for windows version 16.

A descriptive analysis of the sample’s socio-demographic

details, anthropometric characteristics, and hematological

characteristics was undertaken. In the 1st trimester, subjects

identified with antenatal depressive symptoms (K-10 [ 6)
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were compared with those without depressive symptoms

across various socio-demographic, hematological variables

and medical morbidity using the v2 test and independent

sample t test. Nutrient intakes and biochemical markers of

nutrient status were compared between those with and

without depressive symptoms. In the case of nutrient intakes

and food groups, we examined the association of tertiles of

energy-adjusted nutrient intakes and food groups with

maternal depressive symptoms using the v2 test. We spe-

cifically examined the association between depressive

symptoms and intakes of energy, protein, fat, carbohydrate,

vitamin B12, folate, vitamin C and iron status derived from

the food frequency questionnaire. The biomarkers of nutrient

status included Hb, total blood count, microcytosis, red cell

distribution width (RDW), vitamin B12, MMA, Hcy, and red

cell folate. Log binomial regression analysis of depressive

symptom status was carried out using the PROC GENMOD

program in SAS software (version 9.2 SAS, Cary, NC) and

prevalence ratios (PR) were calculated. All maternal char-

acterisitcs with p \ 0.20 in the univariate analysis were

considered in the multivariate model. Statistical significance

in the multivariate model was considered at p \ 0.05.

Results

The mean (SD) age of the 365 pregnant women was 22.6

(3.4) years and the mean (SD) gestational age at the time of

randomization in the study was 11.2 (2.4) weeks. Of the

women 26 % had less than high school education. The

median (interquartile range) monthly household income

was USD 120 (90). The mean (SD) BMI of the sample was

20.4 (3.3) kg/m2. A majority of the women (83.8 %) were

unemployed. Primiparous women made up majority of the

cohort. The mean weight and height of the women were

47.8 ± 8.1 kg and 153.0 ± 5.6 cm, respectively. About

half of the women in the study cohort (51.4 %) had a

BMI \ 19.8 and 31.3 % of the women had a BMI \ 18.5.

The mean (SD) K-10 score of the cohort was 5.17

(5.46). K-10 scores were [6 during the first trimester for

121 (33 %) women, indicating the presence of antenatal

depressive symptoms. Sociodemographic and anthropo-

metric characteristics were comparable between the two

groups. Among the medical symptoms, nausea and vom-

iting were highly prevalent and present in 128 (35.0 %) and

210 (57.7 %) participants, respectively. The prevalence of

depressive symptoms was significantly higher among 128

participants who had nausea (42.4 vs. 28.3 %, p = 0.010)

and 210 with vomiting (40.5 vs. 23.2 %, p = 0.001)

(Table 1). The occurrence of other medical symptoms was

very low and presence of depressive symptoms was not

significantly different between the subjects who had and

did not have other medical symptoms.

The median dietary intake of energy, protein, iron, cal-

cium and folate among pregnant women was lower in

comparison to the Indian recommended dietary allowances

(RDA) for this group [37]. The median (25th, 75th per-

centile) dietary intake of vitamin B12 was 1.25 (0.86, 1.96)

lg/day. The dietary intakes were comparable between the

group with depressive symptoms and the group without

depressive symptoms (Table 2). None of the women were

consuming iron or folate supplements on study entry.

At baseline the mean (SD) Hb was 11.5 (1.5) g/dL and

the prevalence of anemia (Hb \ 11.0 g/dL) was 30.4 %

(111/365) (Table 3). About one-third of the sample had

microcytosis [mean corpuscular volume (MCV) \ 80 fL]

and 20.2 % of the women had microcytic anemia. About

half (51.1 %) of the pregnant women had low plasma

Table 1 Socio-demographic

and other characteristics among

pregnant women with and

without depressive symptoms

from urban Indian (n = 365)

Values in bold are statistically

significant difference between

groups at p \ .05

Values are n (% within the

category of the characteristic)

compared using v2 test
a Values are mean ± SD

compared between groups using

independent sample t test
b n = 363

Characteristics Categories Depressed

(n = 121)

Non-depressed

(n = 244)

p value

Agea 22.5 ± 3.3 22.8 ± 3.5 0.44

Educationb None/primary/middle 38 (40.4) 56 (59.6) 0.16

High school 59 (33.3) 118 (66.7)

[High school 24 (26.1) 68 (73.9)

Occupation Working at home 98 (32.2) 206 (67.8) 0.29

Working outside home 23 (39.7) 35 (60.3)

Parity Primiparous 82 (34.9) 153 (65.1) 0.356

Multiparous 39 (30) 91 (70)

BMI \ 19.8 (kg/m2) Yes 59 (31.6) 128 (68.4) 0.577

No 61 (34.7) 115 (65.3)

Nausea Yes 54 (42.4) 74 (57.8) 0.01

No 67 (28.3) 170 (71.7)

Vomiting Yes 85 (40.5) 125 (59.5) 0.001

No 36 (23.2) 119 (76.8)

164 Matern Child Health J (2014) 18:161–170

123



vitamin B12 concentrations (\150 pmol/L). MMA levels

[0.26 lmol/L was observed in 75.8 % of the women.

