International Journal of Cardiology Hypertension 7 (2020) 100061

Contents lists available at ScienceDirect

International Journal of Cardiology Hypertension

journal homepage: www.journals.elsevier.com/international-journal-of-cardiology-hypertension/

ELSEVIER

Research Paper

Prevalence of hypertension and controlled hypertension among United M)
States adults: Evidence from NHANES 2017-18 survey s

Juwel Rana®™%", John Oldroyd ¢, Md. Momin Islam ¢, Carla E. Tarazona-Meza ¢,
Rakibul M. Islam"

@ Department of Public Health, School of Health and Life Sciences, North South University, Dhaka, Bangladesh

Y Department of Biostatistics and Epidemiology, University of Massachusetts Amherst, Massachusetts, USA

¢ South Asia Institute for Social Transformation (SAIST), Dhaka, Bangladesh

4 School of Behavioral and Health Sciences, Australian Catholic University, Fitzroy, Victoria, Australia

¢ Department of Statistics, University of Dhaka, Dhaka, Bangladesh

f Center for Non-Communicable Disease Research and Training, Johns Hopkins University, Baltimore, MD, USA

8 Biomedical Research Unit, AB PRISMA, Lima, Peru

b Women's Health Research Program, School of Public Health and Preventive Medicine, Monash University, Melbourne, Victoria, Australia

ARTICLE INFO ABSTRACT

Keywords: Background: This study aims to compare the prevalence of hypertension (HTN) and controlled hypertension
Hypertension (CHTN) in US adults and determine the absolute difference in the prevalence of HTN and CHTN between the
Hypertension control JNC7 and ACC/AHA 2017 guidelines.

j\I\(IIfJZAHA 2017 Methods: Data for this study were derived from the most recent cycle of the National Health and Nutrition Ex-
USA amination Survey (NHANES) 2017-2018. After excluding participants with missing systolic blood pressure (BP)

or diastolic BP and aged <18 years, 4730 participants were included in the final analyses. BP was defined as the
average of the first three measurements. The prevalence of HTN and CHTN, including absolute differences of
these prevalences, were estimated using both JNC7 and ACC/AHA 2017 guidelines.

Results: The overall weighted prevalence of HTN was 31.7% (95% CI: 28.7-34.8) based on JNC7, while the
corresponding prevalence was 45.6% (95% CI: 43.0-48.3) when new guideline of ACC/AHA was used. Of the
people who had HTN according to the JNC7 and ACC/AHA 2017 guidelines, 48.2% (95% CI: 44.4-52.0) and
21.0% (95% CI: 18.1-24.2) had a controlled blood pressure level, respectively. When blood pressure was assessed
using both guidelines, the greatest absolute increase in rates of HTN and CHTN was 17.4% and 30.0% in people
aged 40-59 years, respectively.

Conclusion: Given the high burden of disease due to complications arising from untreated HTN, as well as the
higher costs of untreated disease, new guidelines have important public health implications to early detection of
patients at risk and prevent complications across different populations.

1. Introduction

The American College of Cardiology/American Heart Association
(ACC/AHA) have developed evidence-based guidelines for the preven-
tion and first line management of hypertension (HTN) in the US [1]. They
were developed by experts and translate the best available evidence into
guidelines for clinical practice. Although they are written for a US pop-
ulation, they have global impact. Despite this, HTN remains a significant
contributor to the global burden of disease, and it remains an important

risk factor for cardiovascular morbidity and mortality [2-4]. HTN has
previously been defined by the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC7) as individuals who have a systolic
BP > 140 mmHg or a diastolic BP > 90 mmHg or take any prescribed
drugs to control BP [5]. However, the ACC/AHA 2017 guidelines low-
ered the systolic and diastolic blood pressure thresholds for HTN [1].
According to the ACC/AHA 2017 guidelines, individuals who have a
systolic BP > 130 mmHg or a diastolic BP > 80 mmHg or take any
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prescribed drugs to control BP were categorized as hypertensive. Appli-
cation of the ACC/AHA 2017 guidelines would reclassify many in-
dividuals who had normal blood pressure (or were prehypertensive)
using JNC7 criteria, as hypertensive. While this classification of people as
hypertensive at lower levels of blood pressure would allow earlier
intervention in the natural history of the disease, it also has implications
for the evaluation of the outcomes of current prevention and control
methods.

