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Abstract
Few studies have utilized person-centered approaches to examine co-occurrence of risk factors among pregnant
women in low-and middle-income settings. The objective of this study was to utilize latent class analysis (LCA)
to identify sociodemographic patterns and assess the association of these patterns on preterm birth (PTB) and/
or low birth weight (LBW) in rural Mysore District, India. Secondary data analysis of a prospective cohort study
among 1540 pregnant women was conducted. Latent class analysis was performed to identify distinct group
memberships based on a chosen set of sociodemographic factors. Binary logistic regression was conducted to
estimate the association between latent classes and preterm birth and low birth weight. LCA yielded four latent
classes. Women belonging to Class 1 “low socioeconomic status (SES)/early marriage/multigravida/1 child or
more”, had higher odds of preterm birth (adjusted Odds Ratio (aOR): 95% Confidence Intervals (CI): 1.77, 95%
CI: 1.05-2.97) compared to women in Class 4 “high SES/later marriage/primigravida/no children”. Women in
Class 2 “low SES/later marriage/primigravida/no children” had higher odds of low birth weight (aOR: 2.52, 95%
CI: 1.51-4.22) compared to women in Class 4. Women less than 20 years old were twice as likely to have PTB
compared to women aged 25 years and older (aOR: 2.00, 95% CI: 1.08-3.71). Hypertension (>140/>90 mm/
Hg) was a significant determinant of PTB (aOR: 2.28, 95% CI: 1.02-5.07). Furthermore, women with a previous
LBW infant had higher odds of delivering a subsequent LBW infant (aOR: 2.15, 95% CI: 1.40-3.29). Overall
study findings highlighted that woman belonging to low socioeconomic status, and multigravida women had
increased odds of preterm birth and low birth weight infants. Targeted government programs are crucial in
reducing inequalities in preterm births and low birth weight infants in rural Mysore, India.
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Introduction
While medical innovations and government policies have advanced neonatal health, there
remains disproportionately high rates of adverse birth outcomes globally(World Health
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Organization, 2018). The greatest burden of preterm births (<37 weeks gestation) and low birth
weight infants (<2,500 grams) occurs in low-and middle-income countries (LMICs) where more
than 80% of preterm births and nearly 91% of low birth weight babies are born promoting a sense of
urgency (Blencowe et al., 2019; Chawanpaiboon et al., 2019). Nearly ten million low birth weight
babies (almost half of the global burden) and approximately 9 million preterm infants are born annu-
ally in Southern Asia (Blencowe et al., 2012; Blencowe et al., 2019). More specifically, India has the
highest number of preterm births worldwide with approximately 3.5 million preterm births and 8
million low birth weight infants born annually (Blencowe et al., 2012; World Health Organization,
2004). Additionally, the proportions of all births that are preterm (13%) and low birth weight
(40%) in India remain among the highest in the world (Chawanpaiboon et al., 2019; Lawn et al.,
2014; World Health Organization, 2004). Consequently, India currently accounts for the highest num-
ber of neonatal mortality worldwide, with 779,000 deaths annually (Lawn et al., 2014). The neonatal
mortality rates in India are even higher in rural areas with 31 neonatal deaths per 1000 live births
compared to 15 per 1000 live births in urban areas (Sankar et al., 2016).

Infants born prematurely are vulnerable and are at an increased risk of infections including
neonatal sepsis, unconjugated hyperbilirubinemia, respiratory distress syndrome, difficulty in
feeding, and poor body temperature regulation (Blencowe et al., 2013; Moutquin, 2003; World
Health Organization, 2016; World Health Organization, 2018). Preterm birth complications
are the leading cause for deaths among children under 5 years of age (Liu et al., 2016). Low birth
weight has been associated with acute and chronic health conditions including a lower intelligence
quotient, neurological impairments, and stunted growth in childhood (World Health
Organization, 2014). Additionally, they are at higher risk for developing hypertension and car-
diovascular disease during adulthood (World Health Organization, 2014). Attempts to elucidate
the etiology of preterm birth and low birth weight remain unclear but include clinical, biological,
behavioral, and sociodemographic factors. Studies suggest that maternal anemia, diabetes, smok-
ing and prior preterm birth are predictors of preterm birth and low birth weight (Andraweera
et al., 2019; Grandi et al., 2019; Liabsuetrakul, 2011; Oaks et al., 2019; Parks et al., 2018; Su
et al., 2018; Vahdaninia, Tavafian and Montazeri, 2008).

