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Abstract
Background  Hypertension care cascade in resource-limited settings is compromised with a majority of patients with 
hypertension remaining undiagnosed, untreated, non-adherent, and poorly controlled at every stage. However, there 
is paucity of information on care and management of hypertensive patients in community-based settings of low-
income urban neighbourhoods in India.

Methods  This was a community-based cross-sectional study conducted in an urban resettlement colony and 
slum area in the Northeast District of Delhi. The adult population was screened for hypertension using standardized 
methods, and adherence to medications was assessed using the Morisky Green Levine scale. Binary logistic regression 
analysis was conducted to ascertain the sociodemographic predictors of the outcome (presence of hypertension, 
adherence to antihypertensive medication, blood pressure control). A p-value < 0.05 was considered statistically 
significant.

Results  We included 8850 adult participants including 5295 females and 3555 males in this study. Nearly 29% of 
the participants were hypertensive, of which 61.77% were newly diagnosed cases. Furthermore, nearly 81% of the 
previously diagnosed cases had been initiated on antihypertensive medication, of which 57.54% were adherent to 
their medications while 36.12% attained controlled blood pressure levels. The odds of having hypertension were 
significantly higher among males (AOR = 1.87, 95% CI: 1.63 to 2.15), age ≥ 60 years (AOR = 9.15, 95% CI: 7.82 to 10.70), 
high waist circumference (AOR = 2.24, 95% CI: 1.86 to 2.70) and Body Mass Index of ≥ 25.00 (AOR = 2.55, 95% CI: 2.00 to 
3.26). Furthermore, on adjusted analysis, patients of hypertension having diabetes (DM) comorbidity had significantly 
higher odds of being adherent to anti-hypertensive medications (AOR = 1.81, 95% CI: 1.31 to 2.51) compared to those 
without DM comorbidity, while tobacco users had significantly lower odds of being adherent to antihypertensive 
medication (AOR = 0.50, 95% CI: 0.31 to 0.82).

Conclusions  Hypertension care cascade in urban slum-resettlement colony setting revealed a high burden of 
undiagnosed hypertension, low rates of medication adherence, and poor blood pressure control. Strengthening 
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Background
Hypertension (HTN) signifying elevated blood pressure 
is an established risk factor for cardiovascular diseases 
and renal dysfunction resulting in premature and pre-
ventable mortality [1, 2]. Globally, more than one billion 
adults have hypertension with majority of them residing 
in low- and middle- income countries (LMICs) [3]. In 
India, evidence from a nationally representative survey 
indicate that at least one in four adults have hyperten-
sion [4]. Furthermore, there exists considerable regional 
variation in the prevalence of hypertension in India with 
nearly one-third of urban adults and one-fourth of rural 
adults having hypertension [5]. High burden of hyperten-
sion in India is attributed to the ongoing demographic 
transition and associated increasing aging population, 
and epidemiological transition related risk factors such 
as overweight/obesity, sedentary lifestyles, alcohol and 
tobacco consumption and comorbidities as some of the 
risk factors associated with hypertension [6].

To meet the sustainable objective goals for a one-
third reduction in premature mortality from NCDs by 
2030, the global NCD action plan target of a 25% rela-
tive reduction in the prevalence of high blood pressure 
in adults by 2025 is required [7, 8]. Hypertension screen-
ing, diagnosis, and effective pharmacological and lifestyle 
management to lower blood pressure is highly cost-effec-
tive and essential for prevention of major microvascular 
and macrovascular complications resulting from uncon-
trolled hypertension but the asymptomatic condition 
is frequently neglected by patients and health systems 
in the developing world [1, 2, 9]. Consequently, world-
wide, there is a high prevalence of deficient hyperten-
sion management practices with nearly half the patients 
with hypertension remaining undiagnosed and not initi-
ated on therapy, while merely one in five achieve optimal 
blood pressure control [10]. Evidence from studies evalu-
ating the hypertension care cascades in LMICs signify-
ing the extent of retention of hypertensive patients from 
the stages of screening, diagnosis, initiation of treatment, 
and attainment of blood pressure control indicate major 
losses at all stages representing an ongoing public health 
challenge [11–13]. Within LMICs, the pooled estimate 
of medication non-adherence to hypertension treatment 
was estimated as 47.34% after pooling data from 42 stud-
ies [14].

Within India, evidence from the fifth series of the 
National Family Health Survey (NFHS-5, 2019-21), a 
nationally representative survey in the 15–49 age-group, 

concluded that only 4 in 10 patients diagnosed with 
hypertension in India were initiated on anti-hyperten-
sive treatment, while only 3 in 4 on treatment attained 
optimal blood pressure control [15]. In the first Indian 
national NCD survey (2018–19), the prevalence of hyper-
tension in the 18–49 age-group was 28.5% of whom only 
14.5% were receiving treatment, and just 12.6% had con-
trolled blood pressure levels [16]. Among the elderly in 
India, evidence from the Longitudinal Study of Ageing 
observed that only one in two patients were initiated on 
treatment while blood pressure control was achieved in 
only one in four patients with hypertension [17]. As per 
a systematic review of evidence, only 22.5% of patients 
with hypertension in India have their blood pressure con-
trol [18]. A key driver for poorly controlled hypertension 
in LMICs including India is either non-initiation, delayed 
initiation, and among the initiated, non-adherence to 
antihypertensive medication due to multiple patient, pro-
vider, and health system factors [19, 20]. Consequently, it 
is estimated that improved hypertension control can pre-
vent nearly 5,00,000 premature deaths annually in India 
[21].

Slums are areas of substandard housing and squalor 
which as per the WHO usually lacks basic amenities such 
as improved water and sanitation, with insufficiency of 
living area, non-durable housing, and no secure tenure, 
with nearly 130  million people in South Asia, includ-
ing 49% of the total urban population in India living in 
slums due to unplanned urbanization and large scale 
rural to urban migration [22–24]. Urban resettlement 
colonies were created in mega-cities like Delhi to house 
people who were evicted during removal of slums, and 
are mostly overcrowded, lack adequate sanitation and 
hygiene [25]. It is estimated that Delhi includes nearly 
34% people living in urban slums and 12% people liv-
ing in resettlement colonies [26]. People living in urban 
slums and disadvantaged neighbourhoods experience 
multiple adverse determinants of health and risk factors 
for the development of hypertension high levels of stress, 
poor nutrition secondary to poverty translating to high 
salt diets with very low consumption of fresh fruit and 
vegetables [27]. Studies in slum settings worldwide have 
reported disproportionately high prevalence of hyper-
tension compared to the general population [28–33]. A 
study from Kolkata in India reported 42% prevalence of 
hypertension in an urban slum setting [30]. Furthermore, 
difficulties in accessibility, affordability, and availability of 
healthcare services in vulnerable slum populations may 

community screening and primary care continuum of care is necessary to improve the hypertension care cascade 
from early diagnosis to effective management with optimal health outcomes to reduce patient complications and 
increase longevity.
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delay the screening and diagnosis of hypertension and 
maintaining adherence to treatment which accentuate 
the risk of uncontrolled hypertension and resultant com-
plications [28–30].

In India, extensive screening of hypertension among 
adults through opportunistic screening in health facilities 
and community-based screening through frontline work-
ers has been recommended by the National Programme 
for Prevention & Control of Non-Communicable Dis-
eases (NPNCD) [31]. Although evidence from national 
surveys indicates deficient hypertension care and control 
cascade in India, there is paucity of disaggregated data 
from populations living in urban slums and resettlement 
colonies. Moreover, these studies do not collect informa-
tion on antihypertensive medication adherence and their 
predictors [13, 15].

The objective of this study was to assess the hyperten-
sion care cascade and their predictors in populations liv-
ing in urban slums and resettlement colonies in Delhi i.e., 
proportion of population with hypertension, proportion 
of hypertension patients initiated on antihypertensive 
treatment, proportion of hypertensive patients initiated 
on treatment that were adherent to treatment, and the 
proportion of patients on treatment that had controlled 
blood pressure levels.

Methods
Design and Setting: This was a community-based cross-
sectional study conducted in an urban resettlement 
colony and slum area in the Northeast District of Delhi 
having an estimated ~ 54,614 total population, a site pur-
posively selected, as it represents the field practice area 
of a government medical college. The study area included 
Gokalpuri urban resettlement colony (~ 16,878), Sanjay 
Colony urban slum (~ 4467), Gokalpuri village (~ 8608), 
and the adjoining Ganga Vihar urban resettlement colony 
(~ 24,661). A Demographic Developmental and Environ-
mental Surveillance Site (DDESS) was recently estab-
lished in in the area inclusive of complete Geographic 
Information System (GIS) based mapping of the sociode-
mographic correlates of the study population. The house-
hold level response rate of the current survey was ~ 97% 
due to high levels of pre-existing community engagement 
[32].

Study Population: This study included all individuals 
aged ≥ 18 years who were residents of the area for at least 
6 months irrespective of their medical history. Data were 
collected for a period of 2 months from March-April 
2023.

