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a b s t r a c t

Objective: Epidemiological studies on the prevalence and associated factors of cardiovascular diseases
(CVDs) representative of all states of India among middle-aged and elderly are not much reported. The
present study estimates the prevalence and associated factors of cardiovascular diseases across Indian
states among men and women aged �45 years.
Methods: We used data from the Longitudinal Ageing Study in India wave 1 (2017e2019), which
included a final analytical sample size of 56,935 adults and their spouses aged 45 years and above. We
estimated CVDs prevalence for sociodemographic and behavioural variables, and multivariable logistic
regression was used to assess the association between behavioural factors and CVDs in both men and
women.
Results: The prevalence of CVDs was 5.2% among adults �45 years (women: 4.6%; men: 5.9%), hyper-
tension was 46.7% (women:48.9%; men:44%). Men and women have a similar prevalence of diabetes
(11.9%) and cholesterol (2.3%). Prevalence of physical inactivity was 30.3% (women:27%; men:34.1%).
Hypertension (adjusted odds ratio; aOR women:2.60, 95% CI: 2.08e3.25, men:1.88, 95% CI 1.54e2.29),
hypercholesterolemia (aOR women:1.70; 95% CI 1.07e2.69, men 3.55; 95% CI 2.66e4.74), diabetes (aOR
women:2.53; 95% CI 1.83e3.51, men:1.77 95% CI 1.44e2.17), obesity, physical inactivity, and smoking in
men were significantly associated with CVDs.
Conclusion: The prevalence of CVDs and lifestyle risk factors among middle-aged and elderly poses se-
vere concerns regarding noncommunicable disease (NCD) healthcare services provided in a lower-
middle-income country like India. The key to preventing CVDs is controlling hypertension, diabetes,
hypercholesterolemia, and increasing physical activity among adults aged �45 years.
© 2022 Cardiological Society of India. Published by Elsevier, a division of RELX India, Pvt. Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cardiovascular diseases (CVDs), mainly coronary heart disease
and stroke, are the primary causes of disability and mortality
worldwide in males and females aged 45 years and older.1,2 India
contributes the most to the global burden of cardiovascular disease
after China, with 71.13 million cases and 27% of total deaths ac-
cording to the Global Disease Burden Study in 2019.3,4 In compar-
ison to other races, South Asians, including people in India, have a
ished by Elsevier, a division of RELX
higher incidence, more severe symptoms, and a younger onset of
disease.5 The increasing trend in cardiovascular diseases is attrib-
utable to several lifestyle and metabolic factors such as physical
inactivity, tobacco use, unhealthy diet, harmful alcohol use, hy-
pertension, hyperglycemia, obesity, and dyslipidemia.6,7

According to the million-death study, nearly 42% of CVDs deaths
in men and women happen in the age group 30e69, compared to
32.5% among 70 years or older.8 The higher CVDs prevalence and
mortality in both middle and older adults may present a significant
burden on the healthcare system.8,9 These CVDs cause a high
prevalence of heart failure, arrhythmias, and other heart diseases
due to functional, structural, cellular, and molecular changes in
later life.10 A deeper understanding of the causes of CVDs in older
India, Pvt. Ltd. This is an open access article under the CC BY-NC-ND license (http://

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:lekhabhat@cutn.ac.in
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ihj.2022.12.003&domain=pdf
www.sciencedirect.com/science/journal/00194832
www.elsevier.com/locate/ihj
https://doi.org/10.1016/j.ihj.2022.12.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ihj.2022.12.003
https://doi.org/10.1016/j.ihj.2022.12.003


N.K. Kodali, L.D. Bhat, N.E. Phillip et al. Indian Heart Journal 75 (2023) 31e35
adults is needed, given India's rapidly increasing elderly
population.

CVDs and their risk factors vary by gender, income, and racial
group and are significant causes of health inequality.11 Most studies
on the prevalence of CVDs and its risk factors in India were not
representative of the entire country,12 while a few available studies
have focused on the high-risk population of men and women aged
45 years and older. Understanding the key preventable and modi-
fiable risk factors of CVDs at the population level will enable cli-
nicians and public health researchers to design and implement
effective interventions to ensure healthy and productive ageing.
Therefore this study aimed to understand the prevalence and the
associated factors of CVDs among men and women aged 45 years
and older in India using nationally representative data.

