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Masked Hypertension

Prevalence and Determinants of Masked Hypertension
Among Black Nigerians Compared With a Reference
Population

Augustine N. Odili, Lutgarde Thijs, Azusa Hara, Fang-Fei Wei, John O. Ogedengbe,
Maxwell M. Nwegbu, Lucas S. Aparicio, Kei Asayama, Teemu J. Niiranen, José Boggia,
Leonella Luzardo, Lotte Jacobs, George S. Stergiou, Jouni K. Johansson, Takayoshi Ohkubo,
Antti M. Jula, Yutaka Imai, Eoin O’Brien, Jan A. Staessen;
in collaboration with the International Database on Home Blood Pressure in Relation to Cardiovascular
Outcome (IDHOCO) Investigators

Abstract—Hitherto, diagnosis of hypertension in sub-Saharan Africa was largely based on conventional office blood pressure
(BP). Data on the prevalence of masked hypertension (MH) in this region is scarce. Among individuals with normal office
BP (<140/90 mm Hg), we compared the prevalence and determinants of MH diagnosed with self-monitored home blood
pressure (=135/85 mm Hg) among 293 Nigerians with a reference population consisting of 3615 subjects enrolled in the
International Database on Home Blood Pressure in Relation to Cardiovascular Outcomes. In the reference population,
the prevalence of MH was 14.6% overall and 11.1% and 39.6% in untreated and treated participants, respectively. Among
Nigerians, the prevalence standardized to the sex and age distribution of the reference population was similar with rates
of 14.4%, 8.6%, and 34.6%, respectively. The mutually adjusted odds ratios of having MH in Nigerians were 2.34 (95%
confidence interval, 1.39-3.94) for a 10-year higher age, 1.92 (1.11-3.31) and 1.70 (1.14-2.53) for 10- or 5S-mmHg
increments in systolic or diastolic office BP, and 3.05 (1.08-8.55) for being on antihypertensive therapy. The corresponding
estimates in the reference population were similar with odds ratios of 1.80 (1.62-2.01), 1.64 (1.45-1.87), 1.13 (1.05-
1.22), and 2.84 (2.21-3.64), respectively. In conclusion, MH is as common in Nigerians as in other populations with older
age and higher levels of office BP being major risk factors. A significant proportion of true hypertensive subjects therefore
remains undetected based on office BP, which is particularly relevant in sub-Saharan Africa, where hypertension is now a
major cause of death. (Hypertension. 2016;67:1249-1255. DOI: 10.1161/HYPERTENSIONAHA.116.07242.)
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merging epidemiological data indicate that cardiovascu-

lar disease is now the major challenge to public health in
sub-Saharan Africa."* Hypertension, the major risk factor for
stroke, heart failure, and chronic kidney disease, is the main
driver of this epidemic. Most,*® although not all,”® cross-sec-
tional data from different areas of sub-Saharan Africa®>® aimed
at evaluating the burden of high blood pressure (BP) defined

hypertension solely on the basis of clinic BP. This excludes a
substantial number of individuals who have hypertension that
is masked to conventional office measurement.” Masked hyper-
tension, however, is not an innocuous clinical state as recent
outcome studies clearly demonstrated that masked hyperten-
sion and sustained hypertension confer similar risks in terms
of cardiovascular risk.'*!
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Published data overwhelmingly show that the prevalence of
hypertension and the rate of BP-related complications are sub-
stantially higher among blacks than they are among whites.'?
Most of these studies contrasted blacks from African ancestry
with whites in the United States. However, we recently reported
that the prevalence of hypertension on conventional BP mea-
surement, amounted to 13.3% and 28.9%, respectively, among
South Africans and Flemish whites and to 34.1% among black
South Africans.”” From this perspective, the hypothesis that
masked hypertension might be more prevalent among blacks
born and living in Africa had to be tested. We therefore investi-
gated the prevalence and determinants of masked hypertension
in an urban community of Nigeria and compared our findings
in black Nigerians with a large reference population enrolled
in the International Database on Home Blood Pressure in
Relation to Cardiovascular Outcome (IDHOCO).*1