Primary Outcome of the study was the detection 
of Hypertension (including both newly diagnosed 
or previously diagnosed cases). Hypertension was 
defined on screening as either a systolic blood pres-
sure (SBP) ≥ 140  mm Hg or diastolic blood pressure 

(DBP) ≥ 90  mm Hg, or any individual who self-reported 
themselves as previously diagnosed patients of 
hypertension.

Secondary outcomes were the proportion of hyper-
tensive patients initiated on treatment, proportion of 
patients initiated on antihypertensive medications that 
were adherent to their prescribed treatment, and the pro-
portion who had controlled blood pressure values.

Operational definitions: Those participants who self-
reported having hypertension diagnosed by any health-
care provider or currently taking any antihypertensive 
medication were recorded as ‘previously diagnosed 
hypertensive’. Newly diagnosed hypertensives were those 
detected with either SBP ≥ 140 or DBP ≥ 90 upon screen-
ing without past history or diagnosis of hypertension. 
Controlled blood pressure was considered as previously 
diagnosed hypertensive patients with SBP and DBP less 
than 140 and 90 mm of Hg, respectively [33].

Adherence to antihypertensive medications was 
assessed using the previously validated four-item 
Morisky Green Levine (MGL) adherence scale [34]. The 
MGL scale comprises four questions (pertaining to for-
getfulness or carelessness, cessation of prescribed medi-
cations when feeling better or worse) where each item 
has a yes or no response. In our study, we dichotomized 
the full score on the MGL scale into two groups; those 
who scored 4 on the MGL scale were considered as 
adherent and those with scores of < 4 was considered as 
non-adherent.

Sample Size and Sampling Strategy: The sample size 
was adequate at 95% confidence levels, 3% absolute pre-
cision, design effect of 3.5 considering the heterogene-
ity in the slum and expecting 50% expected prevalence 
of adherence to antihypertensive medication [20]. The 
entire study area was divided into 16 sectors (clusters). 
The village and urban slum clusters were selected pur-
posively to ensure survey representativeness, we did 
purposive (mandatory) selection of participants from 
the slum and village clusters due to expected heteroge-
neity in living standards and health behaviours between 
the slum, village, and resettlement colony population. 
Three additional clusters from the urban resettlement 
colony were selected through simple random sampling. 
House-to-house sampling in the households within the 
selected clusters was conducted and all eligible and avail-
able participants in every open household were recruited 
in the study. Households that were locked were visited 
for a second time after approximately a week and nearly 
50 houses that were locked even on second visit were 
excluded.

Methodology: Face to face interviews with respondents 
in the households were conducted with the participants 
by a total of ten trained field investigators in the local lan-
guage, Hindi, using a pretested structured questionnaire. 
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Electronic data collection using EpiCollect android appli-
cation was conducted which has features of both online 
and offline data collection and data validation with facil-
ity for real-time monitoring [35]. Weight of the partici-
pants was measured with digital weighing scales with 
least count 0.1 kg, while waist circumference and height 
were measured using a measuring tape with least count 
of 1  cm. All the investigators were trained to measure 
weight, height, and blood pressure in the field settings 
using standard guidelines to reduce chances of measure-
ment errors.

Supervision of the field investigators and quality assur-
ance with random verification in 5% of the households 
was conducted by the field supervisor and the project 
coordinator while data quality was maintained through 
regular assessment and feedback provided by the project 
data manager.

Blood pressure (BP) measurement: The BP in all par-
ticipants was measured as per standard guidelines [36] 
by the trained field investigators using an Omron Blood 
Pressure monitor (OMRON, Kyoto, Japan). Three blood 
pressure measurements with five-minute intervals 
between readings at rest were recorded, and the average 
of the second and third readings was considered as the 
estimated blood pressure.

Independent variables
The following independent variables were considered 
in the analysis based on association with the study out-
comes observed in previous studies [1, 13–16, 29].

Age of the participants was stratified into young (18–
39), middle (40–59), and older adults (≥ 60 years), gender 
(male/female): education (stratified into illiterate; those 
who had studied up to primary school; those who had 
studied up to secondary school, and those who had stud-
ied beyond high school). The income level of the respon-
dents was categorized as those with a monthly household 
income of median and below (< Rs 46,089) and above 
median (> Rs 46,095) value of the study sample.

Those who reported currently using tobacco in any 
form (either smoking or smokeless) were categorized as 
tobacco users.

Alcohol intake was measured using a single close ended 
item “Do you consume Alcohol” with options, “Never 
consume”, “Consume daily”, and “Consume occasionally”. 
The participants reporting consumption of alcohol either 
daily or occasionally were classified as “Yes”, or else as 
“No”.

Participants with absence of regular exercise (at least 
brisk walking for at least 5 days and 30 min per day) or in 
occupations not involving vigorously intensive activities 
were considered as having sedentary lifestyle, while those 
involved in regular exercise or involved in occupations 

involving vigorously intensive activities were considered 
as not having a sedentary lifestyle.

Family history of Hypertension was categorized as Yes 
(if one or both parents were previously diagnosed as hav-
ing hypertension) and No (if none of the parents of the 
participant had been diagnosed as having hypertension).

Body mass index (BMI) was categorized using the 
Pan Asian classification: underweight (BMI < 18.5), nor-
mal (BMI: 18.5–22.9), overweight (BMI: 23.0–24.9), and 
obese (BMI ≥ 25.0) [37].

Waist circumference was measured for each partici-
pant and categorized as Low (< 80  cm for females and 
< 94 cm for males), Moderate (80-87.9 cm for females and 
94-101.9  cm for males) and High (≥ 88  cm for females 
and ≥ 102 cm for males) [38].

Data and statistical analysis
The dataset was cleaned using MS-Excel 365. Descrip-
tive statistics were performed to show the distribution 
of variables and provide summary statistics. Bivariate 
analysis was conducted by testing for association of the 
outcomes (hypertension present, hypertension control, 
adherence to antihypertensive medication) with the 
independent variables using chi-square for categorical 
and independent samples t-test for continuous variables. 
Furthermore, a binary logistic regression was performed 
to ascertain independent association with outcome vari-
ables. The variables which on test for association had a 
P-value of < 0.20 in the bivariate analysis were entered 
into the multivariable analysis. Since education levels 
have been found to be associated with hypertension in 
most previous studies, it was included into multivariate 
model despite having a P-value > 0.20 in the unadjusted 
analysis. Both unadjusted odds ratio and adjusted odds 
ratio (AOR) with 95% CI were reported. For the final 
model, 5% was considered as the statistical significance 
level. Additionally, a multivariable linear regression was 
performed to check for associations of sociodemographic 
and lifestyle variables with systolic and diastolic blood 
pressure readings of the participants, wherein unadjusted 
and adjusted B-coefficients with 95% CI were reported. 
Model assumptions for both regression analysis such 
as multicollinearity, outliers and goodness of fit of each 
model was checked. All analysis were performed using 
Stata (Version 15.0, StataCorp, TX, USA).

Ethics
The study was approved by the Institutional Ethics Com-
mittee. All participants provided written and informed 
consent. Patients detected with Hypertension on screen-
ing with either suboptimal medication adherence or lack 
of initiation on treatment were briefly counselled on 
health risks of uncontrolled hypertension, and referred to 
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their nearby local government health facilities for further 
evaluation and management.

Results
The present study screened 8850 adult participants for 
hypertension including 5295 females and 3555 males. 
The household response rate of the survey was ~ 97%. 
Table 1 reports the distribution of the sociodemographic, 
lifestyle, and clinical characteristics of the participants. A 
majority of the participants were females (59.83%), aged 
18–39 years (58.96%), and educated above secondary 

level (61.17%). A total of 563 (6.36%, 95% CI: 5.87 to 6.89) 
participants were previously diagnosed for diabetes mel-
litus (DM).

The prevalence of hypertension in the sample was 
28.64% (n = 2535, 95% CI: 27.71 to 29.60) including 
969 (10.95%) previously diagnosed and 1566 (17.69%) 
newly diagnosed cases (Fig.  1). More than two-third 
(68.11%) of the previously diagnosed cases were females 
and above 40 years of age (88.34%). A majority of the 
newly diagnosed cases were males (53.38%), and middle 
and elderly (57.85%) aged participants, and those hav-
ing secondary education and above (60.22%) (Table  2). 
Model 1 reports the factors associated with new cases 
of hypertension (n = 1566) detected during screening in 
those without a prior diagnosis of hypertension. Male 
gender (AOR = 2.25, 95% CI: 1.93 to 2.63) and older age 
(AOR = 4.06, 95% CI: 3.36 to 4.92) were factors with 
statistically significant association with undiagnosed 
hypertension. Lifestyle characteristics such as high waist 
circumference (AOR = 1.90, 95% CI: 1.54 to 2.35), over-
weight/obesity (AOR = 2.72, 95% CI: 2.06 to 3.58) and 
alcohol consumption (AOR = 1.29, 95% CI: 1.05 to 1.57) 
were also positively associated with the cases of hyper-
tension diagnosed on screening. Model 2 reports the 
factors associated with total cases of hypertension. On 
adjusted analysis, the odds of having hypertension were 
significantly higher among males (AOR = 1.87, 95% CI: 
1.63 to 2.15) compared to females, and those aged ≥ 60 
years (AOR = 9.15, 95% CI: 7.82 to 10.70) compared to 
those aged 18–39 years. Moreover, high waist circumfer-
ence (AOR = 2.24, 95% CI: 1.86 to 2.70) and BMI of ≥ 25.0 
(AOR = 2.55, 95% CI: 2.00 to 3.26) was associated with 
significantly higher odds of having hypertension. The 
odds of hypertension were also 1.3 times higher among 
alcohol consumers (AOR = 1.26, 95% CI: 1.04 to 1.51) 
compared to those reporting not consuming alcohol.