Previous studies that have investigated the impact of the new ACC/
AHA 2017 guidelines have found marked increases in prevalence rates.
For example, when blood pressure was assessed using both JNC7 and
ACC/AHA 2017 guidelines among reproductive-aged US women, the
prevalence of HTN increased by 112% [2]. This has significant implica-
tions for blood pressure management in the US. The impact of the new
guidelines has also been examined in other populations in the US [6,7].
In these studies, an absolute increase in prevalence varied from 14.7% to
26.8% in the US when ACC/AHA 2017 guidelines were applied [6].
Repeating this analysis using more recent data will provide up to date
evidence for planning future health policy interventions for the man-
agement of HTN.

In this study, we aim to use the most recent cycle of NHANES
2017-2018 data to compare the prevalence of HTN and controlled hy-
pertension (CHTN) in US adults and determine the absolute difference in
the prevalence of HTN and CHTN between the JNC7 and ACC/AHA 2017
guidelines.

2. Material and methods
2.1. Design, setting, and participants

Data for this study were derived from the National Health and
Nutrition Examination Survey (NHANES) 2017-2018, which was
conducted by the National Center for Health Statistics of the US
Centers for Disease Control and Prevention. To ensure national
representativeness, the study samples are identified through a com-
plex, stratified, multistage probability sampling design. It consists of a
four-stage sample: counties, segments, households, and individuals.
Survey participants completed in-home interviews and then visited a
mobile examination center, where they responded to additional
questionnaires and underwent a medical examination and blood
sample collection. NHANES maintains high standards to ensure min-
imal non-sampling and measurement errors during survey planning,
data collection, and processing. After excluding participants with
missing systolic BP or diastolic BP and aged <18 years, 4730 partic-
ipants were included in the final analyses. Participants completed
standardized questionnaires that assessed demographics; prior diag-
nosis of HTN and antihypertensive medication use; prior diagnosis of
high blood cholesterol; and the use of lipid-lowering drugs; and dia-
betes mellitus. Body mass index was calculated as weight in kilograms
divided by height in meters squared. Diabetes mellitus was self-
reported, defined by a positive response to any of the questions,
“Have you ever been told by a doctor that you have diabetes?”; “Are
you now taking insulin?”; “Are you now taking diabetes pills to lower
your blood sugar?” The study was approved by the National Center for
Health Statistics Research Ethics Review Board, and all adult partic-
ipants provided written informed consent [8].

2.2. Blood pressure measurement

During the medical examination, BP was measured after resting
quietly in a seated position for 5 min and after the participant's maximum
inflation level has been determined. Both mean systolic BP and mean
diastolic BP were defined as the average of the first three measurements.
We did not include the fourth measurement because of the large number
of missing values. All BP measurements were taken in the mobile ex-
amination center using the right arm unless specific conditions prohibit
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the use of the right arm. Prior to BP measurements, upper arm circum-
ference is measured, which is done to guide the selection of cuff size.

2.3. Definition of hypertension and control

According to the JNC7 guideline, individuals who have a systolic
BP > 140 mmHg or a diastolic BP > 90 mmHg or take any prescribed
drugs to control BP were categorized as hypertensive. According to the
ACC/AHA 2017 guideline, individuals who have a systolic
BP > 130 mmHg or a diastolic BP > 80 mmHg or take any prescribed
drugs to control BP were categorized as hypertensive. According to the
JNC7 guideline, CHTN is defined if individuals have systolic
BP < 140 mmHg and diastolic BP < 90 mmHg among those with HTN.
According to ACC/AHA 2017 guideline, CHTN is defined if individuals
have systolic BP < 130 mmHg and diastolic BP < 80 mmHg among those
with HTN.

2.4. Statistical analysis

The characteristics of the study participants were presented as fre-
quencies and percentages or mean (+standard deviation; SD). The
prevalence of HTN and CHTN were estimated using both JNC7 and ACC/
AHA 2017 guidelines. We then estimated the absolute differences for the
prevalence of HTN and CHTN between the ACC/AHA 2017 and JNC7
guidelines. All prevalences and absolute differences were reported with
95% confidence intervals (CIs). We conducted weighted analysis to
adjust for the clustered sampling design of the survey. Analyses were
performed using statistical software Stata version 16.0 [9], and codes are
available upon request.

