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Abstract 
 
India’s cardiovascular conditions and healthcare systems are significantly impacted by 
hypertension. This study aims to provide estimates of the prevalence of hypertension, and 
pre-hypertension, in India. Furthermore, it identifies lifestyle modifications to reduce 
hypertension in age groups of 45–59 and 60+. This study uses data from the Longitudinal 
Ageing Study in India, 2017–2018, which includes information on 31,197 adults (45–59) and 
28,567 older adults (60+). Descriptive, multivariate, and multinomial regression analyses have 
been performed to ascertain the prevalence and correlation of socioeconomic characteristics 
and related risk factors. The finding of this study suggests that individuals in the 60+ age 
group have a higher prevalence of hypertension. In contrast, a higher prevalence of pre-
hypertension can be seen in the 45–59 age group. Gender, place of residence, living 
arrangement MPCE quintile, family history of hypertension, body mass index, self-rated 
health, and alcohol consumption are significantly associated with pre-hypertension and 
hypertension. There is a need for public awareness and control since people with age 45–59 
are less aware of hypertension; otherwise, unintentionally, they can develop more risk with 
aging. Methods of modifying one’s lifestyle and dietary changes have a significant impact on 
the prevention of hypertension; that is why there is a great need for people to be aware of all 
these.  
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Introduction 
 
High blood pressure (BP) is the foremost risk factor for the burden of diseases and the leading 
cause of hypertension (HTN), heart attack, and stroke. High blood pressure refers to those 
with systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 
mmHg (World Health Organization, 2020). The situation in India is more alarming for 
hypertension as there is sufficient clinical and epidemiological evidence (Anchala et al., 2014; 
Gupta et al., 2003).  
 
Hypertension is the fourth-highest leading cause of morbidity and mortality worldwide. 
Compared to communicable diseases, non-communicable diseases (NCDs) are increasing in 
India as the country moves through an epidemic transition phase (Murray et al., 2016; 
Roychoudhury et al., 2021). The prevalence of hypertension varied and doubled from 1990 to 
2019 (Mohanty et al., 2021; Zhou et al., 2021). The Indian Government has set up Indian 
Hypertension Control Initiative (IHCI) to improve treatment services as Government is keen 
to have a 25% relative fall in the prevalence of hypertension (high blood pressure) by 2025 
(World Health Organization, 2020).  
 
The prevalence rate of hypertension was 11.3% in younger individuals (15–59 years), 
according to National Family Health Survey (NFHS-4) 2015–2016. For the first time, this 
survey determined the prevalence of hypertension among young and middle-aged groups in 
India using a representative sampling across the country (Gupta et al., 2019). Systematic 
reviews of various local and regional hypertension epidemiological studies in India had 
reported that awareness of BP who reside in rural and urban India was 25.1% and 41.9%, 
respectively. The study also revealed that the percentage of treated hypertension in rural and 
urban areas was 24.9% and 37.6%, respectively (Anchala et al., 2014). These figures were low 
comparatively in other nations like the United States, where awareness, treatment, and control 
of hypertension are 81%, 74%, and 53%, respectively (Shah et al., 2020). With dietary and 
lifestyle modifications, pre-hypertension can be prevented from progressing to hypertension, 
which could significantly affect the prevalence of cardiovascular disease in the Indian 
subcontinent (Mendis et al., 2007; Singh et al., 2011; Singh et al., 2000). 
 
There are no prospective studies among Indians comparable to the Framingham study or 
other research; as a result, it is not well-defined what level of blood pressure triggers an 
increase in the risk of cardiovascular events (Gupta, 2004). Due to the present recommended 
guidelines of the World Health Organization and numerous Indian Consensus Groups, we 
will accept the criteria of systolic ≥ 140 mmHg and/or diastolic ≥ 90 mmHg as the cut-off level 
for the diagnosis of hypertension. 
 
According to the 2011 census, 8.6% of India's population was above 60 years old, which rose 
to 10.1% in 2021. The projection will reach 19.5% by 2050 (International Institute for 
Population Sciences et al., 2020; United Nations, 2019). India's longevity is increasing, and the 
population of this age is at higher risk of pre-hypertension and hypertension (Mohanty et al., 
2021). Some studies reported the estimated hypertension and hypertension care cascade, but 
none of them used nationally representative data to produce estimates of pre-hypertension 
and its association with the correlates (Bhatia et al., 2021; Chauhan et al., 2021; Kothavale et 
al., 2022; Lee et al., 2022; Mohanty et al., 2021). In previous studies, pre-hypertension has been 
studied. However, some of them are restricted to specific regions in India, one study focused 
only on rural India and another on the urban middle class, and some of them focused on 
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youths and school children (Gupta et al., 2013; Parthaje et al., 2016; Patel et al., 2019; 
Premkumar et al., 2016; Rai et al., 2020; Roychoudhury et al., 2021; Singh et al., 2011; Tripathy 
et al., 2017).  
 
In order to examine the health impacts, this study investigates the prevalence of pre-
hypertension and hypertension in adults (45–59 years) and older adults (60 years and older). 
It also identifies their relationship with determinants and correlates with sociodemographic, 
lifestyle, and risk factors. It also aims to provide the prevalence of hypertension at different 
levels: awareness, treatment, and control. For the definition of overweight and obesity among 
Asian people, the International Obesity Task Force has suggested a lower BMI cut-off (Lim et 
al., 2017; World Health Organization, 2000). Based on the new Asian population fatness 
assessment criteria, another explanatory's objective is to analyze the relationship between 
overweight/obesity and high blood pressure. 

 
Data and methods 
 
Study design  
 
The data from the Longitudinal Ageing Study in India (LASI), 2017–2018 (International 
Institute for Population Sciences et al., 2020), was employed for the present study. The LASI 
was India’s first and, globally, the largest in Health and Retirement studies on aging. The LASI 
adopted a multistage stratified area probability cluster sampling design with a significant 
objective to estimate the prevalence of chronic diseases among adults and the older adult 
population across the socioeconomic spectrum in India and its states and union territories. 
Detailed information on the sampling frame is available in the LASI Wave-1 report. The LASI 
Wave 1 included all Indian adults and older men and women aged 45 and above with a 
sample of 72,250 (30,569 men and 41,681 women) and their spouses (irrespective of age) across 
all states and union territories (UTs) (except Sikkim) in India.  
 
The present study was carried out for those aged 45 years and above. Furthermore, this study 
used a complete case analysis. Two datasets were merged to perform this study, the 
"individual dataset,” which included a sample of 72,250, and the "Biomarker dataset,” with a 
sample of 65,900. The sample size was reduced to 65,900. Participants younger than aged 45 
years were excluded from the analysis (n = 6,687), as well as those who did not have at least 
one valid systolic BP (SBP) or diastolic BP (DBP) (n = 5,962). After this exclusion, the sample 
size was 59,613, which was included in this analysis. 

 
Measures 
 
Burden estimates and patterns were provided for HTN and pre-HTN measurements with self-
reported hypertension. An average of the last two systolic and diastolic BP measures were 
taken in a sitting position, and they were currently on medication. The hypertension care 
cascade was defined at the awareness level (diagnosed and undiagnosed), control level 
(uncontrolled and controlled), and treatment level (untreated, undertreated, adequately 
treated, and controlled but not on treatment) in this study. 
 
