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Abstract
This study assessed the rate of primary infertility and its associated factors among 402,807 currently mar-
ried women aged 20–49 years in India using National Family Health Survey-4 data collected in 2015–2016.
Dietary patterns and selected morbidities were included as independent variables, and socioeconomic var-
iables were considered as covariates. Bivariate and multivariate analyses were done to estimate the preva-
lence of primary infertility and assess its association with the selected variables, respectively. The rate of
primary infertility among currently married women in India in 2015–16 was 1.9% and this was signifi-
cantly associated with younger age (<35 years), higher age at marriage (≥18 years), urban residence,
higher secondary or above education and poverty. The consumption of dairy products (OR = 0.79,
CI = 0.73–0.86), dark green leafy vegetables (OR = 0.57, CI = 0.39–0.81) and fruit (OR = 0.88, CI =
0.77–1.01) significantly reduced the odds of primary infertility. Daily consumption of fish and aerated
drinks was related to 1.06–1.21 times higher odds of primary infertility. Overweight/obesity, high blood
pressure and high blood glucose levels were associated with 1.08–1.21 times elevated odds of primary infer-
tility. Thyroid disorder (OR= 1.38, CI= 1.21–1.60), heart disease (OR= 1.17, CI= 1.16–1.19) and severe
anaemia (OR = 1.24, CI = 1.00–1.53) were associated with an increased likelihood of primary infertility
among women (OR 1.17–1.39, CI 1.00–1.60). The findings provide compelling evidence that primary
infertility among women is related to dietary patterns and morbidities. Interventions and programmes
targeting the promotion of healthy diets and lifestyles could be beneficial in addressing the issue of primary
infertility among women.
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Introduction
The past decade has recorded tremendous improvement in maternal and child health globally
through improved reproductive health care (WHO et al., 2012). However, infertility has not gar-
nered its deserved attention, either as a health problem or as the subject of research (Cui, 2010). In
2010, while 2% of women aged 20–44 years worldwide were primary infertile, 10.5% were sec-
ondary infertile (Mascarenhas et al., 2012). The overall estimated prevalence of primary infertility
in India was estimated to be 3.9% in 1994–2000 (WHO, 2004).

The number of infertility cases has been rising rapidly in both developed and developing coun-
tries. However, the reasons for this vary. Previous studies have documented that lifestyle factors
greatly influence overall health and well-being, including fertility (Sharma et al., 2013; Farhud,
2015). Over recent years, researchers have attempted to bring attention to the subject and have
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reported a prevalence of infertility in India of between 2% and 9% (Ganguly & Unisa, 2010; Unisa,
2010; Agrawal et al., 2012). Moreover, infertility has been linked to lifestyle changes, age, drug
abuse, smoking, alcohol and nutrition, as well as environmental, occupational and behavioural
factors (Sharma et al., 2013; Rajan, 2019). These lifestyle factors can result in lifestyle morbidities
(diabetes, heart disease, hypertension, asthma, cancer, etc.), which can in turn lead to infertility.
Infertility can be a result of inadequate reproductive health of either partner or deficiencies in
critical biochemical substances (Lalani et al., 2017).

Gender bias, family systems and the values and practices prevalent in cultures and societies
have a tremendous impact on women’s diet and nutrition (Madjdian & Bras, 2016). Globally, each
culture has its own food traditions with regards to proportion size, content (nutritional value),
duration of cooking and context, and the form of food is determined by social construction
and social communication (Ramachandran, 2007; Delormier et al., 2009; Wills et al., 2011).
The consumption of food is influenced by many factors such as locality, climate, food availability
and accessibility, as well as social factors such as class, caste, religion, culture, individual prefer-
ences and attitudes (Venkatesh et al., 2016). An individual’s dietary diversity is determined not
only by the socioeconomic characteristics of the household, but also largely by the historical con-
sumption habits of the population, local practices and level of technology associated with food
production, income/expenditure and agricultural biodiversity prevalent in the region (Gupta &
Mishra, 2014; Parappurathu et al., 2015). Especially in India, food has become a marker of reli-
gious and social identity with varying taboos and preferences. Religious beliefs, for instance, play a
crucial role in consumption patterns, such as the preference for vegetarian food in certain social
groups like Hindus and Jains in India (Gupta & Mishra, 2014; Tamang, 2016). Further studies
across Asian countries also show that level of income is an equally crucial determinant of food
consumption patterns, with families in higher income groups consuming healthier diets inclusive
of good quality fruit and vegetables, compared with their counterparts. Thus dietary customs and
habits among Asian Indians vary depending on their region of origin in India, and also their cul-
tural and religious beliefs (Sabate, 2004; Catherin et al., 2015; Fernandez et al., 2015; Chakona &
Shackleton, 2019).