3. Results

A total of 4730 weighted participants were included in the anal-
ysis. The mean (+SD) age of the participants was 49.5 (+£18.6)
(Table 1). Of the study participants, 51.2% (2425) were female,
62.5% (1638) were white, 62.7% (2669) were married or living
together, 42.3% (1953) were obese and 11.5% (771) had diabetes.
Overall, the mean (£SD) systolic BP and diastolic BP were 125.4
(£19.3) and 71.6 (+12.5) mmHg, respectively. The mean (+SD) total
cholesterol, triglyceride, high-density lipoprotein, and low-density
lipoprotein were 187.1 (+41.5), 4.8 (£0.6), 53.2 (+15.6), and
105.3 (£37.0), respectively.

3.1. Hypertension prevalence

The overall weighted prevalence of HTN among US adults was 31.7%
(95% CI: 28.7-34.8) based on JNC7, while the corresponding prevalence
was 45.6% (95% CI: 43.0-48.3) when new guideline of ACC/AHA was
used. Of the people who had HTN according to the JNC7 and ACC/AHA
2017 guidelines, 48.2% (95%CIL: 44.4-52.0) and 21.0% (95%CI:
18.1-24.2) had a controlled blood pressure level, respectively.

Table 2 summarized the prevalence of HTN and the absolute
difference by age, sex, ethnicity, BMI, and diabetes status,
comparing the previous guideline with the new guideline. Accord-
ing to ACC/AHA 2017 guideline, the prevalence was the highest
among individuals aged 60 years and above (73.2%, 95% CI:
71.1-75.3), followed by 40-59 years (51.2%, 95% CI: 48.6-53.8),
and 18-39 years (20.6%, 95% CI: 18.7-22.7). The corresponding
prevalence based on JNC7 were 63.0% (95% CI: 61.0-65.0) for 60
years and above age group, 33.8% (95% CI: 31.3-36.3) for 40-59
age group and 7.0% (95% CI: 5.8-8.4) for 18-39 years age group.
The highest absolute difference between the two guidelines was
17.4% (95% CI: 16.7-17.5) in the middle age group. According to
the 2017 ACC/AHA classification, more than half of the male re-
spondents had HTN (51.1%, 95% CI: 49.0-53.2), compared with
40.4% (95% CI: 38.4-42.4) of the female respondents. The
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Table 1
Characteristics of US adults in the NHANES 2017-18 (Unweighted Sample and
weighted percentage).

Sample Characteristics Unweighted N Weighted % or mean

(95% CI)
Age (Mean + SD) 4730 47.1 (45.8-48.5)
(49.5 + 18.6)
18-39 1611 38.5 (35.4-41.6)
40-59 1412 33.4 (30.3-36.6)
60+ 1707 28.1 (24.6-32.0)
Sex
Male 2305 48.8 (46.9-50.8)
Female 2425 51.2 (49.2-53.1)
Race
White 1638 62.5 (56.9-67.9)
Black 1081 11.1 (8.0-15.1)
Hispanic 434 6.8 (5.3-8.6)
Other 1577 19.6 (15.5-24.5)
Marital Status
Married or living together 2669 62.7 (60.0-65.4)
Separated/divorced/widow 1018 18.2 (16.4-20.2)
Never married 808 19.1 (17.1-21.2)
Body Mass Index (kg/m?) 4705 29.6 (29.0-30.2)
(Mean + SD) (29.6 £7.3)
<25 1272 27.7 (24.9-30.6)
25-29.99 1480 30.0 (27.1-33.0)
>=30 1953 42.3 (38.3-46.4)
Systolic BP (Mean + SD) 4730 122.4 (121.5-123.3)
(125.4 + 19.3)
Diastolic BP (Mean + SD) 4730 71.7 (70.6-72.9)
(71.6 £ 12.5)

Lipid Profiles (Mean + SD)

Total cholesterol (mg/dL) 4441
(187.1 £ 41.5)
4422 (4.8 £ 0.6)

188.2 (184.5-192.0)

Triglyceride (log-transformed 4.8 (4.72-4.82)

in mg/dL)

High-density lipoprotein (mg/ 4441 53.6 (52.6-54.6)

dL) (53.2 £ 15.6)