The majority of studies that have identified risk factors for preterm birth and low birth weight
have used multivariable analyses (Apte et al., 2019; Hidalgo-Lopezosa et al., 2019; Rai et al., 2019).
While these approaches can identify risk factors, they fail to examine the co-occurrence of risk
factors that may further exacerbate adverse birth outcomes (Hendryx et al., 2014; Jobe-Shields
et al., 2015). Person-centered approaches such as latent class analysis (LCA) identify and classify
homogeneous unobserved sub-groups characterized by individuals with similar co-occurring risks
(Lanza et al., 2018). The majority of the studies have employed LCA on either low birth weight or
preterm birth distinctly and in high-income countries such as the US and Australia and have
explored risk factors including behavioral risk factors, sociodemographic indicators and chronic
diseases (Hendryx, Chojenta and Byles, 2020; Hendryx et al., 2014; Shaw, Herbers and Cutuli,
2019; Tian et al., 2018). However, the complexity of sociodemographic factors and maternal
obstetric outcomes has not been explored in LMICs using LCA, which remains critical since pre-
term and low birth weight births largely occur in these settings. Further, no studies have examined
the impact of sociodemographic factors and clinical variables using LCA among rural and tribal
populations in rural India. Therefore, the objective of this study was to utilize LCA to identify
sociodemographic patterns and assess the association of these patterns on preterm delivery
and/or low birth weight among pregnant women in rural Mysore District, India.

Methods
Study Setting

According to the 2011 census, Mysore District had a total population of 3,001,027 of which
1,489,527 were females (Census 2011). Majority of the residents (58.5%) lived in rural villages.
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The male literacy rate (78.5%) was higher than the female literacy rate (67.1%) (Census 2011). Nearly
87.7% of the population self-identified as Hindu, 9.7% as Muslim, and 1.3% as others (Census 2011).
The scheduled caste population comprised 17.9% of the population, while the scheduled tribes were
11% of the total population. The languages commonly spoken in Mysore are Kannada (81.2%), Urdu
(8.6%), and Telugu (3.3%) (Census 2011). In 2016,Mysore, the third largest district in the South Indian
state of Karnataka, had an infant mortality rate of 33 per 1,000 live births in rural regions of the state,
while the state of Karnataka had an infant mortality rate of 28 per 1,000 live births (International
Institute of Population Health Sciences, 2016).

Study Population and Design

The original study was a prospective cohort study conducted among 1820 women between 2011
and 2014 to examine the feasibility of integrated antenatal care and HIV testing using mobile
clinics in rural Mysore District. The project was called the Saving Children Improving Lives
(SCIL) project and is described in the protocol by Kojima et al (Kojima et al., 2017). The protocol
for the study was reviewed and approved by the Institutional Review Boards of Florida
International University and Public Health Research Institute of India (PHRII).

Utilizing mobile medical clinics, the women were provided with integrated antenatal care and
HIV testing. During the visit, the women were offered educational and awareness information on
antenatal care, institutional deliveries and importance of birth preparedness. After the visit, the women
were informed of the study and were screened for eligibility. The eligibility criteria included pregnant
women living in the Mysore sub-district for more than six months. If the women met the eligibility
criteria and elected to participate in the study, the women underwent an informed consent in the local
language of Kannada. Trained research staff of PHRII completed an interviewer-administered ques-
tionnaire comprised of sociodemographic, medical, and obstetric history. The staff also conducted a
detailed physical exam with routine antenatal laboratory examinations of urine and blood. The lab
evaluations were performed by trained laboratory technicians from PHRII.

This study was a cross-sectional analysis nested within the parent study, the SCIL project. The
predictor measures were collected at baseline (at enrollment into the study), and the study out-
comes were collected during the first follow-up (within 15 days after delivery). Women aged 18
years and older, and those who had a singleton live birth were included in the analysis. In the
study, 40 individuals were excluded due to missing date of last menstrual period or missing dates
on deliveries and 98 individuals who had a fetal death. The total number of participants included
in the study were 1,540.

Outcome and Predictor Variables
Outcomes

The outcomes in the study were preterm birth and low birth weight. Low birth weight was defined
as an infant born weighing less than 2500 grams(World Health Organization, 2004). Preterm
births were defined as live births before 37 weeks of gestation based on the last menstrual period
(World Health Organization, 2018).

Predictor Variables

The variables included pregnant woman’s education, partner’s education, household income, age
at marriage, primigravida, and living children in the household. Education was categorized as pri-
mary education or less (≤ 8 years), secondary education (9-10 years) and upper secondary edu-
cation (>10 years). Household income was categorized as low income ≤ 4,000 Indian Rupees
(INR) (approximately USD 54.7 with 1 USD= 58.9 INR during the data collection period), middle
income as 4001-10,000 INR, and high income as≥ 10,000 INR. Age at marriage was categorized into
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<18 years old, or ≥ 18 years old. Living children in the household was dichotomized as yes or no.
Covariates included age, delivery location categorized as home, public health institution (sub-center/
primary health center/district health) and private institution (maternity hospital/private nursing
home). These measures were selected based on prior literature on maternal obstetric factors.
(Blencowe et al., 2013) Age was categorized as<20 years, 20-24 years and≥ 25 years. Maternal obstet-
ric factors included baseline sexually transmitted infections (STIs) (binary variable with “yes” or “no”),
previous stillbirth or neonatal losses (binary variable with “yes” or “no”), history of spontaneous abor-
tion (binary variable with “yes” or “no”), history of induced abortion (binary variable with “yes” or
“no”), exposure to passive smoking indoors (binary variable with “yes” or “no”), and history of hyper-
tension (binary variable with “yes” or “no”). Anemia status levels were labeled as normal, mild, and
moderate/severe based on the hemoglobin levels of 11.0g/dl or higher, 10-10.9 g/dl, and ≤ 10.0 g/dl
respectively. Hypertension categories were based on blood pressure levels as follows: normal (<120/80
mm Hg), pre-hypertension (120-139 mm Hg systolic or 80-89 mm Hg diastolic) and hypertensive
categories (≥140 mm Hg systolic or ≥90 mm Hg diastolic).