Among the previously diagnosed cases of hypertension 
(n = 969), 180 (18.58%, 95% CI: 16.25 to 21.15) patients 
were not on treatment i.e., not taking any antihyperten-
sive medication to lower blood pressure, while among 
those taking antihypertensive medications (n = 789), 
only 454 (57.54%, 95% CI: 54.05 to 60.96) were adher-
ent to their prescribed blood pressure lowering drugs. 
On adjusted analysis, patients of hypertension having 
DM comorbidity had significantly higher odds of being 
adherent to anti-hypertensive medications (AOR = 1.81, 
95% CI: 1.31 to 2.51) compared to those without DM 
comorbidity, while tobacco users had significantly lower 
odds of being adherent to antihypertensive medication 
(AOR = 0.50, 95% CI: 0.31 to 0.82) (Table 3).

Among previously diagnosed hypertensive patients 
taking antihypertensive medications (n = 789), only 285 
(36.12%, 95% CI: 32.83, 39.54) patients achieved con-
trolled blood pressure levels. On adjusted analysis, 

Table 1  Sociodemographic, lifestyle and clinical characteristics 
of the participants (N = 8850)
Variables n (%)
Sex
Male 3555 (40.17)

Female 5295 (59.83)

Age (years)
18–39 5218 (58.96)

40–59 2514 (28.41)

≥ 60 1118 (12.63)

Educational level
Illiterate 1912 (21.60)

Primary 1524 (17.22)

Secondary 2758 (31.16)

High school certificate and above 2656 (30.01)

Per Capita Income
Median and Below (< Rs 46,089) 8260 (93.33)

Above Median (> Rs 46,095) 590 (6.67)

Waist Circumference
Low (< 80 cm for females and < 94 cm for males) 4826 (54.53)

Moderate (80-87.9 cm for females and 94-101.9 cm for 
males)

1738 (19.64)

High (≥ 88 cm for females and ≥ 102 cm for males) 2286 (25.83)

BMI
< 18.5 1027 (11.60)

18.5 < 23 2841 (32.11)

23 < 24.9 1471 (16.62)

≥ 25.0 3511 (39.67)

Tobacco consumption
Yes 1285 (14.52)

No 7565 (85.48)

Alcohol consumption
Yes 1089 (12.31)

No 7761 (87.69)

Sedentary lifestyle
Yes 2171 (24.53)

No 6679 (75.47)

Family history of HTN
Yes 1139 (12.87)

No 7711 (87.13)

DM comorbidity
Yes 563 (6.36)

No 8287 (93.64)
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patients with higher BMI (AOR: 0.13, 95% CI: 0.05 to 
0.34) had significantly lower odds of achieving blood 
pressure control. Furthermore, patients initiated and 
adhering to antihypertensive medications had nearly 1.5 
times higher odds of attaining controlled blood pres-
sure levels (AOR = 1.48, 95% CI: 1.08 to 2.02). Overall, 
362 (37.36%, 95% CI: 34.36, 40.46) participants had con-
trolled blood pressure among the previously diagnosed 
HTN cases (N = 969) (Table 4).

A linear regression was performed, adjusting the sys-
tolic and diastolic blood pressure values with sociode-
mographic and lifestyle variables (Table  5). Among the 
participants, males (adjusted B = 8.14, 95% CI: 7.25, 9.03), 
those aged 60 and above (adjusted B = 17.73, 95% CI: 
16.56, 18.90), high waist circumference (adjusted B = 6.27, 
95% CI: 5.00, 7.55), BMI ≥ 25.0 (adjusted B = 10.88, 95% 
CI: 9.44, 12.31), alcohol consumers (adjusted B = 2.41, 
95% CI: 1.07, 3.75) and those with DM comorbidity 
(adjusted B = 3.02, 95% CI: 1.52, 4.52) had a significantly 
higher systolic BP as compared to their respective coun-
terparts. Similarly, males (adjusted B = 5.00, 95% CI: 4.38, 
5.61), those aged 60 and above (adjusted B = 4.86, 95% CI: 
4.05, 5.67), high waist circumference (adjusted B = 3.91, 

95% CI: 3.04, 4.79), BMI ≥ 25.0 (adjusted B = 9.09, 95% 
CI: 8.10, 10.08), tobacco users (adjusted B = 1.41, 95% 
CI: 0.54, 2.28), alcohol consumers (adjusted B = 2.30, 
95% CI: 1.38, 3.23) and those with a family history of 
HTN (adjusted B = 1.72, 95% CI: 1.00, 2.44) had a signifi-
cantly higher diastolic BP as compared to their respective 
counterparts.

Discussion
The present study investigated the prevalence and risk 
factors of hypertension among adults aged 18 years and 
over in an urban slum area of Delhi, India. The hyper-
tension care cascade in the present study indicates that 
nearly 29% of the participants were hypertensive of which 
61.77% were newly diagnosed cases, 81.4% of previously 
diagnosed cases were initiated on antihypertensive medi-
cation of which 57.54% were adherent to their medica-
tions, while 36.12% attained controlled blood pressure 
levels. The prevalence of hypertension in this study 
(~ 29%) is higher than the burden observed in a study 
conducted in an urban slum of Mumbai (23.6%) [39] and 
also the India country level prevalence among young 
and middle-aged population (NFHS-5) (22.8%) [15]. 

Fig. 1  Hypertension care cascade in an urban slum-resettlement colony in Delhi, India
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Variables HTN present Model 1: Newly diagnosed 
cases versus no HTN

Model 2: Total HTN cases 
versus no HTN

No 
(n = 6315) 
n (%)

Previously 
diagnosed (old) 
cases (n1 = 969) 
n (%)

Newly 
diagnosed 
(n = 1566) 
n (%)

Total (both new 
and old cases) 
(n = 2535) n (%)

Unadjusted 
OR (95% CI), 
P-Value

Adjusteda 
OR (95% 
CI), 
P-Value

Unadjusted 
OR (95% CI), 
P-Value

Adjusteda 
OR (95% 
CI), 
P-Value

Sex P < 0.001 P < 0.001 P < 0.001 P < 0.001
Male 2410 (38.16) 309 (31.89) 836 (53.38) 1145 (45.17) 1.86 (1.66, 2.07) 2.25 (1.93, 

2.63)
1.33 (1.22, 
1.47)

1.88 (1.64, 
2.16)

Female 3905 (61.84) 660 (68.11) 730 (46.62) 1390 (54.83) Ref Ref Ref Ref

Age (years) P < 0.001 P < 0.001 P < 0.001 P < 0.001
18–39 4445 (70.39) 113 (11.66) 660 (42.15) 773 (30.49) Ref Ref Ref Ref

40–59 1449 (22.95) 432 (44.58) 633 (40.42) 1065 (42.01) 2.94 (2.60, 3.33) 2.33 (2.04, 
2.66)

4.23 (3.79, 
4.72)

3.34 (2.97, 
3.75)

≥ 60 421 (6.67) 424 (43.76) 273 (17.43) 697 (27.5) 4.37 (3.67, 5.19) 4.06 (3.36, 
4.92)

9.52 (8.25, 
10.98)

9.07 (7.76, 
10.61)

Educational level P = 0.524 P = 0.0358 P = 0.6989

Illiterate 1315 (20.82) 253 (26.11) 344 (21.97) 597 (23.55) Ref Ref Ref

Primary 1092 (17.29) 153 (15.79) 279 (17.82) 432 (17.04) 0.98 (0.82, 1.17) 0.87 (0.75, 
1.01)

0.90 (0.77, 
1.07)

Secondary 2003 (31.72) 286 (29.51) 469 (29.95) 755 (29.78) 0.90 (0.77, 1.04) 0.83 (0.73, 
0.94)

0.94 (0.82, 
1.09)

High school certifi-
cate and above

1905 (30.17) 277 (28.59) 474 (30.27) 751 (29.63) 0.95 (0.81, 1.11) 0.87 (0.76, 
0.99)

0.95 (0.82, 
1.10)

Per Capita Income P = 0.374 P = 0.925

Median and Below 
(< Rs 46,089)

5893 (93.32) 896 (92.47) 1471 (93.93) 2367 (93.37) Ref Ref

Above Median (> Rs 
46,095)

422 (6.68) 73 (7.53) 95 (6.07) 168 (6.63) 0.90 (0.72, 1.13) 0.99 (0.82, 
1.19)

Waist 
Circumference

P < 0.001 P < 0.001 P < 0.001 P < 0.001

Low (< 80 cm for fe-
males and < 94 cm 
for males)

