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A B S T R A C T

Background: The impact of the 2017 American College of Cardiology (ACC)/American Heart Association (AHA)
guidelines for diagnosis and management of hypertension on the prevalence of hypertension in India is unknown.
Methods: We analyzed data from the Cardiac Prevent 2015 survey to estimate the change in the prevalence of
hypertension. The JNC8 guidelines defined hypertension as a systolic blood pressure of �140 mmHg or diastolic
blood pressure of �90 mmHg. The 2017 ACC/AHA guidelines define hypertension as a systolic blood pressure of
�130 mmHg or diastolic blood pressure of �80 mmHg. We standardized the prevalence as per the 2011 census
population of India. We also calculated the prevalence as per the World Health Organization (WHO) World
Standard Population (2000–2025).
Results: Among 180,335 participants (33.2% women), the mean age was 40.6 � 14.9 years (41.1 � 15.0 and 39.7
� 14.7 years in men and women, respectively). Among them, 8,898 (4.9%), 99,791 (55.3%), 35,694 (11.9%),
23,084 (12.8%), 9,989 (5.5%) and 2,878 (1.6%) participants belonged to age group 18–19, 20–44, 45–54, 55–64,
65–74 and � 75 years respectively. The prevalence of hypertension according to the JNC8 and 2017 ACC/AHA
guidelines was 29.7% and 63.8%, respectively- an increase of 115%. With the 2011 census population of India,
this suggests that currently, 486 million Indian adults have hypertension according to the 2017 ACC/AHA
guidelines, an addition of 260 million as compared to the JNC8 guidelines.
Conclusion: According to the 2017 ACC/AHA guidelines, 3 in every 5 Indian adults have hypertension.
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1. Introduction

In 2017, the American College of Cardiology (ACC)/American Heart
Association (AHA) suggested new guidelines to define and manage hy-
pertension [1]. The new guidelines define hypertension as either a sys-
tolic blood pressure (SBP) of �130 mmHg or a diastolic blood pressure
(DBP) of �80 mmHg [1]. Previously, the report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC8) guidelines were used to define hypertension [2].
JNC8 defined hypertension as either an SBP of �140 mmHg or a DBP of
�90 mmHg. The new guidelines also set a lower blood pressure target of
�130/80 mmHg as opposed to �140/90 mmHg by JNC8 [2].

With the lowered cut-off, there is an expected increase in the preva-
lence of hypertension, as suggested by analysis of survey data from the
US, China, and Nepal [3–5]. With the burden of cardiovascular diseases
on the rise, it is important to study the impact of these guidelines on the
prevalence of hypertension in India. [6–8]. This study aimed to assess the
impact of the 2017 ACC/AHA hypertension guidelines on the prevalence
of hypertension in India.

2. Materials and methods

The study was conducted following the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines (Sup-
plemental Table 1).

2.1. Study design and participants

We used data from the Cardiac Prevent 2015 survey. In this survey,
data on BP, comorbidities, and risk factors were recorded among adults
aged�18 years on a single day from 9 am to 5 pm as previously described
[9]. Briefly, the survey was conducted in 24 states and union territories of
India (constitute 62.7% of the national population). As part of the study
protocol, the participant should not have taken tea or coffee in the last 10
min and should be seated for �3 min before the measurement of BP.
Self-reported history of hypertension, intake of anti-hypertensive medi-
cations, diabetes mellitus, dyslipidemia, smoking, and smokeless tobacco
was recorded.

2.2. Blood pressure measurement

BP was measured using automated oscillometer machines. Partici-
pants with the first BP measurement �140/90 mmHg underwent a re-
measurement after 3 min. The blood pressure was rounded off to the
nearest whole number. A printed report with BPmeasurements was given
to the participant. Individual site coordinators were responsible for data
collection which was fed real-time into an online portal. An independent
auditor, not involved in data collection, reviewed and verified the data
from each site.