About half (43.3 %) of the pregnant women had Hcy levels

[10.0 lmol/L. Nearly a quarter (22.2 %) of the pregnant

women in our cohort had erythrocyte folate concentrations

\283 nmol/L.

There were no significant differences between women

with and without depressive symptoms among any of the

nutritional biomarkers, with the exception of anemia. The

prevalence of depressive symptoms was lower among

pregnant women who were anemic compared to non-ane-

mic participants (24 vs. 37 %, p = 0.021). The prevalence

of depressive symptoms was lower among women with

microcytosis compared to women without microcytosis. In

addition, the prevalence of depressive symptoms was

higher among women without microcytic anemia com-

pared to those with microcytic anemia (37 vs. 22 %,

p = 0.018). There was no significant association between

deficiencies of vitamin B12 or folate with the occurrence of

antenatal depressive symptoms (Table 3).

Prevalence ratios (PR) were computed from a multivari-

ate log binomial regression model to identify factors asso-

ciated with antenatal depressive symptoms in the first

trimester (Table 4). Women that had vomiting had a higher

prevalence ratio of being depressed (PR = 1.54; 95 % CI

1.10, 2.16) compared to women without vomiting after

adjusting for education. In addition, women with anemia

(PR = 0.67; 95 % CI 0.47, 0.96) had lower prevalence ratio

of being depressed compared to women without anemia.

Discussion

In this cross-sectional analysis of 365 pregnant urban South

Indian women, we found a high prevalence of depressive

symptoms (33 %) in the first trimester of pregnancy.

Vomiting during the first trimester was independently

associated with depressive symptoms. Micronutrient and

macronutrient intakes and demographic characteristics

were not associated with antenatal depressive symptoms.

Table 2 Energy-adjusted nutrient intakes among Indian women with

and without depressive symptoms (n = 361)

Nutrients Groups, mean (SD)

Depressed

(n = 119)

Non-depressed

(n = 242)

Energy (Kcal/d) 1,710.5 (434.6) 1,748.1 (449.3)

Protein (g/d) 51.0 (13.3) 52.2 (14.7)

Fat (g/d) 46.3 (15.0) 47.9 (15.5)

Vitamin C (mg/d) 106.2 (47.8) 105.0 (45.6)

Folate (lg/d) 274.5 (90.4) 283.0 (89.9)

Vitamin B12 (lg/d) 1.7 (1.7) 2.0 (3.0)

Calcium (mg/d) 824.1 (288.7) 827.2 (285.7)

Phosphorus (mg/d) 1.2 (326.2) 1.2 (330.0)

Iron (mg/d) 14.9 (4.9) 15.3 (4.9)

Copper (mg/d) 2.0 (0.7) 2.1 (0.8)

Manganese (mg/d) 6.3 (3.1) 6.4 (3.3)

Zinc (mg/d) 7.5 (2.0) 7.6 (2.2)

None of the nutrient intakes were statistically different between the

two groups (p [ 0.05)

Table 3 Biomarkers of nutrient

status between women with and

without depressive symptoms

(n = 365)

Values in bold are statistically

significant difference between

groups at p \ .05

Values are n (% within the

category of the characteristic)

Characteristics Categories Depressed

(n = 121)

Non-depressed

(n = 244)

p value

Anemia (Hb \ 11) Yes 27 (24.3) 84 (75.7) 0.021

No 94 (37.0) 160 (63.0)

Microcytosis (MCV \ 80) Yes 30 (25.9) 86 (74.1) 0.043

No 91 (36.5) 158 (63.5)

Macrocytosis (MCV [ 90) Yes 15 (40.5) 22 (59.5) 0.314

No 106 (32.3) 222 (67.7)

RDW [ 14.5 Yes 17 (21.0) 64 (79.0) 0.008

No 104 (36.6) 180 (63.4)

Microcytic anemia Yes 16 (21.6) 58 (78.4) 0.018

No 105 (36.5) 186 (63.9)