2. Methods

2.1. Data and participants

This study utilized data from the Longitudinal Ageing Survey of
India (LASI) wave 1 (2017e2019) survey implemented by the In-
ternational Institute of Population Sciences, India. This is a na-
tionally representative survey across India's states and union
territories. The details of the survey have been published widely
before.13 Briefly, this was a multistage cluster sample survey to
collect data from 72,262 non-institutional residents, 45 years and
older. Data on social, economic, and medical conditions, such as
heart diseases, were obtained. Our final analytical sample size for
this study was 56,935 individuals after excluding survey re-
spondents with missing values for biomarkers. This included
30,584 (54.2%) women and 26,351 (45.8%) men.

2.2. Outcome variable

Self-reported medical history of CVDs (heart attack, congestive
heart failure, cardiac arrhythmias, and stroke) in men and women
aged 45 years and older. The responses were coded as a dichoto-
mous variable (no e 0, no CVDs, yes e 1, presence of CVDs).

2.3. Independent variables

2.3.1. Sociodemographic variables
The sociodemographic variables used in this study are age group

(45e59 years and�60 years), sex (male/female), residence location
(rural or urban), educational attainment (less than ten years of
schooling or more than or equal to ten years of schooling) and caste
(categorised as scheduled caste (SC) or scheduled tribe (ST), other
backward classes (OBC), and forward castes). Respondents were
classified as poorest, poor, middle, rich, and richest based on the
Monthly Per Capita Consumption Expenditure (MPCE).13 States and
union territories were categorised into six regions (North, Central,
East, Northeast, West, and South).

2.4. Behavioural variables

We used respondents' self-reported data on hypercholester-
olemia and diabetes mellitus. Hypertension prevalence was calcu-
lated using both self-reported and measured data. Respondents
were considered to have a positive family history of CVDs if their
mother, father, brother, or sister has a history of heart disease or
stroke. Smoking and alcohol variables were grouped into ever-
users and never-users. The participants in this study were cat-
egorised as physically active if they engaged in moderate or
vigorous physical activities more than once a week or physically
inactive if they did so only once a week or less. Respondents were
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classified into four categories basing on their body mass index
(BMI) values; underweight (<18.5 kg/m2), normal BMI
(18.5e24.9 kg/m2), overweight (25e29.9 kg/m2), and obese
(�30 kg/m2). BMI is calculated as weight in kg/(height in metre2).
Sleep health has been added as the eighth component of the
American Heart Association's definition of cardiovascular health,
making it one of the vital components needed to prevent CVDs.14

We used the inability to fall asleep as one of the proxy measures
of sleep health, which we defined as an inability to fall asleep more
than or equal to three nights a week.

2.5. Statistical analysis

A frequency and percentage distribution table were constructed
for all the study variables according to men, women, and the total
sample. The prevalence of CVDs was stratified across sociodemo-
graphic and lifestyle factors. We used Pearson chi-squared test to
test for statistically significant differences in CVDs prevalence be-
tween groups. The adjusted odds ratios (aOR) were estimated by
employing the multivariable logistic regression model with the
following variables in the model: age group, sex, rural/urban, ed-
ucation, MPCE quintile, caste, state-region, hypertension, high
cholesterol, diabetes, physical inactivity, BMI, sleep, family history
of CVDs, smoke and alcohol use. We have presented the aORs and
their corresponding 95% Confidence Intervals (CIs) graphically for
men, women and the total sample. Survey weights provided in the
dataset were applied during the data analysis to obtain accurate
estimates. The level of statistical significance was set at p < 0.05,
and two-tailed test values were presented. We used the Stata MP
statistical software version 16 (StataCorp, TX, USA) for all statistical
analyses.

2.6. Ethical clearance

All the participants provided informed consent at the time of
data collection.

3. Results

The prevalence of hypertension was 46.7% (women:48.9%;
men:44.0%), physical inactivity was 30.3% (women:27%;
men:34.1%) smoking was 17.2% (women:3.6%; men 33.3%), and
obesity was 6.8% (women:9.6%; men 3.4%). Poor sleep was reported
by 39.3% (women:44.2%; men 33.6%). Men and women had a
similar prevalence of diabetes (11.9%) and high cholesterol levels
(2.3%) (Table 1). The overall prevalence of cardiovascular disease
was 5.2% (women: 4.6%; men: 5.9%), coronary heart disease/heart
attacks was 2.8% (women: 2.4%; men: 3.2%), and stroke was 1.6%
(women: 1.2%; men: 2.0%) (Fig. 1).

