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Abstract
Background The prevalence of hypertension and diabetes, which often coexist and significantly contribute to the 
burden of noncommunicable diseases (NCDs), is increasing in India. This study examines the sex-stratified prevalence, 
coexistence, and bidirectional risks of hypertension and diabetes across states with varying epidemiological transition 
levels (ETLs) and identifies high-burden hotspots.

Methods This study analysed data from the fifth round of the National Family Health Survey, covering 614,426 
women and 556,199 men aged 30 years and above, with biomarker information on both diabetes and hypertension. 
The age-standardized prevalence was estimated, and adjusted risk ratios (ARRs) were obtained on multivariate logit 
scale. Bivariate maps, spatial autocorrelation and hotspot analyses were conducted using ArcGIS Pro to identify 
geographic clusters associated with twin epidemics.

Results Individuals diagnosed with hypertension or diabetes were, on average, nearly a decade older than those 
without. Hypertension prevalence was 30.3% (95%CI:30.14–30.48) among men and 28.6% (95%CI:28.47–28.79) among 
women, whereas diabetes prevalence was at 19.7% (95%CI:19.58–19.88) in men and 17.4% (95%CI:17.22–17.50) in 
women. Among individuals with diabetes, 43.1% (95%CI:42.67–43.53) of men and 43.9% (95%CI:43.48–44.36) of 
women had hypertension, whereas 28.1% (95%CI:27.75–28.37) of hypertensive men and 26.6% (95%CI:26.33–26.93) 
of hypertensive women were diabetic. Hotspots for twin epidemics were identified in coastal regions, including 
the southern states with high ETLs, as well as the northern states with high-ETLs and the country’s northeastern 
region. ARR estimates revealed that the risk of hypertension among individuals with diabetes was 39% higher 
(95%CI:1.38–1.40) in men and 41% higher (95%CI:1.39–1.42) in women than in individuals without diabetes. Similarly, 
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Introduction
The global burden of disease has shifted markedly over 
the past few decades, with noncommunicable diseases 
(NCDs) accounting for 43% of disability-adjusted life 
years (DALYs) in 1990 and increasing sharply to 64% by 
2019 [1]. According to projections, NCDs are expected to 
constitute 77% of the total global disease burden by 2030 
[2]. The World Health Organisation (WHO) estimates 
that NCDs result in approximately 17 million preventable 
deaths each year, with low- and middle-income countries 
(LMICs) accounting for 77% of these deaths [3]. The main 
causes of the increasing burden of NCDs include hyper-
tension, diabetes, cancer, chronic respiratory conditions, 
and cardiovascular illnesses (including ischaemic heart 
disease and stroke) [1, 2, 4, 5]. Recognising the growing 
threat posed by NCDs, one of the core objectives of the 
Sustainable Development Goals (SDGs), specifically SDG 
3.4, is to reduce premature mortality from NCDs by one-
third by 2030 through prevention, treatment, and promo-
tion of mental health and well-being [6].

Hypertension has emerged as a major public health 
challenge, particularly in LMICs, where it accounted for 
88% of the 8.5 million global deaths attributable to high 
blood pressure in 2015 [7]. Despite its increasing preva-
lence, many LMICs face low rates of awareness, detec-
tion, and treatment, which significantly contribute to the 
escalating burden of cardiovascular and renal diseases in 
these regions [8, 9]. Globally, the number of adults liv-
ing with hypertension doubled between 1990 and 2019, 
affecting more than 1.2 billion individuals aged 30 to 79 
years [10]. This upward trend is particularly striking in 
India, which is home to approximately 18% of the global 
population. The country has witnessed a rapid epidemio-
logical transition, with a doubling of hypertension cases 
over the last three decades [11], reflecting a broader shift 
toward NCDs burdens.

Similarly, the global prevalence of diabetes has risen 
dramatically. According to the Global Burden of Disease 
(GBD) study, the age-standardised prevalence of diabetes 
increased by 90.5% between 1990 and 2021, rising from 
3.2–6.1% [12]. An estimated 529 million individuals were 

living with diabetes globally in 2021, a number expected 
to reach 700  million by 2045 [13]. Approximately 94% 
of this projected increase will occur in LMICs, with the 
Southeast Asia region alone accounting for 68% of the 
burden [13]. In 2021, nearly 45% of individuals living with 
diabetes were unaware of their condition, with LMICs 
contributing to 90% of the undiagnosed population [14]. 
India, which is already the second-highest country in 
terms of diabetes prevalence after China, is projected to 
see its diabetic population rise from 74.2 million in 2021 
to 124.9 million by 2045 [15].

Hypertension and diabetes, which often co-exist due to 
shared pathogenic mechanisms, significantly increase the 
burden of NCDs [16–19]. Hypertensive patients are more 
likely to develop diabetes, compared to normotensive 
patients, while diabetes patients are twice likely to expe-
rience hypertension compared to non-diabetic patients 
[20]. The co-existence of the diseases increased DALYs 
and the risk of premature mortality due to cardiovascu-
lar diseases, retinopathy and renal failure [18]. India faces 
a growing challenge with rapid urbanisation, accelerated 
ageing, and improved standards of living contributing to 
increased obesity rates-an inherent risk factor for both 
hypertension and diabetes [21]. Moreover, evidence sug-
gests that there is unequal distribution of shared risk fac-
tors for NCDs across populations, with significant gender 
disparities arising from biological, cultural, lifestyle, envi-
ronmental, and socioeconomic factors. These disparities 
are further influenced by genetic predispositions, epi-
genetic mechanisms, nutritional factors, and sedentary 
lifestyles, which modulate risks and complications differ-
ently in males and females [22].

Effectively addressing the growing burden of hyper-
tension and diabetes in India requires a comprehensive 
understanding of their prevalence, coexistence, and the 
bidirectional risk they pose across diverse population 
groups and geographies. Despite India’s vast demo-
graphic and epidemiological diversity, most existing 
studies remain confined to specific regions, age groups, 
or clinical settings [23–25], limiting their generaliz-
ability. While multicentric studies have explored these 

the risk of diabetes among individuals with hypertension was 51% higher (95%CI:1.49–1.52) in men and 55% higher 
(95%CI:1.53–1.57) in women than in individuals without hypertension.

Conclusion Our findings highlight the progressive nature of the twin epidemics of diabetes and hypertension, with 
an increased risk of onset associated with advanced age. The presence of one condition substantially elevates the 
likelihood of developing the other, highlighting their bidirectional relationship. Achieving Sustainable Development 
Goal target 3.4 requires addressing these intersecting epidemics as a unified entity for effective management. 
Targeted interventions should prioritise high-burden hotspots for integrated care strategies to mitigate the twin 
epidemics of diabetes and hypertension.
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conditions independently, few have systematically exam-
ined their coexistence using a consistent operational 
definition across a nationally representative population. 
Critically, there is a glaring gap in population-level evi-
dence on the risk of developing hypertension among 
individuals with diabetes and vice versa which is essential 
for guiding targeted prevention and integrated disease 
management strategies.

Using nationally representative data, this study aims to 
bridge these gaps through four key contributions. First, 
it provides prevalence estimates of hypertension and dia-
betes, along with their coexistence i.e. hypertension in 
diabetes (HID) and diabetes in hypertension (DIH), at 
the national and sub-national levels. Second, it disaggre-
gates the outcomes by gender to account for the unequal 
distribution of NCD risk factors between men and 
women. Third, it identifies hotspots for HID and DIH to 
highlight regions with the highest burden, stratified by 
epidemiological transition levels (ETLs) facilitating tar-
geted interventions. Finaly, it estimates the risk of having 
hypertension among diabetic individuals and diabetes 
among hypertensive individuals, enabling more effective 
management strategies for both conditions.

