PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Chowdhury R, Taneja S, Dhabhai N,
Mazumder S, Upadhyay RP, Sharma S, et al.
(2020) Burden of preconception morbidity in
women of reproductive age from an urban setting
in North India. PLoS ONE 15(6): €0234768. https:/
doi.org/10.1371/journal.pone.0234768

Editor: Frank Wieringa, Institut de recherche pour
le developpement, FRANCE

Received: September 25, 2019
Accepted: June 1, 2020
Published: June 18, 2020

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0234768

Copyright: © 2020 Chowdhury et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

RESEARCH ARTICLE

Burden of preconception morbidity in women
of reproductive age from an urban setting in
North India

Ranadip Chowdhury', Sunita Taneja', Neeta Dhabhai', Sarmila Mazumder', Ravi
Prakash Upadhyay’, Sitanshi Sharma', Ananya Tupaki-Sreepurna®’, Rupali Dewan?,
Pratima Mittal?, Harish Chellani?, Rajiv Bahl®, Maharaj Kishan Bhan*, Nita Bhandari®'*

1 Centre for Health Research and Development, Society for Applied Studies, New Delhi, India, 2 Vardhman
Mahavir Medical College and Safdarjung Hospital, New Delhi, India, 3 Department of Maternal, Newborn,
Child and Adolescent Health, World Health Organization, Geneva, Switzerland, 4 Knowledge Integration and
Translational Platform (KnIT), Biotechnology Industry Research Assistance Council (BIRAC), Department of
Biotechnology, Government of India, New Delhi, India

* nita.bhandari@sas.org.in

Abstract

Background

There is a growing interest in the life course approach for the prevention, early detection and
subsequent management of morbidity in women of reproductive age to ensure optimal
health and nutrition when they enter pregnancy. Reliable estimates of such morbidities are
lacking. We report the prevalence of health or nutrition-related morbidities, specifically, ane-
mia, undernutrition, overweight and obesity, sexually transmitted infections (STIs) or repro-
ductive tract infections (RTls), diabetes or prediabetes, hypothyroidism, hypertension, and
depressive symptoms, during the preconception period among women aged 18 to 30 years.

Methods

A cross-sectional study was conducted among 2000 nonpregnant married women aged 18
to 30 years with no or one child who wished to have more children in two low- to middle-
income urban neighborhoods in Delhi, India, in the context of a randomized controlled trial.
STls and RTIs were measured by symptoms and signs, blood pressure by a digital device,
height by stadiometer and weight by a digital weighing scale. A blood specimen was taken
to screen for anemia, diabetes, thyroid disorders and syphilis. Maternal depressive symp-
toms were assessed using the Patient Health Questionnaire-9 (PHQ-9). Multivariable logis-
tic regression analysis was performed to identify sociodemographic factors associated with
individual morbidity.

Results

Overall, 58.7% of women were anemic; 16.5%, undernourished; 26%, overweight or obese;
13.2%, hypothyroid; and 10.5% with both symptoms and signs of STIs/RTlIs. There was an
increased risk of RTI/STI symptoms and signs in undernourished women and an increased
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risk of diabetes or prediabetes in overweight or obese women. An increased risk of undernu-
trition was also observed in women from lower categories of wealth quintiles. A decreased
risk of moderate to severe anemia was seen in overweight women and those who com-
pleted at least secondary education.

Conclusions

Our findings show a high burden of undernutrition, anemia, RTIs, hypothyroidism and predi-
abetes among women in the study. This information will aid policymakers in planning special
programs for women of reproductive age.

Introduction

Optimal health and nutritional status are essential for women of reproductive age. Early
screening and treatment of morbidities are important to enable women to be prepared for
future pregnancy [1, 2]. Anemia, under- or overnutrition, sexually transmitted infections
(STIs) or reproductive tract infections (RTIs), hypothyroidism, diabetes and hypertension
have been shown to be associated with an increased risk of adverse birth outcomes such as pre-
maturity or small for gestational age (SGA) [3-5]. Specifically, anemia has been associated
with the likelihood of having a baby born with low birth weight (LBW); underweight has been
associated with LBW and preterm birth; smoking has been associated with preterm birth; and
hypothyroidism has been associated with preterm birth, intrauterine growth restriction and
LBW [3-5].