3894 (61.66) 249 (25.7) 683 (43.61) 932 (36.77) Ref Ref Ref Ref

Moderate (80-
87.9 cm for females 
and 94-101.9 cm for 
males)

1143 (18.1) 206 (21.26) 389 (24.84) 595 (23.47) 1.94 (1.69, 2.23) 1.58 (1.32, 
1.90)

2.17 (1.92, 
2.46)

1.62 (1.38, 
1.91)

High (≥ 88 cm 
for females and 
≥ 102 cm for males)

1278 (20.24) 514 (53.04) 494 (31.55) 1008 (39.76) 2.20 (1.93, 2.51) 1.90 (1.54, 
2.35)

3.30 (2.95, 
3.68)

2.34 (1.95, 
2.81)

BMI P < 0.001 P < 0.001 P < 0.001 P < 0.001
< 18.5 895 (14.17) 40 (4.13) 92 (5.87) 132 (5.21) Ref Ref Ref Ref

18.5 < 23 2252 (35.66) 212 (21.88) 377 (24.07) 589 (23.23) 1.63 (1.28, 2.07) 1.63 (1.27, 
2.09)

1.77 (1.45, 
2.17)

1.70 (1.36, 
2.12)

23 < 24.9 1037 (16.42) 152 (15.68) 282 (18.01) 434 (17.12) 2.64 (2.06, 3.40) 2.24 (1.71, 
2.94)

2.84 (2.29, 
3.52)

2.17 (1.70, 
2.76)

≥ 25.0 2131 (33.75) 565 (58.31) 815 (52.04) 1380 (54.44) 3.72 (2.96, 4.68) 2.72 (2.06, 
3.58)

4.39 (3.61, 
5.34)

2.55 (2.00, 
3.26)

Tobacco 
consumption

P < 0.001 P = 0.188 P < 0.001 P = 0.9298

Yes 823 (13.03) 113 (11.66) 349 (22.29) 462 (18.22) 1.91 (1.66, 2.20) 1.14 (0.94, 
1.38)

1.49 (1.31, 
1.68)

1.01 (0.85, 
1.20)

No 5492 (86.97) 856 (88.34) 1217 (77.71) 2073 (81.78) Ref Ref Ref Ref

Alcohol 
consumption

P < 0.001 P = 0.013 P < 0.001 P = 0.017

Yes 694 (10.99) 86 (8.88) 309 (19.73) 395 (15.58) 1.99 (1.72, 2.31) 1.29 (1.05, 
1.57)

1.49 (1.31, 
1.71)

1.25 (1.04, 
1.51)

Table 2  Distribution of factors associated with prevalence of HTN (N = 8850)
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However, the overall prevalence is much lower compared 
to the burden among older adult and elderly population 
estimates from nationally representative survey data 
from India (LASI) (36%) [17]. The burden of hyperten-
sion in the present study was also nearly similar to that 
observed in populated aged ≥ 35 years from urban slum 
areas in Bangladesh (28.3%) [29], higher compared to 
urban slums in Brazil (12.3%) [28] but lower than urban 
slums in Kolkata (42%) [30]. Our study found the preva-
lence of hypertension to be higher in males (32.21%) than 
females (26.25%). These proportions are higher than the 
national estimates in the general populated aged 15–49 
years as per NFHS 5 (2019–2021) (males, 24% and 
females, 21%) [40].

Advancing age and alcohol consumption were found to 
be positively associated with the odds of having hyper-
tension, a finding corroborated from previous evidence 
[5]. The prevalence of hypertension for the adults aged 
45 years and older was found to be 48.51% in our sample, 
higher than that found from LASI Wave 1 (2017–2018) 
(45.9%) [41]. Furthermore, high waist circumference was 
also identified as a significant predictor of hypertension 
corroborating the evidence from previous studies [42, 
43]. However, diabetes status was not an independent 
predictor of hypertension in this study compared to 
observations from LASI probably because of the older 
population sample with greater risk factors in the latter 
[17].

Nearly one in five participants had undiagnosed hyper-
tension in the present study, a finding which indicates 
the need for intensification of screening, both oppor-
tunistic and community-based in resource limited set-
tings. Furthermore, male gender and increasing age were 
associated with undiagnosed hypertension in this study, 

findings consistent with a single site study conducted in 
Puducherry, a town in Southern India [44]. Moreover, in 
the present study, a high burden of undetected hyper-
tension was independently associated with behavioural/
physiological risk factors (moderate-high waist circum-
ference, increasing BMI and alcohol consumption) sug-
gesting an early social transition of cardiovascular disease 
in the urban poor and the need for integrating and pri-
oritizing lifestyle interventions within primary and sec-
ondary prevention strategies for hypertension care and 
control in India.

In this study we observed nearly one in five previ-
ously diagnosed hypertensive cases were not initiated 
or not taking any anti-hypertensive medications signify-
ing major deficiencies in the continuum of care as these 
patients possibly did not report back to their health sys-
tem, a finding also observed in a study in slums in Ban-
gladesh [29]. Furthermore, a majority of the patients on 
treatment reported medication nonadherence, a factor 
which was independently associated with poorly con-
trolled blood pressure levels. Adverse social determinants 
of health prevalent in urban slum dwellers including 
poor-socioeconomic status, illiteracy, unemployment, 
lack of awareness, and out of pocket medication expenses 
are possible reasons for non-adherence [45, 46].

Current tobacco users in previously diagnosed hyper-
tension cases in this study was 113 (11.66%), a finding 
lower than that observed in cross-sectional studies from 
slums in Bangladesh (27.33%) [29], Kolkata (44.35%) [30], 
Kenya (32.3%) [47] and Egypt (43.65%) [48]. Among those 
who smoked tobacco, 41.6% women and 35.51% men 
were hypertensive in our study, comparatively higher 
than the findings from NFHS-4 (2015–2016), where 
15.3% women and 22.4% men who smoked tobacco were 

Variables HTN present Model 1: Newly diagnosed 
cases versus no HTN

Model 2: Total HTN cases 
versus no HTN

No 
(n = 6315) 
n (%)

Previously 
diagnosed (old) 
cases (n1 = 969) 
n (%)

Newly 
diagnosed 
(n = 1566) 
n (%)

Total (both new 
and old cases) 
(n = 2535) n (%)

Unadjusted 
OR (95% CI), 
P-Value

Adjusteda 
OR (95% 
CI), 
P-Value

Unadjusted 
OR (95% CI), 
P-Value

Adjusteda 
OR (95% 
CI), 
P-Value

No 5621 (89.01) 883 (91.12) 1257 (80.27) 2140 (84.42) Ref Ref Ref Ref

Sedentary lifestyle P = 0.0109 P = 0.799 P < 0.001 P = 0.707

Yes 1478 (23.4) 278 (28.69) 415 (26.5) 693 (27.34) 1.18 (1.04, 1.34) 0.98 (0.86, 
1.13)

1.23 (1.11, 
1.37)

1.02 (0.91, 
1.15)

No 4837 (76.6) 691 (71.31) 1151 (73.5) 1842 (72.66) Ref Ref Ref Ref

Family history of 
HTN

P = 0.2111 P = 0.145

Yes 792 (12.54) 132 (13.62) 215 (13.73) 347 (13.69) 1.11 (0.94, 1.30) 1.11 (0.97, 
1.27)

No 5523 (87.46) 837 (86.38) 1351 (86.27) 2188 (86.31) Ref Ref
Model 2: Goodness of Fit, P = 0.1811

Model 2: Goodness of Fit, P = 0.064
aAdjusted for sex, age, education level, waist circumference, BMI, tobacco consumption, alcohol consumption and sedentary lifestyle

Table 2  (continued) 
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found hypertensive [49]. Promoting healthcare readiness 
to provide regular tobacco cessation services in the same 
health facility to patients where they are undergoing 
hypertension management is crucial since tobacco users 
apart from increased risk of cancers also contribute inde-
pendently to an elevated risk of cardiovascular disease, 
similar to hypertension, and both may synergistically 
interact to accentuate this potential risk in the patients. 
The overall control of hypertension was suboptimal even 

among those reporting taking antihypertensive treatment 
(36.1%) suggestive of the presence of clinical inertia or 
failure of intensification of therapy by physicians despite 
persistently poorly controlled blood pressure levels. This 
proportion of patients with controlled blood pressure is 
lower than that reported in studies from Chennai (45.9%) 
[50], while greater than Kerala (32.1%) [51] and Kolkata 
(26%) [30] but indicative of a nationally prevalent prob-
lem. Another study conducted in urban slums of Kolkata 

Table 3  Distribution of factors associated with adherence to HTN medication (N = 789)
Variables Adherent to medication Unadjusted OR (95% 

CI), P-Value
Adjusteda 
OR (95% CI), 
P-Value

No (n = 335) n (%) Yes (n = 454) n (%)

Sex P = 0.823

Male 111 (33.13) 147 (32.38) Ref

Female 224 (66.87) 307 (67.62) 0.97 (0.72, 1.30)