Normotension was measured with SBP < 120 mmHg and DBP < 80 mmHg and was never 
diagnosed with hypertension. 
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Pre-hypertension (Pre-HTN) refers to SBP of 120–139 mmHg and/or DBP of 80–89 mmHg. 
 
Hypertension was taken as those ever diagnosed (self-reported) with HTN by a health 
worker/undiagnosed with HTN before but whose measured SBP was ≥ 140 mmHg or DBP ≥ 
90 mmHg at the time of the survey or both.  

 
Explanatory description 
 
In the study, socioeconomic and demographic factors such as age (categorized as 45–59 and 
60+), marital status (coded as currently married, widowed, and 
divorced/separated/deserted/others), residence, gender, living arrangements, monthly per 
capita expenditure (MPCE) quintile, and ever attained school were included as independent 
variables for the association.  
 
Modifiable risk factors for hypertension were available in the LASI dataset. These included 
ever smoking or using smokeless tobacco (yes/no), ever consuming any alcoholic beverages 
(yes/no), and ever being diagnosed with diabetes (yes/no). The BMI defines a person's 
obesity and is calculated with the help of height and weight, as weight is divided by height2. 
The range of BMI was defined as if BMI < 18.5 kg/m2, i.e., underweight, if 18.5–22.9 kg/m2, 
i.e., average weight, if 23–24.9 kg/m2, i.e., overweight, and if ≥ 30 kg/m2, i.e., obese, family 
history of hypertension (mother and father), physical activity includes engaging in vigorous 
activities, moderate energetic activities, and involvement in activities like yoga, meditation, 
asana, pranayama, etc. All these variables were considered explanatory variables. 

 
Statistical analysis  
 
This study measured the prevalence of HTN on three levels as dependent variables 
normotension, pre-HTN, and HTN according to age group (45–59 and 60+). Descriptive 
statistics of the sample study by the selected variables and their association were given via 
multivariate analyses to demonstrate the preliminary findings. Multinomial logistics 
regression was used to examine the variation between the outcome and explanatory variables 
at a 5% significance level.  
 

The relative risk ratio (RRR) is the probability of choosing one outcome category over the 
baseline category as a multinomial logistic regression. The multinomial logistic regression 
equation is  
 

RRR = 
 P(y = 1|(x + 1)) P/(y = base category|(x + 1)) 
 
 P(y = 1|x)/P (y = base category) 
 

Where RRR is the relative risk ratio, and P is the probability of occurrence. When RRR > 1 
increases the risk of predictor variables among the exposed group, and when RRR < 1 reduces 
the risk of predictor variables among the exposed group and RRR = 1, the link between the 
response variable and the exposed group is unlikely to exist. 
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Results 
 
Sociodemographic profile of the study population  
 
Table 1 represents the descriptive analysis of the study sample. Approximately 52% belonged 
to the adult age group, of which 53.5% were female, and 46.5% were male. About three-fourths 
(74.4%) of the population were currently married, and 57.4% lived with spouses and children. 
The sample was primarily rural (64.7%) and Hindu religion (73.4%). According to the wealth 
group, the sample was approximately equally distributed for all grades, and 55.7% sample 
belongs to BMI < 23. Approximately 41% reported that their health was good. As well, 85% of 
individuals hardly did yoga, meditation, or asana, and most were hardly or never involved 
in vigorous activity. 
 
The age-specific prevalence of hypertension, pre-hypertension, and normotension are shown 
in Figure 1. The prevalence of HTN was higher among older people (60+; 54%) than adults 
(45–59; 40%). The prevalence of pre-HTN was high in adults (30%).  
 

Figure 1: Age-Specific Prevalence of Normotension, Pre-HTN, and HTN Among Older 
Adults in India 

 
 
Hypertension and its Care Cascade 
 
HTN and its care cascade in Indians aged 45 years and above are shown in Figure 2 using a 
flow chart. Around 48% of people had HTN, and 25.5% had pre-HTN. A high prevalence of 
HTN was seen in the age 60+ (55%). Out of total hypertensive persons, 58.2% were diagnosed 
by a health professional, and 41.8% were unaware of their HTN. Among those diagnosed with 
HTN, 54.4% had controlled HTN (SBP < 140 mmHg & DBP < 90 mmHg). Furthermore, among 
those who had controlled HTN, 70.5% of individuals were on anti-hypertensive medication 
and had their BP in control. Again, among uncontrolled HTN (45.6%), 74.4% were under 
treatment for HTN. Age-specific hypertension care cascade is shown in flow charts Figure 3 
and Figure 4. 
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Figure 2: The Hypertension Care Cascade Among Older Adults (45+) 
 

 

Figure 3: The Hypertension Care Cascade Among the 45–59 Age Group 

       

Figure 4: The Hypertension Care Cascade Among the 60+ Age Group 
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Table 1: Summary Statistics of the Study Sample 

 

 45–59 60+ Total 

Variable 
Weighted 
percentage Frequency 

Weighted 
percentage Frequency 

Weighted 
percentage Frequency 

Gender       
Male 46.2 14,470 46.4 13,317 46.3 39,008 

Female 53.8 16,659 53.6 15,167 53.7 20,605 

Residence       
Rural 68.2 20,050 71.5 18,958 69.5 30,376 

Urban 31.8 11,079 28.5 9,526 30.5  
Marital status       

Currently married 85.4 26,367 62 18,165 73.7 44,532 

Widowed 11.1 3,569 35.8 9,588 23.5 13,157 

Othersa 3.5 1,193 2.2 731 2.8 1,924 

Living arrangements       
Living alone 1.7 643 5.7 1,478 3.7 2,121 
Living with spouse 
and/or others 12.6 3,564 19.8 5,555 16.2 9,119 
Living with spouse 
and children 71.5 22,213 41.6 12,401 56.5 34,164 
Living with children 
and others 10.9 3,715 27.6 7,581 19.3 11,296 
Living with others 
only 3.3 994 5.2 1,469 4.3 2,463 

Religion       
Hindu 82.4 22,883 82.7 20,845 82.5 43,728 

Muslim 11.2 3,696 10.9 3,389 11.0 7,085 

Othersc 6.4 4,550 6.4 4,250 6.5 8,800 

Caste       
Scheduled caste 20.4 5,383 19.4 4,653 19.9 10,036 

Scheduled tribe 9.4 5,764 8.2 4,696 8.8 10,460 

Other backward class 46.8 11,646 46.9 10,844 46.8 22,490 

None of them 23.4 7,195 25.5 7,360 24.5 14,555 

Ever Attend school       
No 45.0 12,813 56.6 13,236 50.8 28,061 

Yes 55.0 18,315 43.4 15,248 49.2 31,551 

MPCE Quintile       
Poorest 20.6 5,960 21.6 5,831 21.1 11,791 

Poorer 20.8 6,145 21.7 5,877 21.2 12,022 

Middle completed 20.0 6,182 20.8 5,858 20.5 12,040 

Richer 19.8 6,403 19.5 5,611 19.6 12,014 

Richest 18.8 6,439 16.4 5,307 17.6 11,746 

Genetics       
Hypertension Father       

No 89.7 27,833 93.95 26,319 91.8 54,152 

Yes 10.3 3,219 6.05 2,037 8.2 5,256 

Hypertension Mother       
No 86.7 26,940 93.6 26,339 90.2 53,279 

Yes 13.3 4,112 6.4 2,017 9.8 6,129 
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 45–59 60+ Total 

