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Abstract

Blood pressure (BP) can differ substantially when measured in the clinic versus outside of the
clinic setting. Few population-based studies with ambulatory blood pressure monitoring (ABPM)
include African Americans. We calculated the prevalence of clinic hypertension and ABPM
phenotypes among 1,016 participants in the population-based Jackson Heart Study, an exclusively
African-American cohort. Mean daytime systolic BP was higher than mean clinic systolic BP
among participants not taking antihypertensive medication (127.1[standard deviation 12.8] versus
124.5[15.7] mmHg, respectively) and taking antihypertensive medication (131.2[13.6] versus
130.0[15.6] mmHg, respectively). Mean daytime diastolic BP was higher than clinic diastolic BP
among participants not taking antihypertensive medication (78.2[standard deviation 8.9] versus
74.6[8.4] mmHg, respectively) and taking antihypertensive medication (77.6[9.4] versus 74.3[8.5]
mmHg, respectively). The prevalence of daytime hypertension was higher than clinic hypertension
for participants not taking antihypertensive medication (31.8% versus 14.3%) and taking
antihypertensive medication (43.0% versus 23.1%). A high percentage of participants not taking
and taking antihypertensive medication had nocturnal hypertension (49.4% and 61.7%,
respectively), white coat hypertension (30.2% and 29.3%, respectively), masked hypertension
(25.4% and 34.6%, respectively), and a non-dipping BP pattern (62.4% and 69.6%, respectively).
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In conclusion, these data suggest hypertension may be misdiagnosed among African Americans
without using ABPM.
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Ambulatory blood pressure monitoring; nocturnal hypertension; masked hypertension; non-
dipping; African American

Methods

Blood pressure (BP) often differs when measured in the clinic and outside of the clinic
setting.1 Ambulatory blood pressure monitoring (ABPM) may provide a better estimate of
an individual’s BP than measurements taken during a clinic visit by obtaining measurements
every 15 to 30 minutes, typically over 24 hours, as well as measuring BP in a more natural
environment.23 In addition to obtaining mean BP levels, several measures can be
determined from ABPM including daytime, nocturnal and 24-hour hypertension and a non-
dipping BP pattern. ABPM can also be used to identify mismatches between clinic and out-
of-clinic BP levels including white-coat and masked hypertension.1-3 Several ABPM
phenotypes, including masked hypertension, nocturnal hypertension, and a non-dipping BP
pattern have been associated with an increased risk for target-organ damage and
cardiovascular disease outcomes, independent of clinic BP levels.*6

Previous population-based studies have reported a high prevalence of ABPM phenotypes in
whites and Asians, but few data exist on the prevalence of ABPM phenotypes in the general
population of African Americans.” The prevalence of hypertension, based on clinic BP
measurements, is high among African Americans.8° Additionally, a high prevalence of
nocturnal hypertension and non-dipping BP has been reported in African Americans.10-13
However, many of these studies were performed in narrowly defined clinic populations (e.g.,
patients with kidney disease) with relatively small sample sizes. Population-based studies of
African Americans are needed to obtain accurate prevalence estimates of ABPM
phenotypes. If the prevalence of ABPM phenotypes is high in African Americans, it may
support the use of ABPM in this population. Therefore, we determined mean BP levels
based on clinic measurements and ABPM and the prevalence of clinic hypertension and
ABPM phenotypes in the Jackson Heart Study (JHS), a population-based study comprised
exclusively of African Americans.

Study population

The JHS is a population-based study designed to investigate cardiovascular disease in
African Americans. Details regarding the design of the JHS have been published
elsewhere.1415 The JHS enrolled 5,306 African Americans, 20-95 years of age, between
2000 and 2004 from urban and rural areas of 3 counties (Hinds, Madison, and Rankin) that
comprise the Jackson, Mississippi metropolitan area. We conducted a cross-sectional
analysis using JHS data from the baseline examination among participants who underwent
ABPM (n=1,146). We restricted these analyses to 1,016 participants with a complete ABPM
recording (defined below), clinic BP measurements, and information on self-reported

J Am Soc Hypertens. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas et al.

Page 3

antihypertensive medication use. The protocol for the JHS was approved by the institutional
review boards at the participating institutions, including Jackson State University, Tougaloo
College, and the University of Mississippi Medical Center. All participants provided written
informed consent prior to participation. The analyses of JHS data for the current manuscript
were approved by the Institutional Review Board at the University of Alabama at
Birmingham.