Methods

Study Population

The black African population consists of Nigerians recruited in
the framework of the ongoing Nigerian Population Research on
Environment Gene and Health (NIPREGH).'*!" Eligible people must
be living in a well-delineated housing estate in Abuja, Nigeria.'®
The University of Abuja Teaching Hospital Health Research Ethics
Committee approved NIPREGH. The study complies with guidelines
for research involving human subjects as outlined in the Helsinki dec-
laration.'® The reference population consisted of 4 population cohorts
enrolled in IDHOCO.!*!> They were chosen because their age dis-
tribution best approximated that of the NIPREGH participants. All
studies included in IDHOCO received ethical approval from the com-
petent national or institutional ethical review boards and have been
described in peer-reviewed publications.'*?* The Asian population
were community dwelling adults aged >35 years living in Ohasama,
Iwate Prefecture, Northern Japan.'® The age-stratified South American
cohort included members of a health insurance medical care institu-
tion in Montevideo Uruguay.” The Europeans were either Finns aged
between 45 and 74 years who participated in a nationwide health sur-
vey in Finland® or Greeks aged =18 years living in Didima, located
in Argolida of Peloponnesus in southern Greece.?!

From the NIPREGH'® and IDHOCO"-? cohorts, we selected
subjects who were normotensive by office measurement (BP <140
mmHg systolic and <90 mmHg diastolic), irrespective of whether
they were receiving antihypertensive medication.

Measurements

In the Nigerian study,'® trained observers measured office BP by
auscultation of the Korotkoff sounds, according to the guideline of
the European Society of Hypertension.”® After the participants had
rested in the sitting position for at least 10 minutes, the observers
obtained 5 consecutive BP readings, using a standard mercury sphyg-
momanometer (Accuson) applied to the nondominant arm. Systolic
and diastolic (phase V) pressures were determined to the nearest
2 mmHg. Standard cuffs had a 12x24 cm inflatable portion, but if
upper arm girth exceeded 32 cm, larger cuffs with 15x35 cm blad-
ders were used. We ensured high quality of BP measurements'’ by
applying the same methodology as implemented and validated in the
European Project on Genes in Hypertension.* To keep consistency
with the procedures followed in IDHOCO,"-* for the current analy-
sis, we used the average of the first 2 BP readings. After conventional
BP measurement, each NIPREGH participant was trained on how to
measure BP at home, using a validated” semiautomated oscillometric
device (Omron 705 IT; Hoofddorp, The Netherlands). To demonstrate
the measurement technique,'® the participants were invited to take 2
consecutive measurements immediately after the oral explanation.
Next, the monitor was handed over the participant together with a

diary card for recording the self-measured BP at home. In line with
European guidelines,” participants were asked to record their BP on
7 consecutive days 2 times in the morning between 6 aM and 8 am
and 2 times in the evening between 7 pm and 9 M. Home BP was the
average of all self-measured readings.

Details on the procedures of BP measurement in the IDHOCO ref-
erence population are presented elsewhere.'*'* Briefly, office BP was
measured with a standard mercury sphygmomanometer (Mercuro
300 or Baumomanometer?'), an automatic auscultatory Elquest
USM-700F" or a validated oscillometric monitor (Omron HEM-
705CP),” using the appropriate sized cuff with the subject in the
sitting position. The conventional BP was the average of the first 2
readings. Home BPs were measured after 2—5 minutes of rest in a
sitting position, with validated oscillometric devices (Omron HEM-
722C,*? Omron HEM-705CP,* Omron HEM-401C," or SpaceLabs
90207%), fitted with the appropriate sized cuff. To be included in the
analysis, a participant must have at least 2 home pressure readings
and each participant’s home BP was the average of all the available
readings.

Participants were classified as having a high normal office BP if
levels were 130 to 139 mmHg systolic or 85 to 89 mm Hg diastolic.
Masked hypertension was a normal office BP in the presence of a
home BP of 135 mm Hg systolic or 85 mm Hg diastolic or more.