2.3. Hypertension definition

The 2017 ACC/AHA guidelines defines four categories for classifi-
cation: normal (SBP<120 and DBP<80 mmHg), Elevated (SBP 120–129
and DBP <80 mmHg), Stage 1 hypertension (SBP 130–139 or DBP 80-89
mmHg) and Stage 2 hypertension (SBP �140 or DBP �90 mmHg) [1].
The JNC8 guidelines define hypertension as either an SBP �140 mmHg
or a DBP of �90 mmHg [2].

2.4. Statistical analysis

We calculated crude prevalence, prevalence adjusted for the 2011
census population of India [10], and the prevalence adjusted for the
WHO standard population for the year 2000–2025 [11]. Distribution of
hypertension across the 4 classifications was calculated across 6 mutually
exclusive groups (18–19 years, 20–44 years. 45–54 years, 55–64 years,
2

65–74 years, and �75 years) to compare the impact with a previously
published report from the US [4]. The prevalence was converted into
absolute numbers taking census 2011 population of India as the refer-
ence. We evaluated the association of self-reported risk factors with hy-
pertension in a multivariable logistic model with age, diabetes mellitus,
dyslipidemia, current smoking, and smokeless tobacco using odds ratio
with 95% confidence intervals. Continuous variables were represented as
medians with interquartile ranges and categorical variables were repre-
sented as counts with proportions. The Wilcoxon rank-sum test and
Chi-squared tests were used to identify the differences in baseline char-
acteristics in continuous and categorical variables, respectively. All sta-
tistical analyses were conducted in Stata version 14.2 (StataCorp, College
Station, TX, U.S.A.). We used de-identified data and the Institutional
Review Board clearance was not required.

3. Results

We recorded BP of 180,335 participants (120,425 [66.8%] men and
59,910 [33.2%] women) with a mean age of 40.6 � 14.9 years (41.1 �
15 and 39.7� 14.7 years in men and women, respectively). Among them
8,898 (4.9%), 99,791 (55.3%), 35,694 (11.9%), 23,084 (12.8%), 9,989
(5.5%) and 2,878 (1.6%) participants belonged to age group 18–19,
20–44, 45–54, 55–64, 65–74 and � 75 years respectively. Mean SBP and
DBP were 125 � 18 mmHg and 79 � 11 mmHg respectively, which was
higher among men than women across all age groups. There were 12.9%
(95% confidence interval 12.7, 13.0) participants already on anti-
hypertensive medications.

As per the JNC8 guidelines, there were 55,370 participants with
hypertension, with an adjusted prevalence of 29.7%. According to the
2017 ACC/AHA guideline, there were 117,287 participants with hyper-
tension, with an adjusted prevalence of 63.8%, a relative increase of
115% as compared to the JNC8 guideline. The adjusted prevalence
among men and women was 68.7% and 55.1%, respectively. The impact
of the new guidelines is given in Table 1 and Fig. 1. The highest impact of
the 2017 ACC/AHA guidelines was observed in the age group of 18–19
years, with prevalence increasing around 3 times among men (16%–

49%) and 5 times among women (6%–31%) (Table 1 and Fig. 1).
After standardization according to the national population, there

were 226 million and 486 million adults with hypertension in India ac-
cording to the JNC8 and the 2017 ACC/AHA guidelines, respectively- an
increase of about 260 million. Total prevalence was 66.7% (AHA/ACC
2017) and 30.7% (JNC 8), standardized for WHO Standard Population
(2000–2025).

Prevalence of hypertension among each age group was higher in men
as compared to women, except in those >65 years, where almost equal
prevalence was found. With the new cut-offs, only 28.6% of participants
were found to have normal BP (22.6% and 40.8% of men and women,
respectively) (Table 2).

There was a higher overall prevalence of self-reported diabetes mel-
litus, current smoking, and smokeless tobacco in men vs. women (all p <

0.001) (Table 3). Self-reported dyslipidemia was more common in
women (8.2% vs. 7.0% for women and men, respectively, p < 0.001)
(Table 3). There was a differential association of self-reported risk factors
with the risk of hypertension across gender such that age, diabetes
mellitus, and smoking were associated with a higher odd of hypertension
among women vs. men (Table 3). The self-reported risk factors and as-
sociation with hypertension across age categories in men and women are
given in Supplement Table 2.