Data collection

Baseline data were collected during an in-home interview and a clinic examination.
Intervieweradministered questionnaires were used to collect information on age, sex, highest
level of education obtained, current smoking, self-reported medication use, and history of
cardiovascular disease (CVD). Antihypertensive medication use was determined by self-
report and statin use was defined based on a pill bottle review. During the examination,
trained staff measured height, weight, and clinic BP. Body mass index (BMI) was calculated
as weight in kilograms divided by height in meters squared. Current smoking was defined by
affirmative responses to the questions “Have you smoked >400 cigarettes in your lifetime?”
and “Do you now smoke cigarettes?” Fasting total cholesterol, serum glucose, and
hemoglobin Alc (HbAlc) were measured from blood samples obtained during the clinic
examination. Diabetes was defined as a fasting glucose = 126 mg/dL, HbAlc = 6.5% (48
mmol/mol), or use of insulin or other glucose lower medications within 2 weeks prior to the
examination. Urinary albumin and creatinine were quantified from a 24-hour urine
collection or from a spot urine sample using the nephelometric immunoassay and enzymatic
methods, respectively.1®> Albuminuria was defined as a urinary albumin/creatinine ratio > 30
mg/g. Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation.1® Reduced eGFR was defined as <60
mL/min/1.73 m2. Chronic kidney disease (CKD) was defined by the presence of albuminuria
or reduced eGFR. History of CVD was defined as a history of myocardial infarction per self-
report or electrocardiogram, self-reported history of carotid angioplasty, or self-reported
history of stroke. Following the clinic examination, a subset of participants completed
ABPM.

Clinic BP measurements

Clinic BP was measured by trained staff using a Hawksley random zero sphygmomanometer
and Littman stethoscope following a standardized protocol. Each participant’s right arm
circumference was measured at the midpoint of the upper arm to determine the appropriate
cuff size. Participants rested for 5 minutes prior to their BP measurement. Two BP
measurements were taken 1 minute apart while the participant was seated in an upright
position with their feet flat on the floor and back supported. The average of these two
measurements was used for the current analyses. As described previously, the random zero
BP measurements were calibrated to a semi-automated oscillometric device (Omron
HEM-907XL, Omron Healthcare Inc., Lake Forest, IL).17

ABPM measurements

ABPM was conducted using a SpaceLabs 90207 oscillometric device. The appropriate cuff
size was determined by measuring the participant’s non-dominant arm circumference at the
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midpoint of the upper arm.1> Measurements were recorded every 20 minutes over a 24-hour
monitoring period. Using the International Database on Ambulatory Blood Pressure
Monitoring in Relation to Cardiovascular Outcomes (IDACO) criteria, daytime was defined
as 10am to 8pm and nighttime was 12am to 6am.8 Participants with at least 10 daytime and
5 nighttime systolic blood pressure (SBP) and diastolic blood pressure (DBP) measurements
were considered to have a complete ABPM recording.

Outcome definitions

Clinic hypertension was defined as mean clinic SBP = 140 mmHg or mean clinic DBP =90
mmHg. The average of all ABPM measurements between 10am and 8pm, midnight and
6am, and over the full monitoring period were used to define mean daytime, nighttime, and
24-hour BP levels, respectively. ABPM phenotypes evaluated in the current study include
daytime hypertension, nocturnal hypertension, 24-hour hypertension, sustained
hypertension, white coat hypertension, and masked hypertension. These phenotypes are
defined in Supplemental Table 1. While masked hypertension usually describes individuals
not taking antihypertensive medication and masked uncontrolled hypertension describes
individuals taking antihypertensive medication, we simplified the current definition for
masked hypertension to refer to all participants regardless of antihypertensive medication
use. Also, SBP dipping ratio was defined as the percent decline from daytime to nighttime
and was calculated as [(mean daytime SBP — mean nighttime SBP)/mean daytime SBP]. A
non-dipping BP pattern was defined as a dipping ratio >0.90.19