Statistical Analysis

Latent Class Analysis (LCA) was conducted using the SAS/STATv14.2 software, PROC LCA to
identify and classify homogeneous unobserved sub-groups of pregnant women based on a chosen set
of sociodemographic indicators including pregnant woman’s education, partner’s education, age at
marriage, primigravida status, living children in the household, and total monthly household income
(Fig 1) (Lanza et al., 2018; Nylund-Gibson and Choi, 2018). Given the unique set of sociodemographic
factors identified from the literature review, these variables were selected for the latent classes
(Blencowe et al., 2013). LCA was advantageous compared to multinomial regression as this analytical
approach examines and identifies distinct high-risk groups of women for preterm birth and low birth
weight based on latent patterns of sociodemographic factors. This approach can simultaneously assess
combinations of individuals with similar attributes and identify distinct latent patterns that would not
be identified through the use of multinomial regression. On the other hand, multinomial regression
focuses on individual variables while adjusting of other variables.

First, employing a model comparison approach to test unconditional models without covari-
ates in the LCA. The model fit was assessed using a series of 2 through 6 latent classes. Second, the
appropriate number of latent classes were selected based on the Bayesian Information Criterion
(BIC), Adjusted Bayesian Information Criterion (aBIC), Adjusted Information Criterion (AIC),
entropy values and the interpretability of latent classes. Lower BIC, aBIC, and AIC indicated a
better model fit (Nylund, Asparouhov and Muthén, 2007). An entropy value closer to 1.0 repre-
sented a better distinction of the latent classes (Lanza et al., 2018).

After, the final class was chosen based on BIC, aBIC, AIC, every individual was assigned to the
latent class based on the highest posterior probability of membership. Subsequently, descriptive
statistics were generated for the explanatory variables used in the LCA and the latent classes.
Univariate analyses were conducted using chi-square tests to examine the associations between
latent classes and the covariates. Finally, binary logistic regression was applied to estimate the
association between latent classes and the outcome measures (i.e. preterm birth and low birth
weight) while controlling for maternal obstetric covariates. The results were presented as odds
ratios and associated 95% confidence intervals.

Results
Sample Characteristics

Table 1 displays the characteristics of the participants. Approximately 23.4% of the pregnant
women were aged <20 years, 63.8% were aged 20-24 years, and 12.7% were aged 25 years
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and older. Nearly 40% of the pregnant women had received a primary education or less, while
more than half (53.1%) of their partners had primary education or less. Nearly 37% of the women
were primigravida, and more than half of the participants had living children in the household.
Approximately a third of the women reported that the total household income was less than 4000
Indian Rupees (INR). The majority of the births were institutional deliveries with 51.8% of the
women giving birth at a sub-center/primary health center/district health and 47.2% giving birth at
a maternity hospital/private nursing home; only 0.8% of births were at the women’s home. Nearly
7.3% (95% confidence intervals (CI): 6.0%-8.2%) of the women were diagnosed as having a base-
line STI. Approximately 10% of the participants reported a history of spontaneous abortion, and
3.2% reported a history of induced abortion. Almost 20% were exposed to passive smoking in the
house, and 18.3% reported having delivered a previous low birth weight infant. More than 75% of
the women were diagnosed with anemia (20.3% mild and 55.6% moderate/severe). Nearly 2% of
the women reported a history of hypertension during their last pregnancy. In addition, 37.6% of
the women were diagnosed with blood pressure considered pre-hypertensive, and 2.7% had
hypertensive levels at baseline. Low birthweight occurred in nearly 13.8% (95% CI: 12.1%-
15.7%) of deliveries, while preterm birth occurred in 12.1% (95% CI: 10.6%-13.9%) deliveries.
Approximately 26.3% of low birth weight babies comprised of preterm births.