Healthy diets are beneficial for reproduction among men and women of reproductive age
(Sharma et al., 2013; Panth et al., 2018). Nutrition affects not only ovulation and fertilization,
but also implantation and the early development of the fetus (ESHRE Capri Workshop
Group, 2006). However, nowadays eating preferences have changed and people are not eating
nutritious and wholesome food. Dependency on fast food and aerated drinks has increased, which
is very harmful to health. Mandoura et al. (2017) reported an increase in the consumption of junk
food with a global prevalence of around 70%. The frequency of junk food and fast food consump-
tion increases with increasing age (Schmidt et al., 2005). Bauer et al. (2009) documented that the
proportion of youths who ate fast food at least 3 times per week increased from 19% to 27% for
females and from 24% to 30% for males during 1999 to 2004. An unhealthy diet is the root cause of
various health problems and metabolic syndromes. Metabolic disorders can have an adverse effect
on women’s reproduction and fertility. Some, such as diabetes, obesit, and hyperlipidaemia, can
affect women’s fertility either directly or indirectly by interfering with ovarian function (Al Awlaqi
et al., 2016). The frequent consumption of junk food and fast food contributes to an increased risk
of many lifestyle diseases including cardiovascular disease and diabetes, and also obesity and many
other chronic health conditions (Astrup et al., 2008). Studies have shown a strong correlation
between dietary patterns and nutrient intake and reproductive outcomes for women (Astrup
et al., 2008; Nalavade et al., 2016). An inadequate intake of protein, carbohydrates, dairy foods,
iron, fatty acids and multivitamins is related to ovulation disorder, which is a cause of infertility
(Chavarro et al., 2007). Certain diets may increase the risk of infertility in women. These may be
associated with the development of metabolic syndrome and various chronic morbidities
(Lorzadeh et al., 2020), which in turn may result in infertility. However, some chronic health con-
ditions are associated with infertility irrespective of dietary factors. However, much less is known
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about the association of infertility related co-morbidities among women with the different causes
of infertility.

Recently, researchers have speculated that infertility may be related to chronic conditions like
pulmonary, cardiovascular, endocrinologic, malignant diseases and psychological issues
(Gambineri et al., 2012; Eisenberg et al., 2014; Ventimiglia et al., 2015; Hanson et al., 2017).
Women with diabetes can have reproductive abnormalities such as irregular menstrual cycles
and anovulation (Jonasson et al., 2007; Rajan, 2019). Also, imbalanced thyroid hormones impede
fertility in various ways resulting in anovulatory cycles, luteal phase defect, high prolactin (PRL)
levels and sex hormone imbalances (Verma et al., 2012). Several studies have also documented an
association between asthma and reduced fertility (Gade et al., 2014, 2016; Grzeskowiak et al.,
2018). Other than age and genetics, which are non-modifiable factors, there are some modifiable
factors that affect reproductive health, including an unhealthy diet, obesity and blood glucose lev-
els (Szaboova & Devendra, 2015, Cekici, 2018), and these could be changed through lifestyle
modifications.

The literature does suggest that dietary patterns and co-morbidities could have an association
with metabolism, which in turn is related to reproductive health and lifestyle diseases. However,
the relationship between dietary patterns and morbidities has not yet been established in the con-
text of primary infertility in Indian. Hence, this study aimed to examine the socioeconomic deter-
minates of primary infertility among women in India and explore the association of primary
infertility with dietary patterns and selected morbidities.

Methods
Data

The study used data from the 2015–16 National Family Health Survey (NFHS-4), the fourth in the
NFHS series. This provides information on population, health and nutrition for India, its states
and seven union territories. The survey was conducted under the stewardship of the Ministry of
Health and Family Welfare (MoHFW), Government of India. The International Institute for
Population Sciences (IIPS), Mumbai, managed the survey as the nodal agency for all of the surveys
(IIPS & ICF, 2017).