Low-density lipoprotein (mg/ 4418 106.3 (103.3-109.2)

dL) (105.3 + 37.0)
Hypertension status-JNC7

No 2912 68.3 (65.2-71.3)

Yes 1818 31.7 (28.7-34.8)
Hypertension status-ACC

/AHA 2017

No 2263 54.4 (51.7-57.0)

Yes 2467 45.6 (43.0-48.3)
Controlled hypertension

-JNC7

No 1000 51.8 (48.0-55.6)

Yes 818 48.2 (44.4-52.0)
Controlled hypertension-

ACC/AHA 2017

No 1983 79.0 (75.8-81.9)

Yes 484 21.0 (18.1-24.2)
Antihypertensive

medication use

No 222 18.1 (14.7-22.0)

Yes 1326 81.9 (78.0-85.3)
Diabetes status

No 3959 88.5 (87.4-89.5)

Yes 771 11.5 (10.5-12.6)

SD = standard deviation; CI = confidence interval.

prevalence of HTN, according to JNC7, was 33.1% (95% CI:
31.2-35.1) among males and 30.3% (95% CI: 28.5-32.2) among
females. Male (18.0%, 95% CI: 17.8-18.1) had a higher absolute
increase in prevalence than their female counterparts (10.1%, 95%
CI: 9.9-10.2). The highest prevalence of HTN was estimated in
black people according to both JNC7 (40.1%, 95% CI: 37.1-43.1)
and ACC/AHA 2017 (54.7%, 95% CI: 51.6-57.7) guidelines, with an
absolute difference of 14.6% (95% CI: 14.5-14.6) between guide-
lines. A similar highest prevalence of HTN was observed among
people with a BMI of >30 according to both JNC7 (40.4%, 95% CI:
38.2-42.6) and ACC/AHA 2017 (57.7%, 95% CI. 54.4-61.0)
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Table 2
Prevalence of hypertension among US adults in the NHANES 2017-18.
Characteristics ~ Hypertension by Hypertension by Absolute
JNC7% (95% CI) ACC/AHA 2017% Difference %
(95% CI) (95% CI)
Overall 31.7 (28.7-34.8) 45.6 (43.0-48.3) 13.9 (13.5-14.3)
Age (years)
18-39 7.0 (5.8-8.4) 20.6 (18.7-22.7) 13.6 (12.9-14.3)
40-59 33.8 (31.3-36.3) 51.2 (48.6-53.8) 17.4 (16.7-17.5)
60 and 63.0 (61.0-65.0) 73.2 (71.1-75.3) 10.2 (10.1-10.3)
above
Gender
Male 33.1 (31.2-35.1) 51.1 (49.0-53.2) 18.0 (17.8-18.1)
Female 30.3 (28.5-32.2) 40.4 (38.4-42.4) 10.1 (9.9-10.2)
Race
White 32.7 (30.4-35.1) 46.0 (43.5-48.4) 13.3 (13.1-13.3)
Black 40.1 (37.1-43.1) 54.7 (51.6-57.7) 14.6 (14.5-14.6)
Hispanic 27.7 (23.5-32.1) 38.5(33.9-43.2) 10.8 (10.4-11.1)
Other 25.2 (23.1-27.4) 41.7 (39.3-44.2) 16.5 (16.2-16.8)
BMI (kg/m?)
<25 17.4 (15.3-19.6) 29.1 (26.6-31.7) 11.7 (11.3-12.1)
25-29.99 33.0 (30.6-35.4) 44.4 (41.8-47.0) 11.4 (11.2-11.6)
>= 30 40.4 (38.2-42.6) 57.7 (54.4-61.0) 16.3 (16.2-18.4)
Diabetic status
No 27.0 (25.6-28.4) 41.1 (39.6-42.7) 14.1 (14.0-14.3)
Yes 67.6 (65.1-69.9) 80.4 (77.4-83.4) 12.8 (12.3-13.5)

guidelines, with an absolute difference of (16.3%, 95% CI:
16.2-18.4) between guidelines. The prevalence of HTN in people
with diabetes was 80.4% (95% CI: 77.4—83.4) based on ACC/AHA
2017 while it was 67.6% (95% CI: 65.1-69.9) according to JNC7
guideline with an absolute difference of 12.8% (95% CI: 12.3-13.5).