Latent Class Analysis

Based on the model fit parameters, the model with four latent classes was selected as the best
fitting and most parsimonious model with lowest BIC (445.41), adjusted BIC (321.52), and
AIC (237.17) and distinct class separation based on entropy value of 0.75. While the 3-class model
offered greater entropy, no major differences were observed between the 3-class and 4-class
entropy values at 0.80 and 0.75, respectively. Sensitivity analysis was also performed comparing
the 3-class and 4-class models, and similar findings were observed. Moreover, adding classes

Figure 1. Latent Class Schematic Model.
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Table 1. Description of sociodemographic characteristics of rural pregnant women in Mysore District that were used to determine class membership overall and by class (n = 1540)

Characteristics
Total

N = 1540 (%)

Class 1: Low SES, Early
Marriage, Multigravida,

1 Child or More
n (%) 710 (46.1%)

Class 2: Low SES, Later
Marriage, Primigravida,

No Children
n (%) 354 (23.0%)

Class 3: High SES,
Later Marriage,
Multigravida,

1 Child or More
n (%) 214 (13.9%)

Class 4: High SES,
Later Marriage, Primigravida,

No Children
n (%) 262 (17.0%) P-value

Pregnant Woman’s Education <0.0001**

Primary Education or Less (≤ 8 years) 603 (39.2%) 406 (57.2%) 176 (49.7%) 21 (9.8%) 0 (0.0%)

Secondary Education (9-10 years) 629 (40.8%) 268 (37.8%) 178 (50.3%) 92 (43.0%) 91 (34.7%)

Upper Secondary and Higher (>10 years) 308 (20.0%) 36 (5.1%) 0 (0.0%) 101 (47.2%) 171 (65.3%)

Partner’s Education <0.0001**

Primary Education or Less (≤ 8 years) 817 (53.1%) 493 (69.4%) 246 (69.5%) 15 (7.0%) 63 (24.1%)

Secondary Education (9-10 years) 478 (31.0%) 183 (25.8%) 89 (25.1%) 97 (45.3%) 109 (41.6%)

Upper Secondary and Higher (>10 years) 245 (15.9%) 34 (4.8%) 19 (5.4%) 102 (47.7%) 90 (34.4%)

Age at Marriage <0.0001**

Less than 18 years 603 (39.2%) 432 (60.9%) 140 (40.0%) 5 (2.3%) 26 (9.9%)

18 years and older 937 (60.8%) 278 (39.2%) 214 (60.5%) 209 (97.7%) 236 (90.1%)

Primigravida <0.0001**

No 969 (62.9%) 710 (100.0%) 33 (9.3%) 214 (100.0%) 12 (4.6%)

Yes 571 (37.1%) 0 (0.0%) 321 (90.7%) 0 (0.0%) 250 (95.4%)

Children <0.0001**

No 723 (47.0%) 66 (9.3%) 354 (100.0%) 41 (19.2%) 262 (100.0%)

Yes 817 (53.0%) 644 (90.7%) 0 (0.0%) 173 (80.8%) 0 (0.0%)

Household Income (In Indian Rupees)
(1 USD= 58.9 INR)

<0.0001**

<4000 Indian Rupees 554 (36.0%) 337 (47.5%) 149 (42.1%) 30 (14.0%) 38 (14.5%)

4000-10,000 Indian Rupees 819 (53.2%) 320 (45.1%) 185 (52.3%) 159 (74.3%) 155 (59.2%)

>10,000 Indian Rupees 167 (10.8%) 53 (7.5%) 20 (5.7%) 25 (11.7%) 69 (26.3%)

**-<0.0001 **-<0.05.
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beyond the 4-class model conferred minor improvements in accuracy and model fit. Hence, a 4-
class model was chosen based on its model fit statistics and the interpretability of classes.

Class 1 (46.0%), the largest class in the study, was labeled as “low socioeconomic (SES)/early
Marriage/Multigravida/1 Child or More”. Class 1 was characterized by the majority of pregnant
women and their respective partners having primary education or less, more likely to have a
monthly household income<4000 INR, marriage<18 years of age, multigravida, and more likely
to have children (Table 1). Class 2 (23.0%) was labeled as “low SES/later marriage/primigravida/
no children.” This class was characterized by the majority of pregnant women and their respective
partners having primary education or less, more likely to have a monthly household income of <
4000 INR, more likely to be married after 18 years of age, primigravida and no children. Class 3
(13.9%) was labeled as “high SES/later marriage/multigravida/1 child or more.” Class 3 was char-
acterized by the majority of pregnant women and their respective partners having at least an
“upper secondary education”, more likely to have a monthly household income of ≥ 4000
INR, more likely to be married after 18 years of age, multigravida and living children in the house-
hold. Class 4 (17.0%) was labeled as “high SES/later marriage/primigravida/no children”. Class 4
was characterized by the majority of pregnant women and their respective partners having upper
secondary education, more likely to have a monthly household income of≥ 4000 INR, more likely
to be married after 18 years of age, primigravida and no children. Class 4 was used as the refer-
ent group.

Table 2 displays the results of univariate analyses and comparisons between the maternal
obstetric covariates and the latent classes. Maternal obstetric covariates were significantly associ-
ated with the latent classes except for anemia status and hypertension. The proportion of women
reporting prior adverse maternal obstetric outcomes i.e. previous still birth or neonatal loss, prior
history of spontaneous abortion, prior history of induced abortion, anemia, exposure to passive
smoking indoors, prior low birth weight was highest among women in Class 1. Women in class 1
were also characterized with the highest proportion among women aged 20-24 years old. The
proportion of women reporting baseline STI levels was highest in Class 2. In addition, the majority
of these women was younger than 20 years old. The proportion of women reporting both prior
adverse maternal obstetric outcomes and chronic diseases including moderate or severe levels of
anemia and history of hypertension was highest in Class 3. Moreover, these women were likely to
be 25 years and older. The proportion of women with prior and current adverse maternal obstetric
outcomes and chronic diseases was lowest in Class 4.