Questionnaires were used in both cohorts to obtain information on
each participant’s medical history, lifestyle habits including cigarette
smoking and alcohol consumption, and intake of medications. Body
mass index was body weight (kg) divided by height (m?).

Statistical Analysis

SAS software (SAS institute, Cary, NC) version 9.3 was used for
database management and statistical analysis. The central tendency
and spread of the data were reported as mean and SD. We compared
mean values and proportions using Student ¢ test or ANOVA and
the > statistic, respectively. Statistical significance was a P value
<0.05 on 2-sided tests. The prevalence of masked hypertension was
standardized by the direct method for sex and age group (<40 ver-
sus >40 years). We determined the correlates of masked hyperten-
sion in the Nigerian and reference population using both univariate
and multivariable logistic regression. In the reference population,
we accounted for cohort using dummy coding. Goodness of fit was
checked using the Hosmer and Lemeshow test with 10 groups. We
plotted the probability of masked hypertension against the continuous
variables found to be significant in the multivariable-adjusted analy-
sis, either as continuous risk functions or by fourths of the distribu-
tions of the explanatory variables.

Results

Characteristics of Participants

The study population consisted of 293 Nigerian blacks and 3615
IDHOCO participants, including 1762 Asians (48.7%), 1527
Europeans (42.2%), and 326 South Americans of white European
descent (9.0%). The Nigerian cohort were younger with an
average age (+SD) of 39.2+10.8 years as compared with 54.7+13.0
years in the reference population (P<0.0001). Among Nigerians,
only 5 participants (1.7%) reported smoking and 90 (30.7%) con-
sumed alcohol. Among IDHOCO participants, these numbers
were 848 (23.5%) and 1385 (48.5%), respectively (P<0.0001).
The median number of readings (25th—75th percentile interval)
averaged to estimate the home BP was 28 (24-28) and 28 (15-51)
in Nigerians and the reference population, respectively.

Among Nigerians and the reference population, compared
with normotensive participants, masked hypertensive patients
were older and had higher body mass index and higher levels
of office and home systolic and diastolic pressures (P<0.05). In
both populations, however, heart rate in normotensive people
and masked hypertensive patients was similar (P=0.05; Table 1).
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Table 1. Characteristics of Participants by Population and Hypertension Status
Nigerians Reference Population
Characteristics Normotension Masked Hypertension Normotension Masked Hypertension
Category, n 265 28 3086 529
Characteristic, n (%)
Women 126 (47.6) 15 (53.6) 1941 (62.9) 251 (47.4)*
Smoking 4(1.5) 1(3.6) 696 (22.6) 152 (28.7)t
Drinking alcohol 82 (31.3) 8 (28.6) 1134 (46.9) 251 (56.8)%
Office pressure >130/85 mmHg 22 (8.3) 9(32.1)t 854 (27.7) 302 (57.1)*
Antihypertensive medication 26 (9.9) 13 (46.4)* 269 (8.7) 176 (33.3)*
Characteristic, mean+SD
Age, y 38.1+£10.0 49.7+12.5* 53.4+13.0 62.3+10.7¢
Body mass index, kg/m? 25.9+4.8 28.1+£3.8§ 24.6+3.7 27.0+5.1*
Office systolic pressure, mmHg 109.6+11.6 122.2+9.6* 119.6x11.7 128.1+£8.4*
Office diastolic pressure, mmHg 70.2+8.9 77.6+8.2* 72.5+8.5 76.2+8.8*
Home systolic pressure, mm Hg 112.7+£10.1 132.9+9.2* 114.6+10.2 140.2+9.0*
Home diastolic pressure, mmHg 72.2+6.6 85.1+6.8* 70.5+7.2 84.4+6.9*
Heart rate, bpm 70.1+10.0 73.7+8.1 69.9+10.0 69.6+10.4

All participants had an office blood pressure <140 mm Hg systolic and <90 mm Hg diastolic. Patients with masked hypertension had a home blood
pressure of >135 mm Hg systolic or >85 mm Hg diastolic. Information on alcohol intake was not available in 3 Nigerians and in 757 subjects from the
reference population. Significance of the difference between normotension and masked hypertension: *P<0.0001, 1P<0.01, £P<0.001, and §P<0.05.