Variable 
Weighted 
percentage Frequency 

Weighted 
percentage Frequency 

Weighted 
percentage Frequency 

BMI       
Underweight 16.1 4,432 26.7 6,581 21.4 10,950 

Normal weight 36.7 11,104 38.2 10,775 37.4 21,879 

Overweight/obese 47.2 15,460 35.1 10,715 41.2 26,175 

Self-reported health       
Good 44.4 14,930 30.8 9,545 37.6 24,475 

Moderate 43.2 12,540 45.0 12,344 44.2 24,884 

Poor 12.4 3,648 24.2 6,582 18.2 10,230 
Ever smoked or used smokeless 
tobacco      

No 65.1 65 59.4 17,238 62.2 37,535 

Yes 34.9 35 40.6 11,209 37.8 21,999 
Ever consumed any 
alcoholic beverages       

No 84.3 81 85.3 23,528 84.8 48,807 

Yes 15.7 19 14.7 4,926 15.2 10,746 

Diagnose with Diabetes       
No 90.4 90 85.7 24,079 88.0 51,951 
Yes 9.6 10 14.3 4,404 12.0 7,659 

Physical activities       
Engage in vigorous 
activities.       

Every day 32.2 29.88 18.5 5,111 25.3 14,403 

More than once a week 8.2 8.44 5.3 1,589 6.7 4,215 

Once a week 4.6 4.18 2.9 890 3.7 2,189 
One to three times a 
month 6.2 5.67 5.1 1,252 5.7 3,014 

Hardly ever or never 48.8 51.83 68.2 19,602 58.5 35,719 
Engage in moderate 
energetic activities.       

Every day 65.1 62.77 49.1 13,682 57.1 33,200 

More than once a week 6.0 6.46 5.9 1,958 5.9 3,967 

Once a week 3.5 3.58 3.7 1,154 3.6 2,268 
One to three times a 
month 3.2 2.83 3.8 894 3.51 1,775 

Hardly ever or never 22.2 24.36 37.5 10,764 29.9 18,338 
Involvement in activities 
like yoga,        
meditation, asana, etc.        

Every day 9.0 9.97 9.6 3,156 9.3 6,256 

More than once a week 1.8 1.94 1.8 458 1.8 1,060 

Once a week 1.3 1.47 1.2 359 1.2 816 
One to three times a 
month 1.6 1.53 1.4 390 1.5 867 

Hardly ever or never 86.3 85.09 86.0 24,067 86.2 50,519 

Note: a Others: Divorced, Separated, Deserted, Live- In, never married; c Others: Christian, Buddhist, 
Sikh, Jain, Parsi, Others 
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Hypertension, pre-hypertension, normotension, and their covariates  
 
Normotension, pre-HTN, and HTN in the subject with their covariates are illustrated in Table 
2. As people aged, their prevalence of normotension decreased, and their rate of HTN 
increased in both genders. The prevalence rate of HTN was high in urban areas for both 45–
59 and 60+ age groups, 49.2%, and 65.5%, respectively.  
 
As well, HTN was found more in people aged 60+ living with someone else and children, 
followed by those living alone; the reverse pattern was seen for the age group 45–59. The 
higher prevalence of HTN was found at 42.8% and 58.9% for the age group 45–59 and 60+, 
respectively, for people who were not SC, ST, or OBC. Individuals aged 60+ with the highest 
incomes and those who ever attended school had a high prevalence of HTN at 60.7% and 
59.2%, respectively, followed by those in the 45–59 age group at 46.2% and 42.3%. The 
prevalence of pre-HTN was more in the poorest, both in the 45–59 and 60+ age groups. A high 
prevalence of HTN was found in those who reported poor health and those diagnosed with 
diabetes, with 47.9% and 58.7%, 66.1%, and 79.4%, respectively, for the 45–59 age group and 
60+ age group. Also, those with a family history of HTN had a higher frequency of HTN. The 
HTN was found to be more prominent amongst people in the 60+ age group who did almost 
no energetic or intense exercise. A significantly greater prevalence of HTN was seen in 
overweight/obese in both age groups, 45–59 and 60+, respectively. 
 
To depict the association of normotension, pre-HTN, and HTN with sociodemographic, 
lifestyle, and risk factors, multinomial logistic regression is used, and the result is illustrated 
in Table 3. The analysis considered pre-HTN and HTN for the relative risk ratio (RRR) 
concerning normotension as the reference category. 
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Table 2: Prevalence (percent) of Normotension, Pre-HTN, and HTN According to Risk Factors, Sociodemographic Characteristics, and 
Lifestyle 

 

 40–59 60+ Total 

(Demographic 
Variable) 

Normo-
Tension 

Pre-HTN HTN 
Normo-
Tension 

Pre-HTN HTN 
Normo-
Tension 

Pre-HTN HTN 

          
Gender          

Male 29.9 31.6 38.5 19.7 26.3 54.0 24.8 28.9 46.3 

Female 29.0 29.7 41.3 20.1 26.0 53.9 24.5 27.9 47.6 

Residence          
Rural 32.9 31.4 35.7 22.9 27.8 49.4 27.7 29.5 42.7 

Urban 22.0 28.8 49.2 12.4 22.1 65.5 17.5 25.6 56.9 

Marital status          
Currently married 29.9 23.3 37.3 21.9 27.4 50.7 26.5 29.3 44.2 

Widowed 23.3 31.0 45.7 16.4 24.0 59.6 18.0 25.6 56.3 

Othersa 37.3 28.1 34.6 21.6 24.8 53.6 31.3 26.8 41.9 

Living arrangements          
Living alone 23.1 30.7 46.3 13.9 28.7 57.5 16.0 29.1 54.9 
Living with spouse 
and/or others 32.1 28.7 39.2 20.7 27.9 51.4 25.1 28.2 46.7 
Living with spouse 
and children 29.6 30.9 39.5 22.5 27.2 50.3 27.0 29.5 43.5 
Living with children 
and others 23.7 32.3 44.0 16. 23.3 60.3 18.5 25.8 55.7 
Living with others 
only 38.1 24.7 37.2 20.7 23.6 55.7 27.4 24.0 48.6 

Religion          
Hindu 30.0 31.0 39.1 20.6 26.6 52.8 25.3 28.8 46.0 

Muslim 25.2 28.6 46.2 17.9 24.3 57.8 21.5 26.5 52.0 

Christian 36.6 30.6 32.8 15.0 23.9 61.1 26.2 27.4 46.4 

Othersc 23.1 27.8 49.2 14.1 22.2 63.7 18.4 24.9 56.7 

Caste          
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 40–59 60+ Total 

(Demographic 
Variable) 

Normo-
Tension 

Pre-HTN HTN 
Normo-
Tension 

Pre-HTN HTN 
Normo-
Tension 

Pre-HTN HTN 

Scheduled caste 32.4 30.1 37.6 22.9 27.8 49.4 27.7 29.00 43.30 

Scheduled tribe 29.3 36.9 33.8 22.2 30.6 47.3 26.0 34.00 40.10 
Other backward 
class 30.0 29.6 40.5 20.2 25.9 53.9 25.1 27.70 47.20 