Table 3 displays the crude and adjusted odds ratio (OR) and 95% CI for the relationship
between latent classes and preterm birth and low birth weight. When compared with women
in Class 4, women in Class 1 had higher crude odds for preterm birth (OR: 1.79, 95% CI:
1.10-2.91). After adjusting for the covariates, women in Class 1 had higher odds for preterm birth
(adjusted OR [aOR]: 1.77, 95% CI: 1.05-2.97) compared with women in Class 4. In addition,
women less than 20 years old were twice as likely to have a preterm birth (aOR: 2.00, 95% CI:
1.08-3.71). Moreover, hypertension (>140/>90 mm/Hg) was also a significant determinant of
preterm birth (aOR: 2.28, 95% CI: 1.02-5.07). Women with mild anemia at baseline also had sig-
nificantly lower odds of preterm birth compared to those with normal hemoglobin levels (aOR:
0.58, 95% CI: 0.33-0.98).

When compared with women in Class 4, women in Class 1 (OR:1.75, 95% CI: 1.08-2.84) and
Class 2 (OR: 2.83 95% CI: 1.71-4.71) had higher crude odds for low birth weight. Moreover, preg-
nant women with history of neonatal loss or still birth (OR: 1.92, 95% CI: 1.04-3.54) and passive
smoking exposure had higher crude odds for low birth weight (OR: 1.40, 95% CI: 1.03-2.07). The
multivariable model showed that women in Class 2 had higher odds of low birth weight (aOR:
2.50, 95% CI: 1.49-4.21) compared to women in Class 4 (Table 3). Moreover, pregnant women
with a previous low birth weight had higher odds of low birth weight (aOR: 2.15, 95% CI: 1.40-
3.29) compared to women without any previous low birth weight. There was no significant asso-
ciation with baseline anemia.
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Table 2. Description of maternal obstetric covariates among rural pregnant women in Mysore District overall and by class membership (n=1540)

Characteristics
Total

n = 1540 (%)

Class 1: Low SES, Early
Marriage, Multigravida,

1 Child or More
n (%) 710 (46.1%)

Class 2: Low SES,
Later Marriage,

Primigravida, No Children
n (%) 354 (23.0%)

Class 3: High SES,
Later Marriage,

Multigravida, 1 Child
or More

n (%) 214 (13.9%)

Class 4: High SES,
Later Marriage,
Primigravida,
No Children

n (%)
262 (17.0%) P-value

Age Categories <0.0001**

<20 years 361 (23.4%) 107 (15.1%) 172 (48.6%) 3 (1.4%) 79 (30.2%)

20-24 years 983 (63.8%) 503 (70.9%) 149 (42.1%) 167 (78.0%) 164 (62.6%)

≥ 25 years 196 (12.7%) 100 (14.1%) 33 (9.3%) 44 (20.6%) 19 (7.3%)

Delivery Location 0.0173*

Home 12 (0.8%) 9 (1.3%) 0 (0.0%) 3 (1.4%) 0 (0.0%)

Sub-center/Primary Health
Center/District Health

794 (51.8%) 362 (51.5%) 204 (57.6%) 101 (47.2%) 127 (48.5%)

Maternity Hospital/Private
Nursing Home

727 (47.4%) 332 (47.2%) 150 (42.4%) 110 (51.4%) 135 (51.5%)

Baseline Sexually Transmitted Infection 0.5997

No 1408 (92.7%) 655 (93.2%) 314 (91.0%) 197 (93.4%) 242 (93.1%)

Yes 111 (7.3%) 48 (6.8%) 31 (9.0%) 14 (6.6%) 18 (6.9%)

Previous Stillbirth or Neonatal Loss 0.0157*

No 1479 (96.0%) 673 (95.0%) 344 (97.2%) 203 (94.9%) 259 (98.9%)

Yes 61 (4.0%) 37 (5.2%) 10 (2.8%) 11 (5.1%) 3 (1.2%)

History of Spontaneous Abortion <0.0001**

No 1387 (90.1%) 614 (86.5%) 339 (95.8%) 178 (83.2%) 256 (97.7%)

Yes 153 (9.9%) 96 (13.5%) 15 (4.2%) 36 (16.8%) 6 (2.3%)

History of Induced Abortion <0.0001**

No 1491 (96.8%) 684 (96.3%) 353 (99.7%) 193 (90.2%) 261 (99.6%)

Yes 49 (3.2%) 26 (3.7%) 1 (0.3%) 21 (9.8%) 1 (0.4%)

(Continued)
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Table 2. (Continued )