Age P = 0.002 P = 0.082

18–39 34 (10.15) 30 (6.61) Ref Ref

40–59 168 (50.15) 189 (41.63) 1.28 (0.75, 2.17) 1.14 (0.66, 1.97)

≥ 60 133 (39.7) 235 (51.76) 2.00 (1.17, 3.42) 1.58 (0.90, 2.77)

Educational level P = 0.816

Illiterate 93 (27.76) 118 (25.99) Ref

Primary 54 (16.12) 70 (15.42) 1.02 (0.65, 1.6)

Secondary 88 (26.27) 133 (29.3) 1.19 (0.81, 1.75)

High school certificate and above 100 (29.85) 133 (29.3) 1.05 (0.72, 1.53)

Per Capita Income P = 0.342

Median and Below (< Rs 46,089) 311 (92.84) 429 (94.49) Ref

Above Median (> Rs 46,095) 24 (7.16) 25 (5.51) 0.76 (0.42, 1.35)

Waist Circumference P = 0.535

Low (< 80 cm for females and < 94 cm for males) 88 (26.27) 104 (22.91) Ref

Moderate (80-87.9 cm for females and 94-101.9 cm for males) 66 (19.7) 97 (21.37) 1.24 (0.82, 1.9)

High (≥ 88 cm for females and ≥ 102 cm for males) 181 (54.03) 253 (55.73) 1.18 (0.84, 1.67)

BMI P = 0.9459

< 18.5 13 (3.88) 14 (3.08) Ref

18.5 < 23 66 (19.70) 90 (19.82) 1.27 (0.56, 2.87)

23 < 24.9 54 (16.12) 73 (16.08) 1.26 (0.55, 2.89)

≥ 25.0 202 (60.30) 277 (61.01) 1.27 (0.59, 2.77)

Tobacco consumption P = 0.003 P = 0.006
Yes 53 (15.82) 40 (8.81) 0.51 (0.33, 0.80) 0.50 (0.31, 0.82)

No 282 (84.18) 414 (91.19) Ref Ref

Alcohol consumption P = 0.673

Yes 34 (10.15) 42 (9.25) 0.90 (0.56, 1.45)

No 301 (89.85) 412 (90.75) Ref

Sedentary lifestyle P = 0.001 P = 0.006
Yes 83 (24.78) 163 (35.9) 1.70 (1.24, 2.33) 1.57 (1.14, 2.18)

No 252 (75.22) 291 (64.1) Ref Ref

Family history of HTN P = 0.414

Yes 48 (14.33) 56 (12.33) 0.84 (0.56, 1.27)

No 287 (85.67) 398 (87.67) Ref

DM comorbidity P < 0.001 P < 0.001
Yes 80 (23.88) 173 (38.11) 1.96 (1.43, 2.69) 1.81 (1.31, 2.51)

No 255 (76.12) 281 (61.89) Ref Ref
Model Goodness of Fit, P = 0.524
a Adjusted for age, education level, tobacco consumption, sedentary lifestyle and DM comorbidity
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Table 4  Distribution of factors associated with control of blood pressure among those on HTN medication (N = 789)
Variables Blood Pressure control (SBP < 140 

and DBP < 90)
Unadjusted OR 
(95% CI), P-Value

Adjusteda 
OR (95% CI), 
P-ValueUncontrolled 

(n = 504) n (%)
Controlled 
(n = 285) n (%)

Sex P = 0.327

Male 171 (33.93) 87 (30.53) 0.86 (0.63, 1.17)

Female 333 (66.07) 198 (69.47) Ref

Age P = 0.574

18–39 37 (7.34) 27 (9.47) Ref

40–59 229 (45.44) 128 (44.91) 0.77 (0.45, 1.32)

≥ 60 238 (47.22) 130 (45.61) 0.75 (0.44, 1.28)

Educational level P = 0.705

Illiterate 131 (25.99) 80 (28.07) Ref

Primary 78 (15.48) 46 (16.14) 0.97 (0.61, 1.53)

Secondary 139 (27.58) 82 (28.77) 0.97 (0.65, 1.43)

High school certificate and above 156 (30.95) 77 (27.02) 0.81 (0.55, 1.19)

Per Capita Income P = 0.927

Median and Below (< Rs 46,089) 473 (93.85) 267 (93.68) Ref

Above Median (> Rs 46,095) 31 (6.15) 18 (6.32) 1.03 (0.56, 1.87)

Waist Circumference P = 0.066

Low (< 80 cm for females and < 94 cm for males) 110 (21.83) 82 (28.77) Ref

Moderate (80-87.9 cm for females and 94-101.9 cm for males) 112 (22.22) 51 (17.89) 0.61 (0.39, 0.95)

High (≥ 88 cm for females and ≥ 102 cm for males) 282 (55.95) 152 (53.33) 0.72 (0.51, 1.02)

BMI P < 0.001 P < 0.001
< 18.5 6 (1.19) 21 (7.37) Ref Ref

18.5 < 23 95 (18.85) 61 (21.40) 0.18 (0.07, 0.48) 0.18 (0.07, 0.47)

23 < 24.9 85 (16.87) 42 (14.74) 0.14 (0.05, 0.38) 0.13 (0.05, 0.34)

≥ 25.0 318 (63.10) 161 (56.49) 0.14 (0.06, 0.37) 0.13 (0.05, 0.34)

Tobacco consumption P = 0.083

Yes 67 (13.29) 26 (9.12) 0.66 (0.41, 1.06)

No 437 (86.71) 259 (90.88) Ref

Alcohol consumption P = 0.538

Yes 51 (10.12) 25 (8.77) 0.85 (0.52, 1.41)

No 453 (89.88) 260 (91.23) Ref

Sedentary lifestyle P = 0.193

Yes 149 (29.56) 97 (34.04) 1.23 (0.90, 1.68)

No 355 (70.44) 188 (65.96) Ref

Family history of HTN P = 0.160

Yes 60 (11.9) 44 (15.44) 1.35 (0.89, 2.06)

No 444 (88.1) 241 (84.56) Ref

DM comorbidity P = 0.464

Yes 157 (31.15) 96 (33.68) 1.12 (0.82, 1.53)

No 347 (68.85) 189 (66.32) Ref

Medication Adherence P = 0.007 P = 0.014
No 232 (46.03) 103 (36.14) Ref Ref

Yes 272 (53.97) 182 (63.86) 1.51 (1.12, 2.03) 1.48 (1.08, 2.02)

Alternative Medicine (AYUSH) P = 0.139

No 488 (96.83) 281 (98.6) Ref

Yes 16 (3.17) 4 (1.4) 0.43 (0.14, 1.31)
Model Goodness of Fit, P = 0.6771
aAdjusted for education level, BMI and medication adherence
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among patients with hypertension reported that patients 
adherent to antihypertensive medications were 1.71 
times more likely to achieve adequate blood pressure 
control compared to non-adherent patients, a finding 
similar to the present study [52].

The study has several strengths including a large sam-
ple size ensuring validity of the data, while represen-
tativeness was high when considering the problem in 
urban slum settings. Furthermore, all components of a 
disease care cascade including medication adherence, 

Table 5  Distribution of factors associated with systolic and diastolic blood pressure values (N = 8850)
Variables Systolic blood pressure Diastolic blood pressure

Unadjusted B (95% 
CI), P-Value

Adjusteda B (95% 
CI), P-Value

Unadjusted B 
(95% CI), P-Value

Adjustedb 
B (95% CI), 
P-Value

Sex P < 0.001 P < 0.001 P < 0.001 P < 0.001
Male 6.60 (5.80, 7.41) 8.14 (7.25, 9.03) 4.41 (3.87, 4.94) 5.00 (4.38, 5.61)

Female Ref Ref Ref Ref

Age (years) P < 0.001 P < 0.001 P < 0.001 P < 0.001
18–39 Ref Ref Ref Ref

40–59 12.17 (11.33, 13.01) 8.54 (7.70, 9.38) 7.11 (6.52, 7.69) 4.67 (4.09, 5.25)

≥ 60 20.84 (19.70, 21.99) 17.73 (16.56, 18.90) 6.20 (5.41, 7.00) 4.86 (4.05, 5.67)

Educational level P = 0.0022 P = 0.0467 P = 0.2544 P = 0.2131

Illiterate Ref Ref Ref Ref

Primary -0.53 (-1.83, 0.77) -0.36 (-1.48, 0.76) -0.09 (-0.95, 0.76) -0.31 (-1.08, 0.47)

Secondary -2.07 (-3.20, -0.95) -1.33 (-2.31, -0.36) -0.37 (-1.11, 0.38) -0.68 (-1.35, 
-0.003)

High school certificate and above -1.05 (-2.18, 0.09) -0.59 (-1.57, 0.40) 0.33 (-0.42, 1.08) -0.19 (-0.87, 0.49)

Per Capita Income P = 0.471 P = 0.779

Median and Below (< Rs 46,089) Ref Ref

Above Median (> Rs 46,095) -0.59 (-2.20, 1.02) -0.15 (-1.22, 0.91)

Waist Circumference P < 0.001 P < 0.001 P < 0.001 P < 0.001
Low (< 80 cm for females and < 94 cm for males) Ref Ref Ref Ref