None of them 26.2 30.9 42.8 16.8 24.3 58.9 21.3 27.50 51.30 

Ever Attend school          
No 31.8 31.0 37.3 22.6 27.4 50.0 26.7 29.00 44.40 

Yes 27.5 30.2 42.3 16.3 24.5 59.2 22.6 27.70 49.70 

MPCE Quintile          
Poorest 31.0 34.5 34.5 21.6 28.4 50.1 26.2 31.40 42.50 

Poorer 30.4 31.7 37.9 22.2 27.1 50.8 26.2 29.30 44.50 

Middle completed 29.3 30.0 40.7 19.5 27.0 53.5 24.3 28.50 47.20 

Richer 29.3 29.4 41.4 18.2 25.1 56.7 23.8 27.30 49.00 

Richest 26.9 26.9 46.2 17.2 22.1 60.7 22.3 24.70 53.00 

Genetics          
Hypertension Father          

No 29.8 31.4 38.8 20.3 26.5 53.2 24.9 28.9 46.2 

Yes 26.6 24.2 49.2 14.2 19.2 66.6 22. 22.4 55.7 

Hypertension Mother          
No 30.8 31.2 38.0 20.6 26.7 52.7 25.5 28.9 45.6 

Yes 20.5 27.0 52.5 9.2 17.5 73.3 16.9 23.9 59.2 

BMI          
Underweight 48.7 27.8 23.5 32.9 28.8 38.2 38.9 28.5 32.6 

Normal weight 35.6 32.8 31.6 20.2 28.4 51.3 27.8 30.6 41.7 

Overweight/obese 18.2 30.0 51.8 9.6 21.9 68.5 14.6 26.5 58.9 

Self-rated health          
Good 29.3 34.6 36.2 20.6 30.6 48.8 25.7 32.9 41.4 

Moderate 30.2 28.1 41.7 19.6 25.5 54.9 24.8 26.7 48.5 

Poor 27.0 25.1 47.9 19.6 21.8 58.7 22.1 48.5 55.0 
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 40–59 60+ Total 

(Demographic 
Variable) 

Normo-
Tension 

Pre-HTN HTN 
Normo-
Tension 

Pre-HTN HTN 
Normo-
Tension 

Pre-HTN HTN 

Diagnosed with 
Diabetes          

No 31.1 31.6 37.2 22.0 28.3 49.7 26.7 30.0 43.3 

Yes 13.4 20.5 66.1 7.3 13.3 79.4 9.7 16.2 74.1 
Ever smoked or  
used smokeless 
tobacco          

No 28.5 29.7 41.8 17.5 24.7 57.8 23.2 27.3 49.4 

Yes 31.2 32.2 36.6 23.5 28.1 48.4 27.0 30.0 43.0 
Ever consumed any  
alcoholic beverages          

No 29.9 30.4 39.8 19.8 25.8 54.4 24.8 28.1 47.2 

Yes 27.2 31.7 41.1 20.4 28.0 51.6 23.9 29.9 46.2 

Physical activities          
Engage in vigorous 
activities.          

Every day 31.2 32.1 36.8 23.4 28.0 48.6 28.3 30.6 41.1 
More than once a 
week 33.1 31.4 35.5 26.7 27.6 45.7 30.6 29.9 39.5 

Once a week 38.4 30.6 31.0 28.4 27.1 44.5 34.5 29.3 36.5 

1–3 times a month 34.1 27.3 38.7 24.3 29.2 46.5 29.6 28.2 36.2 
Hardly ever or 
never 26.3 29.9 43.9 17.8 25.2 57.0 21.3 27.2 42.2 

Engage in moderate 
energetic activities.          

Every day 30.8 30.0 39.1 30.8 30.0 39.1 26.3 28.7 45.0 
More than once a 
week 27.4 30.5 42.2 27.4 30.5 42.2 24.9 28.0 47.1 

Once a week 28.6 35.3 36.1 28.6 35.3 36.1 23.8 29.3 47.0 

1–3 times a month 25.6 32.9 41.5 25.6 32.9 41.5 24.1 28.8 47.1 
Hardly ever or 
never 26.6 31.1 42.3 26.6 31.1 42.3 21.6 27.6 50.8 
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 40–59 60+ Total 

(Demographic 
Variable) 

Normo-
Tension 

Pre-HTN HTN 
Normo-
Tension 

Pre-HTN HTN 
Normo-
Tension 

Pre-HTN HTN 

Involvement in 
activities like          
yoga, meditation, 
asana, etc.           

Every day 22.3 26.9 50.9 16.2 23.5 60.3 19.1 25.1 55.8 
More than once a 
week 28.3 26.3 45.4 18.4 25.4 56.3 23.3 25.8 50.9 

Once a week 29.5 26.9 43.5 23.0 23.3 53.7 26.5 25.3 48.3 

1–3 times a month 27.4 27.7 44.8 20.0 21.4 58.6 23.9 24.7 51.4 
Hardly ever or 
never 30.2 31.2 38.6 20.3 26.6 53.1 25.3 28.8 45.9 

Note: HTN: Hypertension; PRE-HTN: Pre-hypertension; a Others: Divorced, Separated, Deserted, Live-in, never married; c Others: Christian, Buddhist, Sikh, Jain, Parsi, Others



Annapurna et al. 

737 

Pre-hypertension, HTN, and their covariates (regression result) 
 
The results demonstrated that males in the 45–59 age group had a 33% higher risk of pre-HTN 
and 22% higher risk of HTN than females, whereas males in the 60+ aged had a 12% high risk 
of pre-HTN, but the females were more likely to have HTN (RRR = 1.13, 95% CI [1.03, 1.23]). 
The RRR of pre-HTN (RRR = 1.08, 95% CI [1.00, 1.16]) and (RRR = 1.11, 95% CI [1.00, 1.21]), 
and HTN (RRR = 1.23, 95% CI [1.15, 1.32]) and (RRR = 1.21, 95% CI [1.11, 1.32]) was slightly 
high for both 45–59 and 60+ age groups who resided in urban areas compared to their 
counterparts. Individuals who lived alone were more likely to have pre-HTN and HTN for 
the 45–59 and 60+ age groups, respectively. In the 45–59 and 60+ age groups with a family 
history of HTN (father or mother had HTN), the RRR for HTN was significantly high. Those 
with high BMI were 2.71 times more likely to have pre-HTN for the 45–59 age group and 2.28 
times for the 60+ age group, respectively, and approximately four times more likely to have 
HTN for both age groups. Individuals who reported poor health were more likely to have 
HTN; 1.39 times for the 45–59 age group and 1.34 times 60+ age group. Diabetes was 
associated with a 30% increased chance of developing pre-HTN in both age groups, whereas 
the risk of developing HTN was approximately 60–65% higher in the age groups 45–59 and 
60+, respectively. Those who practiced yoga daily were more likely to show HTN than those 
who did hardly ever/never do it; this might be because they began the practice after knowing 
they had HTN as a pre-or hypertensive person is generally advised to adopt yoga regularly. 
 

Table 3: RRR and 95% Confidence Intervals for Socioeconomic Condition, Lifestyle, 
and Risk Factor Association of Pre-HTN and HTN Compared to 
Normotension. 