Characteristics
Total

n = 1540 (%)

Class 1: Low SES, Early
Marriage, Multigravida,

1 Child or More
n (%) 710 (46.1%)

Class 2: Low SES,
Later Marriage,

Primigravida, No Children
n (%) 354 (23.0%)

Class 3: High SES,
Later Marriage,

Multigravida, 1 Child
or More

n (%) 214 (13.9%)

Class 4: High SES,
Later Marriage,
Primigravida,
No Children

n (%)
262 (17.0%) P-value

Passive Smoking <0.0001**

No 1260 (81.8%) 553 (77.9%) 282 (79.7%) 191 (89.3%) 234 (89.3%)

Yes 280 (18.2%) 157 (22.1%) 72 (20.3%) 23 (10.8%) 28 (10.7%)

Previous Low Birth Weight <0.0001**

No 1258 (81.7%) 524 (73.8%) 332 (93.8%) 151 (70.6%) 251 (95.8%)

Yes 282 (18.3%) 186 (26.2%) 22 (6.2%) 63 (29.4%) 11 (4.2%)

Baseline Anemia Status 0.5873

Normal (≥ 11 g/dl) 373(24.2%) 168 (23.4%) 83 (23.5%) 61 (28.5%) 61 (23.3%)

Mild (10.0-10.9 g/dl) 312 (20.3%) 136 (43.6%) 78 (22.0%) 39 (18.2%) 59 (22.5%)

Moderate/Severe
(≤ 9.9 g/dl)

855 (55.6%) 406 (57.2%) 193 (54.5%) 114 (53.2%) 142 (54.2%)

History of Hypertension 0.0007**

No 1512 (98.2%) 691 (97.3%) 353 (99.7%) 206 (96.3%) 262 (100.0%)

Yes 28 (1.8%) 19 (2.7%) 1 (0.3%) 8 (3.7%) 0 (0.0%)

Baseline Hypertension Categories 0.2329

Normal (<120/80 mm Hg) 919 (59.7%) 427 (60.1%) 217 (61.3%) 124 (57.9%) 151 (57.6%)

Pre-hypertension (120-139 mm Hg/
0r 80-89 mm Hg)

579 (37.6%) 265 (37.3%) 133 (37.6%) 80 (37.4%) 101 (38.6%)

Hypertension (>140/>90 mm/Hg) 42 (2.7%) 18 (2.5%) 4 (1.1%) 10 (4.7%) 10 (3.8%)

**-<0.0001 **-<0.05.
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Table 3. Crude Odds Ratio and Adjusted Odds Ratio of Preterm Birth and Low Birth Weight by characteristics of rural pregnant women in Mysore District obtained from binary logistic
regression

Characteristics
PTB Crude OR

(95% CI)
PTB Adjusted OR

(95% CI)
LBW Crude OR

(95% CI)
LBW Adjusted OR

(95% CI)

Class

Class 1 vs. Class 4 1.79 (1.10-2.91)* 1.77 (1.05-2.97)* 1.75 (1.08-2.84)* 1.35 (0.81-2.25)

Class 2 vs. Class 4 1.35 (0.78-2.34) 1.35 (0.77-2.43) 2.83 (1.71-4.71)* 2.50 (1.49-4.21)*

Class 3 vs. Class 4 1.51 (0.83-2.75) 1.68 (0.88-3.21) 1.13 (0.60-2.12) 0.92 (0.48-1.80)

Age (categorical variable)

<20 years vs. ≥ 25 years 0.90 (0.63-1.29) 2.00 (1.08-3.71)* 0.79 (0.56-1.10) 0.95 (0.56-1.60)

20-24 years vs. ≥ 25 years 0.61 (0.32-1.13) 1.49 (0.87-2.57) 0.91 (0.54-1.52) 0.92 (0.58-1.45)

Delivery Location

Home vs. Maternity Hospital/Private Hospital 2.66 (0.71-10.02) 2.09 (0.54-8.19) 1.45 (0.31-6.74) 1.62 (0.34-7.80)

Sub-center/ Primary Health Center/District Health vs.
Maternity Hospital/Private Hospital

1.18 (0.86-1.60) 1.11 (0.81-1.53) 1.31 (0.97-1.75) 1.29 (0.95-1.75)

Baseline Sexually Transmitted Infection

Yes vs. No 1.36 (0.79-2.34) 1.35 (0.78-2.35) 1.41 (0.85-2.34) 1.42 (0.84-2.40)

History of Neonatal Loss or Still Birth

Yes vs. No 1.27 (0.61-2.61) 1.15 (0.54-2.42) 1.92 (1.04-3.54)* 1.58 (0.83-3.04)

History of Spontaneous Abortion

Yes vs. No 1.40 (0.88-2.23) 1.02 (0.58-1.80) 1.31 (0.84-2.06) 0.94 (0.55-1.61)

History of Induced Abortion

Yes vs. No 0.64 (0.23-1.78) 0.49 (0.17-1.43) 0.70 (0.28-1.79) 0.60 (0.22-1.60)