These associations have been largely based on observational studies. More recently, inter-
ventions delivered during prepregnancy and pregnancy, including additional food supple-
ments for pregnant women with undernutrition, has been reported to increase birth weight
and reduce SGA births [6]. The lack of planning for pregnancy and low rates of contraception
use are of concern, as women are underprepared to enter pregnancy [7]. Detection and man-
agement of these morbidities through evidence-based intervention packages before pregnancy
is important, as pregnancy is often reported several weeks post conception. Furthermore,
some measures can be effective only when applied prior to conception, such as folic acid for
the prevention of neural tube defects and adequate management of hypothyroidism [8, 9].

Reliable estimates of these morbidities in women of reproductive age are lacking in India.

We report the prevalence of anemia, undernutrition, overweight and obesity, STIs/RTTs,
chronic diseases such as diabetes, prediabetes, hypothyroidism, and hypertension, and depres-
sive symptoms among women aged 18 to 30 years residing in two urban neighborhoods in
South Delhi, India. We also present associations of these morbidities with sociodemographic
and economic factors.

Materials and methods
Subjects

A cross-sectional study among 2000 nonpregnant married women aged 18 to 30 years with no
or one child who wished to have more children was conducted in two low- to middle-income
urban neighborhoods in Delhi in the context of a randomized controlled trial (CTRI/2017/06/
008908). In this trial, we conducted a door-to-door survey from July 1, 2017 to December 31,
2017 covering all households in Sangam Vihar and Dakshinpuri to identify 18- to 30-year-old

PLOS ONE | https://doi.org/10.1371/journal.pone.0234768 June 18, 2020

2/13


https://doi.org/10.1371/journal.pone.0234768
https://birac.nic.in/
https://www.gatesfoundation.org/
https://www.gatesfoundation.org/

PLOS ONE

Preconception morbidity in an urban setting in North India

married nonpregnant women living with their husbands who had no or one child and wished
to have more children. The poorest households (~20%) were excluded, as these households
were without concrete roofing, toilets, water connection and legal electricity. Based on the
population included, the results will be generalizable to most of the low- to middle-income
population in urban India [10]. Women who did not give consent were excluded.

Study procedures

Trained study workers assessed symptoms of STIs/RTIs. They measured blood pressure
(Omron HBP 1300 digital blood pressure device; Omron Healthcare India), height (Seca-213
stadiometer) and clothed weight (Salter 9509 weighing scale) [11-13]. A nonfasting blood
specimen was obtained from women who were allocated to the intervention group of the ran-
domized controlled trial to screen for anemia (hemoglobin), diabetes (HbA1c), thyroid disor-
der [thyroid-stimulating hormone (TSH) and free thyroxine (FT4)] and syphilis (rapid plasma
reagin; RPR).

Three milliliters of blood was collected in an evacuated tube containing ethylenediamine
tetraacetic acid (EDTA; Becton Dickinson) to estimate the complete blood count (CBC) and
HbA1lc level, and 7 ml was collected in trace element-free serum-separating tubes. The sample
was centrifuged at ~450 x g at room temperature for 10 minutes. The separated serum was
transported in a cold box (4° to 8° C) to the Strand-Quest Diagnostics laboratory for TSH, fer-
ritin, FT4 and RPR analyses [14].

The CBC parameters were measured on an LH 750 analyzer using AccuCount technology,
an advanced analytical technique combining the Coulter principle of impedance counting and
sizing with new sophisticated mathematical algorithms [15]. Serum ferritin was assessed using
chemiluminescence in a Siemens Advia Centaur XP [16]. TSH and free T4 assays were per-
formed using competitive immunoassay with direct chemiluminescence using acridinium
ester technology [17]. HbAlc was assessed using the high-performance liquid chromatography
technique in TOSOH-GS8 [18]. The RPR test was performed by the flocculation technique [19].