4. Discussion

In this cross-sectional study to estimate the prevalence of hyperten-
sion among Indian adults, we found that the prevalence according to the
JNC8 and 2017 ACC/AHA guidelines was 29.7% and 63.8%,
respectively– a relative increase of 115%. Most patients above 65 years
had stage 2 hypertension and the relative increase in hypertension



Table 1
Relative increase in prevalence, age group, and gender-wise.

Age
(years)

Prevalence
(JNC 8) (%)

Prevalence
(2017 ACC/
AHA) (%)

Difference (2017
ACC/AHA but
not JNC8)

Relative
increase
(%)

Men
18-19 (n
¼
5,448)

16.1 (15.1,
17.08)

48.7 (47.4, 50) 32.6 202.5

20-44 (n
¼
66,039)

26.7 (26.4,
27)

65.4 (65, 65.8) 38.7 144.9

45-54 (n
¼
23,789)

42.4 (41.8,
43)

76.9 (76.4,
77.4)

34.5 81.4

55-64 (n
¼
15,874)

49 (48.2,
49.8)

79.7 (79.1,
80.3)

30.7 62.7

65-74 (n
¼
7,181)

51.5 (50.3,
52.7)

80.6 (79.7,
81.5)

29.1 56.5

�75 (n ¼
2,094)

52.2 (50.1,
54.3)

78.5 (76.7,
80.3)

26.3 50.4

Overall 39.4 (39.1,
39.7)

69.9 (69.9,
70.2)

30.2 76.6

Women
18-19 (n
¼
3450)

6.2 (5.4, 7) 30.5 (29, 32) 24.3 391.9

20-44 (n
¼
33,753)

14 (13.6,
14.4)

45.6 (45.1,
46.1)

31.6 225.7

45-54 (n
¼
11,905)

34.6 (33.8,
35.5)

69.1 (68.3,
69.9)

34.5 99.7

55-64 (n
¼
7,210)

45.4 (44.3,
46.6)

76.6 (75.6,
77.6)

31.2 68.7

65-74 (n
¼
2,808)

51.4 (49.6,
53.3)

78.2 (76.7,
79.7)

26.8 52.1

�75 (n ¼
784)

51.3 (47.8,
54.8)

79.7 (76.9,
82.5)

28.4 55.4

Overall 29.3 (28.9,
29.7)

48 (47.6, 48.4) 18.7 63.8

ACC/AHA ¼ American College of Cardiology/American Heart Association; JNC8
¼ 8th Report of the Joint National Committee on Prevention, Detection, Evalu-
ation, and Treatment of High Blood Pressure.
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prevalence decreased with advancing age.
Approximately 486 million Indian adults have hypertension accord-

ing to the new guidelines, an increase of 260 million over 226 million
already diagnosed as per the JNC8 guidelines. Our results are similar to a
study done using another survey data from India where a relative in-
crease of 140% was reported [12]. In a similar study done to assess the
impact in the US adult population, an increase from 31.9% to 45.6% was
reported [4]. Another study (age group 45–75 years), done using na-
tionally representative data of the US and Chinese population reported a
prevalence of 63% in the US population (a relative increase of 74%) and
55% (a relative increase of 45%) in the Chinese population according to
the new guidelines [3]. In Nepal, there was a 92% relative increase in
prevalence [5]. This data suggests that a heterogeneous impact of the
new guidelines on the regional prevalence of hypertension with a higher
impact in Asia as compared to North America. A large change is due to
the reclassification of participants with prehypertension (SBP 120–139
mmHg) according to old guidelines into stage 1 hypertension according
to the new guidelines [13].