Moderate (80-87.9 cm for females and 94-101.9 cm for males) 7.52 (6.50, 8.55) 3.79 (2.69, 4.90) 4.76 (4.08, 5.44) 2.22 (1.46, 2.98)

High (≥ 88 cm for females and ≥ 102 cm for males) 10.51 (9.58, 11.44) 6.27 (5.00, 7.55) 6.60 (5.98, 7.22) 3.91 (3.04, 4.79)

BMI P < 0.001 P < 0.001 P < 0.001 P < 0.001
< 18.5 Ref Ref Ref Ref

18.5 < 23 7.45 (6.13, 8.77) 6.57 (5.38, 7.76) 5.42 (4.56, 6.28) 4.98 (4.16, 5.80)

23 < 24.9 13.00 (11.53, 14.48) 9.81 (8.42, 11.20) 9.46 (8.49, 10.42) 7.75 (6.79, 8.71)

≥ 25.0 16.20 (14.91, 17.49) 10.88 (9.44, 12.31) 12.00 (11.16, 
12.84)

9.09 (8.10, 10.08)

Tobacco consumption P < 0.001 P = 0.157 P < 0.001 P = 0.002
Yes 6.90 (5.77, 8.04) 0.91 (-0.35, 2.17) 4.96 (4.21, 5.71) 1.41 (0.54, 2.28)

No Ref Ref Ref Ref

Alcohol consumption P < 0.001 P < 0.001 P < 0.001 P < 0.001
Yes 7.26 (6.05, 8.48) 2.41 (1.07, 3.75) 5.75 (4.95, 6.55) 2.30 (1.38, 3.23)

No Ref Ref Ref Ref

Sedentary lifestyle P < 0.001 P = 0.783 P = 0.200

Yes 1.83 (0.90, 2.77) -0.11 (-0.93, 0.70) -0.40 (-1.02, 0.21)

No Ref Ref Ref

Family history of HTN P = 0.704 P < 0.001 P < 0.001
Yes 0.23 (-0.97, 1.43) 1.87 (1.08, 2.67) 1.72 (1.00, 2.44)

No Ref Ref Ref

DM comorbidity P < 0.001 P < 0.001 P < 0.001 P = 0.346

Yes 14.08 (12.46, 15.70) 3.02 (1.52, 4.52) 4.38 (3.30, 5.47) -0.50 (-1.53, 0.54)

No Ref Ref Ref Ref
aAdjusted for sex, age, education level, waist circumference, BMI, tobacco consumption, alcohol consumption, sedentary lifestyle and DM comorbidity. Adjusted 
R-squared = 0.2608
bAdjusted for sex, age, education level, waist circumference, BMI, tobacco consumption, alcohol consumption, family history of HTN and DM comorbidity. Adjusted 
R-squared = 0.1968
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an information which is not usually collected in nation-
ally representative secondary surveys were incorporated 
in this study. However, there are certain limitations to 
this study. Firstly, the findings of the present study should 
not be generalized to people living in improved non-
slum conditions although we were able to compare the 
hypertension burden and care cascade outcomes in the 
present study with estimates derived from multiple large 
nationally representative datasets. Second, being cross-
sectional in nature, the study could not establish causality 
due to lack of temporal evidence between hypertension 
and its determinants. Third, some selection bias is pos-
sible as those adults who were not available in the house-
hold during the survey period were omitted. Similarly. 
Recall bias could have contributed to overestimation of 
previously diagnosed cases of hypertension, while social 
desirability bias may have contributed to inflated mea-
sures of antihypertensive medication adherence. Fourth, 
we did not ascertain adherence to prescribed healthy 
diet such as salt restriction and consumption of fresh 
fruits and vegetables in the participants which can influ-
ence blood pressure control [53]. Fourth, as samples were 
selected through clusters, the possibility of clustering of 
risk factors in the regression analysis despite checking for 
multicollinearity cannot be completely ruled out. Fifth, 
our blood pressure measurements could have some vari-
ation due to the white coat effect that may cause a slight 
elevation in the readings although this phenomenon is 
unavoidable in large epidemiological surveys [54].

Our study has some important implications for 
enhancing the hypertension care and control cascade in 
slum settings in India and similar low-resource settings 
in LMICs. First, despite the mandate for annual com-
munity-based population screening for hypertension by 
frontline health workers (FHWs), a large proportion of 
existing patients with hypertension in slum residing com-
munities remain undiagnosed signifying gaps and ineffi-
cient screening [31]. Refresher training and sensitization 
of FHWs is crucial since our findings indicate that con-
ducting rapid community surveys for screening hyper-
tension is feasible in such settings. Second, information, 
education, communication (IEC) campaigns to increase 
public demand for getting screened for hypertension and 
adopting healthy lifestyles as preventative strategies war-
rants high prioritization. Finally, ensuring adherence sup-
port for existing patients on antihypertensive medication 
from nursing and pharmacy staff at primary health facili-
ties, and sensitization and training of doctors to avoid 
clinical inertia in patients with uncontrolled hyperten-
sion and ensure adequacy of drug treatment is an ethical 
imperative for medical practitioners in slum associated 
low-resource settings.

In conclusion, hypertension care cascade in urban 
slum-resettlement colony setting revealed a high burden 

of undiagnosed hypertension, low rates of medication 
adherence, and poor blood pressure control. Strengthen-
ing community screening and primary care continuum of 
care is necessary to improve the hypertension care cas-
cade from early diagnosis to effective management with 
optimal health outcomes to reduce patient complications 
and increase longevity. Future research should ascertain 
the individual, community, and health-system factors 
responsible for missed or delayed screening, diagnosis, 
and initiation of antihypertensive treatment in urban 
slum areas.

Acknowledgements
We thank all the participants for their valuable collaboration.

Authors’ contributions
MMS, NS and HL conceptualized the study; MMS, HL, SR, SG and NS 
developed the protocol; HL and SR were involved in the data management; SB 
wrote the first draft of the manuscript; VM and SB conducted the data analysis 
and interpretation of the data. All authors contributed to critical revision of the 
manuscript for intellectual content. All authors read and approved the final 
manuscript. MMS and NS are the guarantors of the paper.

Funding
This research was supported by National Biopharma Mission, Biotechnology 
Industry Research Assistance Council (BIRAC), Department of Biotechnology, 
Government of India.

Data Availability
The dataset used and analysed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Ethics Committee, Maulana Azad 
Medical College & Associated Hospitals (F1/IEC/MAMC/94/06/2022/No17) 
and prospectively registered with the Clinical Trial Registry of India as an 
observational trial (Registration no.: CTRI/2023/03/050480) on 9th March’ 2023. 
All participants provided voluntary written and informed consent before their 
participation. All study procedures were performed in accordance with the 
relevant guidelines and regulations set under the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Community Medicine, Maulana Azad Medical College, 
New Delhi, India
2Indian Institute of Public Health - Delhi, Public Health Foundation of 
India, New Delhi, India
3Department of Internal Medicine, Maulana Azad Medical College, New 
Delhi, India

Received: 20 July 2023 / Accepted: 19 October 2023

References
1.	 Garofalo C, Borrelli S, Pacilio M, et al. Hypertension and prehypertension 

and prediction of development of decreased estimated GFR in the general 



Page 13 of 14Singh et al. BMC Public Health         (2023) 23:2116 

population: a meta-analysis of cohort studies. Am J Kidney Dis. 2016;67(1):89–
97. https://doi.org/10.1053/j.ajkd.2015.08.027

2.	 Fuchs FD, Whelton PK. High Blood Pressure and Cardiovascular 
Disease. Hypertension. 2020;75:275–92. https://doi.org/10.1161/
hypertensionaha.119.14240

3.	 World Health Organization. Hypertension: Key facts. 2019. https://www.Who.
int/news-room/fact-sheets/detail/hypertension. Accessed 21 Apr 2023.

4.	 Geldsetzer P, Manne-Goehler J, Theilmann M, et al. Diabetes and 
Hypertension in India: a nationally representative study of 1.3 million 
adults. JAMA Intern Med. 2018;178(3):363–72. https://doi.org/10.1001/
jamainternmed.2017.8094

5.	 Anchala R, Kannuri NK, Pant H, et al. Hypertension in India: a system-
atic review and meta-analysis of prevalence, awareness, and control of 
Hypertension. Hypertens. 2014;32(6):1170–7. https://doi.org/10.1097/
hjh.0000000000000146

6.	 Meher M, Pradhan S, Pradhan SR, PRADHAN DS. Risk factors Associated 
with Hypertension in young adults: a systematic review. Cureus. 2023;15(4). 
https://doi.org/10.7759/cureus.37467

7.	 Global action plan for the prevention and control of NCDs. 2013–2020 
https://www.who.int/publications/i/item/9789241506236. Accessed 21 Apr 
2023.