Methods
Data source
This study utilised publicly available data from the fifth 
round of the National Family Health Survey (NFHS-5), 
the Indian version of the Demographic and Health Survey 
(DHS), which provides nationally representative cross-
sectional data. The survey was conducted in two phases: 
Phase I, covering 17 states and 5 Union Territories (UTs), 
was carried out from June 17, 2019, to January 30, 2020, 
while Phase II, covering 11 states and 3 UTs, took place 
from January 2, 2020, to April 30, 2021. Data collection 
was conducted by 17 Field Agencies, covering 636,699 
households with an impressive response rate of 98%. 
The NFHS-5 employed a multistage, stratified sampling 
design to ensure national representativeness. In the first 
stage, the country is divided into distinct regions based 
on administrative or geographical boundaries, which are 
further stratified by urban and rural areas. Within each 
stratum, enumeration areas (EAs) are randomly selected 
from the most recent population census using probability 
proportional to size (PPS) sampling. In the second stage, 
a complete listing of households within each selected EA 
is conducted, from which approximately 25 households 
are systematically selected using equal-probability sam-
pling for interviews. The survey was designed to provide 
population-representative estimates for each of the 707 
districts. A detailed description of the survey’s method-
ology, sampling strategy, sample size determination, and 
key findings has been published elsewhere [26].

Given the higher risk among older individuals, this 
study focused exclusively on men and women aged 
30 years and above. This age threshold aligns with the 
National Programme for Prevention and Control of Non-
Communicable Diseases (NP-NCD) in India, which pri-
oritises the screening and management of NCDs from 
this age group as part of its public health strategy [27, 
28]. Our analytical sample was defined based on the fol-
lowing inclusion and exclusion criteria:

a) Individuals aged 30 years and above were included in 
the analysis.

b) Individuals who self-reported as transgender 
were excluded to maintain consistency in sex-
disaggregated analyses.

c) Only those with complete biomarker information for 
both hypertension and diabetes were retained in the 
final sample.

A detailed description of the study sample is presented 
in Fig. 1.

Variables considered for the study
Outcome variable
Estimating the prevalence of diabetes and hypertension, 
as well as the prevalence of hypertension in those with 
diabetes and vice versa, was our main goal. Biomarker 
data on diabetes and hypertension in men and women 
aged 15 and older were gathered from the NFHS-5 study. 
According to established criteria, people were considered 
hypertensive if their diastolic blood pressure (DBP) was 
90 mmHg or their systolic blood pressure (SBP) was 140 
mmHg, or if they were taking blood pressure medication 
at the time of the survey [26, 29, 30]. Similarly, people 
were labelled diabetic if their random blood glucose lev-
els were greater than 140  mg/dl or if they were taking 
medication to decrease their blood glucose [26, 31]. On 
the basis of these criteria, we estimated the prevalence of 
hypertension only, diabetes only, and the coexistence of 
both conditions-HID and DIH.

Independent variable
We considered socio-demographic and economic vari-
ables including age (30–39, 40–49, 50–59, 60–69, and 
70 & above years), education (illiterate, up to the 8th 
standard i.e. elementary education, and 9th and above), 
household’s wealth quintile (poorest, poorer, middle, 
richer, and richest), along with contextual variables 
such as place of residence (rural and urban), districts, 
and states. The selection of independent variables was 
informed by previous studies [29, 31–36] along with 
the frequency distribution of selected variables in the 
dataset.
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Analytical plan and analysis
Epidemiological transition zone
Given the vast socio-economic and demographic diver-
sity of India, states are at varying stages of development 
and health transitions. To account for these variations, 
states were categorised based on their ETL, defined as 
the ratio of DALYs from communicable, maternal, neo-
natal, and nutritional diseases to those from NCDs and 
injuries combined [37]. Following the approach adopted 
in the GBD Study 2016 [37], states were grouped into 
four ETL categories:

i. Low ETL (ratio 0.56–0.75): Bihar, Jharkhand, Uttar 
Pradesh, Rajasthan, Meghalaya, Assam, Chhattisgarh, 
Madhya Pradesh, and Odisha.

ii. Lower-middle ETL (ratio 0.41–0.55): Arunachal 
Pradesh, Mizoram, Nagaland, Uttarakhand, Gujarat, 
Tripura, Sikkim, and Manipur.

iii. Higher-middle ETL (ratio 0.31–0.40): Haryana, 
Delhi, Telangana, Andhra Pradesh, Jammu and 
Kashmir, Karnataka, West Bengal, Maharashtra, and 
the union territories (excluding Delhi).

iv. High ETL (ratio < 0.31): Himachal Pradesh, Punjab, 
Tamil Nadu, Goa, and Kerala.

Statistical analysis
We calculated mean and standard deviation of age by 
type of disease (i.e. hypertension and diabetes) and 

gender. Age-standardised estimates were calculated for 
the prevalence of diabetes, hypertension, and the coex-
istence of both conditions. When calculating the preva-
lence estimates, we considered the NFHS-5 dataset’s 
sampling design and sampling weights using the survey 
analysis technique. To determine the risk of diabetes in 
the hypertensive population and the risk of hypertension 
in the diabetic population, we computed the Adjusted 
Risk Ratios (ARRs). Using basic algebraic operations, 
the ARR is the ratio of the mean predicted probabilities 
derived from logit or probit models. We used the adjrr 
command [38] in Stata version 16.0, which can compute 
the 95% CIs, delta-method standard errors, and point 
estimates for certain values of the variable of interest. 
Like the fit model, it automatically adapts to complex 
survey designs. The variables for the multivariate regres-
sion analysis were based on the selection of available 
information for the men and women aged 30 & above 
from household member file.

Spatial analysis
We used ArcGIS Pro to map the district- and state-level 
prevalence of hypertension and diabetes for men and 
women across India. To visualise the spatial relation-
ship between two key variables, a bivariate choropleth 
map was developed. The variables were first standardised 
and classified separately into three categories each 
using the quantile classification method to ensure equal 

Fig. 1 Flowchart of sample selection in the study, NFHS-5 (2019-21)
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distribution of observations across classes. A new attri-
bute field was then created to combine the class values of 
both variables, resulting in nine unique bivariate catego-
ries (3 × 3 classification matrix). Symbology was assigned 
using the unique values renderer based on the combined 
attribute field. A custom 3 × 3 bivariate colour palette was 
applied, where one variable was represented by a gradi-
ent from light to dark along the vertical axis and the 
other along the horizontal axis, allowing for an intuitive 
interpretation of co-occurrence and intensity levels. The 
legend was designed in the layout view using a manually 
constructed matrix to reflect the bivariate classification 
scheme and enhance interpretability.

To identify the district wise clustering of hyperten-
sion among diabetics and diabetes among hypertensives, 
a spatial autocorrelation analysis was applied. Using the 
Getis-Ord Gi* technique [39], we identified high-risk 
hotspots and low-risk cold spots by calculating z-scores 
and p-values for each district, with closer districts 

weighted more heavily through the inverse distance 
squared function.

Results
Sample characteristics
A total of 5,56,199 men and 6,14,426 women aged 30 
years and above were included in the study. Among both 
genders, the age group of 40–49 years constituted the 
largest share, accounting for approximately one-fourth 
of the study population. Around 68% of the participants, 
both men and women, were from rural areas. Individuals 
from low ETLs formed the largest proportion of the sam-
ple, representing 44% of both men and women (Table 1).

Age gradient in hypertension and diabetes prevalence
An analysis of NFHS-5 data for individuals aged 30 years 
and above revealed distinct age profiles associated with 
the presence of hypertension and diabetes among both 
men and women in India (Fig. 2) (Supplementary Table 
ST-1). The median age for individuals with either hyper-
tension or diabetes is substantially higher than for those 
without these conditions. The mean ages closely mirror 
the medians, indicating a relatively symmetric age distri-
bution among disease groups. For hypertensive individu-
als, the mean age was 54 years for men and 55 years for 
women, compared to 47 and 46 years respectively among 
non-hypertensives. Similarly, the mean age among dia-
betics stood at 54 years for both men and women, sig-
nificantly higher than the 48 years (men) and 47 years 
(women) observed among non-diabetics. The standard 
deviation bands are wide (± 13 to 14 years), reflecting 
substantial variability in age of onset, even as central ten-
dencies cluster around the mid-50s.