The NFHS-4 is a stratified two-stage sample. The 2011 census served as the sampling frame for
the selection of Primary Sampling Units (PSUs). The PSUs were villages in rural areas and Census
Enumeration Blocks (CEBs) in urban areas. Within each rural stratum, villages were selected from
the sampling frame with Probability Proportional to Size (PPS). The representative sample
included 699,686 ever-married women aged 15–49 years and 112,122 men aged 15–54 years.

For the present study, 402,807 currently married women aged 20–49 years who had been mar-
ried for five or more years were selected (Figure 1). Women below the age of 20 were excluded
from the analysis to avoid the influence of adolescent sterility.

Variables

Dependent variable
The dependent variable was ‘primary infertility’. It is too complex to conceptualize infertility from
a dataset where no direct question was asked about infertility (Ganguly & Unisa, 2010). Medically,
infertility is the inability to conceive. However, in demographic terms, infertility is defined as the
inability to conceive or carry a pregnancy to live birth. The WHO (2004) defines infertility as ‘the
inability to conceive after 12 months of regular and unprotected intercourse’. Infertility can be
primary or secondary. Those couples who have never been able to conceive are considered to
be primary infertile. Secondary infertility refers to difficulty in conceiving after having conceived
at least once before (either carried a pregnancy to term or had a miscarriage) (Olooto et al., 2012).
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However, demographic studies often use an exposure period of five years to define infertility
(Rutstein & Shah, 2004).

In the present study, women aged 20 years and above who were currently married for more
than five years, currently not pregnant, never had a termination of pregnancy, never used contra-
ceptives (previously and currently) and have no child ever born were considered having primary
infertility.

Independent variables
The independent variables included in the analyses were dietary patterns and morbidities. Dietary
patterns were determined by the respondent’s consumption of seven food items (milk or curd,
pulses or beans, dark green leafy vegetables, fruit, eggs, fish, chicken or meat and aerated drinks),
with frequency of consumption for each item categorized as ‘never’, ‘daily’ or ‘sometimes’.

Several health indicators were measured, namely blood pressure (BP), blood glucose and body
mass index (BMI). Blood pressure was measured using an Omron Blood Pressure Monitor.
Measurements were taken for each respondent three times at 5 minute intervals and the average
used. Women whose average systolic blood pressure (SBP) was>140 mmHg and average diastolic
blood pressure (DBP) was >90 mmHg were considered to have ‘high BP’. Blood glucose level was
measured from a finger-stick blood specimen with a random glucose test using a Freestyle Optium
H glucometer with glucose test strips. Women with a blood glucose level of >140 mg/dl were
considered to have ‘high blood glucose’. For anthropometry, the weights and heights of respond-
ents were measured using a SECA 874 digital scale and SECA 213 stadiometer, respectively.
Respondent’s BMI was calculated as a ratio weight in kilograms to the square of their height
in metres and classified into the following categories: underweight (<18.5 kg/m2), normal weight
(18.5–24.9 kg/m2) and overweight/obese (≥25.0 kg/m2).

Figure 1. Flow chart showing selection of study sample, NFHS-4.
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Diabetes, thyroid disorder and heart disease were self-reported by respondents. In the NFHS,
respondents were asked whether they had diabetes or whether a doctor had ever given them medi-
cation to control blood glucose levels. Blood specimens were collected from the respondents in the
NFHS-4 to test for anaemia. Those with haemoglobin levels below 10.0–11.9 g/dl were identified
as having ‘mild anaemia’, those with 7.0–9.9 g/dl as having ‘moderate anaemia’ and those
with <7 g/dl as having ‘severe anaemia’.

Other covariates included in the analysis were age (<35 and 35 years and above), age at mar-
riage (<18 or 18 years and above), place of residence (urban/rural), caste (Scheduled Caste/
Scheduled Tribe [SC/ST]/Other Backward Class [OBC] and other), religion (Hindu and other),
education (none, primary, secondary and higher secondary or above) and wealth quintile (poorest,
poor, middle, richer and richest).