The CVDs prevalence was higher among patients with hyper-
tension (women 7.4%; men 8.8%) compared to patients without
hypertension (women 1.9%; men 3.5%), and among patients with
Diabetes mellitus patients (women 13.6%; men 12.9%) compared to
patients without diabetes mellitus (women 3.4%; men 4.9%). Re-
spondents with high cholesterol, males who reported as ever
smokers, obese women and men, and physically inactive women
and men reported higher CVDs rates compared to others (Table 2).

Hypertensives had two times higher odds for CVDs than non-
hypertensives (aOR women:2.60, 95% CI: 2.08e3.25, men: 1.88,
95% CI 1.54e2.29). Diabetes mellitus patients (aOR women:2.53;
95% CI 1.83e3.51, men:1.77 95% CI 1.44e2.17) have a higher likeli-
hood of CVDs than non-diabetics. Those respondents who reported
hypercholesterolemia (aOR women:1.70; 95% CI 1.07e2.69, men
3.55; 95% CI 2.66e4.74) were more likely to have CVDs than those
without that condition. Physically inactive have higher odds for



Table 1
Distribution of variables by women and men aged �45 years, LASI (2017e2019).

Women Men Total

% n % n % n

Total 54.2 30,584 45.8 26,351 100.0 56,935
Hypertension
Yes 48.9 15,420 44.0 12,433 46.7 27,853
Family History of CVDs
Yes 10.9 3212 11.8 2820 11.3 6032
Physically active
No 27.0 8448 34.1 9516 30.3 17,964
Diabetes Mellitus
Yes 11.9 3780 11.9 3414 11.9 7194
High cholesterol
Yes 2.3 1157 2.3 841 2.3 1998
Smoke
Ever User 3.6 1403 33.3 9083 17.2 10,486
Alcohol
Ever user 2.7 1292 30.4 9174 15.4 10,466
Body Mass Index
Underweight 20.4 5517 22.7 5112 21.5 10,629
Normal 47.8 14,825 56.0 15,007 51.5 29,832
Overweight 22.2 7125 17.9 5156 20.2 12,281
Obesity 9.6 3117 3.4 1076 6.8 4193
Sleep problem
Yes 44.2 13,508 33.6 8869 39.3 22,377
Age-Group (in years)
45e59 51.6 16,563 48.3 13,295 50.1 29,858
�60 48.4 14,021 51.7 13,056 49.9 27,077
Residence
Rural 69.0 20,004 71.4 17,555 70.1 37,559
Urban 31.0 10,580 28.6 8796 29.9 19,376
MPCE Quintile
Poorest 21.4 6146 21.0 5229 21.2 11,375
Poorer 21.1 6188 21.4 5308 21.2 11,496
Middle 20.4 6191 20.2 5301 20.3 11,492
Richer 19.8 6124 19.5 5363 19.6 11,487
Richest 17.4 5935 17.9 5150 17.6 11,085
Education (in years)
Less than ten 89.9 27,211 73.8 19,291 82.5 46,502
Ten or more 10.1 3373 26.2 7059 17.5 10,432
Caste
Scheduled castes/tribes 29.0 10,929 28.5 9336 28.8 20,265
Other Backward classes 46.7 11,885 46.8 10,336 46.7 22,221
Forward castes 24.3 7718 24.7 6654 24.5 14,372
State-Region
North 13.0 5754 12.5 4873 12.8 10,627
Central 20.3 4158 22.8 3908 21.4 8066
East 22.4 5366 24.1 4844 23.2 10,210
West 16.3 3994 15.2 3329 15.8 7323
Northeast 2.9 3697 3.2 3395 3.1 7092
South 25.1 7615 22.2 6002 23.7 13,617

MPCE: monthly per capita consumption expenditure, CVDs: cardiovascular diseases.

Fig. 1. Prevalence (%) of cardiovascular diseases (CVDs) in men and women aged 45
years and older, LASI (2017e2019).
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CVDs (aOR women:1.43; 95% CI 1.11e1.84, men 1.47; 95% CI
1.22e1.78) than physically active men and women. Participants
who are obese have a higher likelihood of CVDs (aOR women:2.27;
95% CI 1.44e3.59, men 2.22; 95% CI 1.12e4.39) than those in the
underweight category. Smoking and sleep disorder variables were
significantly associated with CVDs only in men (Fig. 2).
4. Discussion

This study provides the most recent prevalence estimates of
CVDs and their associated factors in Indian men and women aged
45 years and older. Using the nationally representative LASI survey
data, we found the following modifiable risk factors for CVDs: hy-
pertension, diabetes mellitus, high cholesterol, obesity, and phys-
ical inactivity.