Vitamin B12 \ 150 (pmol/L) Yes 65 (36.1) 115 (63.9) 0.31

No 53 (31.0) 118 (69.0)

Homocysteine [Hcy [ 10.0 (lmol/L)] Yes 50 (31.4) 109 (68.63) 0.478

No 70 (35.0) 130 (65.0)

MMA [ 0.26 (lmol/L) Yes 86 (31.6) 186 (68.4) 0.199

No 34 (39.1) 53 (60.9)

Folate \ 283 (nmol/L) Yes 29 (31.2) 64 (68.8) 0.672

No 89 (33.6) 176 (66.4)
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Among the various biomarkers of nutritional status, only

anemia was linked to antenatal depression, with depressive

symptoms being less common among anemic women

compared to non-anemic subjects. Serum vitamin B12,

MMA, Hcy and red cell folate levels were not associated

with the presence of antenatal depressive symptoms.

Studies from South East Asia have reported a high

prevalence of depressive symptoms during pregnancy [38].

However, in most of the studies the assessment of

depressive symptoms occurred in the third trimester. In a

hospital-based study in 213 Pakistani women studied in the

third trimester, 91 (42.7 %) subjects had depression as

measured by the EPDS [10]. In a community-based study

from Bangladesh, of the 361 pregnant women assessed on

EPDS at 34–35 weeks of pregnancy, 33 % of the women

had depression [12]. Our findings of a 33 % prevalence rate

of depressive symptoms among Indian women are consis-

tent with these studies. However, comparison with other

studies is difficult since longitudinal studies have indicated

that the prevalence of depression rates tend to decrease at

later time points in pregnancy [39, 40]. High prevalence

rates of depressive symptoms noted in the present study

poses considerable burden on pregnant women. Previous

studies have shown that sub-clinical depression is associ-

ated with considerable disability and impairment [41, 42].

Few studies have examined the prevalence of depression

in the first trimester. A recent study from Japan reported a

high prevalence (62 %) of depression measured on the

CES-D scale in early pregnancy (6–11 weeks of gestation)

but the sample size was modest (n = 86) [20]. In addition,

comparison of prevalence figures across studies is rendered

difficult, as some have assessed for the presence of

depressive disorder, [39] while others have reported prev-

alence rates based on depressive and anxiety symptoms

taken together [40]. Nevertheless the high prevalence of

depressive symptoms noted in the present study (33 %) is

in agreement with several other reports from low and

middle income countries [43, 44], and is considerably

higher than estimates of 7.4–12.8 % found in high income

countries [45].

The high prevalence rate noted in the present study

could also be a function of the screening instrument used

(K-10). There is considerable overlap between symptoms

of depression such as sleep disturbance, increased fatigue

and changes in appetite, and physiologic changes associ-

ated with pregnancy [46]. However, in a previous study of

depression in pregnant women we showed that K-10

compared well with EPDS, a scale that largely avoids

biological symptoms, and thus is a valid measure of ante-

natal depressive symptoms [36].

Among the socio-demographic factors studied, we were

unable to demonstrate any association between depressive

symptoms and demographic characteristics. While some

studies have reported an association between antenatal

depression and various demographic characteristics [47–50]

others have failed to demonstrate any association [51, 52]. In

general the prevalence of prenatal depression has been

reported to be high among pregnant mothers from low

income countries [6–9]. However, this association may be

linked to other environmental factors such as greater degree

of life stressors, spousal drinking, intimate partner violence,

poor marital relationship and lack of spousal and social

support [38].

Our results indicate that vomiting is associated with

depressive symptoms in early pregnancy. This finding is in

agreement with studies of depression in early pregnancy

that reported severity of emesis as one of the risk factors

associated with prenatal depression [53, 54]. In a study that

examined psychosocial correlates of vomiting and nausea

in 113 pregnant women in their first trimester, depressive

Table 4 Predictors of

depressive symptoms in the first

trimester (n = 365)

Values in bold are statistically

significant difference between

groups at p \ .05
a Adjusted analysis for the

effects of all the other variables

in the table
b Prevalence ratio from log

binomial regression

Unadjusted model Adjusted modela

PRb (95 % CI) p value PRb (95 % CI) p value

Education

\High school 1.55 (1.02, 2.36) 0.042 1.47 (0.97, 2.23) 0.066

High school 1.28 (0.85, 1.91) 0.232 1.3 (0.88, 1.92) 0.192

[High school 1 1

Nausea

Yes 1.49 (1.12, 1.99) 0.006 1.27 (0.95, 1.69) 0.106

No 1 1

Vomiting

Yes 1.74 (1.25, 2.42) 0.001 1.54 (1.10, 2.16) 0.012

No 1 1

Anemia

Yes 0.66 (0.46, 0.95) 0.024 0.67 (0.47, 0.96) 0.029

No 1 1
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symptoms measured on CES-D scale had the highest cor-