Data analysis

Bivariate and multivariate techniques were used to estimate the prevalence of primary infertility
and its associations with selected variables, respectively. Chi-squared statistics were used to test the
relationship between covariates and primary infertility. Since several of the socioeconomic char-
acteristics, dietary patterns and morbidities were interrelated, multivariate logistic regression
models were used to assess the influence of various factors on primary infertility, controlling
for other predictors in the model (95% confidence interval). The multivariate model only included
variables that showed a significant relation with primary infertility using the Chi-squared test.
Model 1 assessed the association between primary infertility and socioeconomic variables. In
Model 2, dietary factors were included. Model 3 addressed the morbidities. Finally, Model 4,
assessed the combined influence of all variables on primary infertility. All the analyses were per-
formed with appropriate sampling weights. Analyses were conducted using STATA Version 14.1.

Results
Primary infertility by socioeconomic factors

Table 1 presents the rates of primary infertility among the sample women by their socioeconomic
characteristics. Overall, 1.9% of the sample had primary infertility. About 2.2% of women
aged <35 years and 1.7% of those aged 35 and above had primary infertility. The rate of primary
infertility was higher among women who married at age 18 or above than those who married
below the age of 18. The prevalence of primary infertility was slightly higher in urban areas
(2.0%) than those of rural areas (1.9%). Primary infertility was higher among women belonging
to SC/ST (2.1%) and the Hindu religion (2.0%) than other castes and religions, respectively
(1.8–1.9%). About 1.9% of illiterate women were infertile. As for respondent’s education level,
the prevalence of primary infertility was highest in the higher secondary and above (2.3%) edu-
cational attainment group. A higher proportion of women from the poorest wealth quintile (2.2%)
had primary infertility than women from other wealth quintiles.

Primary infertility by dietary patterns

The prevalence of primary infertility was higher among women who never consumed milk or curd
(2.4%) than among those who did consume these either sometimes or daily (1.8–1.9%) (Table 2).
Compared with women who never consumed dark green leafy vegetables (3.6%), those who did
consume these (~2.0%) had a lower prevalence of primary infertility. Primary infertility was more
prevalent among the women who never ate fruit (2.5%) than those who consumed fruit either
sometimes or daily (1.9–2.2%). Compared with women who never consumed fish, those who con-
sumed fish had a higher prevalence of primary infertility (1.8% vs 1.9–2.0%). Primary infertility
was more prevalent among women who consumed eggs, chicken and meat than among those who
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never consumed these foods (1.9–2.4% vs 1.8–1.9%). Women who drank aerated drinks daily had
a higher rate of primary infertility than those who never consumed aerated drinks (2.2% vs 2.1%).

Primary infertility by morbidities

The prevalence of primary infertility was higher among women who were overweight/obese, had
high BP and high blood glucose compared with their counterparts with lower BMI (2.0% vs 1.9%),
normal BP (2.2% vs 1.9%) and normal blood glucose level (2.1% vs 1.9%) (Table 3). The preva-
lence of primary infertility was higher among diabetic women (2.3%) than among those who were

Table 1. Prevalence of primary infertility among currently married women aged 20–49 by the
socioeconomic characteristics, NFHS-4, India

Characteristic % n

Age (years)***

<35 2.2 188,738

≥35 1.7 214,069

Age at marriage (years)***

<18 1.5 170,386

≥18 2.2 223,506

Place of residence***

Urban 2.0 113,070

Rural 1.9 289,737

Caste

SC/ST 2.1 141,803

OBC 1.9 160,823

Other 1.8 84,130

Religion

Hindu 2.0 307,201

Other 1.9 95,606

Education***

No education 1.9 158,615

Primary 1.8 62,754

Secondary 2.0 153,942

Higher secondary or above 2.3 27,496

Wealth quintile***

Poorest 2.2 82,363

Poorer 1.9 87,097

Middle 2.0 82,643

Richer 2.0 77,224

Richest 1.7 73,480

Total 1.9 402,807

***p<0.001.
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not diabetic. Women with heart disorders had a higher prevalence of primary infertility than women
without heart disorders (2.0% vs 1.4%). Non-anaemic women had a lower prevalence of primary infer-
tility than women with severe anaemia (2.1% vs 2.3%). Women with three or more morbidities had a
higher prevalence of primary infertility than women with no morbidities (2.2% vs 2.0%).