The overall CVDs prevalence is 5.4%, withmen (6.2%) reporting a
higher rate than women (4.8%). The national noncommunicable
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disease monitoring survey (NNMS) 2017e2018 reported a slightly
lower proportion of CVDs in men (3.6%) and women (3.5%) in in-
dividuals aged 30e69 years compared to our results.15 The differ-
ence could be due to the variations in the age groups in the LASI
survey (�45 years) and NNMS Survey (30e69 years). A systematic
review for the period 1969e2012 had shown that the prevalence of
coronary heart disease in India ranged from 1.4% to 12.6% (rural:
1.4%e4.5% and urban 2.5%e12.6%).12 The Indian human develop-
ment survey 2011e2012 reported a 1.1% prevalence of coronary
heart in adults �15 years.16 The study on the global ageing survey
(SAGE), 2007e2010, reported a 2% prevalence of stroke among
older adults 50 years and above, similar to our study result.17

Our study findings agree with existing literature6,7,17 that hy-
pertension is the main risk factor for CVDs in India. In this study,
nearly 50% of individuals aged 45 years and older have hyperten-
sion. A study by Kiran et al4 has shown that the mean systolic blood
pressure (mmHg) increased by onemmHg inwomen (123.3e124.3)
and by two mmHg in men (125.5e127.3) between 2000 and 2016.
Other studies have shown poor awareness, treatment and control
rates among hypertensives, for example, the study by Mohanty
et al18 in 2021 reported that among those with hypertension aged
45 years and older, 54.4% were aware of their medical condition,
50.8% were taking antihypertensive drugs, and only 28.8% had their
blood pressure under control. This demonstrates that a significant
proportion of older persons do not receive prompt treatment,
which makes CVDs prevention challenging.

We also found that hypercholesterolemia is a major associated
risk factor for CVDs. Previous studies have shown that high total
cholesterol significantly contributed to disability-adjusted life years
of CVDs.19 Similarly, diabetes mellitus, the prevalence of which
increased significantly in the last two decades in both men and
women,4 were also found to be significantly associated with CVDs
in our analysis. Further, the national noncommunicable disease
monitoring survey data (2017e2018) found that only 45.8% of
diabetes patients were aware of the disease, 36.1% were on treat-
ment, and only 15.7% of them had sugar levels under control.20 This
signifies the importance of having a good noncommunicable dis-
ease control program with adequate components for diabetes and
CVDs as the latter is the main cause of morbidity and mortality in
type 2 diabetes mellitus patients.7

Obesity is a significant modifiable risk factor for CVDs in both
men and women.21 According to four waves of national family



Table 2
Prevalence of CVDs in women and men aged �45 years, LASI (2017e2019).

Women CVDs Men CVDs

Hypertension No Yes p-value No Yes p-value

No 98.1 1.9 96.5 3.5
Yes 92.6 7.4 <0.001 91.2 8.8 <0.001
Family History of CVDs
No 95.9 4.2 94.7 5.3
Yes 92.0 8.0 <0.001 90.2 9.8 <0.001
Physically active
Yes 95.9 4.1 95.3 4.7
No 94.1 5.9 0.014 92 8 <0.001
Diabetes Mellitus
No 96.7 3.4 95.1 4.9
Yes 86.4 13.6 <0.001 87.1 12.9 <0.001
High cholesterol
No 95.6 4.4 94.6 5.4
Yes 86.9 13.1 <0.001 74.2 25.8 <0.001
Smoke
Never User 95.4 4.6 94.6 5.4
Ever User 95.7 4.3 0.699 93.3 6.7 0.006
Alcohol
Never User 95.4 4.6 93.9 6.1
Ever user 97.5 2.5 0.050 94.6 5.4 0.204
Body Mass Index
Underweight 97.6 2.4 96.1 3.9
Normal 95.7 4.3 94.2 5.8
Overweight 95.6 4.4 92.6 7.4 <0.001
Obesity 89.0 11.0 0.004 88.1 11.9
Sleep problem
No 96.0 4.0 95.0 5.0
Yes 94.7 5.3 0.019 92.5 7.5 <0.001
Age-Group (in years)
45e59 97.1 2.9 96.6 3.4
�60 93.7 6.3 <0.001 91.9 8.1 <0.001
Residence
Rural 96.3 3.7 94.9 5.1
Urban 93.4 6.6 0.001 92.3 7.7 <0.001
MPCE quintile
Poorest 96.6 3.4 96.2 3.8
Poorer 96.6 3.4 94.6 5.4
Middle 96.5 3.6 93.8 6.3
Richer 95.7 4.3 94.1 5.9
Richest 91.0 9.0 0.001 91.8 8.2 <0.001
Education (in years)
Less than ten 95.9 4.1 94.5 5.5
Ten or more 91.4 8.7 0.045 93.2 6.8 0.038
Caste
Scheduled castes/tribes 96.3 3.7 95.4 4.6
Other backward classes 95.3 4.7 94.3 5.7
Forward castes 94.6 5.4 0.199 92.4 7.6 <0.001
State-Region
North 96.3 3.7 93.1 6.9
Central 97.6 2.4 96.7 3.3
East 94.9 5.1 93.5 6.5
West 94.5 5.5 91.4 8.6
Northeast 96.8 3.2 96.7 3.3
South 94.1 5.9 0.010 94.3 5.7 <0.001