3.2. Hypertension control

Table 3 summarized the prevalence of CHTN and the absolute dif-
ference by age, sex, ethnicity, BMI, and diabetes status comparing the
two guidelines. According to ACC/AHA 2017 guideline, the prevalence
of CHTN was the highest among individuals aged 60 years and above
(30.4%, 95% CI: 28.2-32.7), followed by 40-59 years (17.0%, 95% CI:
15.1-19.1), and 18-39 years (5.2%, 95% CI: 4.2-6.4). The corresponding
prevalence based on JNC7 were 51.7% (95% CI: 49.3-54.1) for 60 years
and above age group, 47.0% (95% CI: 44.4-49.7) for 40-59 age group
and 30.0% (95% CI: 27.7-32.3) for 18-39 years age group. The highest
absolute difference between the two guidelines was 30.0% (95% CI:
29.3-30.6) in the middle age group. According to the ACC/AHA 2017
classification 18.5% (95% CI: 16.9-20.1) male respondents had CHTN
compared with 24.0% (95% CI: 22.3-25.7) of the female respondents.
The prevalence of CHTN, according to JNC7, was 47.6% (95% CI:
45.5-49.6) among males and 48.8% (95% CI: 46.8-50.8) among females.
Male (29.1%, 95% CI: 28.6-29.5) had a higher absolute increase in
controlled prevalence than their female counterparts (24.8%, 95% CI:
24.5-25.1). The highest prevalence of CHTN was estimated in the white
people according to both JNC7 (50.6%, 95% CI: 48.2-53.1) and ACC/
AHA 2017 (22.8%, 95% CI: 20.8-24.9) guidelines, with an absolute
difference of 27.8% (95% CI: 27.4-28.2) between guidelines. The highest
rate of CHTN was observed among people with a BMI of >30 according to
both JNC7 (53.2%, 95% CI: 50.1-55.4) and ACC/AHA 2017 (23.3%,
95% CI: 21.4-25.2) guidelines, with an absolute difference of 29.9%
(95% CIL: 28.7-30.2) between guidelines. The prevalence of CHTN in
people with diabetes was 60.8% (95% CI: 57.3-64.4) according to JNC7
guideline while was 32.9% (95% CI: 29.5-36.4) based on ACC/AHA
2017 guideline, with an absolute difference of 27.9% (95% CI:
27.8-28.0) between two guidelines.

4. Discussion

To our knowledge, this is one of the first studies comparing the
prevalence of HTN and CHTN using JNC7 and ACC/AHA 2017 guidelines
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Table 3
Control of hypertension among US adults in the NHANES 2017-18.
Characteristics ~ Hypertension Hypertension control Absolute
control by JNC 7% by ACC/AHA 2017% Difference %
(95% CI) (95% CI) (95% CI)
Overall 48.2 (44.4-52.0) 21.0 (18.1-24.2) 27.2
(26.3-27.8)
Age
18-39 30.0 (27.7-32.3) 5.2 (4.2-6.4) 24.8
(23.5-25.9)
40-59 47.0 (44.4-49.7) 17.0 (15.1-19.1) 30.0
(29.3-30.6)
60 and 51.7 (49.3-54.1) 30.4 (28.2-32.7) 21.3
above (21.1-21.4)
Gender
Male 47.6 (45.5-49.6) 18.5 (16.9-20.1) 29.1
(28.6-29.5)
Female 48.8 (46.8-50.8) 24.0 (22.3-25.7) 24.8
(24.5-25.1)
Race
White 50.6 (48.2-53.1) 22.8 (20.8-24.9) 27.8
(27.4-28.2)
Black 41.5 (38.6-44.5) 17.5 (15.3-20.0) 24.0
(23.3-24.5)
Hispanic 40.7 (36.1-45.6) 14.5 (11.3-18.2) 26.2
(24.8-27.4)
Other race 47.3 (44.8-49.8) 19.3 (17.4-21.3) 28.0
(27.4-28.5)
BMI
<25 33.7 (31.1-36.4) 12.4 (10.7-14.4) 21.3
(20.4-22.0)
25-29.99 46.6 (44.1-49.2) 22.1 (20.0-24.3) 24.5
(24.1-24.9)
>= 30 53.2 (50.1-55.4) 23.3(21.4-25.2) 29.9
(28.7-30.2)
Diabetic status
No 44.1 (42.6-45.7) 18.0 (16.8-19.2) 26.1
(25.8-26.5)
Yes 60.8 (57.3-64.4) 32.9 (29.5-36.4) 27.9
(27.8-28.0)