The new guidelines recommend treatment in stage 2 hypertension, as
well in high-risk groups with SBP of 130–139 mmHg or a DBP 80–89
mmHg. The high-risk features include age �65 years, previous athero-
sclerotic cardiovascular disease (ASCVD) event, the 10-year risk of
ASCVD risk score�10%, diabetes mellitus, or chronic kidney disease [1].
3

We did not have laboratory values to compute the ASCVD risk score or
confirm diabetes mellitus. Therefore, we cannot estimate how many
participants with hypertension as per the new definition would require
treatment.

Data from the US suggests that around 80% of patients who qualify as
having hypertension according to the new guideline would require
treatment [4]. If we apply these numbers to the current Indian popula-
tion, this would imply that around 390million out of 486million patients
with hypertension would require treatment. Given the already poor
awareness, treatment, and control of blood pressure among patients with
high blood pressure, this would require a restructuring of public health
policy to meet the unmet needs.

Currently, Indian guidelines do not endorse the 2017 ACC/AHA
guidelines for the classification and treatment of hypertension. Few
studies have reported the impact of new guidelines on the epidemiology
transition in themanagement of BP [3,4]. India is expected to become the
country with the largest population by 2024 [14]. India has a single
national-level program on the prevention and control of cancer, diabetes,
stroke, and cardiovascular diseases [15]. The Indian guidelines endorse
capacity building and integration of non-communicable disease man-
agement at the primary health care level. Program data for the year
2016–17 suggests that only 22 million patients attended these clinics and
out-reach services screened only 16 million participants [15]. This is a
dismally small number compared to the 486 million that require
screening and monitoring.

Poor availability of infrastructure and competing agendas like
tuberculosis have marred India's potential to control the epidemic of
cardiovascular diseases [16]. As the average blood pressure continues to
rise in India, there is an expected large increase in cardiovascular dis-
eases [17,18]. Due to the huge economic costs of treatment,
non-pharmacological intervention in the form of reduced salt intake,
regular exercise, and weight reduction needs to be emphasized for pri-
mary prevention [19].

We found that there is a significant association of hypertension with
diabetes mellitus, dyslipidemia, and current smoking, both among men
and women. Smokeless tobacco leads to a higher circulating level of
nicotine, sympathetic neural stimulation, and increased systolic and
diastolic blood pressure [20]. The association of chronic smokeless to-
bacco with hypertension is complex, multifactorial, and depends on the
participant's age [21]. Smokeless tobacco has proven cardiovascular and
non-cardiovascular adverse effects [22]. Lifestyle changes, such as
cessation of all forms of tobacco intake, sodium restriction, decreased
intake of total and saturated fats with weight reduction should be
strongly advocated and emphasized as essential adjuncts to effective
pharmacological management of hypertension [1].

To the best of our knowledge, this is the single largest cross-sectional
study to estimate the impact of the 2017 ACC/AHA guidelines on the
prevalence of hypertension among Indian adults. But there are important
limitations to our study. The results are based on a cross-sectional survey
and the limitations inherent to survey-based epidemiological studies
apply. Most of the participants in the survey had a single BP measure-
ment. Further, our protocol allowed BP measurement after only 10 mi-
nutes of coffee or tea consumption but the effect of these stimulants may
last up to 3 hours [23]. This may cause an overestimation of hypertension
prevalence, but the effect is likely to be small given the large sample size.
There was no pre-specified sampling technique and the sample was not
nationally representative. However, we standardized the results of our
survey. Our prevalence estimate according to the JNC8 is similar to that
reported in a meta-analysis of 142 studies on hypertension prevalence in
India (29.8% in the meta-analysis vs. 29.7% in our study) [24]. This
suggests the accuracy of our methodology. We did not have data to
analyze urban-rural differences. Further, self-reported diabetes mellitus
and dyslipidemia were used in the multivariable model with no labora-
tory confirmation.

The benefits of aggressive blood pressure reduction remain unknown
for the Indian population. The European Society of Cardiology/European



Fig. 1. Prevalence of hypertension according to the 2017 ACC/AHA and the JNC8 guidelines. ACC/AHA, American College of Cardiology/American Heart Associ-
ation; JNC8, Eighth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.