Definitions used

Anemia was defined as severe (hemoglobin: <8 g/dl), moderate (hemoglobin: 8-10.99 g/dl) or
mild (hemoglobin: 11-11.99 g/dl) [20]. Low serum ferritin was defined by a cutoff of <30 ng/
ml [21]. Undernutrition (BMI: <18.5 kg/mz) was categorized as severe (BMI: <16 kg/ m?) or
moderate (BMI: 16 to 18.49 kg/m”). Overweight was defined as a BMI of 25 to 29.99 kg/m”,
and obesity was defined as a BMI >30 kg/m” [22]. Prediabetes was defined as HbA1lc between
5.7% and 6.4%, and diabetes was defined as HbAlc >6.5% [23]. Women were treated with thy-
roxine if TSH levels were >5.5 IU/mL or if TSH levels were between 4.0 and 5.5 IU/mL and
FT4 levels were <0.89 ng/dL [24]. Women were defined as stunted if their height was <150
cm [< -2 standard deviations (SDs) of the World Health Organization (WHO) standards;
https://www.who.int/childgrowth/en/].

The symptoms of STIs/RTIs were assessed by trained study workers. An STI/RTI was con-
sidered if any one of the following symptoms were reported: swelling in the groin, dysuria,
genital ulcer or sore, itching or burning sensation in the genital region, vaginal discharge, and
pain in the lower abdomen. All women reporting one or more symptoms were examined by a
physician, and an RTI was confirmed if any of the following signs were present: sores, blisters
or ulcers in the genital area; foul-smelling, greenish or curdy white vaginal discharge; cervical
erosion or mucopurulent pus at the cervical os; vaginal erythema with discharge; vulvar ery-
thema, edema or induration; palpable lymph nodes in the inguinal area; and painful or
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palpable adnexa on bimanual examination, lower abdominal tenderness, or cervical motion
tenderness [25]. Syphilis was diagnosed by the RPR test [25].

Depressive symptoms were assessed using the PHQ-9 questionnaire validated for the
Indian population [26]. Severe depressive symptoms were defined as PHQ-9 scores >15, and
moderate depressive symptoms were defined as PHQ-9 scores between 10 and 14 [27].

Hypertension was based on physician confirmation of a systolic blood pressure >140 mm
Hg and/or diastolic blood pressure >90 mm Hg [28]. If an initial blood pressure reading of
>140/90 mm Hg was detected, a repeat measurement was taken after two days had passed. If
the reading was still >140/90 mm Hg, the woman was referred to a tertiary care hospital (Saf-
darjung Hospital) for further assessment by a physician.

The wealth index was calculated for each participant by performing a principal component
analysis based on all assets owned by the household, as done in national surveys [29]. The vari-
ables used were the source of drinking water; source of electricity; type of sanitation facility;
type of cooking fuel used; construction material of the roof, floor and walls of the house; own-
ership of items such as a mattress, a pressure cooker, a chair, a cot/bed, a table, an electric fan,
a radio/transistor, a black and white television, a color television, a sewing machine, a mobile
telephone, any other telephone, a computer, a refrigerator, a watch or clock, a bicycle, a motor-
cycle or scooter, an animal-drawn cart, a car, a water pump, a thresher, a tractor and a house;
number of household members sleeping in a room; and ownership of a bank or post-office
account [29]. The total scores were used to divide the population into five equal wealth quin-
tiles: the poorest, very poor, poor, less poor and the least poor.