applied to NHANES 2017-2018 data. We have found that a third (31.7%)
of the US population have HTN based on the older JNC7 guidelines.
When the stricter 2017 ACC/AHA cut-offs were applied, this increases to
almost half of the population (45.6%). Of the people who had HTN ac-
cording to the JNC7, almost half (48.2%) had CHTN after commencing
antihypertensive medication. Among those with HTN, according to ACC/
AHA 2017 guidelines, only a fifth (21.0%) had CHTN levels after starting
treatment. When blood pressure was assessed using both guidelines, the
greatest absolute increase in rates of HTN and CHTN between JNC7 and
ACC/AHA 2017 guidelines was 17.4% and 30.0% in 40-59 years old,
respectively. These analyses demonstrate a higher prevalence of HTN and
a lower level of CHTN when ACC/AHA 2017 guidelines are used. These
findings have policy and funding implications for the management of
HTN in the US.

Using NHANES 2017-2018 data, we have found a high rate of HTN in
the US population, irrespective of which guideline is used. Either a third
(31.7%) or almost half (45.6%) of the US population have HTN based on
the JNC7 or ACC/AHA 2017 guidelines, respectively. This is comparable
to a US study which applied ACC/AHA 2017 guidelines to NHANES
2015-2016 data and found a prevalence of HTN of 45.4% [10]. Our
results also confirm that there have been modest increases in HTN
prevalence in the last decade overall and across categories of BMI and
sex. For example, Guo et al., 2012, reported an overall age-adjusted
prevalence of 29.5%, using the JNC7 cut-offs applied to NHANES
2009-2010 data [11]. We have found a comparable prevalence of 31.7%
applying JNC7 to NHANES 2017-2018 data. Similarly, the prevalence of
HTN was 30.5% in men and 28.5% in women (JNC7, NHANES
2009-2010) compared with our data: HTN prevalence 33.1% in men and
30.3% in women (JNC7, NHANES 2017 2018). The prevalence of HTN in
those with BMI>30 kg/m2 was 40.5% using JNC7 and NHANES
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2007-2010 data [12] and 40.4% in our analysis (JNC7, NHANES
2017-2018). However, the increases over the decade were more sub-
stantial for diabetes. For example, Gillespie and Hurvitz found a preva-
lence of HTN in those with diabetes of 59.4% (JNC7 NHANES
2007-2010) [12]. We have found that a decade later, the prevalence of
HTN in those with diabetes to be 67.6% (JNC7, NHANES 2017-2018).
Why the prevalence of HTN has increased substantially in those with
diabetes is not immediately clear. This may be because of interactive
effects in which diabetes and HTN exacerbate each other [13]. It may
reflect secular increases in risk factors for both HTN and diabetes, such as
the aging population [14-17]. It is known that the presence of HTN in
those with diabetes increases the risk of coronary heart disease, stroke,
nephropathy, and retinopathy considerably [18]. These findings under-
score the need for early intervention to reduce the prevalence of HTN,
particularly in those with comorbid diabetes who are already at increased
risk of coronary heart disease morbidity and mortality [4].

Our analysis has found discrepancies between HTN prevalence rates
when the two guidelines are used. The greatest discrepancy between the
two guidelines was in the 40-59 years old age group. When JNC7 cut-offs
were applied, a prevalence of HTN of 33.8% was found, whereas when
ACC/AHA guidelines were used, the corresponding prevalence of HTN
rose to 51.2% (absolute increase:17.4%). This is higher than the
discrepancy found in the reproductive-aged US women, where the ab-
solute increase in rates of HTN between JNC7 and ACC/AHA 2017 was
8.7% [2]. The implication of our finding is that if the JNC7 guidelines
were used, 17.4 people out of 100 aged 40-49 years would be classified
as prehypertensive and, therefore, not receive treatment. Given the high
burden of disease due to complications arising from untreated HTN, as
well as the higher costs of untreated disease, these have very important
public health implications.