Prevalence of Masked Hypertension

Among Nigerians, 28 had masked hypertension, of whom 13
(46.4%) were on antihypertensive treatment. Of 529 masked
hypertensive patients in the reference population, 176 (33.3%)
were taking BP-lowering drugs. The prevalence of masked
hypertension in the reference population was 14.6% (95% confi-
dence interval [CI], 13.5-15.8) overall and 11.1% (95% CI, 10.0-
12.2) and 39.6% (95% CI, 35.0-44.1) in untreated and treated
participants, respectively. Among Nigerians, the prevalence of
masked hypertension standardized to the sex and age distribution
of the reference population was similar with an overall rate of
14.4% (95% CI, 8.9-20.0; P for the difference with the reference
population=0.95) and rates of 8.6% (95% CI, 3.7-13.5; P=0.32)
and 34.6% (95% CI, 16.4-52.7; P=0.59) in untreated and treated
NIPREGH participants, respectively (Figure 1).

Risk Factors for Masked Hypertension

In the reference population, in both single- and multivariable-
adjusted logistic analysis (Table 2), the odds of masked hyper-
tension were positively and significantly (P<0.05) associated
with male sex, older age, higher body mass index, diabetes
mellitus, higher systolic and diastolic office BP, intake of
antihypertensive medications, and cigarette smoking. In the
Nigerian population, the odds of having masked hyperten-
sion independently increased with older age (P=0.0013),
higher systolic (P=0.021) and diastolic (P=0.0097) office BP,
and intake of antihypertensive medications (P=0.036). The
Hosmer and Lemeshow goodness-of-fit test indicated that the
multivariate models fitted the data well (P=0.74 and P=0.55
in the IDHOCO and Nigerian population, respectively). The
unadjusted and mutually adjusted odds ratios for age (P=0.14

and P=0.22, respectively), systolic BP (P=0.13 and P=0.62),
diastolic BP (P=0.08 and P=0.12), and intake of antihyperten-
sive drugs (P=0.30 and P=0.90) were similar in the Nigerian
and reference populations.

With standardization as indicated in the legend to Figure 2
the predicted probability for a Nigerian having masked hyper-
tension increased from 1.6% (95% CI, 0.2-10.5) in the lower
age quartile (mean 26.8 years) to 18.6% (95% CI, 10.4-30.8)
in the upper quartile (53.8 years). NIPREGH participants in the
lower quartile of the conventional systolic (96.0 mmHg) and
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Figure 1. Prevalence of masked hypertension among Nigerians
(open bars) compared with the reference population (closed
bars). The prevalence rates in Nigerians were standardized to the
sex and age distribution of the reference population.
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Table 2. 0dds of Having Masked Hypertension in Nigerians and in the Reference Population
Unadjusted Odds Ratios Multivariable-Adjusted Odds Ratios
(95% Confidence Interval) (95% Confidence Interval)
Risk Factors Reference Nigerians Reference Nigerians
Cases/at risk (%) 529/3615 (14.6) 28/293 (9.6) 529/3615 (14.6) 28/293 (9.6)

Being female (0, 1)

0.52 (0.44-0.63)*

1.27 (0.58-2.78)

0.62 (0.49-0.77)*

1.51 (0.57-3.97)

Age (+10)

1.89 (1.72-2.06)*

2.51 (1.72-3.64)*

)
1.80 (1.62-2.01)*

2.34 (1.39-3.94)

Body mass index (+5 kg/m?)