8.	 Racioppi F, Martuzzi M, Matić S, Braubach M, Morris G, Krzyżanowski M, 
Jarosińska D, Schmoll O, Adamonytė D. Reaching the sustainable develop-
ment goals through healthy environments: are we on track? Eur J Public 
Health. 2020;30(Suppl1):i14–8. https://doi.org/10.1093/eurpub/ckaa028

9.	 Kim Y, Radoias V. Screening, diagnosis, and long-term health out-
comes in developing countries—the case of Hypertension. PLoS ONE. 
2018;13(12):e0208466. https://doi.org/10.1371/journal.pone.0208466

10.	 NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in blood 
pressure from 1975 to 2015: a pooled analysis of 1479 population-based 
measurement studies with 19·1 million participants. Lancet Lond Engl. 
2017;07(10064):37–55. https://doi.org/10.1016/S0140-6736(16)31919-5

11.	 Lu J, Lu Y, Wang X, et al. Prevalence, awareness, treatment, and control 
of Hypertension in China: data from 1.7 million adults in a population-
based screening study (China PEACE million persons project). Lancet. 
2017;390:2549–58. https://doi.org/10.1016/s0140-6736(17)32478-9

12.	 Khanal MK, Dhungana RR, Bhandari P, Gurung Y, Paudel KN. Prevalence, asso-
ciated factors, awareness, treatment, and control of Hypertension: findings 
from a cross sectional study conducted as a part of a community based inter-
vention trial in Surkhet, mid-western region of Nepal. PLoS ONE. 2017;12:0. 
https://doi.org/10.1371/journal.pone.0185806

13.	 Iqbal A, Ahsan KZ, Jamil K, Haider MM, Khan SH, Chakraborty N, Streatfield PK. 
Demographic, socioeconomic, and biological correlates of Hypertension in 
an adult population: evidence from the Bangladesh demographic and health 
survey 2017-18. BMC Public Health. 2021;21:1229. https://doi.org/10.1186/
s12889-021-11234-5

14.	 Dhar L, Earnest J, Ali M. A systematic review of factors influencing medica-
tion adherence to Hypertension treatment in developing countries. Open J 
Epidemiol. 2017;7(03):211–50. https://doi.org/10.4236/ojepi.2017.73018

15.	 Basu S, Malik M, Anand T, Singh A. Hypertension Control Cascade and 
Regional Performance in India: a repeated cross-sectional analysis (2015–
2021). Cureus. 2023;15(2):e35449. https://doi.org/10.7759%2Fcureus.35449.

16.	 Amarchand R, Kulothungan V, Krishnan A, Mathur P. Hypertension treatment 
cascade in India: results from national noncommunicable Disease monitor-
ing survey. J Hum Hypertens 2022 May 5:1–1. https://doi.org/10.1038/
s41371-022-00692-y

17.	 Kothavale A, Puri P, Sangani PG. Quantifying population level Hyperten-
sion care cascades in India: a cross-sectional analysis of risk factors and 
Disease linkages. BMC Geriatr. 2022;22(1):98. https://doi.org/10.1186/
s12877-022-02760-x

18.	 Koya SF, Pilakkadavath Z, Chandran P, Wilson T, Kuriakose S, Akbar SK, Ali A. 
Hypertension control rate in India: systematic review and meta-analysis of 
population-level non-interventional studies, 2001–2022. Lancet Reg Health-
Southeast Asia. 2023;9:100113. https://doi.org/10.1016/j.lansea.2022.100113

19.	 Basu S, Engtipi K, Kumar R. Determinants of adherence to antihypertensive 
treatment among patients attending a primary care clinic with limited 
medical armamentarium in Delhi, India: a qualitative study. Chronic Illn. 
2022;18(2):295–305. https://doi.org/10.1177/1742395320959418

20.	 Sabatâe E. Adherence to long-term therapies: evidence for action. 1st ed. 
Geneva: World Health Organization; 2003.

21.	 Gupta R, Xavier D, Hypertension. The most important non communicable 
Disease risk factor in India. Indian Heart J. 2018;70(4):565–72. https://doi.
org/10.1016/j.ihj.2018.02.003

22.	 UN-HABITAT. Twenty First Session of the Governing Council. 2007. https://
web.archive.org/web/20110206143558/http://www.unhabitat.org/down-
loads/docs/4625_51419_GC 21 What are slums.pdf.

23.	 Population living in. slums (% of urban population) | Data. Available from: 
https://data.worldbank.org/indicator/EN.POP.SLUM.UR.ZS

24.	 WHO. Urban Slum Population (%). [Internet]. Available online: https://www.
who.int/data/gho/indicator-metadata-registry/imr-details/2476 (accessed on 
15 June 2023).

25.	 Department of urban development. | Relocation and resettlement efforts 
of occupants of slums and JJ clusters| https://udd.delhi.gov.in/sites/default/
files/UD/JNNURM/relocation_of_slum_and_jj_new.pdf

26.	 Centre for Policy Research. Categorisation of settlements in Delhi. May 2015. 
[Internet] Available from: https://cprindia.org/wp-content/uploads/2021/12/
Categorisation-of-Settlement-in-Delhi.pdf (Accessed September 21 2023).

27.	 Sharma M, Kishore A, Roy D, Joshi K. A comparison of the Indian diet with 
the EAT-Lancet reference diet. BMC Public Health. 2020;20(1):812. https://doi.
org/10.1186/s12889-020-08951-8

28.	 Unger A, Felzemburgh RDM, Snyder RE, Ribeiro GS, Mohr S, Costa VBA, 
et al. Hypertension in a Brazilian urban slum population. J Urban Health. 
2015;92:446–59. https://doi.org/10.1007/s11524-015-9956-1

29.	 Mistry SK, Hossain MB, Parvez M, Gupta RD, Arora A. Prevalence and deter-
minants of Hypertension among urban slum dwellers in Bangladesh. BMC 
Public Health. 2022;22(1):2063. https://doi.org/10.1186/s12889-022-14456-3

30.	 Banerjee S, Mukherjee TK, Basu S. Prevalence, awareness, and control of 
Hypertension in the slums of Kolkata. Indian Heart J. 2016;68:286–94. https://
doi.org/10.1016/j.ihj.2015.09.029

31.	 MoHFW. National programme for prevention and control of cancer, diabetes, 
cardiovascular diseases and stroke (NPCDCS). Ministry of Health and Fam-
ily Welfare, Government of India., 2019. Available: https://main.mohfw.
gov.in/Major-Programmes/non-communicablediseases-injury-trauma/
Non-Communicable-Disease-II

32.	 Sharma N, Palo SK, Bhimarasetty DM, et al. Community Dynamics and 
Engagement strategies in establishing Demographic Development and 
Environmental Surveillance Systems: a Multi-site Report from India. Healthc 
(Basel). 2023;11(3):411. https://doi.org/10.3390/healthcare11030411

33.	 Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, et al. 
The seventh report of the joint national committee on prevention, detection, 
evaluation, and treatment of High Blood Pressure: the JNC 7 report. JAMA. 
2003;289:2560–71. https://doi.org/10.1161/01.hyp.0000107251.49515.c2

34.	 Morisky DE, Green LW, Levine DM. Concurrent and predictive validity of a 
self-reported measure of medication adherence. Med Care. 1986;24:67–74. 
https://doi.org/10.1097/00005650-198601000-00007

35.	 Aanensen DM, Huntley DM, Menegazzo M, Powell CI, Spratt BG. EpiCol-
lect+: linking smartphones to web applications for complex data collection 
projects. F1000Res. 2014;3:199. https://doi.org/10.12688/f1000research.4702

36.	 Shivashankar R, Sharma B, Moran AE, Pathni AK. Validation of a practical 
Approach to blood pressure measurement: secondary analysis of data from 
a nationally Representative Survey in India. Glob Heart. 2021;16(1):87. https://
doi.org/10.5334/gh.1085

37.	 Lim JU, Lee JH, Kim JS, Hwang YI, Kim TH, Lim SY, et al. Comparison of World 
Health Organization and Asia-Pacific body mass index classifications in COPD 
patients. Int J Chron Obstruct Pulmon Dis. 2017;12:2465–75. https://doi.
org/10.2147/COPD.S141295

38.	 Tutunchi H, Ebrahimi-Mameghani M, Ostadrahimi A, Asghari-Jafarabadi M. 
What are the optimal cut-off points of anthropometric indices for prediction 
of overweight and obesity? Predictive validity of waist circumference, waist-
to-hip and waist-to-height ratios. Health Promot Perspect. 2020;10(2):142–7. 
https://doi.org/10.34172/hpp.2020.23.35

39.	 Dhikale P, Solanki M, Shrivastava S. A Study of Epidemiology of Hypertension 
in an Urban Slum Community of Mumbai. Biology and Medicine. 2015;s3. 
https://doi.org/10.4172/0974-8369.1000s3003

40.	 International Institute for Population Sciences (IIPS) and ICF. National Family 
Health Survey (NFHS-5), 2019-21: India: volume I. Mumbai: IIPS; 2021.