Ethical approvals

The ongoing trial is being conducted according to the guidelines outlined in the Declaration of
Helsinki and is approved by the ethics committees of the Society for Applied Studies, New
Delhi (SAS/ERC/LG/2017); Vardhman Mahavir Medical College and Safdarjung Hospital
(IEC/SJH/VMMC/PROJECT-2017/694), New Delhi; and WHO, Geneva (ERC.0002934).

Written individual informed consent in the local language was obtained from the partici-
pants prior to enrollment. For those who were unable to read, the form was read aloud, and in
those who were unable to sign, a thumb imprint was taken as witnessed by an impartial literate
witness.

Sample size

Sample size calculations were based on confidence interval using single proportion with rela-
tive precision. A sample size of 2000 women would enable us to measure the prevalence of spe-
cific morbidity (anemia, undernutrition, STIs/RTIs, hypothyroidism, overweight or obesity)
with a relative precision ranging between 10% and 30%, at 5% alpha level and a nonresponse
rate of 20%. Sample sizes table is provided in S1 Table.

Statistical analysis

We used STATA version 15.1 (Stata Corporation, College Station, TX) for statistical analyses.
Proportions and 95% confidence intervals (CI)) were calculated for categorical variables by
binomial exact method, and means (SDs) or medians (interquartile ranges; IQRs) were calcu-
lated for continuous variables. One-way ANOVA was used to compare the mean serum ferri-
tin values across anemia groups.

Multivariable logistic regression analysis was performed to identify baseline covariates
(women’s age, education, occupation and BMI; religion of the head of the family; wealth quin-
tile; and family structure) independently associated with each morbidity (moderate to severe
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anemia, hypothyroidism, undernutrition, overweight or obesity, prediabetes or diabetes, and
symptoms and signs of RTT/STT). We included all baseline variables in each of the multivari-
able regression models. The multivariable logistic regression models were assessed for inde-
pendence of observations, specification error, goodness-of-fit, multicollinearity, and
influential observations [30]. We also used the “margins” command to calculate the predicted
probability of each baseline variable holding all the other explanatory variables constant for
each morbidity (S2 Table).

Results

The baseline characteristics of the 2000 women included in this study are shown in Table 1.
Approximately 35% of the women (692/2000) were stunted (height <150 cm). Nearly 80%
(1632/1985) were Hindu by religion, and 45% (887/1985) belonged to the bottom two quintiles
of the wealth index. The median (IQR) family income per year was 3333.3 (2500, 4300) USD,
90% of the households had bank accounts, and all enrolled households had concrete roofs and
toilets, water connections within the house premises and legal electricity connections.

Table 1. Baseline characteristics of surveyed participants.

Participant and Family/Household Characteristics

n =2000

Age in years, mean (SD) 24.1(2.9)
Height in cm, mean (SD) 152.3 (5.6)
Proportion of women with height

<150 cm 692 (34.6)

>150 cm 1308 (65.4)
Years of schooling n = 1985

Median (IQR) 10 (8, 12)
Occupation n = 1985

Housewife 1872 (94.3)

Working 113 (5.7)
Religion of the head of the household

Hindu 1632 (82.2)

Muslim 336 (16.9)

Others 17 (0.9)
Family structure®

Nuclear 792 (39.9)

Extended or joint 1194 (60.1)
Total family income per year (in USD)

Median (IQR) 3333.3 (2500, 4300)
Wealth quintiles

Poorest 382 (19.2)

Very poor 505 (25.4)

Poor 481 (24.2)

Less poor 390 (19.7)

Least poor 226 (11.4)
Any member of the household covered by a health scheme/health insurance 226 (11.5)

All values are number (percentages) unless stated otherwise
*Extended family: Family unit living with parents, their children and other dependent blood relatives; Joint family:

parents and their male children with their families living together in a household.