Table 2. Prevalence of primary infertility among currently married women aged 20-49 years by
dietary pattern

Dietary pattern % n

Milk or curd***

Never (Ref.) 2.4 33,630

Daily 1.9 163,773

Sometimes 1.8 205,404

Pulses or beans

Never (Ref.) 1.9 2002

Daily 1.9 174,423

Sometimes 1.9 226,382

Dark green leafy vegetables***

Never (Ref.) 3.6 947

Daily 2.0 197,813

Sometimes 1.9 204,047

Fruits***

Never (Ref.) 2.5 10,641

Daily 2.2 40,364

Sometimes 1.9 351,802

Eggs***

Never (Ref.) 1.8 124,722

Daily 1.9 12,277

Sometimes 2.0 265,808

Fish***

Never (Ref.) 1.8 143,647

Daily 1.9 17,361

Sometimes 2.0 241,799

Chicken or meat***

Never (Ref.) 1.9 131,864

Daily 2.4 4609

Sometimes 2.0 266,336

Aerated drinks***

Never (Ref.) 2.1 74,853

Daily 2.2 18,446

Sometimes 1.9 309,508

***p<0.001.
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Associates of primary infertility among sample women

Table 4 presents the results of logistic regression analysis taking four models into consideration.
Model 1 shows that among the considered socioeconomic variables, the odds of primary infertility
were lower in older women (≥35 years) than among those below the age of 35 (OR = 0.76, CI
0.73–0.80). Compared with women who married before the age of 18, the odds of primary infer-
tility were 1.5 times higher among those who married at age 18 or higher (CI 1.43–1.58). In rural
areas, the odds of primary infertility among women were lower than in urban areas (OR= 0.86, CI
0.81–0.91). Compared with non-educated women, those with higher secondary or above educa-
tion had a 1.13 times higher likelihood of primary infertility (CI 1.01–1.25). The odds of primary

Table 3. Prevalence of primary infertility among currently married women aged 20–49 years by
selected morbidities

Morbidity % n

BMI***

Not overweight/obese 1.9 299,315

Overweight/obese 2.0 97,448

Blood pressure***

Normal 1.9 331,033

High 2.2 65,972

Blood glucose level***

Normal 1.9 367,265

High 2.1 28,304

Diabetes***

No 1.9 395,038

Yes 2.3 7769

Thyroid disorder***

No 1.9 392,975

Yes 2.9 9832

Heart disease***

No 1.4 395,024

Yes 2.0 7783

Anaemia***

Non-anaemic 2.1 191,339

Mild/moderate 1.8 200,287

Severe 2.3 3975

Any disease***

No disease 1.9 143,948

1 disease 1.8 206,016

2 diseases 2.0 39,898

3 or more 2.2 5357

***p<0.001.
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Table 4. Results of logistic regression analysis of factors associated with primary infertility among currently married
women aged 20–49 years

Predictor

Model 1 Model 2 Model 3 Model 4

OR (CI) OR (CI) OR (CI) OR (CI)

Socioeconomic factors

Age (years)

<35 (Ref.)

≥35 0.76*** (0.73–0.80) 0.72*** (0.68–0.76)

Age at marriage (years)

<18 (Ref.)

≥18 1.50*** (1.43–1.58) 1.50*** (1.42–1.57)

Place of residence

Urban (Ref.)

Rural 0.86*** (0.81–0.91) 0.87*** (0.82–0.93)

Education

No education

Primary 0.88*** (0.82–0.95) 0.87*** (0.81–0.94)

Secondary 0.96 (0.90–1.02) 0.94* (0.88–1.00)

Higher secondary or above 1.13*** (1.01–1.25) 1.13** (1.01–1.27)

Wealth quintile

Poorest (Ref.)

Poorer 0.85*** (0.79–0.91) 0.86*** (0.80–0.93)

Middle 0.83***(0.77–0.90) 0.84***(0.78–0.91)

Richer 0.78*** (0.72–0.84) 0.78*** (0.71–0.85)

Richest 0.57*** (0.52–0.63) 0.57*** (0.51–0.64)

Dietary patterns

Milk or curd

Never (Ref.)