Prevalence of hypertension and diabetes
Results showed that 30% (95% CI: 30.14–30.48) of men 
and 29% of women (95% CI: 28.47–28.79) aged 30 & 
above were hypertensive (Table  2). However, significant 
regional disparities were observed, with prevalence rates 
ranging from as low as 5% in districts of Jammu and 
Kashmir to as high as 38% in districts of West Bengal and 
Tamil Nadu (Figs.  3 and 4) (Supplementary Figure SF-1 
& SF-2, and Supplementary Table ST-2). Hypertension 
prevalence increased consistently with age and educa-
tional attainment across ETL groups, with the highest 
rates recorded among populations in High ETL states 
for both men and women. Geographic factors also influ-
enced prevalence, wherein it was more prevalent among 
urban men (34%, 95% CI: 33.46–34.18) as compared to 
rural men (29%, 95% CI: 28.45–28.82).

The prevalence of diabetes was lower than hyperten-
sion in the study population and recorded as 20% (95% 
CI: 19.58–19.88) and 17% (95% CI: 17.22–17.50) for men 
and women respectively at the national level (Table  3). 

Table 1 Percent distribution of those individuals aged 30 and 
above who have given blood sample for both diabetes and 
hypertension test by socio-economic characteristics in India, 
2019-21
Background 
Characteristics

Men aged 30 & 
above

Women aged 30 
& above

Weight-
ed %

Un-
weight-
ed 
Sample

Weight-
ed %

Un-
weight-
ed 
Sample

Age-groups
30–39 29.3 164,944 30.9 192,924
40–49 24.9 139,365 25.7 157,544
50–59 19.7 110,678 20.3 126,020
60–69 16.6 89,592 14.9 89,099
70+ 9.6 51,620 8.2 48,839
Education
Illiterate 22.4 131,972 46.9 298,710
Upto-8th 33.7 187,003 28.5 172,278
9th-above 43.9 236,717 24.7 143,217
Wealth quintile
Poorest 17.8 113,653 18.5 127,009
Poorer 19.1 118,914 19.3 131,095
Middle 20.5 114,779 20.3 125,998
Richer 21.3 108,798 20.7 118,291
Richest 21.3 100,055 21.2 112,033
Place of residence
Urban 32.4 137,299 32.4 153,184
Rural 67.7 418,900 67.6 461,242
Group of states
Low ETL group 43.5 252,998 43.5 277,151
Lower-middle ETL 7.1 85,946 6.8 91,356
Higher-middle ETL group 36.3 155,931 35.4 171,627
High ETL group 13.1 61,324 14.3 74,292
India 100 556,199 100 614,426
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In terms of regional variation, the prevalence of diabe-
tes followed a similar pattern observed for hypertension 
for both men and women (Supplementary Figures SF-3 
& SF-4). Across the ETLs, we noticed that the prevalence 
of diabetes increased with age, level of education and 
economic status and was more prevalent in urban areas 
as compared to rural. Higher and High ETLs recorded 
higher prevalence across all the selected indicators. The 
difference in diabetes prevalence was more than double 
between the age groups 30–39 years (16.3%, 95% CI: 

15.69–16.94) and 70 + years (34%, 95% CI: 33.18–34.87) 
among men.

Hypertension in diabetes (HID)
At national level 43.1% (95% CI: 42.67–43.53) of men 
and 43.9% (95% CI: 43.48–44.36) of women showed 
prevalence of hypertension among diabetic population. 
The Higher-Middle and High ETLs have higher preva-
lence of hypertension than national average among dia-
betic population. Among the 36 States/UTs, 23 and 22 
states reported hypertension prevalence among men 

Fig. 2 Mean and median age of the study population by disease type and gender, NFHS-5 (2019-21)
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and women respectively who were diabetic exceeding 
the national average (Supplementary Table ST-3). In 
High ETLs, Punjab recorded 60.9% and 62.9% hyperten-
sion among diabetic men and women respectively. In the 
Higher-Middle ETLs, among diabetics, 60% of men in 
Delhi and 56% of women in Lakshadweep were hyper-
tensive, marked the highest prevalence within this group 
of states. In Lower-Middle ETLs, Sikkim had the highest 

prevalence (58.9% in men and 52.9% in women) and Tri-
pura (36.3% in men and 36.7% in women) had the lowest 
prevalence of hypertension among diabetic population. 
In Low ETLs, Chhattisgarh recorded the highest hyper-
tension prevalence along with diabetes in 45.9% of men 
and 46.7% women, while Bihar reported the lowest, at 
33.5% in men and 35.1% in women (Table 4).

Table 2 Prevalence of hypertension among individuals aged 30 and above by socio-economic characteristics in the group of States as 
per the epidemiological transition level, India, 2019-21
Background Characteristics Low ETL Lower-middle ETL Higher-middle ETL High ETL Total