 

  45–59 60+ 

 Pre-HTN Hypertension Pre-HTN Hypertension 

(Demographic 
Variable) 

RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) 

Gender     
Malea 1 1 1 1 

Female 0.67*** [0.61, 0.72] 0.78*** [0.71, 0.84] 0.88* [0.80, 0.97] 1.13** [1.03, 1.23] 

Residence     
Rurala 1 1 1 1 

Urban 1.08* [1.00, 1.16] 1.23*** [1.15, 1.32] 1.11* [1.00, 1.21] 1.21*** [1.11, 1.32] 

Marital status     
Currently 
marrieda 1 1 1 1 

Widowed 1.14 [0.88, 1.48] 1.36* [1.06, 1.74] 0.76 [0.47, 1.23] 0.97 [0.62, 1.54] 

Othersb 1.15 [0.86, 1.52] 0.97 [0.73, 1.29] 0.74 [0.43, 1.27] 0.75 [0.46, 1.25] 

Living arrangements     
Living alonea 1 1 1 1 
Living with 
spouse and/or 
others 0.66* [0.47, 0.92] 0.67* [0.49, 0.92] 0.57* [0.34, 0.96] 0.57* [0.35, 0.91] 
Living with 
spouse and 
children 0.61** [0.44, 0.84] 0.0.57*** [0.42, 0.78] 0.53* [0.32, 0.89] 0.52** [0.32, 0.84] 
Living with 
children and 
others 0.69** [0.53, 0.90] 0.67** [0.52, 0.87] 0.84 [0.69, 1.03] 0.84* [0.71, 1.01] 
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  45–59 60+ 

 Pre-HTN Hypertension Pre-HTN Hypertension 

(Demographic 
Variable) 

RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) 

Living with others 
only 0.60** [0.45, 0.82] 0.69* [0.52, 0.93] 0.92 [0.72, 1.19] 0.96 [0.76, 1.20] 

Religion     
Hindua 1 1 1 1 

Muslim 1.07 [0.97, 1.20] 1.21*** [1.09, 1.34] 1.03 [0.90, 1.18] 1.26*** [1.12, 1.42] 

Othersc 0.98 [0.88, 1.08] 1.07 [0.97, 1.19] 1.10 [0.97, 1.26] 1.27*** [1.13, 1.43] 

Caste     
Scheduled castea 1 1 1 1 

Scheduled tribe 1.26*** [1.13, 1.40] 1.27*** [1.14, 1.41] 1.86* [1.03, 1.34] 1.20** [1.05, 1.35] 
Other backward 
class 0.99 [0.90, 1.08] 0.93 [0.85, 1.01] 1.00 [0.90, 1.12] 0.94 [0.86, 1.170] 

None of them 1.02 [0.91, 1.12] 1.01 [0.92, 1.12] 1.16* [1.02, 1.31] 1.15* [1.02, 1.28] 

Ever Attend school     
Yesa 1 1 1 1 

No 1.00 [0.93, 1.07] 1.05 [0.98, 1.13] 0.98 [0.90, 1.07] 0.84*** [0.78, 0.91] 

MPCE Quintile     
Poorera 1 1 1 1 

Poorest 0.90* [0.82, 0.99] 0.99 [0.90, 1.08] 0.91 [0.81, 1.02] 0.92 [0.84, 1.03] 

Middle completed 0.84** [0.77, 0.93] 0.99 [0.89, 1.08] 0.88* [0.79, 0.99] 0.99 [0.89, 1.10] 

Richer 0.89* [0.81, 0.98] 1.05 [0.95, 1.16] 0.89 [0.78, 1.00] 1.03 [0.92, 1.15] 

Richest 0.83** [0.75, 0.92] 1.00 [0.90, 1.11] 0.79*** [0.69, 0.89] 0.93 [0.82, 1.04] 

Genetics     
Hypertension Father     

Noa 1 1 1 1 

Yes 1.05 [0.93, 1.17] 1.34*** [1.20, 1.49] 0.97 [0.81, 1.18] 1.45*** [1.23, 1.70] 
Hypertension 
Mother     

Noa 1 1 1 1 

Yes 1.00 [0.90, 1.12] 1.41*** [1.28, 1.55] 1.22* [1.00, 1.48] 1.71*** [1.44, 2.03] 

BMI     
Underweighta  1 1 1 1 

Normal weight 1.52*** [1.39, 1.66] 1.65*** [1.50, 1.80] 1.59*** [1.46, 1.74] 1.98*** [1.83, 2.15] 

Overweight/obese 2.71*** [2.47, 2.98] 4.22*** [3.84, 4.64] 2.28*** [2.05, 2.55] 4.26*** [3.85, 4.71] 

Self-rated health     
Gooda 1 1 1 1 

Moderate 0.87 *** [0.81, 0.93] 1.14*** [1.06, 1.21] 0.92 [0.85, 1.00] 1.12** [1.03, 1.21] 

Poor 0.82*** [0.74, 0.92] 1.39*** [1.26, 1.54] 0.88* [0.79, 0.98] 1.34*** [1.21, 1.47] 
Diagnosed with 
Diabetes     

Yesa 1 1 1 1 

No 0.77*** [0.67, 0.88] 0.36*** [0.31, 0.40] 0.76** [0.66, 0.89] 0.38*** [0.32, 0.42] 
Ever smoked or  
used smokeless tobacco    

Yesa 1 1 1 1 

No 1.12** [1.03, 1.20] 1.16*** [1.07, 1.25] 1.11* [1.01, 1.20] 1.09* [1.01, 1.18] 
Ever consumed  
any alcoholic beverages    

Yesa 1 1 1 1 
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  45–59 60+ 

 Pre-HTN Hypertension Pre-HTN Hypertension 

(Demographic 
Variable) 

RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI) 

No 0.88** [0.80, 0.97] 0.64*** [0.59, 0.71] 0.84** [0.75, 0.93] 0.78*** [0.70, 0.86] 

Physical activities     
Engage in vigorous 
activities.     

Every daya 1 1 1 1 
More than once a 
week 0.92* [0.82, 1.04] 0.91 [0.81, 1.03] 0.99 [0.83, 1.17] 0.96 [0.82, 0.919] 

Once a week 0.90 [0.77, 1.05] 0.84* [0.71, 0.97] 0.83 [0.67, 1.03] 0.85 [0.69, 1.04] 

1–3 times a month 0.81** [0.70, 0.93] 0.91 [0.79, 1.04] 0.84 [0.70, 1.01] 0.89 [0.75, 1.06] 
Hardly ever or 
never 0.98 [0.90, 1.06] 1.08* [1.003, 1.17] 1.01 [0.91, 1.12] 1.11* [1.01, 1.23] 

Engage in moderate  
energetic activities    

Every daya 1 1 1 1 
More than once a 
week 1.06 [0.93, 1.21] 1.06 [0.94, 1.21] 0.94 [0.80, 1.09] 1.00 [0.87, 1.15] 

Once a week 0.07 [0.90, 1.26] 1.02 [0.87, 1.21] 1.13 [0.93, 1.38] 1.08 [0.90, 1.30] 

1–3 times a month 1.20 [0.99, 1.45] 1.26* [1.05, 1.53] 0.97 [0.79, 1.20] 0.96 [0.79, 1.16] 
Hardly ever or 
never 1.03 [0.95, 1.13] 1.08* [1.00, 1.17] 0.93 [0.84, 1.02] 1.04 [0.95, 1.13] 

Involvement in activities 
like yoga, meditation, asana, etc.    