Table 2
Blood pressure categories according to 2017 ACC/AHA criteria among those not
taking anti-hypertensive medications (n ¼ 157,121).

Normal (%)
<120/<80
mmHg

Elevated Blood
Pressure (%)
120-129/<80
mmHg

Stage 1 (%)
130-139/
80–89 mmHg

Stage 2 (%)
�140/�90
mmHg

Total 28.6 (28.4,
28.8)

9.4 (9.3, 9.5) 35.4 (35.2,
35.6)

26.6 (36.4,
26.8)

Men (n ¼
104,983)

22.6 (22.4,
22.9)

9.9 (9.7, 10.1) 37.0 (36.7,
37.3)

30.5 (30.2,
30.8)

Women (n ¼
52,138)

40.8 (40.4,
41.2)

8.3 (8.1, 8.5) 32.0 (31.6,
32.4)

18.8 (18.5,
19.1)

Age group (years)
18-19 (n ¼
8,851)

45.0 (43.4,
46.0)

13.5 (12.8, 14.2) 29.4 (28.5,
30.4)

12.1 (11.4,
12.8)

20-44 (n ¼
95,204)

32.6 (32.3,
32.9)

9.9 (9.7, 10.1) 36.6 (36.3,
36.9)

21.0 (20.7,
21.3)

45-54 (n ¼
28,916)

20.8 (20.3,
21.3)

7.7 (7.4, 8.0) 36.0 (35.5,
36.6)

35.5 (35.0,
36.1)

55-64 (n ¼
16,127)

16.7 (16.1,
17.3)

8.0 (7.6, 8.4) 32.7 (32.0,
33.4)

42.6 (41.8,
43.4)

65-74 (n ¼
6,239)

15.2 (14.3,
16.1)

8.4 (7.7, 9.1) 30.9 (29.8,
32.1)

45.5 (44.3,
46.7)

�75 (n ¼
17,84)

17.2 (15.5,
19.0)

8.6 (7.3, 9.9) 29.3 (27.2,
31.4)

44.8 (42.5,
47.1)

Table 3
Prevalence and association of self-reported risk factors with hypertension as per
2017 ACC/AHA guidelines in men and women.

Men (n ¼
120,425)

Odds Ratio
(95% CI)

Women (n ¼
59,910)

Odds Ratio
(95% CI)

Age (years) 39 (27, 50) 1.03 (1.03,
1.03)

40 (29, 52) 1.05 (1.05,
1.05)

Diabetes
Mellitus

12,432
(10.3%)

1.77 (1.67,
1.88)

5,763 (9.6%) 2.07 (1.91,
2.25)

Dyslipidemia 8,370 (7.0%) 2.17 (2.02,
2.34)

4,923 (8.2%) 1.78 (1.64,
1.94)

Current
Smoking

15,193
(12.6%)

1.09 (1.04,
1.13)

427 (0.7%) 1.72 (1.36,
2.18)

Smokeless
Tobacco

12,396
(10.3%)

0.97 (0.93,
1.01)

1213 (2.0%) 0.87 (0.77,
0.99)

Data are presented as median (interquartile range) for age and n (%) for self-
reported risk factors. Association of self-reported risk factors and hypertension
(2017 ACC/AHA definition) in the multivariable model adjusted for age, diabetes
mellitus, dyslipidemia, current smoking, and smokeless tobacco. CI, confidence
interval.
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Society of Hypertension guidelines and the International Society of Hy-
pertension guidelines continue to use the �140/90 mmHg cutoff to
define and treat hypertension [25,26]. Longitudinal studies, such as the
Framingham Cohort Study, are required to understand the benefits-risks
of aggressive BP control for the Indian population.
4

5. Conclusion

With the 2017 ACC/AHA guidelines, the prevalence of hypertension
in India increases from 29.7% to 63.8%- a relative increase of 115%.
Longitudinal cohort studies are required to investigate the unique risk
factors in the Indian population and their association with risk of major
adverse cardiovascular events.
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