Daily 0.76*** (0.70–0.83) 0.79*** (0.73–0.86)

Sometimes 0.79*** (0.73–0.85) 0.80*** (0.73–0.86)

Dark green leafy vegetables

Never (Ref.)

Daily 0.59*** (0.42–0.84) 0.57*** (0.39–0.81)

Sometimes 0.56*** (0.40–0.79) 0.54*** (0.38–0.78)

Fruit

Never (Ref.)

Daily 0.86* (0.74–1.00) 0.91 (0.78–1.07)

Sometimes 0.85** (0.75–0.97) 0.88* (0.77–1.01)

(Continued)
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Table 4. (Continued )

Predictor

Model 1 Model 2 Model 3 Model 4

OR (CI) OR (CI) OR (CI) OR (CI)

Eggs

Never (Red.)

Daily 0.96 (0.81–1.13) 0.96 (0.75–1.07)

Sometimes 1.05 (0.95–1.15) 1.00 (0.91–1.10)

Fish

Never (Ref.)

Daily 1.23*** (1.07–1.42) 1.21*** (1.04–1.40)

Sometimes 1.13*** (1.03–1.24) 1.09* (0.98–1.20)

Chicken or meat

Never (Ref.)

Daily 1.10 (0.87–1.38) 1.02 (0.79–1.30)

Sometimes 0.92 (0.82–1.03) 0.89 (0.80–1.00)

Aerated drinks

Never (Ref.)

Daily 1.09* (0.98–1.24) 1.06* (0.94–1.19)

Sometimes 0.95 (0.89–1.01) 0.93 (0.87–0.99)

Morbidities

BMI

Not overweight/obese (Ref.)

Overweight/obese 1.21*** (1.11–1.31) 1.22*** (1.11–1.31)

Blood pressure

Normal (Ref.)

High 1.16*** (1.09–1.23) 1.24*** (1.17–1.32)

Blood glucose

Normal (Ref.)

High 1.08* (0.99–1.18) 1.18*** (1.08–1.29)

Diabetes

No (Ref.)

Yes 1.01 (0.85–1.19) 1.13 (0.95–1.34)

Thyroid disorder

No (Ref.)

Yes 1.28*** (1.12–1.47) 1.38*** (1.21–1.60)

Heart disease

No (Ref.)

Yes 1.14** (1.13–1.16) 1.17** (1.16–1.19)

(Continued)
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infertility reduced with progressing wealth quintile, being lowest among the richest (OR= 0.57, CI
0.52–0.63).

Model 2 indicates an association between dietary patterns and primary infertility. Women who
consumed milk or curd (OR = 0.76, CI 0.70–0.83), dark green leafy vegetables (OR = 0.59, CI
0.42–0.84) and fruit (OR = 0.86, CI 0.74–1.00) daily had a lower likelihood of primary infertility
than women who never consumed these food items. Women who consumed fish and aerated
drinks daily had 1.23 (CI 1.07–1.42) and 1.09 (CI 0.98–1.24) times increased likelihood of primary
infertility, respectively, than women who never consumed fish and aerated drinks. In Model 3,
women with high blood sugar, high BP and high BMI levels had 1.08–1.21 times higher odds
of primary infertility than women with normal levels of blood sugar (CI 0.99–1.31). Having heart
disease, severe anaemia or thyroid disorder increased the likelihood of primary infertility among
women by 1.14–1.28 times (CI 0.96–1.47) (Model 3). Compared with non-anaemic women, those
with mild/moderate anaemia had lower odds of primary infertility (OR = 0.87, CI 0.83–0.91)
(Table 4).

Finally, in Model 4 all variables were included to assess the adjusted linkages of various socio-
economic covariates, dietary patterns and morbidities on primary infertility. Even after adjusting
for socioeconomic covariates, dietary patterns and morbidities had a significant association with
the occurrence of primary infertility among the study women (Table 4). All variables remained
significant in the adjusted model, but daily fruit consumption was no longer associated with the
risk of primary infertility.