https://doi.org/10.1371/journal.pone.0234768.t001
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Fig 1. Prevalence of morbidity among nonpregnant married women aged 18 to 30 years residing in low- to middle-income urban
communities in Delhi. Overall, 58.7% (95%CI: 56.5-60.9) of the women (1162/1979) had anemia, 16.5% (95%CI: 14.9-18.2) (330 women) were
undernourished, and 26% (95%CI: 24.3-28.2) (525 women) were overweight or obese. In the 1979 women assessed, 13.2% (95%CI: 11.7-14.7) (261
women) were eligible for treatment with thyroxine. Prediabetes was detected in 10.8% (95%CI: 9.4-12.2) of participants, and only 0.7% (95%CI:
0.4-1.2) (14 women) had diabetes. Approximately one-tenth of the participants had both symptoms and signs of STIs/RTIs. In 29.9% (95%CI: 27.8—
31.9) of the women, anemia was moderate to severe.

https://doi.org/10.1371/journal.pone.0234768.9001

Prevalence of morbidities

The prevalence of morbidities in the women who participated in the survey is summarized in
Fig 1. Of the total women, 16% (95% CI: 14.4-17.7) did not have any previously listed morbid-
ity, 84% (95% CI: 82.2-85.5) had one morbidity, 25% (95% CI: 23.1-27.0) had two morbidities
and 5% (95% CI: 4.1-6.1) had 3 or more morbidities. Of the 2000 women, hemoglobin, TSH
and HbA1c levels were ascertained in 98.9%; BMI, in all; symptoms of STIs/RT1Is, in 99.9%;
hypertension, in 99.3%; and PHQ-9 scores, in 96.1%.

The prevalence of morbidities that would require treatment under medical supervision in a
hospital or at the primary care level is shown in Table 2. The former category included severe
anemia, hypothyroidism, diabetes, hypertension, STIs/RTIs by syndromic diagnosis, undernu-
trition, obesity and severe depressive symptoms; this comprised 32.3% of the study participants.
Nearly half of the women had a morbidity that could be managed at the primary care level.

Table 3 shows serum ferritin levels according to the severity of anemia. Notably, nearly all
severely anemic women and over two-thirds of moderately anemic women had low serum fer-
ritin levels. The proportion of anemic women with low serum ferritin levels was significantly
higher among those with severe (98.5%; 64/65) and moderate (87.3%, 453/519) anemia than in
those with mild anemia (69.3%, 389/561). There was a significant difference in the mean
serum ferritin levels between the mild, moderate and severe anemia categories (ANOVA;
p<0.001).
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Table 2. Prevalence of morbidities by severity and appropriate level for care among women aged 18 to 30 years
residing in low- to middle-income urban communities in Delhi.

Morbidity Prevalencen | 95% CI
(%)

Women with any severe morbidity requiring specialized medical supervision and 624 (32.3) 30.2-

follow-up 34.4

[met criteria for treatment with thyroxine (hypothyroidism) or had symptoms and signs
of STIs/RTIs, severe anemia (Hb<8 g/dl), severe undernutrition (BMI <16 kg/m2),
severe depressive symptoms (PHQ-9 score >15), diabetes (HbAlc >6.5%), confirmed
hypertension, or obesity (BMI >30 kg/m?)]

Women with conditions that could be treated at primary level care 1139 (60.5) 58.2—

[moderate anemia (Hb 8 to 10.99 g/dl), moderate undernutrition (BMI: 16 to 18.49 kg/ 62.7
m2), prediabetes (HbAlc: 5.7 to 6.4%), moderate depressive symptoms (PHQ-9 score:
10-14), or overweight (BMI: 25 to 29.99 kg/mz)]

https://doi.org/10.1371/journal.pone.0234768.t1002

Table 4 shows the association between individual morbidity and baseline characteristics
from the multivariable logistic regression analysis. Increasing levels of schooling were protec-
tive against moderate to severe anemia; the odds of having moderate or severe anemia were
40% and 60% lower, respectively, among women who had completed secondary or higher lev-
els of education than among those who had never been to school. The odds of having moderate
to severe anemia were 35% lower in overweight women than in women with normal BMI. The
odds of having hypothyroidism increased 5% with each year increase in the age of the women.
There was a significant association between undernutrition and wealth quintiles with a dose
response in the relationship. The odds of being overweight or obese increased 24% with each
year increase in the age of the women. The odds of being overweight or obese were 85% and
60% higher among women who were in the top two wealth quintiles than among those who
were in the lowest wealth quintile.