Passive Smoking

Yes vs. No 1.08 (0.73-1.60) 1.06 (0.70-1.60) 1.46 (1.03-2.07)* 1.41 (0.98-2.03)

Previous Low Birth Weight

Yes vs. No 1.60 (1.12-2.29)* 1.42 (0.90-2.22) 1.74 (1.24-2.43)* 2.15 (1.40-3.29)*

(Continued)
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Table 3. (Continued )

Characteristics
PTB Crude OR

(95% CI)
PTB Adjusted OR

(95% CI)
LBW Crude OR

(95% CI)
LBW Adjusted OR

(95% CI)

Anemia

Mild vs. Normal 0.59 (0.35-1.00) 0.58 (0.33-0.98)* 0.97 (0.64-1.47) 0.93 (0.61-1.43)

Moderate/Severe vs. Normal 1.13 (0.78-1.62) 1.12 (0.77-1.63) 0.75 (0.53-1.06) 0.71 (0.50-1.01)

History of Hypertension

Yes vs. No 1.59 (0.60-4.23) 1.19 (0.43-3.29) 1.04 (0.36-3.03) 0.98 (0.33-2.96)

Hypertension

Pre-hypertension (120-139 mm Hg/ 0r 80-89 mm Hg) vs. Normal 1.18 (0.86-1.62) 1.22 (0.88-1.70) 1.01 (0.75-1.36) 0.96 (0.71-1.32)

Hypertension (>140/>90 mm/Hg) vs. Normal 2.16 (1.01-4.64)* 2.28 (1.02-5.07)* 0.65 (0.23-1.85) 0.67 (0.23-1.96)

CI, confidence intervals; OR, odds ratio.
*Significance.
The final model for preterm birth and low birth weight was adjusted for the latent classes, age, delivery location, baseline STI, history of neonatal loss or still birth, history of spontaneous abortion, history of induced
abortion, passive smoking, previous low birth weight, anemia, history of hypertension and hypertension
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Discussion
This study employed LCA to identify sociodemographic patterns and assessed the role of these
patterns in determining preterm delivery and/or low birth weight among pregnant women in
South India. The LCA identified four subgroups of women characterized by distinct sociodemo-
graphic profiles, with approximately 46% representing “low SES/early marriage/multigravida/1
child or more”. Women belonging to Class 1 “low SES/early marriage/multigravida/1 child or
more” had higher odds of a preterm delivery compared to the referent class 4 “high SES/later
marriage/primigravida/no children”. In addition, women belonging to Class 2 “low SES/later mar-
riage/primigravida/no children” had higher odds of delivering a low birth weight baby compared
to Class 4. Women with a history of having delivered a previous infant with low birth weight also
had greater odds of delivering a subsequent infant with low birth weight.

The study findings indicate that low SES conveyed significant risk to preterm birth and low
birth weight among rural pregnant women. The most notable differences observed among
Class 1, Class 2 and Class 4 are low SES compared to high SES. Several studies have corroborated
that sociodemographic factors stemming from low maternal education, and low household wealth
are determinants of adverse birth outcomes (Apte et al., 2019; Blumenshine et al., 2010; Hidalgo-
Lopezosa et al., 2019; Kader and Perera, 2014; Rai et al., 2019; Tian et al., 2018). Overall findings high-
light that all the classes that comprised primarily of women with low SES had higher crude odds of
preterm birth and low birth weight. After controlling for maternal obstetric characteristics, Class 1 and
Class 2 remained statistically significant for preterm birth and low birth weight respectively. Previous
LCA studies have established socioeconomic characteristics as determinants of either low birth weight
or preterm birth in high-income settings (Hendryx, Chojenta and Byles, 2020; Hendryx et al., 2014;
Shaw, Herbers and Cutuli, 2019; Tian et al., 2018). A systematic review conducted by Blumenshine and
colleagues noted that socioeconomic disparities remained the most significant predictor of adverse
perinatal outcomes including preterm birth, low birth weight and small for gestational age
(Blumenshine et al., 2010). It is speculated that pregnant women with high SES have reduced odds
of delivering babies born with adverse birth outcomes due to increased access to antenatal care,
improved health literacy, and nutritional behavior (Blumenshine et al., 2010).

In addition, the women characterized in Class 2, married over the age of 18 years old and were
primigravida. It is possible that these women who are pregnant for the first time have unknown
underlying factors. Additionally, these women may not be connected with antenatal care services
and may lack prior pregnancy experience compared to multigravida women. Earlier studies have
supported the finding that primigravida is associated with low birth weight (Ahankari et al., 2017;
Kamala et al., 2018). A case-control study in Southern India indicated that primigravida was asso-
ciated with increased odds of low birth weight (Johnson et al., 2016). More importantly, the com-
pounding of risks in Class 2 of low SES, primigravida and later marriage has been shown to further
exacerbate low birth weight. Notably, Class 1 was significant in the adjusted models for preterm
birth among women belonging to low SES and marrying early. A distinct characteristic is that the
women in Class 1 were multigravida, and not pregnant for the first time. While these women may
have been connected to antenatal services during previous pregnancies, women in Class 1 reported
the highest prior adverse maternal obstetric outcomes among the classes. These study findings
have confirmed that multigravida, specifically multigravida with previous adverse birth outcomes,
may be a risk factor to preterm birth (Blencowe et al., 2013; Heaman et al., 2013).