2.18 (1.92-2.48)*

1.58 (1.07-2.32)f

1.98 (1.71-2.29)*

1.38 (0.82-2.33

Obesity (0, 1)

4.18 (3.18-5.49)

2.22 (0.97-5.09)

1.37 (0.90-2.09)

Diabetes (0, 1)

2.67 (1.97-3.62)*

3.84 (1.14-13.0)t

1.54 (1.08-2.17)%

)
1.79 (0.66-4.85)
0.85 (0.17-4.19)

Systolic pressure (+10 mmHg)

3.08 (1.98-4.79)*

1.64 (1.45-1.87)*

1.92 (1.11-3.31)f

Diastolic pressure (+5 mmHg)

1.33 (1.25-1.41)*

(
1.70 (1.30-2.21)*

113 (1.05-1.22)t

1.70 (1.14-2.53)t

High normal office pressure (0, 1)

)
3.27 (2.70-3.96)*

)
5.23 (2.12-12.9)§

1.13 (0.82-1.55)

0.57 (0.16-2.11)

Antihypertensive treatment (0, 1)

5.02 (4.02-6.28)*

7.97 (3.42-18.6)*

2.84 (2.21-3.64)*

3.05 (1.08-8.55)F

Smoking (0, 1)

(
(
(
(
(
2.16 (1.94-2.40)*
(
(
(
(

1.41 (1.14-1.73)t

1.91 (1.48-2.47)*

Drinking alcohol (0, 1)

1.38 (1.08-1.76)

0.88 (0.37-2.08)

1.13(0.84-1.52)

0.78 (0.27-2.23)

Risk of masked hypertension associated with individual risk factors in 293 Nigerians and 3615 reference subjects from the International Database on Home
Blood Pressure in Relation to Cardiovascular Outcome. The multivariable analysis was a stepwise logistic model that included all the factors significant in the
univariate analysis. In the reference group, the model was adjusted for cohort using dummy coding. The P value to enter and stay in the model was set at 0.15
and 0.05, respectively. For variables not entering the models hazard ratios adjusted for significant covariables are given. High normal office pressure is systolic
pressure >130 mmHg or diastolic pressure >85 mmHg. Obesity is a body mass index =30 kg/m>. An ellipsis indicates that smoking was not considered because
of low prevalence (1.7%) in Nigerians. Significance of the odds ratios: *P<0.0001, 1P<0.01, $P<0.05, and §P<0.001.

diastolic BP (59.0 mmHg) had a 3.9% (95% CI, 0.5-24.3) and
11.8% (95% CI, 2.8-38.4) predicted probability for masked
hypertension. In the upper quartiles (125.8 mm Hg systolic and
82.0 mmHg diastolic), these probabilities increased to 29.5%
(95% CI, 16.2-47.5) and 46.3% (95% CI, 26.3-67.7), respec-
tively. The probability of a Nigerian having masked hyper-
tension was similar to that of an individual of the reference
population exposed to the same level of the risk factors, except
in the upper 2 quartiles of systolic BP and in the upper quartile
of diastolic BP (Figure 2). In the latter subgroups the adjusted
probability of masked hypertension was higher in Nigerians
than in the reference population (P<0.02).

Discussion
The key findings of our study were that the sex- and age-adjusted
prevalence of masked hypertension, irrespective of treatment
status, was similar among black Nigerians and Japanese and
white people of the reference group. In both Nigerians and the
reference sample, older age and higher systolic and diastolic
office BP increased the risk of having masked hypertension.

A quantitative review of published summary statistics
addressed the prevalence of masked hypertension.”® Overall
the prevalence of masked hypertension averaged 16.8%;
95% CI, 13.0-20.5). The prevalence increased from 6.8% in
children to 19.2% in adults (=20 years). The prevalence was
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Figure 2. Probability of masked hypertension (HT) plotted with 95% confidence interval as a function of age (A) and systolic (B) or
diastolic (C) office blood pressure. For the reference population (n=3615), a continuous risk function is given. For Nigerians (n=293),
mean values by fourths of the distributions of the explanatory variables are plotted superimposed on the continuous risk function in
the reference population. Risk estimates were standardized to the average distribution in the reference population of sex (39% men),
antihypertensive drug intake (12.3%), and age (mean: 54.7 y; B and C). P values denote the significance of the difference between