Every daya 1 1 1 1 
More than once a 
week 0.83 [0.65, 1.06] 0.82 [0.64, 1.04] 1.16 [0.83, 1.61] 0.88 [0.65, 1.20] 

Once a week 0.76* [0.58, 0.97] 0.75 [0.57, 0.97] 0.72 [0.51, 1.02] 0.67* [0.49, 91] 

1–3 times a month 0.83 [0.63, 1.09] 0.86 [0.66, 1.11] 0.89 [0.63, 1.24] 0.79 [0.58, 1.07] 
Hardly ever or 
never 0.92 [0.83, 1.03] 0.82*** [0.74, 0.91] 1.02 [0.89, 1.17] 0.85** [0.75, 0.96] 

Note: Pre-HTN: Pre-hypertension; RRR: Relative risk ratio; *** p < .001, ** p < .01, *p < .05; a 

Reference category; b Others: Divorced, Separated, Deserted, Live-In, never married; c Others: 
Christian, Buddhist, Sikh, Jain, Parsi, Others



Evaluating the Pre-Hypertension and Hypertension with Associated Risk Factors in India: Evidence 
From LASI Data 

740 

Discussion 
 
This population-based study among a nationally representative sample of adults and older 
adults in India depicts an extensively high prevalence of HTN, with 47% of individuals having 
HTN. Our study is a more comprehensive analysis of the 45–59 and the 60+ age group 
individuals of India.  
 
This study found that the prevalence of normotension declines for males and females with 
aging. In contrast, HTN increases with age, and the prevalence of HTN is significantly higher 
in females. This study perceived a similar trend of a high prevalence of HTN in females than 
in males in another systematic analysis of the prevalence of HTN (Gupta et al., 2004; 
McDonald et al., 2009; Wilmańska et al., 2002). Urban residents and individuals who lived 
alone were more prevalent for HTN. One of the vital societal causes of HTN is the 
urbanization of rural populations. Some other systematic reviews also found the same result 
in their studies (Anchala et al., 2014; Gupta, 2004; Hawkley et al., 2010). Normotension and its 
determinants, such as residence, living arrangement, physical activity, and BMI, are also 
essential modules for the present study; all these factors are essential for ideal cardiovascular 
health. This study illustrates that normotension is a maker of good health. 
 
Previously, no detailed studies of normotension in India had been conducted. A higher wealth 
index showed a significantly high prevalence of HTN compared to the lowest wealth index. 
Excess weight gain is also a significant cause of HTN, and the increase in weight is frequently 
associated with a decrease in normotension. A lower prevalence rate is correlated with 
normotension and pre-HTN, and a higher BMI means a higher risk of HTN (Landi et al., 2018; 
Rai et al., 2020; Sobngwi et al., 2002). The present study also illustrates significant results. One 
of the primary reasons for HTN is associated with a family history of HTN and another risk 
factor for heart disease and stroke. The results of this study show significant results; the 
prevalence of HTN is significantly higher in those with a family history of HTN for both age 
groups (Ranasinghe et al., 2015). Previous studies from different countries have shown 
similarly increased risks (Corvol et al., 1992; Stamler et al., 1979; Williams et al., 1993). This 
study also found that people had much higher odds of HTN if diagnosed with diabetes; a 
person with one condition is at an increased risk of developing another. With diabetes 
mellitus, people have a high risk of cardiovascular disease, and HTN is a significant risk of 
CVD (cardiovascular disease); the same has been found in some studies (Cryer et al., 2016; 
Sobngwi et al., 2002). Diabetes and HTN are frequently associated and may have similar 
causes. Some include high-calorie consumption, a sedentary lifestyle, obesity, etc. (Sowers et 
al., 1988). 
 
Furthermore, according to this study, smoking was less likely to be the risk of HTN in both 
age groups regarding the behavioral risk factor; this should be interpreted with caution since 
it does not suggest that smoking is a hypertensive-protective factor. Some epidemiological 
studies suggest smokers have lower blood pressure than non-smokers (Omvik, 1996). 
According to the etiology of HTN, smoking is linked to increased 24-hour energy expenditure, 
which reduces weight growth and may instigate low blood pressure (Hofstetter et al., 1986; 
Rai et al., 2020). Overall, this result is complex and should be treated with caution. Alcohol 
drinkers are often more likely to go from pre-hypertensive to hypertensive condition, 
according to the findings. This finding was similar to prior research (Ghosh et al., 2016; Rai et 
al., 2020).  
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Several limitations of the current study must be taken into account. It uses simple definitions 
for measuring hypertension care cascade from earlier studies. The chances of under-reporting 
cannot be ruled out as BP could not be measured for almost 9% of LASI participants. The 
analytical sample is restricted to the age group 45+; there is a large absolute number of 
younger adults with HTN in the country (Mohanty et al., 2021). Respondents were asked if 
they were diagnosed with HTN by a health professional; this could result in recall bias. Some 
respondents might not be able to recall this, so the indicator may lead us to suffer from 
selection bias. Also, we have not assessed dietary and salt intake in this study due to the 
unavailability of information about this in LASI. Therefore, we could not determine the 
association between these factors and the prevalence of HTN. The main strength of this study 
is the use of recently released nationally representative data, LASI, which provides a robust 
estimate of the study variable. Also, this study focused on adults and older adults separately. 
Another strength is that we have included a comprehensive range of factors, including more 
traditional demographic, behavioral, and lifestyle factors. 

 
Conclusion 
 
This study shows that adults and older adults in India experience an enlargement in the 
prevalence of HTN. This extensive nationally representative data show a low prevalence of 
normotension and pre-HTN compared to a high prevalence of HTN. To summarize this study, 
a comprehensive interpretation of HTN and pre-HTN and their association with 
socioeconomic inequalities, lifestyle, and behavioral risk factors can be modified to improve 
the burden of HTN. This study reinforces the need for policy measures to improve hazardous 
working conditions on all levels of HTN in the poor. When it comes to interventions, the 
emphasis should be on the primary prevention of HTN, whereas regular physical activity and 
weight control also should be promoted. 

 
Acknowledgments 
 
The authors acknowledge the International Institute of Population Studies (IIPS) for 
Longitudinal Ageing Study in India (LASI), compiling and disseminating precise, nationally 
representative data on various health, biomarker, and healthcare usage variables for the 
population aged 45 and older. 

 
References 
 
Anchala, R., Kannuri, N. K., Pant, H., Khan, H., Franco, O. H., di Angelantonio, E., & Prabhakaran, D. 

(2014). Hypertension in India: A systematic review and meta-analysis of prevalence, awareness, 
and control of hypertension. Journal of Hypertension, 32(6), 1170–1177. 
https://doi.org/10.1097/HJH.0000000000000146  

Bhatia, M., Kumar, M., Dixit, P., & Dwivedi, L. K. (2021). Diagnosis and treatment of hypertension 
among people aged 45 years and over in India: A sub-national analysis of the variation in 
performance of Indian States. Frontiers in Public Health, 9, Article 766458. 
https://doi.org/10.3389/fpubh.2021.766458  

Chauhan, S., Gupte, S. S., Kumar, S., & Patel, R. (2021). Urban-rural differential in diabetes and 
hypertension among elderly in India: A study of prevalence, factors, and treatment-seeking. 