These discrepancies between guidelines were even greater when the
proportion of the population with CHTN was compared. According to
ACC/AHA 2017 guideline, the prevalence of CHTN in 40-59 years old
was 17.0%. The corresponding prevalence based on JNC7 was 47.0%
(absolute difference between the two guidelines was 30.0%). Similar
large discrepancies in rates of CHTN between guidelines was found for
those with obesity (absolute difference: 29.9%), in males (29.1%), and
those with diabetes (27.9%).

In addition, the prevalence of CTHN in those with HTN was higher a
decade ago than currently (CTHN of 59.9%) in men and 69.4% in women
(JNC7, NHANES 2009-2010) compared with CHTN 47.6% in men and
48.8% in women (JCN7, NHANES 2017-2018) [11]. Taken together,
these data indicate that 1) the use of ACC/AHA 2017 guidelines will
result in far fewer patients having CHTN and that 2) hypertension control
is declining over time. This highlights the need to redouble efforts for
HTN screening, detection, and treatment in order to improve HTN
control.

Our analysis confirms a very high prevalence of HTN among those
with comorbidities, irrespective of the measure used. For example, the
prevalence of HTN in people with diabetes was 80.4% based on ACC/
AHA 2017 and 67.6% using JNC7 guidelines. This is comparable to other
US studies in which prevalence rates of ~70% in those with diabetes
were found using JNC7 guidelines [2,3,19]. This cohort of patients are
likely to benefit substantially from early drug treatment. For example, a
systematic review and meta-analysis of blood pressure lowering in pa-
tients with type 2 diabetes found that BP lowering was associated with
improved mortality and other clinical outcomes [20]. The greatest
benefit was found in those with higher blood pressure at baseline.

Our results are consistent with studies conducted in both high-income
and low-middle-income countries that have applied the two guidelines.
For example, a Canadian study examined the prevalence of HTN using
the ACC/AHA 2017 guidelines and found that adoption of the ACC/AHA
2017 HTN guidelines would result in a near doubling in the prevalence of
HTN in Canada [21]. Studies in the US, as well as in developing countries
like Bangladesh and Nepal, found the ACC/AHA 2017 HTN guideline
detected more people as hypertensive when compared with the JNC7
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guideline [2,22,23]. This indicates that the use of the ACC/AHA 2017
guidelines will have similar effects, that of increasing the prevalence of
HTN globally.

4.1. Strengths and limitations

The strengths of the study are that it used a large, nationally repre-
sentative dataset indicating the findings have external validity. High-
quality sampling also minimized sampling bias. Clinical variables were
measured in mobile clinics by trained staff (e.g., blood pressure, weight,
and height). Blood pressure measurements were made carefully using
best practice techniques, including measurement of arm circumference to
determine cuff size and the determination of maximum inflation level.
The BP used in analyses was an average of three measures. A weighted
analysis to adjust for the clustered sampling design of the NHANES sur-
vey was used to estimate the prevalence of HTN, which increased the
precision of the findings. A limitation was that diabetes mellitus was self-
reported. Also, we developed a secondary analysis from a publicly
available survey, which limited the control of the variables, and strati-
fying for socioeconomic status was not undertaken in this analysis.

4.2. Public health relevance and implications

HTN has a high burden of disease globally but is entirely preventable.
Its surveillance and control must be a priority for health systems around
the world. Furthermore, new guidelines are important to continue with
the screening and early detection of at-risk patients, such as those defined
like pre-hypertension, to prevent complications across different pop-
ulations. The application of stricter guidelines will result in a higher
prevalence of those requiring treatment but may result in long term cost
savings by reducing complications arising from untreated HTN. When
guidelines with stricter cut-offs have been modelled previously, there
have been declines in the number of annual cardiovascular events and
deaths while saving costs [24]. Guidelines with greater relevance to other
groups, such as ethnic minorities, are also needed.

5. Conclusions

This analysis of contemporary, nationally representative NHANES
data has shown that adoption of the ACC/AHA 2017 guidelines will
result in an increase in the prevalence of HTN from a third to one half,
compared with the JNC7 guidelines. Discrepancies exist between
guidelines in the proportion of HTN and those with CHTN after starting
antihypertensive treatment. The greatest discrepancies were in the
middle-aged population (40-59 years old). Greater clarity is needed
about which guidelines should be used to guide health policy in countries
around the world.
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