Discussion
This study assessed the determinants of primary infertility among currently married women of age
20-49 years with marital duration of at least five years. Furthermore, the association of primary
infertility with dietary patterns and morbidities was assessed. Lastly, the linkages between various
health conditions and primary infertility among women were explored. The study provides evi-
dence that programmes changing nutrition and lifestyle factors can be beneficial in addressing
primary infertility in women. Socioeconomic factors, dietary patterns and morbidities were all
found to significantly influence primary infertility in women. The findings reveal a significant
association between primary infertility and co-morbidities among women, with a higher risk
among women with multiple morbidities.

The prevalence of primary infertility among currently married women in India in 2015–16 was
1.9%. It was highest among younger women, urban residents, educated women and Hindu
women. Similar results were reported in studies using data from previous NFHS suveys
(Ganguly & Unisa, 2010; Syamala, 2012) and round three of the District Level Household and
Facility Survey India (DLHS-3) (IIPS, 2009). A study in India using DLHS-3 data found that about
80% of infertile women had undergone infertility treatment, and only half were treated by

Table 4. (Continued )

Predictor

Model 1 Model 2 Model 3 Model 4

OR (CI) OR (CI) OR (CI) OR (CI)

Anaemia

Not anaemic (Ref.)

Mild/moderate 0.87*** (0.83–0.91) 0.86*** (0.82–0.90)

Severe 1.19* (0.96–1.46) 1.24** (1.00–1.53)

OR: Odds Ratio; CI: Confidence Interval; Ref., reference category.
*p<0.10; **p<0.05; ***p<0.001.
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allopathic treatment. Also, 63% of rich women had received allopathic treatment, but only 34% of
poor women had done so (Sarkar % Gupta, 2016). Unisa (2010) found a 40% difference between
the poorest and richest women and 23% difference between rural and urban women in seeking
allopathic treatment for inferility, with the demand for infertility treatment varying by wealth
quintile, education and place of residence.

One factor affecting demand for infertility services is that people may not be motivated to seek
treatment if reproductive services are limited or unavailable (Boivin, 2007). Most infertile women
seeking treatment for infertility in India are those other than Scheduled Castes and Scheduled
Tribes (Sarkar & Gupta, 2016). Higher socioeconomic status is associated with greater use of infer-
tility treatment in India (Baranwal & Chattopadhya, 2020). In line with other studies (Ganguly &
Unisa, 2010; Syamala, 2012; Katole & Saoji, 2019; Moridi et al., 2019), the present study estab-
lished a significant association between primary infertility and various socioeconomic factors.
Although education provides women with greater knowledge about, and access to, fertility treat-
ment, the real question is whether educated women can afford modern treatment methods since
these are often quite expensive. Unisa (1999) documented that the high cost of treatment was the
main detrimental factor for those who were not going for any treatment.

This study also assessed the relationship between dietary pattern and primary infertility. It was
found that the prevalence of primary infertility was low among women who consumed dark green
leafy vegetables, fruit and milk or curd; these food items were significantly related to reduced odds
of primary infertility among women, regardless of the frequency of consumption. Other studies
have posited similar findings. It has been reported that the consumption of plant-based diets like
vegetables and fruit enhances the chances of natural conception and reduces time to pregnancy
(Chavarro et al., 2007; Nalavade et al., 2016; Grieger et al., 2018). A study investigating the asso-
ciation between the consumption of dairy products and fertility concluded that the daily con-
sumption of milk lowers the risk of infertility among women (Greenlee et al., 2003). This
study found no association between the intake of pulses or beans and primary infertility among
women. Chavarro et al. (2008) showed that the consumption of chicken and red meat was asso-
ciated with a higher risk of infertility due to anovulation; however, the present study found no
relationship between the intake of chicken or meat and infertility.

The study found that fish consumption was associated with increased odds of primary infer-
tility among the women. A study done in Hong Kong suggested that fish-eaters may be at risk of
mercury toxicity, and higher blood mercury concentration is associated with infertility (Choy
et al., 2002). Another study recommended that shellfish consumption reduce fecundability
and is associated with longer time to pregnancy (Chevrier et al., 2013). Also, it was evident from
the study by Buck et al. (2000) that the consumption of contaminated fish may reduce fecund-
ability in women. Fish from waters with a high degree of environmental pollution, as well as those
with a high degree of mercury, should generally be avoided as the effects of these environmental
toxicants on fertility may outweigh the potential health benefits from the fish alone (Gaskins &
Chavarro, 2018). Seafood has many nutritional benefits but is also a potential health hazard due to
water pollution (Vandermeersch et al, 2015).