% 95%CI % 95%CI % 95%CI % 95%CI % 95%CI
Men aged 30 and above
Age-groups
30–39 17.3 16.99–17.65 17.4 16.62–18.23 18.9 18.39–19.43 23.0 22.10-23.82 18.6 18.3-18.84
40–49 24.6 24.16–24.97 25.6 24.64–26.66 28.0 27.33–28.6 33.5 32.53–34.52 27.0 26.69–27.35
50–59 31.4 30.95–31.94 31.6 30.39–32.75 35.9 35.13–36.68 42.8 41.63–43.99 34.7 34.27–35.07
60–69 36.5 35.93–37.03 39.7 38.21–41.12 43.8 42.87–44.64 50.6 49.41–51.79 41.2 40.72–41.61
70+ 42.0 41.26–42.78 45.4 43.47–47.41 49.8 48.61–50.95 55.8 54.27–57.26 47.0 46.43–47.61
Education
Illiterate 26.6 26.26–27.04 27.2 26.05–28.46 31.6 30.91–32.26 41.1 39.8-42.51 29.5 29.18–29.85
Upto-8th 27.0 26.66–27.38 27.8 26.95–28.66 31.0 30.4-31.56 39.4 38.6-40.29 30.2 29.94–30.52
9th-above 28.5 28.14–28.84 28.7 27.96–29.53 31.2 30.73–31.75 36.7 36-37.44 30.8 30.51–31.05
Wealth quintile
Poorest 24.0 23.61–24.32 25.6 24.43–26.83 24.2 23.35–25.15 32.9 30.19–35.66 24.3 23.98–24.66
Poorer 25.2 24.8-25.61 25.5 24.49–26.5 27.0 26.3-27.74 33.9 32.48–35.44 26.5 26.12–26.82
Middle 27.6 27.13–28.12 28.2 27.17–29.29 29.8 29.17–30.46 35.1 33.99–36.17 29.6 29.23–29.96
Richer 31.0 30.45–31.6 28.3 27.24–29.42 33.4 32.68–34.05 37.9 36.9-38.83 33.0 32.63–33.42
Richest 33.9 33.25–34.52 30.6 29.46–31.87 37.4 36.58–38.18 42.5 41.69–43.39 36.8 36.35–37.2
Place of residence
Urban 31.3 30.76–31.82 28.4 27.44–29.39 34.5 33.87–35.12 39.3 38.45–40.06 33.8 33.46–34.18
Rural 26.4 26.19–26.64 28 27.41–28.55 29.2 28.82–29.57 37.6 36.92–38.22 28.6 28.45–28.82
Total Men 30+ 27.5 27.3-27.72 28.2 27.63–28.68 31.2 30.9-31.57 38.3 37.8-38.82 30.3 30.14–30.48
Women aged 30 and above
Age-groups
30–39 12.3 12.06–12.58 11.8 11.19–12.47 12.6 12.16–12.99 12.6 11.98–13.19 12.4 12.2-12.62
40–49 21.8 21.43–22.16 22.3 21.38–23.24 26.2 25.61–26.8 25.7 24.88–26.5 24.0 23.68–24.28
50–59 32.3 31.89–32.81 34.3 33.13–35.45 39.8 39.07–40.61 40.4 39.44–41.44 36.3 35.89–36.64
60–69 40.6 40.06–41.22 45 43.58–46.49 50.0 49.15–50.92 54.6 53.39–55.73 46.4 45.92–46.83
70+ 46.7 45.92–47.56 50.5 48.59–52.35 56.2 55.06–57.41 63.3 61.87–64.77 53.2 52.62–53.83
Education
Illiterate 27.5 27.25–27.77 30.8 30.05–31.59 35.9 35.39–36.34 42.2 41.32–43.17 31.5 31.29–31.75
Upto-8th 24.2 23.8-24.58 26.7 25.76–27.56 29.6 29.04–30.21 36.9 36.16–37.73 28.6 28.34–28.96
9th-above 20.8 20.33–21.24 23.3 22.38–24.31 23.4 22.76–23.96 25.6 24.94–26.23 23.1 22.76–23.4
Wealth quintile
Poorest 22.7 22.37–23.03 25.5 24.33–26.64 28.2 27.37–29.13 33.3 30.91–35.74 24.5 24.15–24.8
Poorer 24.1 23.74–24.5 25 24.05–25.98 28.0 27.33–28.7 30.9 29.61–32.3 26.0 25.7-26.36
Middle 26.2 25.78–26.71 27 25.94–27.99 29.8 29.16–30.41 31.7 30.78–32.71 28.5 28.2-28.89
Richer 28.3 27.75–28.83 28.3 27.26–29.41 31.9 31.19–32.52 33.4 32.56–34.26 30.8 30.38–31.12
Richest 29.8 29.22–30.4 29.5 28.41–30.69 33.2 32.5-33.98 36.4 35.67–37.15 32.6 32.22-33
Place of residence
Urban 28.1 27.6-28.59 28.6 27.71–29.61 32.5 31.95–33.13 34.9 34.17–35.59 31.3 31.01–31.67
Rural 24.8 24.61–25.03 26.7 26.16–27.25 29.3 28.93–29.65 32.9 32.36–33.51 27.3 27.15–27.5
Total Women 30+ 25.5 25.35–25.74 27.5 26.98–27.98 30.6 30.24–30.88 33.8 33.33–34.23 28.6 28.47–28.79
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Diabetes in hypertension (DIH)
At the national level, 28.1% (95% CI: 27.75–28.37) of 
hypertensive men and 26.6% (95% CI: 26.33–26.93) of 
hypertensive women had diabetes. The Higher-Middle 
and High ETL groups exhibit prevalence rates of diabetes 
among hypertensives above the national average. Among 
hypertensive individuals, 16 States/UTs for men and 17 
States/UTs for women recorded diabetes prevalence 

rates above the national average (Supplementary Table 
ST-3). The prevalence of diabetes among hypertensive 
individuals showed positive associations with higher 
income, educational attainment and increasing age, with 
urban populations exhibiting higher rates than their rural 
counterparts. In High ETLs, Kerala recorded the high-
est prevalence of diabetes among both men (42%) and 
women (40%) with hypertension. In Low ETLs, among 

Fig. 3 Bivariate map showing the prevalence of hypertension and diabetes among men aged 30 and above, NFHS-5 (2019-21)
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individuals with hypertension, Assam recorded the high-
est prevalence of diabetes among men (30%), while Bihar 
recorded the highest prevalence among women (27%) 
(Table 5).

Hotspots of the twin epidemic
Three significant hotspots were identified for men, while 
two significant hotspots were found for women in India 
regarding the prevalence of diabetes among hyperten-
sive individuals (Figs. 5 and 6). The first hotspot, located 
in the southern part of the country, covered all districts 
of Kerala, Tamil Nadu, and Andhra Pradesh, along with 

Fig. 4 Bivariate map showing the prevalence of hypertension and diabetes among women aged 30 and above, NFHS-5 (2019-21)
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most parts of Karnataka except for the upper region of 
the state, and a few southern districts in Telangana. The 
second hotspot comprised all districts of West Bengal, 
Bihar, and Jharkhand excluding the western districts of 
these states. Moreover, the northeastern states of Sik-
kim, as well as the western parts of Assam and Megha-
laya, along with the southern part of Tripura, constituted 
the second hotspot for the prevalence of diabetes among 

hypertensive men and women. The third hotspot for men 
included the western districts of Gujarat.

In the case of the prevalence of hypertension among 
the diabetic population for both men and women, three 
significant hotspots were identified (Figs.  7 and 8). The 
first hotspot, similar to that observed for diabetes among 
hypertensive individuals included the southern states of 
India with the addition of more districts from Telangana. 

Table 3 Prevalence of diabetes among individuals aged 30 and above by socio-economic characteristics in the group of States as per 
the epidemiological transition level, India, 2019-21
Background Characteristics Low ETL Lower-middle ETL Higher-middle ETL High ETL Total