Evaluating the Pre-Hypertension and Hypertension with Associated Risk Factors in India: Evidence 
From LASI Data 

742 

Diabetes and Metabolic Syndrome: Clinical Research and Reviews, 15(4), Article 102201. 
https://doi.org/10.1016/j.dsx.2021.102201  

Corvol, P., Jeunemaitre, X., Charru, A., & Soubrier, F. (1992). Can the genetic factors influence the 
treatment of systemic hypertension? The case of the renin-angiotensin-aldosterone system. The 
American Journal of Cardiology, 70(12), D14–D20. https://doi.org/10.1016/0002-9149(92)90267-3  

Cryer, M. J., Horani, T., & Dipette, D. J. (2016). Diabetes and hypertension: A comparative review of 
current guidelines. Journal of Clinical Hypertension, 18(2), 95–100. 
https://doi.org/10.1111/jch.12638  

Ghosh, S., Mukhopadhyay, S., & Barik, A. (2016). Sex differences in the risk profile of hypertension: A 
cross-sectional study. BMJ Open, 6(7), Article e010085. https://doi.org/10.1136/bmjopen-2015-
010085  

Gupta, P. C., Gupta, R., & Pednekar, M. S. (2004). Hypertension prevalence and blood pressure trends 
in 88 653 subjects in Mumbai, India. Journal of Human Hypertension, 18(12), 907–910. 
https://doi.org/10.1038/sj.jhh.1001763  

Gupta, R. (2004). Trends in hypertension epidemiology in India. Journal of Human Hypertension, 18(2), 
73–78. https://doi.org/10.1038/sj.jhh.1001633  

Gupta, R., Deedwania, P. C., Achari, V., Bhansali, A., Gupta, B. K., Gupta, A., Mahanta, T. G., 
Asirvatham, A. J., Gupta, S., Maheshwari, A., Saboo, B., Jali, M. v., Singh, J., Guptha, S., & Sharma, 
K. K. (2013). Normotension, pre-hypertension, and hypertension in urban middle-class subjects 
in India: Prevalence, awareness, treatment, and control. American Journal of Hypertension, 26(1), 
83–94. https://doi.org/10.1093/ajh/hps013  

Gupta, R., Gaur, K., & S. Ram, C. V. (2019). Emerging trends in hypertension epidemiology in India. 
Journal of Human Hypertension, 33(8), 575–587. https://doi.org/10.1038/s41371-018-0117-3  

Gupta, R., Sharma, A. K., Gupta, V. P., Bhatnagar, S., Rastogi, S., & Deedwania, P. C. (2003). Increased 
variance in blood pressure distribution and changing hypertension prevalence in an urban Indian 
population. Journal of Human Hypertension, 17(8), 535–540. https://doi.org/10.1038/sj.jhh.1001588  

Hawkley, L. C., Thisted, R. A., Masi, C. M., & Cacioppo, J. T. (2010). Loneliness predicts increased blood 
pressure: 5-year cross-lagged analyses in middle-aged and older adults. Psychology and Aging, 
25(1), 132–141. https://doi.org/10.1037/a0017805  

Hofstetter, A., Schutz, Y., Jéquier, E., & Wahren, J. (1986). Increased 24-hour energy expenditure in 
cigarette smokers. New England Journal of Medicine, 314(2), 79–82. 
https://doi.org/10.1056/nejm198601093140204 

International Institute for Population Sciences (IIPS), National Programme for Health Care of Elderly 
(NPHCE), MoHFW, Harvard T. H. Chan School of Public Health (HSPH), & the University of 
Southern California (USC). (2020). Longitudinal Ageing Study in India (LASI) Wave-1, 2017-18, India 
Report. International Institute for Population Sciences. 
https://www.iipsindia.ac.in/sites/default/files/LASI_India_Report_2020_compressed.pdf  

Kothavale, A., Puri, P., & Sangani, P. G. (2022). Quantifying population level hypertension care 
cascades in India: A cross-sectional analysis of risk factors and disease linkages. BMC Geriatrics, 
22(1), Article 98. https://doi.org/10.1186/s12877-022-02760-x  

Landi, F., Calvani, R., Picca, A., Tosato, M., Martone, A. M., Ortolani, E., Sisto, A., D’angelo, E., Serafini, 
E., Desideri, G., Fuga, M. T., & Marzetti, E. (2018). Body Mass Index is strongly associated with 
hypertension: Results from the longevity check-up 7+ study. Nutrients, 10(12), Article 1976. 
https://doi.org/10.3390/nu10121976  

Lee, J., Wilkens, J., Meijer, E., Sekher, T. V., Bloom, D. E., & Hu, P. (2022). Hypertension awareness, 
treatment, and control and their association with healthcare access in the middle-aged and older 
Indian population: A nationwide cohort study. PLOS Medicine, 19(1), Article e1003855. 
https://doi.org/10.1371/journal.pmed.1003855  

Lim, J. U., Lee, J. H., Kim, J. S., Hwang, Y. I., Kim, T. H., Lim, S. Y., Yoo, K. H., Jung, K. S., Kim, Y. K., 
& Rhee, C. K. (2017). Comparison of World Health Organization and Asia-Pacific body mass 
index classifications in COPD patients. International Journal of Chronic Obstructive Pulmonary 
Disease, 12, 2465–2475. https://doi.org/10.2147/COPD.S141295 

McDonald, M., Hertz, R. P., Unger, A. N., & Lustik, M. B. (2009). Prevalence, awareness, and 
management of hypertension, dyslipidemia, and diabetes among United States adults aged 65 
and older. Journals of Gerontology - Series A Biological Sciences and Medical Sciences, 64(2), 256–263. 
https://doi.org/10.1093/gerona/gln016  



Annapurna et al. 

743 

Mendis, S., Lindholm, L. H., Mancia, G., Whitworth, J., Alderman, M., Lim, S., & Heagerty, T. (2007). 
World Health Organization (WHO) and International Society of Hypertension (ISH) risk 
prediction charts: Assessment of cardiovascular risk for prevention and control of cardiovascular 
disease in low and middle-income countries. Journal of Hypertension, 25(8), 1578–1582. 
https://doi.org/10.1097/HJH.0b013e3282861fd3  

Mohanty, S. K., Pedgaonkar, S. P., Upadhyay, A. K., Kämpfen, F., Shekhar, P., Mishra, R. S., Maurer, J., 
& O’Donnell, O. (2021). Awareness, treatment, and control of hypertension in adults aged 45 years 
and over and their spouses in India: A nationally representative cross-sectional study. PLOS 
Medicine, 18(8), Article e1003740. https://doi.org/10.1371/journal.pmed.1003740  

Murray, C., Wang, H., Naghavi, M., Allen, C., Barber, R., Bhutta, Z., & Carter, D. (2016). Global, 
regional, and national life expectancy, all-cause mortality, and cause-specific mortality for 249 
causes of death, 1980–2015: A systematic analysis for the Global Burden of Disease Study 2015. 
The Lancet, 388(10053), 1459–1544. https://doi.org/10.1016/S0140-6736(16)31012-1 

Omvik, P. (1996). How smoking affects blood pressure. Blood Pressure, 5(2), 71–77. 
https://doi.org/10.3109/08037059609062111  