Statistical analyses

All analyses were stratified by antihypertensive medication use, as we hypothesized that the
prevalence of ABPM phenotypes would be substantially higher for participants taking versus
not taking antihypertensive medication. Additionally, analyses were conducted for the
overall population and in subgroups defined by age (<45, 45-64 and =65 years), sex, and
clinic BP level (SBP/DBP < 120/80 mm Hg, 120-139/80-89 mm Hg, and = 140/90 mmHg).
We calculated mean clinic, daytime, nighttime, and 24-hour SBP and DBP. Among
participants with clinic hypertension, we calculated the white coat effect as clinic BP minus
daytime BP. Among participants without clinic hypertension, we calculated the masked
effect as daytime BP minus clinic BP. The statistical significance of differences in the white
coat effect and the masked effect across sub-groups was calculated by analyses of variance.
The prevalence and 95% confidence interval of clinic, daytime, and sustained hypertension
was calculated. The prevalence and 95% confidence interval of white coat hypertension was
calculated among participants with clinic hypertension and the prevalence and 95%
confidence interval of masked hypertension was calculated among participants without
clinic hypertension. We calculated the prevalence and 95% confidence interval of nocturnal
hypertension, 24-hour hypertension, a nondipping BP pattern, and dipping ratio categories
(<0.8,>0.8t0 0.9, >0.9 to 1.0, >1.0). We used chi-square tests to determine the statistical
significance of differences in the prevalence of ABPM phenotypes among participants
taking versus not taking antihypertensive medication. P-values <0.05 were considered
statistically significant. All analyses were conducted using SAS Version 9.4 (SAS Institute,
Cary NC).
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Results

Mean clinic and ABPM blood pressure levels

Participants taking antihypertensive medication were older and more likely to be female,
have less than a high school education, be taking a statin, and have diabetes, CKD, and a
history of CVD compared with their counterparts not taking antihypertensive medication
(Table 1). Participants taking antihypertensive medication had a higher BMI and lower total
cholesterol levels.

Mean daytime SBP and DBP were higher than mean clinic SBP and DBP among
participants not taking and taking antihypertensive medication, overall, and in all subgroups
except for those with clinic SBP/DBP = 140/90 mmHg (Supplemental Table 2). Among
participants with clinic SBP/DBP = 140/90 mmHg, mean daytime SBP was lower than mean
clinic SBP and mean daytime DBP was within one mmHg of mean clinic DBP. Mean
nighttime SBP and DBP were lower than mean clinic, daytime, or 24-hour SBP and DBP,
respectively.

White coat effect

Among participants with clinic SBP/DBP > 140/90, the mean white coat effect for SBP was
11.4 mmHg and 11.2 mmHg for those not taking and taking antihypertensive medication,
respectively (Supplemental Table 3). The white coat effect for SBP did not differ by age or
sex. The white coat effect for DBP was not statistically significant among participants not
taking and taking antihypertensive medication.

Masked effect

Among participants without clinic hypertension (clinic SBP/DBP < 140/90), the mean
masked effect was 4.9 mmHg and 5.0 mmHg for those not taking and taking
antihypertensive medication, respectively (Supplemental Table 4). Among participants
taking antihypertensive medication, the masked effect for SBP was larger in males compared
with females. The mean masked effect for DBP was 4.2 mmHg and 4.3 mmHg among
participants not taking and taking antihypertensive medication, respectively. Among
participants not taking and taking antihypertensive medication, the masked effect for DBP
was larger in males compared with females.

Prevalence of ABPM phenotypes

Among participants not taking and taking antihypertensive medication, the prevalence of
daytime, nocturnal, and 24-hour hypertension were each higher than the prevalence of clinic
hypertension, overall, (Figure 1) and in all subgroups (Table 2). Among participants not
taking and taking antihypertensive medication, the prevalence of sustained hypertension was
10.0% and 16.4%, respectively. Among participants with SBP/DBP = 140/90 mmHg, the
prevalence of white-coat hypertension was 30.2% and 29.3% for those not taking and taking
antihypertensive medication, respectively. Among participants with SBP/DBP < 140/90
mmHg, the prevalence of masked hypertension was 25.4% and 34.6% for those not taking
and taking antihypertensive medication, respectively. A non-dipping BP pattern was present
in 62.4% of participants and 69.6% of participants not taking and taking antihypertensive
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medication, respectively (Supplemental Table 5). Reverse dipping (dipping ratio >1.00) was
present in 10.4% of participants not taking antihypertensive medication and 23.8% of
participants taking antihypertensive medication (Figure 2).

Discussion

In the current analysis of a population-based study of African Americans, mean daytime
SBP was higher than clinic SBP in participants not taking and taking antihypertensive
medication. Mean DBP was also higher than clinic DBP. The prevalence of daytime,
nocturnal, and 24-hour hypertension were each higher than the prevalence of clinic
hypertension. There was a substantial mismatch in the diagnosis of hypertension using clinic
BP and ABPM. Approximately 30% of participants with clinic SBP/DBP = 140/90 mmHg
had white coat hypertension, while over 25% of participants with clinic SBP/DBP < 140/90
mmHg had masked hypertension. Additionally, a majority of participants had a non-dipping
BP pattern. These data indicate that hypertension may be misdiagnosed in a substantial
percentage of African Americans without using ABPM.