% 95%CI % 95%CI % 95%CI % 95%CI % 95%CI
Men aged 30 and above
Age-groups
30–39 9.3 9.00-9.51 11.2 10.52–11.92 11.8 11.36–12.27 12.6 11.98–13.3 10.7 10.53–10.97
40–49 14.9 14.58–15.27 18.9 17.98–19.87 18.8 18.24–19.39 21.4 20.53–22.24 17.5 17.17–17.74
50–59 20.5 20.04–20.92 26.7 25.5-27.87 25.9 25.18–26.68 30.7 29.7–31.8 24.3 23.98–24.72
60–69 23.6 23.08–24.06 30.9 29.54–32.36 29.8 28.96–30.64 37.5 36.32–38.65 28.1 27.72–28.54
70+ 25.6 24.88–26.23 33.5 31.61–35.45 29.5 28.44–30.61 36.3 34.84–37.74 29.1 28.52–29.6
Education
Illiterate 16.5 16.17–16.83 21.9 20.72–23.03 21.1 20.5-21.73 24.2 23.06–25.4 19 18.68–19.27
Upto-8th 16 15.72–16.32 21.8 20.97–22.61 21.2 20.66–21.72 26.7 25.91–27.42 19.8 19.53–20.05
9th-above 17.8 17.46–18.06 20.6 19.83–21.3 20.3 19.85–20.77 25.3 24.67–25.93 20.1 19.83–20.3
Wealth quintile
poorest 14.8 14.46–15.06 17.8 16.74–18.92 20 19.12–20.88 20.4 18.17–22.8 16.3 16-16.61
poorer 15.9 15.56–16.25 17.9 16.94–18.81 18.8 18.13–19.46 21.4 20.17–22.64 17.4 17.09–17.71
middle 16.8 16.42–17.26 21 20.01–22.04 19.5 18.96–20.12 24 23.07–24.95 19.2 18.9-19.54
richer 18.7 18.17–19.16 22.5 21.5-23.61 21.2 20.59–21.8 25.5 24.69–26.35 21.3 20.92–21.61
richest 20.3 19.78–20.89 23.7 22.62–24.89 23.5 22.84–24.28 28.6 27.81–29.37 23.7 23.28–24.04
Place of residence
Urban 19 18.5-19.42 22.6 21.7-23.57 22.6 22.08–23.2 27.9 27.18–28.65 22.5 22.14–22.78
Rural 16.2 16.05–16.43 20.2 19.72–20.77 19.6 19.26–19.95 23.9 23.33–24.43 18.4 18.26–18.59
Total Men 30+ 16.8 16.67–17.03 21.2 20.73–21.72 20.8 20.47–21.07 25.6 25.2–26.1 19.7 19.58–19.88
Women aged 30 and above
Age-groups
30–39 7 6.84–7.26 9.7 9.11–10.33 9.1 8.75–9.49 10.3 9.73–10.87 8.4 8.18–8.55
40–49 12.4 12.15–12.76 15.8 14.94–16.65 16.3 15.79–16.82 20 19.2-20.75 15.1 14.86–15.38
50–59 19.4 18.99–19.79 24 23-25.12 24.6 23.91–25.29 30.8 29.83–31.7 23.2 22.91–23.58
60–69 21.9 21.37–22.37 29.5 28.1-30.86 27.8 26.94–28.61 36.2 35.07–37.31 26.6 26.23–27.06
70+ 22.6 21.96–23.35 29 27.26–30.8 27.8 26.74–28.92 33.8 32.41–35.18 26.9 26.31–27.41
Education
Illiterate 14.8 14.61–15.03 20.4 19.76–21.16 19.6 19.23–20.04 25.1 24.3-25.84 17.5 17.3-17.68
Upto-8th 13.7 13.37–14.01 18.7 17.94–19.59 19.1 18.55–19.61 27 26.23–27.7 18.4 18.14–18.69
9th-above 13.3 12.88–13.66 16.6 15.73–17.43 15.4 14.82–15.89 20 19.4–20.6 15.9 15.59–16.16
Wealth quintile
poorest 12.2 11.98–12.51 15.2 14.27–16.24 16.9 16.12–17.64 20.3 18.5-22.32 13.7 13.47-14
poorer 13.3 12.96–13.57 15.8 14.99–16.68 16.1 15.52–16.69 20.9 19.81–21.99 15 14.73–15.27
middle 14.9 14.53–15.29 18.2 17.29–19.12 17 16.53–17.58 22.3 21.45–23.15 17.1 16.8-17.39
richer 16.4 15.93–16.83 20.6 19.58–21.59 19.4 18.84–20.01 24.3 23.54–25.09 19.5 19.18–19.83
richest 17 16.51–17.52 21.4 20.37–22.44 20.9 20.23–21.55 25.5 24.77–26.15 20.8 20.47–21.17
Place of residence
Urban 16.3 15.88–16.72 20.9 20.08–21.83 20.3 19.83–20.85 26.4 25.74–27.08 20.3 20.06–20.64
Rural 13.7 13.54–13.87 17.5 17.02–17.98 17 16.68–17.31 21.6 21.15–22.12 15.9 15.78–16.07
Total Women 30+ 14.3 14.12–14.44 18.9 18.42–19.33 18.3 18.03–18.58 23.7 23.31–24.11 17.4 17.22–17.50
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The second hotspot was located in the northern states of 
India, including the districts of Ladakh, Jammu & Kash-
mir, Himachal Pradesh, Chandigarh, as well as the upper 
regions of Uttarakhand and Rajasthan. The third hotspot 
was identified in the northeastern states of Arunachal 
Pradesh, Nagaland, the eastern part of Assam and the 
northern part of Manipur.

Adjusted risk ratio (ARRs)
At the national level, individuals aged 30 and above with 
diabetes revealed an increased risk of hypertension, with 
the adjusted risk at 39% (ARR: 1.39, 95% CI: 1.38–1.40) 
and 41% (ARR: 1.41, 95% CI: 1.39–1.42), respectively 
for men and women. Among men, the lowest ARR for 
hypertension among those with diabetes was observed 
in the lower-middle ETLs, while the highest ARR was 

Table 4 Prevalence of hypertension among individuals aged 30 & above who have diabetes, by socio-economic characteristics in the 
group of States as per the epidemiological transition level, India, 2019-21
Background Characteristics Low ETL Lower-middle ETL Higher-middle ETL High ETL Total

% 95%CI % 95%CI % 95%CI % 95%CI % 95%CI
Men aged 30 and above
Age-groups
30–39 26.5 25.27–27.87 23.3 20.75–26.02 28.3 26.46–30.18 35.1 32.47–37.83 28.2 27.18–29.19
40–49 34.2 33.05–35.45 34.8 32.23–37.47 38.7 37.03–40.35 44 41.73–46.21 37.5 36.65–38.43
50–59 40.6 39.45–41.83 38.4 35.96–40.97 44.8 43.08–46.47 50.5 48.53–52.51 43.8 42.93–44.69
60–69 44.8 43.64–46.03 45.6 42.8-48.34 53 51.3-54.71 59 56.99–60.89 50.5 49.61–51.37
70+ 49.9 48.34–51.4 49.8 46.15–53.4 57.5 55.35–59.72 62.9 60.49–65.32 55.1 53.95–56.16
Education
Illiterate 36.1 35.01–37.12 35.1 32.29–38.01 40.6 38.94–42.2 50 47.24–52.73 39.1 38.25–39.97
Upto-8th 38 37.05–39.04 36.3 34.28–38.36 43.9 42.47–45.3 52 50.4-53.69 42.8 42.03–43.5
9th-above 42.4 41.47–43.32 41 39.08–43.01 45.9 44.64–47.18 51.3 49.84–52.69 45.3 44.64–45.97
Wealth quintile
poorest 32.2 31.16–33.21 33.8 30.65–37.12 31.8 29.55–34.24 44.7 38.58–50.93 32.5 31.56–33.52
poorer 35.7 34.57–36.86 33.1 30.57–35.83 36.4 34.54–38.34 43.6 40.37–46.81 36.5 35.56–37.46
middle 38.5 37.18–39.82 36.2 33.71–38.83 41.6 39.96–43.25 46.6 44.39–48.84 41 40.11–41.96
richer 44.3 42.83–45.73 38.7 36.17–41.28 47.6 46-49.26 50.7 48.81–52.54 46.6 45.67–47.51
richest 49.5 48.01–51.08 42.9 40.19–45.58 52.9 51.12–54.66 56.7 55.09–58.29 52 51.12–52.97
Place of residence
Urban 46.3 44.93–47.63 40.2 37.89–42.46 50.1 48.65–51.47 52.6 51.06–54.17 48.8 47.95–49.57
Rural 37 36.39–37.61 36.8 35.37–38.18 39.7 38.77–40.7 50.3 49-51.58 39.8 39.32–40.29
Total Men 30+ 39.3 38.76–39.91 38.3 36.99–39.54 44.1 43.23–44.88 51.4 50.4–52.4 43.1 42.67–43.53
Women aged 30 and above
Age-groups
30–39 19.9 18.67–21.18 16.7 14.53–19.08 21.3 19.62–23.14 20.5 18.27–22.9 20.3 19.39–21.24
40–49 31.3 30.06–32.49 30.1 27.55–32.87 37.3 35.61–38.99 35.3 33.29–37.36 34.3 33.41–35.2
50–59 41.5 40.32–42.59 42.1 39.6-44.69 49.4 47.79–51.06 49 47.16–50.8 45.9 45.06–46.72
60–69 50.7 49.41–52.01 50.5 47.65–53.38 60.4 58.64–62.21 63.3 61.46–65.16 56.9 55.98–57.81
70+ 54.2 52.46–55.97 55 51.26–58.62 62.4 60.15–64.69 71.5 69.27–73.66 61.1 59.88–62.22
Education
Illiterate 39.8 39.02–40.54 39.9 38.03–41.83 49.3 48.18–50.5 53 51.28–54.76 44.7 44.09–45.29
Upto-8th 40.2 38.92–41.41 38.6 36.24–41.03 45.3 43.73–46.83 52.1 50.44–53.67 45.1 44.24–45.9
9th-above 36.7 35.2-38.29 39.1 36.4-41.93 41.5 39.69–43.41 43.6 41.96–45.28 40.7 39.77–41.69
Wealth quintile
poorest 33.5 32.46–34.63 34.7 31.38–38.09 38.1 35.69–40.58 44.3 39.32–49.39 35.4 34.41–36.45
poorer 36.4 35.18–37.59 34 31.25–36.8 41.4 39.42–43.36 43.6 40.7-46.45 38.8 37.86–39.81
middle 39.2 37.86–40.58 36.1 33.46–38.75 44.3 42.64–46.01 44.8 42.65–46.92 42.1 41.21–43.08
richer 44.1 42.61–45.63 40.1 37.42–42.8 49.1 47.44–50.81 49.2 47.38–51.04 47.1 46.13–48.01
richest 47.1 45.43–48.69 44.4 41.75–47.16 51.7 49.86–53.44 54.4 52.83–56.01 50.6 49.7-51.59
Place of residence
Urban 45.1 43.66–46.47 43.4 41.09–45.74 51.2 49.76–52.57 50.4 48.94–51.92 48.9 48.06–49.67
Rural 37.5 36.84–38.12 36 34.6-37.51 42.5 41.49–43.51 48.6 47.33–49.83 40.9 40.39–41.38
Total Women 30+ 39.4 38.8-39.99 39.3 37.99–40.61 46.3 45.44–47.12 49.5 48.51–50.44 43.9 43.48–44.36
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recorded in the higher-middle ETLs. Conversely, for 
women, the risk of hypertension followed a similar trend. 
Similarly, at the national level, the risk of diabetes among 
men who were hypertensive was 51% (ARR: 1.51, 95% CI 
1.49–1.52), while among women, it was 55% (ARR: 1.55, 
95% CI 1.53–1.57). The lowest risk of diabetes among 
men and women who were hypertensive was observed in 