Parthaje, P. M., Unnikrishnan, B., Thankappan, K. R., Thapar, R. E. K. H. A., Fatt, Q. K., & Oldenburg, 
B. (2016). Prevalence and correlates of pre-hypertension among adults in urban South India. Asia-
Pacific Journal of Public Health, 28, 93S–101S. https://doi.org/10.1177/1010539515616453  

Patel, A., Bharani, A., Sharma, M., Bhagwat, A., Ganguli, N., & Chouhan, D. S. (2019). Prevalence of 
hypertension and pre-hypertension in schoolchildren from Central India. Annals of Pediatric 
Cardiology, 12(2), 90–96. https://doi.org/10.4103/apc.APC_13_18  

Premkumar, R., Pothen, J., Rima, J., & Arole, S. (2016). Prevalence of hypertension and pre-hypertension 
in a community-based primary health care program villages at central India. Indian Heart Journal, 
68(3), 270–277. https://doi.org/10.1016/j.ihj.2015.08.013  

Rai, R. K., Kumar, C., Singh, P. K., Singh, L., Barik, A., & Chowdhury, A. (2020). Incidence of pre-
hypertension and hypertension in Rural India, 2012-2018: A sex-stratified population-based 
prospective cohort study. American Journal of Hypertension, 33(6), 552–562. 
https://doi.org/10.1093/ajh/hpaa034  

Ranasinghe, P., Cooray, D. N., Jayawardena, R., & Katulanda, P. (2015). The influence of family history 
of hypertension on disease prevalence and associated metabolic risk factors among Sri Lankan 
adults. BMC Public Health, 15(1), Article 576. https://doi.org/10.1186/s12889-015-1927-7  

Roychoudhury, S., Nayek, K., & Saha, J. (2021). A study on burden of pre-hypertension in youth (or 
pediatric hypertension) in West Bengal, India. Journal of Child Science, 11(1), e273–e279. 
https://doi.org/10.1055/s-0041-1736240  

Shah, S. N., Munjal, Y. P., Kamath, S. A., Wander, G. S., Mehta, N., Mukherjee, S., Kirpalani, A., Gupta, 
P., Shah, H., Rohatgi, R., Billimoria, A. R., Maiya, M., Das, M. K., Goswami, K. C., Sharma, R., 
Rajapurkar, M. M., Chawla, R., Saboo, B., & Jha, V. (2020). Indian guidelines on hypertension-IV 
(2019). Journal of Human Hypertension, 34(11), 745–758. https://doi.org/10.1038/s41371-020-0349-
x  

Singh, R. B., Fedacko, J., Pella, D., Macejova, Z., Ghosh, S., De, A. K., Begom, R., Tumbi, Z. A., Haque, 
M., Vajpeyee, S. K., de Meester, F., Sergey, C., Agarwal, R., Muthusamy, V. V., & Gupta, A. K. 
(2011). Prevalence and risk factors for pre-hypertension and hypertension in five Indian cities. 
Acta Cardiologica, 66(1), 29–37. https://doi.org/10.2143/AC.66.1.2064964  

Singh, R. B., Suh, I. L., Singh, V. P., Chaithiraphan, S., Laothavorn, P., Sy, R. G., Babilonia, N. A., 
Rahman, A. R. A., Sheikh, S., Tomlinson, B., & Sarraf-Zadigan, N. (2000). Hypertension and stroke 
in Asia: Prevalence, control and strategies in developing countries for prevention. Journal of 
Human Hypertension, 14(10–11), 749–763. https://doi.org/10.1038/sj.jhh.1001057  

Sobngwi, E., Mbanya, J.-C. N., Unwin, N. C., Kengne, A. P., Minkoulou, E. M., Fezeu, L., Aspray, T. J., 
& Alberti, K. G. M. (2002). Physical activity and its relationship with obesity, hypertension and 
diabetes in urban and rural Cameroon. International Journal of Obesity, 26(7), 1009–1016. 
https://doi.org/10.1038/sj.ijo.0802008  

Sowers, J. R., Levy, J., & Zemel, M. B. (1988). Hypertension and diabetes. Medical Clinics of North America, 
72(6), 1399–1414. https://doi.org/10.1016/S0025-7125(16)30714-3  

Stamler, R., Stamler, J., Riedlinger, W. F., Algera, G., & Roberts, R. H. (1979). Family (parental) history 
and prevalence of hypertension: Results of a nationwide screening program. JAMA, 241(1), 43–46. 
https://doi.org/10.1001/jama.1979.03290270033016  



Evaluating the Pre-Hypertension and Hypertension with Associated Risk Factors in India: Evidence 
From LASI Data 

744 

Tripathy, J. P., Thakur, J. S., Jeet, G., Chawla, S., & Jain, S. (2017). Alarmingly high prevalence of 
hypertension and pre-hypertension in North India-results from a large cross-sectional STEPS survey. 
PLOS ONE, 12(12), Article e0188619. https://doi.org/10.1371/journal.pone.0188619 

United Nations. (2019). World Population Ageing 2019: Highlights (ST/ESA/SER.A/430). United 
Nations, Department of Economic and Social Affairs, Population 
Division. https://www.un.org/en/development/desa/population/publications/pdf/ageing/
WorldPopulationAgeing2019-Highlights.pdf 

Williams, R. R., Hunt, S. C., Hopkins, P. N., Wu, L. L., Hasstedt, S. J., Berry, T. D., Barlow, G. K., Stults, 
B. M., Schumacher, M. C., Ludwig, E. H., Elbein, S. C., Wilson, D. E., Lifton, R. P., & Lalouel, J. M. 
(1993). Genetic basis of familial dyslipidemia and hypertension: 15-year results from Utah. 
American Journal of Hypertension, 6(11), 319S–327S. https://doi.org/10.1093/ajh/6.11.319s  

Wilmańska, J., Bień, B., & Wojszel, B. (2002). Nadciśnienie tetnicze w późnej starości: czestość 
wystepowania, problemy terapii--porównawcze badania środowiska miejskiego i wiejskiego 
[Hypertension in the advanced old aged: Prevalence and treatment in comparative urban and 
rural survey]. Przegla ̧d Lekarski, 59 (4-5), 252–255.  

World Health Organization. (2000, February). The Asia-Pacific perspective: Redefining obesity and its 
treatment. 
https://apps.who.int/iris/bitstream/handle/10665/206936/0957708211_eng.pdf?sequence=1&
is  

World Health Organization. (2020). Hypertension in India. https://www.who.int/india/health-
topics/hypertension  

Zhou, B., Carrillo-Larco, R. M., Danaei, G., Riley, L. M., Paciorek, C. J., Stevens, G. A., Gregg, E. W., 
Bennett, J. E., Solomon, B., Singleton, R. K., Sophiea, M. K., Iurilli, M. L. C., Lhoste, V. P. F., Cowan, 
M. J., Savin, S., Woodward, M., Balanova, Y., Cifkova, R., Damasceno, A., … Zuñiga Cisneros, J. 
(2021). Worldwide trends in hypertension prevalence and progress in treatment and control from 
1990 to 2019: A pooled analysis of 1201 population-representative studies with 104 million 
participants. The Lancet, 398(10304), 957–980. https://doi.org/10.1016/S0140-6736(21)01330-1 