BP measured outside of the clinic setting is known to differ from measurements in the clinic
setting.20 Elevated ambulatory BP is associated with target-organ damage and cardiovascular
disease events, independent of clinic BP.421.22 Previous studies have reported that African
Americans have both higher clinic and out-of-clinic BP compared with whites.812:23 There
are few population-based studies of ABPM conducted in African Americans and, as a result,
previous results may have limited generalizability. In a previous population-based study,
African Americans had higher daytime and nighttime SBP when compared with whites,
even after multivariable adjustment that included clinic BP.23 However, the sample size of
African Americans was relatively small (n=178) and the population was comprised entirely
of young adults (mean age: 29.8 years; range 23 to 35 years). In the current study, mean
daytime SBP was higher than clinic SBP in all subgroups except for participants with clinic
SBP/DBP > 140/90 mmHg. This finding suggests African Americans may experience higher
BP levels than what is measured in the clinic setting. This mismatch should be considered in
the management of hypertension in African Americans.

The white-coat effect, higher clinic BP compared with out-of-clinic BP, and masked effect,
higher out-of-clinic BP compared with clinic BP, are terms used to describe the mismatch
between clinic and out-of-clinic BP. It is estimated that 15% to 30% of adults diagnosed
with hypertension based on clinic BP may have white-coat hypertension.2! White-coat
hypertension is not associated with increased risk for cardiovascular outcomes or mortality
when compared with sustained normotensive BP (clinic SBP/DBP < 140/90 mm Hg and
daytime SBP/DBP > 135/85 mm Hg).2224 In the current study, 30.2% of African Americans
not taking antihypertensive medication and 29.3% of African Americans taking
antihypertensive medication had white-coat hypertension. These data suggest a substantial
percentage of African Americans may be overdiagnosed with hypertension and over-treated
with antihypertensive medication. Also, it is estimated that 15% to 30% of individuals with
non-elevated clinic BP have masked hypertension, a phenotype that is associated with
increased risk of target-organ damage and cardiovascular events.2® The current analyses
suggest that a substantial percentage of African Americans taking and not taking
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antihypertensive medication have masked hypertension. Therefore, a large number of
African Americans may be under-diagnosed and under-treated. It has been suggested that the
higher prevalence of masked hypertension in individuals taking versus not taking
antihypertensive medication, as found in the current study, is the result of the over-reliance
on clinic BP, converting patients with sustained hypertension to masked hypertension.26
Additionally, given the high prevalence of participants with clinic SBP 120-139/DBP 80-89
mmHg in the current study and the high risk for hypertension-related cardiovascular disease
in African Americans, the use of ABPM may be particularly important for the detection of
masked hypertension in this population. These findings support recommendations that
ABPM be used for the diagnosis of hypertension and guiding antihypertensive
treatment,21.22.27.28

In the current analysis, the prevalence of daytime, nocturnal, 24-hour and masked
hypertension were high and a majority of participants had a non-dipping BP pattern. These
findings are consistent with other studies reporting a high prevalence of ABPM phenotypes,
as well as a nondipping BP pattern, among African Americans.10-13 Furthermore, the
prevalence of ABPM phenotypes were higher among participants taking versus not taking
antihypertensive medication, suggesting that ABPM may be particularly useful in the
management of hypertension in African Americans. The current study extends previous
results from clinic-based samples to a population-based cohort that provides more
generalizability to the larger population of African Americans. Previous studies have also
demonstrated that people with nocturnal hypertension and/or a non-dipping BP pattern are at
increased risk for target-organ damage and cardiovascular events.*-8 Home blood pressure
monitoring (HBPM) has been suggested as a possible alternative to ABPM.29 Although the
United States Preventive Services Task Force (USPSTF) found good evidence supporting the
use of HBPM to identify white coat hypertension, current devices to conduct HBPM that are
available in the US are unable to measure BP at night and, therefore, cannot identify
nocturnal hypertension or a non-dipping BP pattern. Given the high prevalence of nocturnal
hypertension and non-dipping BP in African Americans, HBPM may not be as beneficial as
ABPM in this population.