lower-middle ETLs, while the highest ARR was observed 
in the higher-middle ETLs (Table 6, 7).

Discussion
To the best of our knowledge, this study is the first to 
provide empirical estimates of the prevalence and coex-
istence of diabetes and hypertension using nationally 
representative, individual-level biomarker data on blood 

Table 5 Prevalence of diabetes among individuals aged 30 & above who have hypertension, by socio-economic characteristics in the 
group of States as per the epidemiological transition level, India, 2019-21
Background Characteristics Low ETL Lower-middle ETL Higher-middle ETL High ETL Total

% 95%CI % 95%CI % 95%CI % 95%CI % 95%CI
Men aged 30 and above
Age-groups
30–39 14.2 13.44–14.94 15 13.32–16.8 17.7 16.48–18.93 19.3 17.7-21.04 16.3 15.69–16.94
40–49 20.8 20.02–21.6 25.7 23.71–27.74 26 24.82–27.24 28 26.42–29.68 24.2 23.63–24.88
50–59 26.5 25.62–27.33 32.5 30.41–34.62 32.3 31.05–33.63 36.3 34.56–38.03 30.8 30.11–31.45
60–69 29 28.1-29.83 35.5 33.28–37.86 36.1 34.76–37.45 43.7 42-45.34 34.5 33.82–35.19
70+ 30.3 29.23–31.44 36.7 33.81–39.71 34.1 32.5-35.77 40.9 38.95–42.96 34 33.18–34.87
Education
Illiterate 22.3 21.61–23.04 28.2 25.85–30.6 27.1 25.93–28.32 29.4 27.52–31.36 25.1 24.54–25.76
Upto-8th 22.5 21.9-23.21 28.4 26.82–30.11 30 28.96–31.08 35.2 33.87–36.5 28 27.46–28.53
9th-above 26.4 25.78–27.08 29.4 27.89–30.86 29.8 28.93–30.76 35.3 34.15–36.49 29.5 29.05–30.02
Wealth quintile
poorest 19.8 19.15–20.51 23.5 21.19–25.98 26.3 24.33–28.29 27.7 23.5-32.35 21.8 21.12–22.51
poorer 22.5 21.75–23.32 23.2 21.39–25.18 25.3 23.96–26.75 27.4 25.13–29.86 24 23.33–24.67
middle 23.5 22.58–24.36 27 25.06–28.97 27.3 26.1-28.46 31.9 30.15–33.69 26.6 25.99–27.32
richer 26.6 25.66–27.63 30.8 28.76–32.9 30.3 29.08–31.45 34.2 32.65–35.68 30 29.34–30.69
richest 29.7 28.67–30.81 33.2 31.03–35.44 33.3 32.08–34.6 38.1 36.83–39.39 33.5 32.8-34.16
Place of residence
Urban 28 27.12–28.98 32 30.14–33.9 32.9 31.8-33.93 37.4 36.15–38.69 32.4 31.77-33
Rural 22.7 22.33–23.16 26.6 25.55–27.68 26.7 26-27.36 32 30.97–32.97 25.6 25.27–25.95
Total Men 30+ 24.1 23.7-24.48 28.8 27.85–29.85 29.3 28.7–29.9 34.4 33.62–35.22 28.1 27.75–28.37
Women aged 30 and above
Age-groups
30–39 11.4 10.65–12.16 13.7 11.94–15.7 15.5 14.19–16.83 16.8 14.92–18.78 13.7 13.05–14.34
40–49 17.9 17.12–18.62 21.3 19.44–23.35 23.2 22.08–24.35 27.4 25.84–29.1 21.6 21.03–22.24
50–59 24.8 24.09–25.62 29.5 27.63–31.54 30.5 29.35–31.69 37.3 35.75–38.79 29.4 28.81–30.02
60–69 27.3 26.46–28.14 33.1 30.94–35.23 33.5 32.33–34.78 42 40.43–43.58 32.7 32.04–33.34
70+ 26.3 25.21–27.36 31.6 29.1-34.18 30.9 29.41–32.39 38.1 36.35–39.98 30.8 30.02–31.6
Education
Illiterate 21.4 20.97–21.9 26.5 25.14–27.88 27 26.26–27.79 31.5 30.17–32.78 24.8 24.41–25.19
Upto-8th 22.7 21.93–23.54 27.2 25.42–28.98 29.2 28.06–30.27 38 36.72–39.27 29 28.38–29.57
9th-above 23.4 22.39–24.54 27.8 25.67–29.98 27.3 25.99–28.65 34.1 32.72–35.48 28 27.3-28.73
Wealth quintile
poorest 18.1 17.46–18.74 20.7 18.62-23 22.8 21.17–24.42 27.1 23.58–30.87 19.9 19.25–20.52
poorer 20 19.28–20.75 21.5 19.66–23.44 23.8 22.53–25.08 29.4 27.15–31.74 22.4 21.75–23.01
middle 22.3 21.42–23.16 24.3 22.47–26.29 25.4 24.28–26.49 31.4 29.81–33.14 25.2 24.61–25.87
richer 25.5 24.55–26.56 29.1 27.06–31.23 30 28.79–31.13 35.8 34.35–37.29 29.9 29.19–30.53
richest 26.9 25.79–27.94 32.2 30.08–34.34 32.5 31.18–33.75 38.1 36.82–39.3 32.3 31.65–33.02
Place of residence
Urban 26.1 25.22–27.09 31.7 29.93–33.59 32 30.96–33.01 38.2 36.96–39.41 31.7 31.13–32.33
Rural 20.7 20.3-21.09 23.6 22.6-24.66 24.7 24.01–25.31 31.9 30.96–32.87 23.8 23.51–24.15
Total Women 30+ 22 21.64–22.4 27 26.02–27.97 27.7 27.14–28.29 34.7 33.96–35.5 26.6 26.33–26.93
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pressure and blood glucose from the fifth round of the 
NFHS in India. We present a sex-stratified analysis of 
the twin epidemics at the population level across Indian 
states, categorised by ETL state group [37]. A sex-disag-
gregated approach was adopted, recognising that the risk 
factors for hypertension and diabetes differ between men 
and women due to variations in socioeconomic status, 
behavioural patterns, and biological factors [22].