relation with nausea and vomiting [55]. Nausea and vom-

iting are common during the first trimester of pregnancy

and may affect a pregnant women’s ability to consume and

retain food and hydration [56]. Based on the findings from

the present cross-sectional study, it is not possible to con-

clude a causal relationship between depressive symptoms

and vomiting. However, this association is important since

persistent vomiting affects a pregnant woman’s nutrient

intakes in a population whose mean intakes of several

macro- and micronutrients is already well below the RDA

for pregnant women. This has important potential impli-

cations for fetal growth and birth outcomes. Sub-optimal

maternal nutritional status during the first trimester of

pregnancy increases the risk of low birth weight regardless

of maternal nutritional status in the later stages of preg-

nancy [57, 58] .

In the present study, we did not find any association

between energy adjusted micro- and macronutrient intakes

and maternal depressive symptoms. In addition, there were

no associations between maternal depressive symptoms in

early pregnancy and various biochemical markers includ-

ing serum vitamin B12, Hcy, MMA and red blood cell

folate concentrations. While clinic and community based

studies have reported associations between folate and

vitamin B12 and depression in adults [59, 60], in a study of

pregnant women in early pregnancy there were no differ-

ences in the levels of serum folate and Hcy concentrations

between depressed and non-depressed subjects [20].

However, there was a modest but significant positive cor-

relation between depression scores on CES-D and hemo-

globin concentrations (r = 0.22, p \ 0.05). In a recent

study in 704 pregnant Chinese women, there were no

correlations between various maternal iron measures

including anemia in mid- or late pregnancy and post par-

tum depression measured soon after birth and at 6 weeks

[61]. The only significant correlation in this study of

pregnant women was between a higher soluble transferrin

receptor (sTfR) indicative of worse iron status and lower

depressive symptoms. We report similar findings in our

cohort of pregnant women, with depressive symptom being

more prevalent among non-anemic women compared to

anemic women, and fewer depressive symptoms among

women with microcytic anemia. While we do not have a

clear explanation, there could be several possible reasons

for this finding. The first relates to the timing of assessment

of depressive symptoms. Majority of the earlier studies on

the association between anemia and depression have

occurred in the post-partum period [21, 22, 61] and in non-

pregnant women [62]. Secondly, in the present study we

have relied only on hemoglobin levels to define anemia

while others have used several measures of iron status [22,

61, 63]. Finally, we estimated depressive symptoms using a

screening tool and have not assessed for the presence of

clinical depression. Thus, the relationship between anemia

and iron status, and maternal depression merits further

study.

Strengths and Limitations

To our knowledge, this is the first study in India to examine

the prevalence and correlates of depressed mood in early

pregnancy. This study adds to the small but expanding

literature on prenatal depression in early pregnancy, a

period critical for fetal growth and development. This study

has certain limitations. We did not assess the severity of

medical symptoms though we found vomiting as positively

associated with depressive symptoms. We did not evaluate

past and family history of depression identified in earlier

studies as risk factors for antenatal depression [64, 65]. In

addition, this enquiry on prenatal depression was in the

context of an ongoing nutrient intervention trial and some

of the traditional psychosocial risk factors such as spousal

support, social support, life stressors, intimate partner

violence and pregnancy specific stressors linked to prenatal

depression [66–70] were not assessed. However, we are

currently following up the mother–child dyad through

3 years of age with periodic assessments of maternal

depression including assessment of various psychosocial

risk factors and nutritional status and their impact on birth

outcomes and child development.

Conclusion

We found a high prevalence of antenatal depressive

symptoms in early pregnancy among urban Indian women

from a low socio-economic background. Vomiting was

associated with antenatal depressive symptoms. Antenatal

depressive symptoms were less prevalent among anemic

women. In addition, our results suggest that dietary intake

of folate and vitamin B12 were not associated with

depressive symptoms in early pregnancy, nor were blood

concentrations associated with depressive symptoms.

However, longitudinal assessment of depression and

nutrient status with evaluation at multiple time points

through pregnancy and postpartum period is essential since

both the prevalence of depression and nutritional status

changes through the course of pregnancy [16]. Finally, this

study highlights the need for systematic screening for

depression during prenatal visits as pregnancy is a time

when most women are likely to come into contact with

health professionals and depressive symptoms during

pregnancy is an independent risk factor for later develop-

ment of clinical depression [38, 71, 72].
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