The strengths of this study include the use of a large population-based sample of African
Americans, data collection following a standardized protocol, and conduct of clinic BP and
ABPM following a standardized protocol. Despite these strengths, the results need to be
interpreted in the context of several limitations. Clinic BP was measured using a random-
zero sphygmomanometer, a device that is no longer used in the US. However, we were able
to calibrate random-zero measurements to a semi-automated oscillometric device.
Additionally, clinic BP data were based on the average of two BP measurements obtained at
a single visit, whereas current recommendations suggest obtaining measurements at a
minimum of two separate visits.30 ABPM phenotypes were based on a single 24-hour
assessment. While the reproducibility of many ABPM phenotypes is high, some phenotypes
may not be present on repeat testing.31-33 ABPM was a voluntary procedure in the Jackson
Heart Study and only a subsample of participants completed it. Although the Jackson Heart
Study enrolled a large number of African Americans, all participants resided in the Jackson,
MS metropolitan area and these results may not generalize to African Americans in other
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regions of the US. Lastly, BP cut-points for ABPM phenotypes were derived using data
collected on Europeans and Asians; normative data do not exist for African Americans.

In conclusion, daytime SBP and DBP were higher than clinic SBP and DBP, respectively, in
this population-based sample of African Americans. Furthermore, daytime, nocturnal and
24-hour hypertension were each more prevalent than clinic hypertension, a substantial
percentage of participants with clinic hypertension had white coat hypertension, a
substantial percentage of participants without clinic hypertension had masked hypertension,
and a majority of participants had a non-dipping BP pattern. These findings suggest that
hypertension may be misdiagnosed in African Americans and the reliance on clinic BP may
be sub-optimal for the detection and management of hypertension.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Ambulatory blood pressure monitoring was conducted in African Americans.
. Daytime hypertension was more prevalent than clinic hypertension.
. Nocturnal hypertension was more prevalent than clinic hypertension.
. White coat hypertension and masked hypertension were highly prevalent.
. Use of ambulatory blood pressure monitoring may be warranted in this

population.
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Figure 1. Prevalence of clinic hypertension and ambulatory blood pressure monitoring
phenotypes among participants taking and not taking antihypertensive medication

ABPM: Ambulatory blood pressure monitoring.

Definitions of clinic hypertension and ABPM phenotypes are provided in Table 1.

The prevalence of white coat hypertension was calculated among participants with systolic/
diastolic blood pressure = 140/90 mm Hg and the prevalence of masked hypertension was
calculated among participants with systolic/diastolic blood pressure < 140/90 mm Hg.

Each p-value was < 0.01 comparing the prevalence of clinic hypertension, daytime
hypertension, nocturnal hypertension, 24-hour hypertension, sustained hypertension, and
masked hypertension for participants taking and not taking antihypertensive medication. The
p-value was 0.905 comparing the prevalence of white coat hypertension for participants
taking and not taking antihypertensive medication.
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Figure 2. Distribution of participants taking and not taking antihypertensive medication by
dipping ratio categories

* The prevalence of dipping ratio categories <0.80 and >0.80 to 0.90 may not sum to the
dipping category and the prevalence of dipping ratio categories >0.90 to 1.00 and >1.00 may
not sum to the no dipping category due to rounding.

The p-value was <0.05 comparing the prevalence of non-dipping status for participants
taking and not taking antihypertensive medication.

The p-value was < 0.001 comparing the prevalence of dipping ratio categories for
participants taking and not taking antihypertensive medication.
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Characteristics of the Jackson Heart Study participants included in the current analysisby antihypertensive

medication use.

Taking antihypertensive medication

No (n=441) Yes (n=575)

Age in years, %

<45 21.1 5.7

45-64 57.4 53.9

265 215 40.4
Female, % 63.3 72.0
Less than high school education, % 14.6 22.3
Current smoking, % 11.9 8.9
Body mass index, kg/m? 30.0+6.4 320%6.3
Fasting total cholesterol, mg/dL 203.5 +40.6 199.8 +39.1
Statin medication use, % 45 20.7
Diabetes mellitus, % 12.1 34.6
Chronic kidney disease, % 7.6 21.1
History of cardiovascular disease, % 6.4 13.7
Clinic BP, mmHg, %

SBP/DBP < 120/80 37.2 259

SBP/DBP 120-139/80-89 485 51.0

SBP/DBP = 140/90 14.3 23.1

Numbers in the table are percentage, except for body mass index and total cholesterol, which are presented as mean + standard deviation.

BP: Blood pressure.
SBP: Systolic blood pressure.
DBP: Diastolic blood pressure.
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