The risk of prediabetes or diabetes increased with overweight and obesity compared to nor-
mal weight. The odds of having prediabetes or diabetes increased by 12% with each year
increase in the age of the women.

The odds of women having positive symptoms and signs of STIs/RTIs were 80% higher
among women with BMI <18.5 kg/m” than among women with normal BMI (18.5 to 24.99
kg/m?).

All multivariable logistic regression models were assessed for specification error, goodness-
of-fit, multicollinearity and influential observations. We did not find any significant specifica-
tion error and influential observations for any of the multivariable logistic regression models.
Hosmer and Lemeshow goodness-of-fit statistics show that all models fit the data well. Vari-
ables included in the models did not show any collinearity. Details of the diagnostics for each
model are provided in S3 Table.

Table 3. Proportion of anemic women with low serum ferritin levels (<30 ng/ml).

Anemia

Mean (SD)
Severe anemia, n = 65 4.3 (4)
Moderate anemia, n = 519 16.3 (20.5)
Mild anemia, n = 561 28.1(42.7)

ANOVA; p<0.001

https://doi.org/10.1371/journal.pone.0234768.t003

Serum ferritin Prevalence of low serum ferritin n (%) 95% CI
Median (IQR)
4(2-5) 64 (98.5) 91.7-99.9
9 (6-18) 453 (87.3) 84.1-90.0
19 (10-33) 389 (69.3) 65.3-73.1
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Table 4. Multivariable analysis showing the association between baseline sociodemographic and anthropometry variables and individual morbidities.

Women’s age

Women’s years of
schooling

None (0)
Primary (1-5)
Secondary (6-12)

Higher than secondary
(>12)

Women’s occupation
Working
Housewife

Religion of head of the
household

Others

Hindu

Wealth quintiles
Poorest

Very Poor

Poor

Less Poor

Least Poor
Family structure
Nuclear
Extended/Joint
Women’s BMI
18.5 to 24.99 kg/m”
<18.5 kg/m*

25 t0 29.99 kg/m*
> 30 kg/m?

Moderate to Severe

Anemia
0.97 (0.93-1.01)

Ref
0.78 (0.48-1.27)
0.58 (0.38-0.90)
0.40 (0.25-0.65)

Ref
0.90 (0.58-1.37)

Ref
1.30 (0.99-1.70)

Ref
0.93 (0.69-1.25)
1.05 (0.77-1.42)
0.90 (0.63-1.26)
0.98 (0.66-1.47)

Ref
0.92 (0.74-1.14)

Ref
1.29 (0.99-1.67)
0.65 (0.49-0.86)
0.67 (0.42-1.07)

Hypothyroidism

1.05 (1.01-1.11)

Ref
0.65 (0.35-1.24)
0.55 (0.32-0.94)
0.63 (0.35-1.14)

Ref
0.71 (0.42-1.19)

Ref
0.79 (0.56-1.11)

Ref
1.35 (0.89-2.07)
1.16 (0.74-1.81)
1.22 (0.76-1.99)
0.98 (0.55-1.73)

Ref
1.04 (0.77-1.40)

Ref
0.70 (0.46-1.07)
0.99 (0.71-1.40)
1.05 (0.60-1.84)

Adjusted OR (95% CI)*

Undernutrition

0.91 (0.87-0.95)

Ref
1.13 (0.63-2.04)
0.92 (0.55-1.55)
0.81 (0.45-1.48)

Ref
0.94 (0.55-1.63)

Ref
1.14 (0.82-1.57)

Ref
0.67 (0.48-0.93)
0.64 (0.44-0.91)
0.49 (0.32-0.75)
0.40 (0.24-0.70)