MPCE: monthly per capita consumption expenditure, CVDs: cardiovascular diseases.

Fig. 2. Adjusted odds ratios (with 95% CIs) of behavioural and sociodemographic
variables associated with cardiovascular disease (CVDs) among men and women aged
45 years and older, LASI (2017e2019).
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health surveys conducted between 1998 and 2016, in both urban
and rural areas, the prevalence of overweight and obesity has
increased among both men and women.22 Our study also reiterated
that physically inactive individuals were more likely to have CVDs
than physically active, and our analysis found that nearly 30% of the
Indian population is physically inactive. Furthermore, individuals in
India seem to draw most of their physical activity from their oc-
cupations.23 Leisure-time physical activity is essential and has been
shown to have a negative linear association with the risk of car-
diovascular mortality regardless of age, gender, and cardiovascular
disease presence.24

Smoking is associated with CVDs only in men in our study. Ac-
cording to a longitudinal study conducted in Iran, smoking is a
34
more significant risk factor for CVDs in men than women.25 Also,
men predominantly smoke in India more than women.26 Despite
the rise in co-morbid cardiovascular disease risk factors in low- and
middle-income nations, such as hyperlipidemia and hypertension,
tobacco control is likely to continue to be a highly effective method
of lowering cardiovascular deaths.27 Sleep problem was signifi-
cantly associated with CVDs in men in our data. A cohort study of
Taiwanese citizens from 1996 to 2014 found that short sleep
duration and poor sleep quality were both independently linked to
an increased risk of heart disease.28

Many cardiovascular diseases can be averted by addressing
behavioural factors such as tobacco consumption, unhealthy diet,
overweight/obesity, physical inactivity, and harmful use of
alcohol.29 In a study in an urban area, NCDswere found triggered by
unhealthy eating habits, high salt intake, inadequate fruit and
vegetable intake, and increased waist circumference.30 India's
ageing population, driven by multimorbidity, means a costly and
complex burden of illness. Another critical factor to consider is that
most health programs in India take a vertical, disease-specific
approach rather than addressing individual health as a whole.31

India needs to increase its focus on limiting risk factors and
preventing them from developing into CVDs, both through primary
and secondary prevention. Primordial preventionmeasures include
addressing social determinants, public health financing, population
policies for smoking cessation, and promoting a healthy diet and
physical activity, and these measures provide the most significant
benefit in terms of CVDs reduction. Primary prevention techniques
that are implemented in clinics that focus on cholesterol, blood
pressure, and diabetes management are crucial. Reducing CVDs
mortality also involves managing chronic CVDs with secondary and
tertiary preventive strategies and treating acute CVDs events.32,33

Our study has a few limitations. CVDs and many of the pre-
dictors were self-reported in the survey. This might have resulted in
recall bias and affected the validity of the results. The cross-
sectional nature of data limits the interpretation of an association
between explanatory and outcome variables.
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5. Conclusion

This study provides national-level estimates of CVDs and the
risk factors among a high-risk age group of �45 years old men and
women using a large nationally representative survey. The study
shows that, with the narrowing sex and urban-rural differences in
the prevalence of CVDs and their risk factors, there is a need to
strengthen the National Program for Prevention and Control of
Cancer, Diabetes, Cardio-vascular diseases, and Stroke in the rural
areas and giving equal importance to women in CVDs services and
care. Such programs should provide preventive and counselling
services to improve physical activity, smoking cessation, and
essential drugs to control hypertension, diabetes mellitus and
cholesterol.
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