Cekici (2018) documented that women who consumed aerated drinks daily had a significantly
higher risk of infertility. Previous studies have found that, for both the males and females, the intake
of soda, sugar-sweetened beverages and energy drinks was associated with reduced fecundability
(Imai et al., 2010; Hatch et al., 2012, 2018). However, soft drink consumption was found to be asso-
ciated with significantly higher inorganic phosphate and lower serum progesterone levels, which
may be causes of infertility (Amadu et al., 2018). An experimental study of prolonged consumption
of aerated drinks on mice found that high doses reduced ovarian weight, inhibited the thickness of
the ovarian cortex and affected the growth of follicles and oocytes (Suocheng et al., 2016).

High BMI, high blood pressue and high blood glucose levels were significantly associated with
primary infertility in the study sample. Studies have shown that women with high BMI are at increased
risk of subfecundity (Dag & Dilbaz, 2015), take longer to conceive (Silvestris et al., 2018) and are
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unquestionably at higher risk of infertility (Dag & Dilbaz, 2015; Silvestris et al., 2018). Obesity is
associated with menstrual irregularities, chronic anovulation, PCOS and infertility (Crosignani
et al., 2003). Also, elevated glucose levels interfere with conception and are associated with sponta-
neous abortions (Amaral et al., 2008). The present study documented that high blood pressure and
primary infertility were significantly associated: women with high BP had a higher risk of primary
infertility. However, Farland et al. (2015) found that infertile women were not at higher risk of
hypertension.

The study findings indicated that the prevalence of primary infertility was higher among
women who had morbidities. Previous studies have reported adverse effects of diabetes on the
reproductive health of men and women (Agbaje et al., 2007; Bener et al., 2009; Livshits &
Seidman, 2009). However, this study did not establish any significant association between diabetes
and primary infertility. The results showed that thyroid disorder significantly increased the risk of
primary infertility. Other studies have also posited that thyroid dysfunction was more prevalent in
infertile women (Biradar et al., 2012; Sridevi & Sandhya, 2015). Thyroid dysfunction leads to
anovulatory cycles, luteal phase defects, high prolactin (PRL) levels and sex hormone imbalances,
which affect fertility (Verma et al., 2012). In a case study on infertile women, three out of five
infertile women were found to be clinically anaemic (Singh et al., 2006). Anaemia is also a possible
risk factor for women’s sub-fertility (Hussein et al., 2019). Additionally, a study done on female
rats found that severe iron deficiency had a substantial effect on fertility (Li et al., 2014). This study
supports the finding that women with severe anaemia have a high prevalence of primary infertil-
ity. However, a peculiar finding of the present study was the lower likelihood of primary infertility
among women with mild/moderate anaemia, as to the authors’ knowledge there is no published
research justifying or supporting this in Indian context. Further analysis of this was beyond the
scope of the dataset used in this study, but the relationship between anaemia and primary infer-
tility would be an interesting topic for further work using different datasets.

The study underscores the importance of diet and the effect of some health conditions for pri-
mary infertility. However, it has its limitations. The main limitation is that infertility information
was only available for females and no paternal information was available. Secondly, the analysis
was based on indirect estimation of infertility since there no direct question about infertility was
asked in survey. Also, only a limited range of foods was included in the analysis; for example, there
was no information on vegetables except for dark green leafy vegetables. Finally, dietary intake and
morbidities were self-reported and may have been suceptible to recall or reporting bias.

In conclusion, this study provides evidence that programmes changing nutrition and lifestyle
factors could be beneficial in addressing primary infertility in women. Socioeconomic factors, die-
tary pattern and morbidities significantly influence primary infertility. A significant association
was shown between primary infertility and co-morbidities among the survey women, showing
a higher risk of infertility among women with multiple morbidities. The aetiological relationship
between various diseases and infertility needs to be explored. A positive influence of dark leafy
green vegetables, fruit and milk/curd was seen. However, further research is needed to understand
the relationship between primary infertility and protein-rich food items such as pulses and beans,
eggs, poultry and meat. A deeper understanding of the relationship between anameia in women
and the risk of primary infertility will require further study.
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