Ref
0.95 (0.73-1.24)

Overweight or
Obesity

1.24 (1.19-1.29)

Ref

0.16 (0.64-2.10)
1.10 (0.64-1.80)
1.11 (0.64-1.92)

Ref
0.79 (0.51-1.23)

Ref
0.62 (0.47-0.82)

Ref
1.16 (0.82-1.65)
1.21 (0.85-1.72)
1.85 (1.28-2.69)
1.59 (1.04-2.43)

Ref
0.84 (0.66-1.06)

Prediabetes or
Diabetes

1.12 (1.06-1.18)

Ref
1.20 (0.49-2.94)
1.09 (0.49-2.43)
1.31 (0.57-3.00)

Ref
0.76 (0.43-1.34)

Ref
1.02 (0.67-1.54)

Ref
1.15 (0.68-1.95)
1.37 (0.81-2.32)
1.78 (1.03-3.05)
1.74 (0.95-3.20)

Ref
0.89 (0.64-1.23)

Ref
0.76 (0.44-1.33)
2.43 (1.72-3.45)
9.29 (5.93-14.56)

STIs/RTIs
1.01 (0.95-1.06)

Ref
2.32 (0.98-5.50)
1.70 (0.76-3.80)
1.31 (0.56-3.09)

Ref
0.56 (0.33-0.97)

Ref
0.76 (0.53-1.09)

Ref
0.97 (0.62-1.52)
1.04 (0.66-1.66)
1.08 (0.65-1.79)
1.23 (0.69-2.20)

Ref
1.20 (0.87-1.66)

Ref
1.80 (1.24-2.60)
1.09 (0.73-1.61)
1.24 (0.66-2.31)

*Estimates (OR) are shown for the variables included in the multivariable logistic regression model. For each condition, the comparator group was all women.

https://doi.org/10.1371/journal.pone.0234768.t1004

Discussion

The salient finding of the study is that nearly half of the women of reproductive age in the

Symptoms and Signs of

study had a morbidity that could be managed within the primary health care system. Further-
more, in nearly one-third of the women, the nature of the morbidity was such that it would
require management under careful medical supervision in a hospital setting. We observed an
increased risk of RTI/STI symptoms and signs in undernourished women, diabetes or predia-

betes in overweight or obese women and a decreased risk of moderate to severe anemia in

overweight women. The relevance of these findings needs to be viewed in the context of the
high burden of adverse birth outcomes such as preterm births and SGA babies in India and
other low- and middle-income countries [31].
In our study, the high prevalence of hypothyroidism is of serious concern [24]. In human
studies, hypothyroidism during early pregnancy has been associated with an increased risk of
neurocognitive deficits in offspring, pregnancy loss and placental abruption [32]. Considering

the high prevalence of hypothyroidism among women in the preconception period and its
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adverse impact on pregnancy and fetal outcomes, timely screening of hypothyroidism before
the planning of pregnancy and adequate management is critical. The observed prevalence of
RTIs in ~10% of the women using the syndromic approach was lower than that observed in
previous studies [33]. A previous study in a similar north Indian setting reported a 40% preva-
lence of RTIs in women aged 14-70 years [33]. Furthermore, etiological agents of RTI were
detected in 12.5% of women with no symptoms [33]. The significance of asymptomatic coloni-
zation in the occurrence of adverse birth outcomes is unclear. We observed an increased risk
of symptoms and signs of RTIs in undernourished women. Undernutrition may lower
immune function and increase susceptibility to infection. The prevalence of prediabetes was
similar to the findings from another study in India [34]. The link between maternal hypergly-
cemia and metabolic disease risk in offspring has been suggested in experimental models [35].
The clinical significance of a maternal prediabetic state on birth outcomes is uncertain and
needs more research. Using a depressive symptom assessment tool to assess mental health sta-
tus, 1.5% of women were classified as having moderate to severe depressive symptoms and in
need of medical care. This was similar to the findings from the National Mental Health Survey
(2015-16) in India, where the overall weighted prevalence of current depressive disorders in
females older than 18 years was 2.97%, and in the age group of 18-29 years, it was 1.61% [36].
A national population-based survey showed that poor preconception mental health was associ-
ated with increased odds of experiencing any pregnancy complication and having LBW infants
[37]. The data linking preconception mental health status and adverse birth outcome are
limited.