Our study revealed that among individuals aged 30 
years and above, the mean age of individuals with hyper-
tension was 54 years for men and 55 years for women, 

while the mean age for diabetes was 54 years for both 
sexes. These findings are consistent with those reported 
by Varghese et al. [40] for hypertension (based on par-
ticipants aged 18–98 years) and by Uma et al. [41]for 
diabetes (among individuals aged 41 years and above). 
Our findings showed a clear age gradient in the preva-
lence of hypertension and diabetes, with affected indi-
viduals being, on average, nearly a decade older than 
those without these conditions. This finding highlights 
the progressive nature of both diseases and the height-
ened risk of onset with advancing age. Furthermore, the 

Fig. 5 Hot spots and cold spots of diabetes among men aged 30 and above who had hypertension, India, NFHS-5 (2029-21)
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close alignment between mean and median ages indi-
cates minimal skewness in the age distribution, suggest-
ing that the burden is broadly distributed across older 
adults and not disproportionately driven by a small num-
ber of very elderly cases. The analysis revealed that the 
overall age-standardized prevalence of hypertension in 
India was particularly higher compared to the preva-
lence of diabetes at the population level. Similar patterns 
were observed in other low and middle-income countries 
such as Bangladesh [34], Nepal [42], Pakistan [43] and 
Sri Lanka [44]. Further, the prevalence of hypertension 

and diabetes was higher in urban areas as compared to 
rural areas and shows a gradually increase with age, level 
of education, and rising income across the groups of ETL 
states. The increasing trend of both risk factors across the 
selected socioeconomic and demographic gradient has 
been observed in several studies on the socioeconomic 
gradient scale, for example, research indicated that dia-
betes and hypertension were somewhat common in India 
[23, 29, 45]. According to a WHO-ICMR Indian NCD 
risk factor surveillance research, the highest prevalence 
of diabetes and hypertension was found in urban regions, 

Fig. 6 Hot spots and cold spots of diabetes among women aged 30 and above who had hypertension, India, NFHS-5 (2029-21)
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followed by peri-urban/slum areas, which had an inter-
mediate prevalence, and rural areas, which had the low-
est prevalence [46]. The results also support the findings 
of the India State-Level Disease Burden Initiative [37], 
which found that NCD prevalence increased signifi-
cantly in India between 1990 and 2016, with states with 
advanced epidemiological transition bearing a dispropor-
tionately higher burden.

Regional variations in the prevalence of hypertension, 
diabetes and their coexistence reveal a distinct pattern, 
with the lowest prevalence observed in regions classified 

as the lowest ETLs and the highest prevalence in regions 
categorized as the highest ETLs. The hotspot analysis 
further reveals significant regional disparities, with the 
southern region emerging as a prominent hotspot for the 
prevalence of both hypertension among the diabetic pop-
ulation and diabetes among the hypertensive population. 
These states exhibit a high prevalence of both hyper-
tension and diabetes, which aligns with findings from 
previous studies [23, 35, 47]. Moreover, these states are 
characterized by high levels of smoking and alcohol con-
sumption [48] as well as a transition from communicable 

Fig. 7 Hot spots and cold spots of hypertension among men aged 30 and above who had diabetes, India, NFHS-5 (2029-21)
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diseases to NCDs [37], which could be major contribut-
ing factors to their high prevalence of hypertension and 
diabetes. Another contributing factor to the high preva-
lence of diabetes is persistent high temperature [49, 50], 
which negatively affects the glucose metabolism through 
suppressing the brown adipose tissue activity [51]. The 
second hotspot for the prevalence of diabetes among the 
hypertensive population was primarily concentrated in 
the districts of West Bengal, Jharkhand, and Bihar, find-
ings that are supported by a study conducted in major 
populous states of India by Joshi et al. [23]. Furthermore, 

two hotspots for hypertension among individuals with 
diabetes were identified in the states/UTs of Ladakh, 
Jammu & Kashmir, Himachal Pradesh, and Punjab from 
the northern region, and Arunachal Pradesh, Nagaland 
and Assam from the northeastern region of the country. 
The considerable prevalence of alcohol consumption [39, 
48] in northern states such as Ladakh, Jammu & Kash-
mir, Punjab and Himachal Pradesh, coupled with high 
levels of smoking and smokeless tobacco could be the 
major reason for the high prevalence of hypertension in 
these hotspots. Another contributing factor to the high 

Fig. 8 Hot spots and cold spots of hypertension among women aged 30 and above who had diabetes, India, NFHS-5 (2029-21)
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prevalence of hypertension could be the elevated topog-
raphy in states/UTs such as Ladakh, Jammu & Kashmir, 
Himachal Pradesh, and Arunachal Pradesh, as reported 
in a study conducted in high-altitude regions [52].

A notable strength of this study lies in its ability to 
provide detailed disaggregated data on the prevalence 
of hypertension and diabetes by state- and individual-
level sociodemographic characteristics. This enables a 
nuanced understanding of the twin epidemics in their co-
existing forms, at a granular level. The higher prevalence 
of diabetes and hypertension in urban areas and among 
higher socioeconomic groups may be attributed to life-
style-related risk factors such as unhealthy diets, physi-
cal inactivity, and increased stress levels [21, 53]. Urban 
populations also tend to have better access to screening 
and diagnosis, contributing to higher detection rates [24]. 
Conversely, underdiagnosis in rural and lower-income 
populations may lead to an underestimation of the true 
prevalence [53].

Hypertension and diabetes are both components of 
metabolic syndrome and frequently coexist. This could be 
attributed to shared risk factors or the damaging effects 
of elevated blood sugar levels on cells within the cardio-
vascular system [10, 23, 33, 54]. Our findings also indi-
cate that at the national level, 43% of diabetic men and 
44% of diabetic women were hypertensive. According to 
a study done to determine the prevalence of hypertension 
in patients with type 2 diabetes who had just received a 

diagnosis, 39% of the patients had hypertension at the 
time of their diabetes diagnosis [46]. About 60% of 5427 
patients with a diagnosis of diabetes also had concomi-
tant hypertension, according to the Screening India’s 
Twin Epidemic research (SITE), which looked at the inci-
dence of both conditions in the seven most populated 
Indian states. According to estimates of the prevalence 
of hypertension in people with diabetes mellitus, which 
range from 40 to 80%, hypertension is more common in 
these persons than in the general population, according 
to another study [23]. These findings may be attributed to 
high blood glucose levels, which can result in widespread 
damage to tissues and organs, including those crucial for 
maintaining healthy blood pressure. For instance, dam-
age to blood vessels and kidneys can lead to an increase 
in blood pressure [54].

Similarly, the prevalence of diabetes among hyperten-
sive populations showed that 28% of men and 27% of 
women had diabetes at the time of the survey. The preva-
lence of diabetes was similar to that reported in a cross-
sectional study on hypertensive outpatients in China 
[55]. Again, the observations of the SITE study con-
ducted in seven Indian states reported that out of 7212 
study patients with hypertension, diabetes coexisted in 
44.7%. Additionally, in a large prospective cohort study 
by Lip et al., involving 12,550 adults, the onset of type 2 
diabetes was nearly 2.5 times more likely in patients with 
hypertension than in their normotensive counterparts 
[56]. Another study conducted in China found that high 
prevalence of diabetes mellitus accounted for 24% among 
outpatients with hypertension [55]. This finding could be 
attributed to individuals with high blood pressure typi-
cally having insulin resistance, which increases their risk 
of diabetes. Our results further corroborate the strong 
and convincing evidence that a high prevalence of dia-
betes can raise the risk of hypertension and vice versa. 
This result is in line with a previous study that found 
that people with diabetes mellitus have a higher risk of 
developing hypertension, with the incidence of hyperten-
sion in DM patients being twice as high as in people of 
the same age without DM [57]. A study on blood pres-
sure control in diabetes from an Indian perspective found 
that individuals with diabetes are 1.5 to 2 times more 
likely to develop hypertension compared to those with-
out diabetes. Likewise, approximately one-third of indi-
viduals with hypertension go on to develop diabetes over 
time [45]. In a different areas of research people in the 
Karnataka area of Mysore, it was found that people with 
hypertension had a far higher chance of getting diabetes 
than people with normotension [17]. Additionally, it was 
discovered that women were more likely than males to 
have both diabetes and hypertension in both situations, 
the risk of hypertension among people with diabetes and 
the risk of diabetes among people with hypertension. The 