Having a previous low birth weight infant conferred a greater than two-fold risk to have a
recurrent low birth weight infant. Recent studies have supported that previous low birth weight
is the strongest indicator for subsequent delivery of low birth weight infant (Shaw, Herbers and
Cutuli, 2019; Smid et al., 2017). Additionally, previous low birth weight may further exacerbate the
risk of other adverse perinatal outcomes including small-for-gestational age (Smid et al., 2017). In
a previous study in Karnataka State, India, prior low birthweight was a predictor for preterm birth
and low birth weight (Basha, Shivalinga Swamy and Noor Mohamed, 2015). Moreover, poor

Journal of Biosocial Science 271

https://doi.org/10.1017/S0021932022000037 Published online by Cambridge University Press

https://doi.org/10.1017/S0021932022000037


maternal obstetric characteristics can increase the likelihood of having a low birth weight or preterm
birth. In the study, a history of neonatal loss or still birth was also found to be a significant predictor in
the unadjusted analysis. Similarly, previous studies have supported that prior maternal obstetric out-
comes can influence subsequent birth outcomes (Basha, Shivalinga Swamy and NoorMohamed, 2015;
Shaw, Herbers and Cutuli, 2019). In addition, passive smoking exposure was also determined to be a
predictor of low birth weight in the unadjusted analysis. However, these findings were not observed in
the multivariate analysis. Prior studies have corroborated that exposure to passive smoking may sub-
stantially increase adverse birth outcomes (Hendryx, Chojenta and Byles, 2020; Xi et al., 2020).
Moreover, current maternal obstetric characteristics including hypertension (>140/>90 mm Hg)
was a significant predictor in preterm birth. Previous studies have confirmed the relationship between
hypertension and preterm birth (Mulualem, Wondim and Woretaw, 2019; Wagura et al., 2018).
Surprisingly, mild anemia (assessed at the baseline visit) was associated with lower risk of preterm
birth. It could be explained that all women received iron supplements after the baseline visit that could
explain the unexpected relationship. Therefore, prior and current maternal obstetric history are sig-
nificant determining factors in predicting adverse birth outcomes.

This study has several limitations worth noting. Given the cross-sectional study design, no
causal relationship can be established between the latent classes and the outcomes. The data
are derived from rural Mysore; therefore, it is difficult to extrapolate the findings to other regions
in India since the study results may have limited generalizability. Gestational age was based on last
menstrual period, and this may result in some degree of inaccuracy because there were no clinical
records to ascertain as the study was done in a rural region. Previous low-birth weight was self-
reported and this may result in inaccurate estimates. Measures such as short interpregnancy inter-
vals were not included in the survey and may be a potential confounder in the analysis. In addi-
tion, blood pressure was only assessed once during the baseline visit only so hypertension during
pregnancy may not be well-documented. Self-reported variables including exposure to passive
smoking indoors may be subject to social desirability bias due to the nature of the
interviewer-administered survey. Lastly, utilizing LCA assigns individuals based on their proba-
bility however, the exact percentage cannot be classified. Nevertheless, this study has some
strengths. This is the first study that utilizes LCA to examine both preterm birth and low birth
weight among pregnant women in rural India. Previous LCA studies have been documented in
high resource settings hence it is valid and reliable approach. Further, this study utilized a large
sample size from a rural region within India and data was collected prospectively, allowing us to
establish the exposure prior to the outcome of interest.

Conclusion
The identification of at-risk women based on multiple characteristics is critical for healthcare pro-
viders to tailor interventions for pregnant women to prevent future adverse birth outcomes. The
study findings highlighted the importance of utilizing multiple co-occurring risk factors and the
impact of compounding risks in determining preterm birth and low birth weight. Women belong-
ing to low socioeconomic status latent classes, despite obstetric measures, were more likely to have
preterm birth and low birth weight. While these birth outcomes are often intertwined, our study
revealed two high-risk classes. Women characterized by co-occurring risks of low SES, early marriage,
multigravida, and having more than one child were at an increased risk of preterm delivery whereas
women characterized by low SES, later marriage, primigravida, and no children were at an increased
risk of delivering a low birth weight infant. Thus, the combination of prior maternal obstetric measures
and lower SES may need to be identified before pregnancy or early during pregnancy, monitored and
treated for pregnancy complications and infections to prevent subsequent adverse birth outcomes.
Targeted policies in addressing socioeconomic status need to be implemented to reduce the dispro-
portionate differences between individuals of high and low SES. Therefore, government policies and
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programs are crucial in reducing inequalities in addressing preterm birth and low birth weight in rural
Mysore, India.
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