In this study, the prevalence of anemia was similar to the national average reported in the
National Family Health Survey; the prevalence of moderate to severe anemia was approxi-
mately 30% [29]. The serum ferritin findings in the anemic women in this study indicated that
the vast majority of the moderately to severely anemic women had low serum ferritin and
likely iron deficiency [38]. In the mildly anemic women, only half had low serum ferritin, indi-
cating that other conditions may also account for anemia. In India, most anemic women
receive weekly prophylaxis as a part of the national program rather than therapeutic doses of
iron; this may be a cause of a persistence of high levels of anemia [39]. The risk of moderate to
severe anemia was decreased in overweight women. Previous studies have also shown a
decreased risk of anemia in overweight or obese women of reproductive age [40, 41]. Despite
adiposity being protective against anemia, pregnant women who are overweight may have an
increased risk of numerous other complications, including gestational diabetes, preeclampsia,
pregnancy-induced hypertension, stillbirths, and preterm births [42]. Our study showed the
dual burden of nutrition: 16.5% undernutrition and 25% overweight or obesity, which is simi-
lar to the national averages [29]. Prepregnancy underweight significantly increases the risk of
preterm birth and SGA babies [4, 43]. Overweight, in particular obesity, may carry a higher
risk of gestational diabetes and preterm birth [44]. Correction of aberrant nutritional status
before conception seems important to reduce adverse birth outcomes and other consequences
rather than initiation of corrective action only when pregnancy is confirmed.

Animal studies have shown that undernutrition or deficiency of specific nutrients and over-
nutrition can affect the embryo with a potential for future disease risk over their lifetime [2,
45-47]. Maternal overnutrition may cause defects in the mitochondrial phenotype, increased
concentrations of inflammatory markers and chromosomal alterations in oocytes [2, 45-47].
Maternal undernutrition may reduce the concentration of circulating insulin and amino acids,
which can lead to an altered growth trajectory of the fetus from before implantation [2, 45-
47]. Disturbances in epigenetic mechanisms during early pregnancy may lead to an altered
embryonic gene expression profile that persists through subsequent cell cycles and drives a
modified developmental program [438].
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The main strength of the current study was the careful ascertainment of morbidity using
standard definitions and laboratory investigations performed in an internationally accredited
laboratory. Our findings may be generalizable to 80% of similar populations of India [10]. Our
estimate of women with both symptoms and signs of RTT was most likely an underestimate, as
only 75% of those reporting symptoms agreed to a clinical examination.

There are several implications of the study findings. In countries such as India, special pro-
grams for adolescent health and nutrition have been initiated; however, their coverage and
quality need improvement [49]. The adolescent health program ceases at 18 years of age, and
consideration needs to be given to extend such a program to women up to 30 years of age.
More research is required to estimate the prevalence of relevant health and nutrition disorders
among women of reproductive age in India and the region. Health and nutrition disorders
need to be managed prior to becoming pregnant and from early pregnancy to maximize the
impact on birth outcomes. Improving primary health care, referral, and care at secondary and
tertiary care hospitals are all important for the effective implementation of prepregnancy and
pregnancy care in low- and middle-income countries.

Conclusions

The present study demonstrates a high burden of several noncommunicable diseases, nutri-
tional problems and infectious diseases in women of reproductive age during the preconcep-
tion period, which have serious adverse effects on pregnancy and birth outcomes. For women
to enter pregnancy anemia free, nutritionally replete and infection free, a preconception health
program is of utmost importance.
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