Table 6 Adjusted risk-ratio for hypertension among individuals 
aged 30 & above who have diabetes by group of States as per 
the epidemiological transition level, India, 2019-21
ETL- States Groups Men aged 30 & 

above
Women aged 30 & 
above

ARR 95%CI ARR 95%CI
Low ETL group 1.39 1.37–1.41 1.40 1.38–1.43
Lower-middle ETL 1.31 1.28–1.34 1.33 1.30–1.36
Higher-middle ETL group 1.43 1.41–1.45 1.43 1.41–1.45
High ETL group 1.35 1.32–1.37 1.38 1.35–1.41
India 1.39 1.38–1.40 1.41 1.39–1.42
Note: All estimates are significant and adjusted with age, education, religion, 
social groups, wealth quintiles and place of residence

Table 7 Adjusted risk-ratio for diabetes among individuals aged 
30 & above who have hypertension by group of States as per the 
epidemiological transition level, India, 2019-21
ETL- States Groups Men aged 30 & 

above
Women aged 30 & 
above

ARR 95%CI ARR 95%CI
Low ETL group 1.49 1.46–1.52 1.53 1.50–1.56
Lower-middle ETL 1.40 1.36–1.44 1.42 1.38–1.47
Higher-middle ETL group 1.58 1.54–1.61 1.62 1.58–1.66
High ETL group 1.47 1.43–1.52 1.53 1.48–1.57
India 1.51 1.49–1.52 1.55 1.53–1.57
Note: All estimates are significant and adjusted with age, education, religion, 
social groups, wealth quintiles and place of residence
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total prevalence of diabetes mellitus among hyperten-
sive patients was 32.0%, with rates of 29.6% for men and 
33.5% for women, according to a cross-sectional study 
done on patients in southwest China between the ages of 
40 and 79 [58]. Diabetes mellitus at baseline was a signifi-
cant predictor of incident hypertension, regardless of sex, 
age, body mass index, and family history of diabetes mel-
litus, according to another study [20] that used the cohort 
data to examine the co-prediction and time trajectories 
for hypertension and diabetes. On the other hand, inci-
dence diabetes mellitus was independently predicted by 
baseline hypertension [20].

According to epidemiological research, diabetes and 
hypertension have similar risk factors and linked patho-
physiological pathways, creating a network that could 
potentially result in a vicious cycle [57]. Consequently, 
diabetes mellitus and hypertension are prone to comor-
bidity and are essential elements of the metabolic syn-
drome [59]. When diabetes and hypertension coexist, the 
risk is raised, and the start of vascular problems is accel-
erated. The risk of cardiovascular disease is increased by 
75% when diabetes and hypertension coexist, which fur-
ther raises total rates of morbidity and death [60]. Addi-
tionally, individuals with hypertension who also have 
diabetes mellitus have a more than twofold increased risk 
of stroke; in contrast, patients with HTN and DM who 
have lower blood pressure (BP) have a 44% lower risk of 
stroke. According to a different study, individuals with 
diabetes have greater baseline heart rates, more isolated 
systolic hypertension, and less nocturnal blood pressure 
lowering because of autonomic neuropathy [57]. Because 
the goal blood pressure (BP) is usually low and the 
response to treatment is frequently insufficient, manag-
ing BP in these individuals is a considerable problem [61]. 
Therefore, it is imperative to improve diabetes mellitus 
screening among hypertensive patients, especially among 
younger patients or those with lower incomes in certain 
geographic areas. Treating the twinned diseases as a sep-
arate priority category due to heightened risk of compli-
cations. Annual screening for complications to prevent 
adverse events. Further research could point to the need 
for a more effective drug regimen to control both the dis-
eases together than each separately and the role played 
by the twinned diseases in adverse events and preventive 
interventions to mitigate the risk.

The strength of the study lies in its uniform opera-
tional definition of hypertension and diabetes in large 
and nationally representative sample. By investigating 
the interplay between hypertension and diabetes across 
states based on the ETLs, the study provides valuable, 
context-specific insights for future decision-making 
aimed at addressing the dual burden of diabetes and 
hypertension as a unified entity. However, the study has 
few limitations. First, hypertensive subjects were defined 

as those with an average of three blood pressure read-
ings on one occasion, while raised blood pressure read-
ings on at least two occasions are usually necessary for a 
clinical diagnosis of hypertension [62]. Second, it is not 
advised to diagnose diabetes in clinical settings using a 
single capillary blood glucose measurement. However, 
this method has been demonstrated to have enough sen-
sitivity and specificity for diagnosing diabetes in popula-
tion-based research, which is why the WHO’s STEP-wise 
Approach to NCD Risk Factor Surveillance suggests it 
for monitoring diabetes prevalence [62]. Third, the study 
could not distinguish between type 1 and type 2 diabe-
tes. Fourth, the study was unable to consider information 
on waist-hip ratio and body mass index as this data was 
only available for women aged 15–49 years and men aged 
15–54 years in the NFHS-5 dataset [21]. Finally, hyper-
tension and diabetes can also result from the side effects 
of certain medications, these factors were not addressed 
in this study.

Conclusions
The observed age gradients in hypertension and diabe-
tes prevalence highlight the urgent need for early detec-
tion, especially among individuals approaching midlife. 
Public health interventions should integrate age-specific 
strategies, such as prioritised CBAC (Community-Based 
Assessment Checklist) screenings for individuals over 
30, to pre-empt disease onset and mitigate long-term 
complications. Combining and analyzing the differences 
between diabetes and hypertension in each state accord-
ing to the ETL offers important, context-specific evidence 
for developing future decision-making plans to deal with 
the dual burden of diabetes and hypertension as a single 
condition. To determine the prevalence of twin epidem-
ics, analyzing the success of earlier efforts, and direct-
ing the creation of focused strategies, this study offers a 
reliable instrument. With an emphasis on early interven-
tion based on the most recent research, we highlight the 
importance of population-specific interventions and pol-
icies in order to avert serious problems. Services for pre-
vention, screening, and treatment must be adapted to the 
unique requirements of various locations and situations, 
taking into account the common risk factors and path-
ways that lead to the development of both diabetes and 
hypertension. Future research should explore the shared 
risk factors, disease progression pathways, and regional 
disparities in the coexistence of hypertension and diabe-
tes to inform the development of integrated, context-spe-
cific interventions at the primary care level. Longitudinal 
studies are essential to assess the long-term effectiveness 
of early intervention models and to refine prevention, 
screening, and treatment strategies in response to India’s 
rapidly evolving epidemiological landscape.
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India must prioritise diabetes and hypertension as 
critical national public health challenges. As princi-
pal drivers of cardiovascular disease, their escalating 
burden-transcending socioeconomic and geographic 
boundaries-necessitates sustained action. With India 
accounting for a substantial share of the global preva-
lence, nuanced understanding of the distribution and 
coexistence of these conditions is critical to inform tar-
geted prevention, early detection, and long-term control 
strategies. Strengthening primary healthcare systems 
remains critical to mitigate their far-reaching health and 
economic consequences. Progress towards SDG Target 
3.4-reducing premature mortality from non-communica-
ble diseases by one-third by 2030-will depend on India’s 
capacity to confront these twin epidemics within the con-
text of its rapid epidemiological transition.
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