41.	 Lee J, Wilkens J, Meijer E, Sekher TV, Bloom DE, Hu P. Hypertension awareness, 
treatment, and control and their association with healthcare access in the 
middle-aged and older Indian population: a nationwide cohort study. PLoS 
Med. 2022;19(1):e1003855. https://doi.org/10.1371/journal.pmed.1003855

42.	 Cheng C, Sun JY, Zhou Y, Xie QY, Wang LY, Kong XQ, et al. High waist circum-
ference is a risk factor for Hypertension in normal-weight or overweight 

https://doi.org/10.1053/j.ajkd.2015.08.027
https://doi.org/10.1161/hypertensionaha.119.14240
https://doi.org/10.1161/hypertensionaha.119.14240
https://www.Who.int/news-room/fact-sheets/detail/hypertension
https://www.Who.int/news-room/fact-sheets/detail/hypertension
https://doi.org/10.1001/jamainternmed.2017.8094
https://doi.org/10.1001/jamainternmed.2017.8094
https://doi.org/10.1097/hjh.0000000000000146
https://doi.org/10.1097/hjh.0000000000000146
https://doi.org/10.7759/cureus.37467
https://www.who.int/publications/i/item/9789241506236
https://doi.org/10.1093/eurpub/ckaa028
https://doi.org/10.1371/journal.pone.0208466
https://doi.org/10.1016/S0140-6736(16)31919-5
https://doi.org/10.1016/s0140-6736(17)32478-9
https://doi.org/10.1371/journal.pone.0185806
https://doi.org/10.1186/s12889-021-11234-5
https://doi.org/10.1186/s12889-021-11234-5
https://doi.org/10.4236/ojepi.2017.73018
https://doi.org/10.1038/s41371-022-00692-y
https://doi.org/10.1038/s41371-022-00692-y
https://doi.org/10.1186/s12877-022-02760-x
https://doi.org/10.1186/s12877-022-02760-x
https://doi.org/10.1016/j.lansea.2022.100113
https://doi.org/10.1177/1742395320959418
https://doi.org/10.1016/j.ihj.2018.02.003
https://doi.org/10.1016/j.ihj.2018.02.003
https://web.archive.org/web/20110206143558/http://www.unhabitat.org/downloads/docs/4625_51419_GC
https://web.archive.org/web/20110206143558/http://www.unhabitat.org/downloads/docs/4625_51419_GC
https://web.archive.org/web/20110206143558/http://www.unhabitat.org/downloads/docs/4625_51419_GC
https://data.worldbank.org/indicator/EN.POP.SLUM.UR.ZS
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/2476
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/2476
https://udd.delhi.gov.in/sites/default/files/UD/JNNURM/relocation_of_slum_and_jj_new.pdf
https://udd.delhi.gov.in/sites/default/files/UD/JNNURM/relocation_of_slum_and_jj_new.pdf
https://cprindia.org/wp-content/uploads/2021/12/Categorisation-of-Settlement-in-Delhi.pdf
https://cprindia.org/wp-content/uploads/2021/12/Categorisation-of-Settlement-in-Delhi.pdf
https://doi.org/10.1186/s12889-020-08951-8
https://doi.org/10.1186/s12889-020-08951-8
https://doi.org/10.1007/s11524-015-9956-1
https://doi.org/10.1186/s12889-022-14456-3
https://doi.org/10.1016/j.ihj.2015.09.029
https://doi.org/10.1016/j.ihj.2015.09.029
https://main.mohfw.gov.in/Major-Programmes/non-communicablediseases-injury-trauma/Non-Communicable-Disease-II
https://main.mohfw.gov.in/Major-Programmes/non-communicablediseases-injury-trauma/Non-Communicable-Disease-II
https://main.mohfw.gov.in/Major-Programmes/non-communicablediseases-injury-trauma/Non-Communicable-Disease-II
https://doi.org/10.3390/healthcare11030411
https://doi.org/10.1161/01.hyp.0000107251.49515.c2
https://doi.org/10.1097/00005650-198601000-00007
https://doi.org/10.12688/f1000research.4702
https://doi.org/10.5334/gh.1085
https://doi.org/10.5334/gh.1085
https://doi.org/10.2147/COPD.S141295
https://doi.org/10.2147/COPD.S141295
https://doi.org/10.34172/hpp.2020.23.35
https://doi.org/10.4172/0974-8369.1000s3003
https://doi.org/10.1371/journal.pmed.1003855


Page 14 of 14Singh et al. BMC Public Health         (2023) 23:2116 

individuals with normal metabolic profiles. J Clin Hypertens. 2022;24(7):908–
17. https://doi.org/10.1111/jch.14528

43.	 Sun JY, Hua Y, Zou HYY, Qu Q, Yuan Y, Sun GZ, et al. Association between Waist 
Circumference and the prevalence of (pre) Hypertension among 27,894 
US adults. Front Cardiovasc Med. 2021;8:717257. https://doi.org/10.3389/
fcvm.2021.717257

44.	 Kar S, Kalaiselvi S, Archana R, Saya G, Premarajan K. Is rule of halves still an 
occurrence in South India: findings from community-based survey in a 
selected urban area of Puducherry. J Postgrad Med. 2017;63(4):232–6. https://
doi.org/10.4103/jpgm.jpgm_164_17

45.	 Community Health Survey in an Urban African-American Neighbor-
hood: Distribution and Correlates of Elevated Blood Pressure on JSTOR 
[Internet]. Accessed 28. Mar 2023. Available from: https://www.jstor.org/
stable/45410170

46.	 The Influence of the Hypertensive Patient’s Education in Compliance with 
Their Medication - Saounatsou – 2001 - Public Health Nursing - Wiley Online 
Library [Internet]. Accessed 28. Mar 2023. Available from: https://onlinelibrary.
wiley.com/doi/abs/https://doi.org/10.1046/j.1525-1446.2001.00436.x

47.	 Olack B, Wabwire-Mangen F, Smeeth L, Montgomery JM, Kiwanuka N, Brei-
man RF. Risk factors of Hypertension among adults aged 35–64 years living 
in an urban slum Nairobi, Kenya. BMC Public Health. 2015;15:1–9. https://doi.
org/10.1186/s12889-015-2610-8

48.	 Gadallah M, Megid SA, Mohsen A, Kandil S. Hypertension and associ-
ated cardiovascular risk factors among urban slum dwellers in Egypt: a 
population-based survey. East Mediterr Health J. 2018;24(5):435–2. https://
doi.org/10.26719/2018.24.5.435

49.	 Pathak BG, Rahini S, Manapurath RM, Sharath BN, Gupta R, Goel S. Tobacco 
Smoking and blood pressure: how are they related among the indians?–A 
secondary analysis of National Family Health Survey (NFHS)-4 data. J Family 
Med Prim Care. 2022;11(9):5776. https://doi.org/10.4103/jfmpc.jfmpc_166_22

50.	 Mohan V, Deepa M, Farooq S, Datta M, Deepa R. Prevalence, awareness and 
control of Hypertension in Chennai - the Chennai Urban Rural Epidemiology 
Study (CURES – 52). J Assoc Physicians India. 2007;55:326–32.

51.	 Thankappan KR, Shah B, Mathur P, Sarma PS, Srinivas G, Mini GK, et al. Risk fac-
tor profile for chronic non-communicable Diseases: results of a community-
based study in Kerala, India. Indian J Med Res. 2010;131(1):53.

52.	 Bhandari S, Sarma PS, Thankappan KR. Adherence to Antihypertensive 
Treatment and its determinants among Urban Slum dwellers in Kol-
kata, India. Asia Pac J Public Health. 2015;27(2):NP74–84. https://doi.
org/10.1177/1010539511423568

53.	 Ndanuko RN, Tapsell LC, Charlton KE, Neale EP, Batterham MJ. Dietary pat-
terns and blood pressure in adults: a systematic review and Meta-analysis of 
Randomized controlled trials. Adv Nutr. 2016;7(1):76–89.

54.	 Nawata K, Kimura M. Reliability of blood pressure measurements: an analysis 
of the White Coat Effect and its fluctuations. Health. 2017;9(03):506. https://
doi.org/10.4236/health.2017.93036

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1111/jch.14528
https://doi.org/10.3389/fcvm.2021.717257
https://doi.org/10.3389/fcvm.2021.717257
https://doi.org/10.4103/jpgm.jpgm_164_17
https://doi.org/10.4103/jpgm.jpgm_164_17
https://www.jstor.org/stable/45410170
https://www.jstor.org/stable/45410170
https://onlinelibrary.wiley.com/doi/abs/
https://onlinelibrary.wiley.com/doi/abs/
https://doi.org/10.1046/j.1525-1446.2001.00436.x
https://doi.org/10.1186/s12889-015-2610-8
https://doi.org/10.1186/s12889-015-2610-8
https://doi.org/10.26719/2018.24.5.435
https://doi.org/10.26719/2018.24.5.435
https://doi.org/10.4103/jfmpc.jfmpc_166_22
https://doi.org/10.1177/1010539511423568
https://doi.org/10.1177/1010539511423568
https://doi.org/10.4236/health.2017.93036
https://doi.org/10.4236/health.2017.93036

	﻿Hypertension care cascade in an urban resettlement colony and slum in Delhi, India: a cross-sectional survey
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Independent variables
	﻿Data and statistical analysis
	﻿Ethics

	﻿Results
	﻿Discussion
	﻿References