Nigerians and the reference population.
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independent of the technique of out-of-the office measurement,
either ambulatory BP monitoring or self-measurement.?® None
of the studies included in this meta-analysis®® was conducted
among blacks living in Africa. Diaz et al*’ recently studied the
prevalence of masked hypertension in 1144 blacks living in the
Jackson Mississippi metropolitan area. They averaged 2 BPs
measured with a random zero sphygmomanometer as clinic
pressure and averaged all measurements of the awake ambula-
tory BP as out-of-the-clinic BP. Among the 733 participants
with normal clinic BP, the prevalence of masked hypertension
was 34.4% overall and 25.4% and 39.1% among untreated
and treated individuals, respectively. Although the prevalence
among treated blacks was comparable with the African blacks
enrolled in our study, the rate among the untreated participants
was considerably lower. One plausible explanation is that in the
Jacksonian Heart Study the prevalence of smoking was 13%,?
whereas in our current study, it was only 1.7%. Cigarette
smoking almost doubled the risk of masked hypertension in the
Jackson Heart study (odds ratio, 1.93; 95% CI, 1.06-3.52)* as
well as in the reference group of our present study (odds ratio
1.91; 95% CI, 1.48-2.47). The reported higher prevalence of
masked hypertension among smokers as compared with non-
smokers have been reported in several previous cross-sectional
studies.”** Smoking acutely raises BP through sympathetic
stimulation®' and is associated with a sustained increase in BP
at least when the latter is continuously recorded.®

Observing target organ damage in patients with optimal
or normal office BP represents a major clue suggesting that
masked hypertension might be present. Signs of target organ
damage may include hypertensive retinopathy, left ventricular
hypertrophy, diastolic or systolic left ventricular dysfunction,
reduced glomerular filtration rate, microalbuminuria, or a his-
tory of cardiovascular disease. In previous publications, ¥ we
identified various other risk factors associated with a high prob-
ability of masked hypertension diagnosed either by self-mea-
surement of BP at home* or ambulatory BP monitoring.”® In
IDHOCO,* participants with masked hypertension according to
the 135/85-mmHg threshold, compared with participants with
true optimal, normal, or high-normal BP, were more likely to
be men (52.6% versus 37.1%), to smoke (28.7% versus 22.6%),
to have diabetes mellitus (13.0% versus 5.2%) or a history of
cardiovascular disease (14.6% versus 6.4%), and to be older
(62.3 versus 53.4 years) and more obese (27.0 versus 24.6 kg/
m?). In the International Database on Ambulatory BP in relation
to Cardiovascular Outcome,” using a daytime systolic/diastolic
BP of 135/85 mmHg, findings were similar. The main risk fac-
tors for masked hypertension were male sex, prehypertension
on conventional BP measurement, diabetes mellitus, older age,
higher body mass index, smoking, and excessive alcohol intake.?
Among 352 participants in the African Prospective Study on the
Early Detection and Identification of Cardiovascular Disease
and Hypertension (African-PREDICT),” aged 20 to 30 years,
the prevalence of masked hypertension was 18%. Participants
with masked hypertension (68% men) had higher clinic BP and
higher levels of biomarkers reflecting adiposity, dyslipidemia,
insulin resistance, and inflammation.” In our current study,
higher body mass index, obesity, and male sex were not signifi-
cantly associated with masked hypertension in Nigerians at vari-
ance with the observations in the reference population. Selective
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recruitment and small sample size might explain the lack of
associations with these risk factors in Nigerians.

Our findings should be interpreted within the context of its
potential limitations and strengths. First, the study was done in
a low-resource setting without substantial funding. Therefore,
itinvolved arelatively small number of black participants. They
were living in an urban area and so our results may not be read-
ily extrapolated to other, in particular rural, areas of Nigeria.
The population of Abuja, however, largely reflects the ethnic
diversity of the whole nation as Nigerians of diverse ethnic ori-
gins converge to the growing capital city in search of opportu-
nities for employment and business. Furthermore, Abuja being
a growing metropolitan area also offers a rare opportunity to
study the epidemiological transition in Africa, which is largely
attributable to increasing urbanization. Moreover, our study has
external validity as the determinants of masked hypertension in
Abuja was comparable with that of a large reference sample.
Nevertheless, our study in Nigeria should not be considered as
being representative for the whole sub-Saharan continent.

The clinical implications of our study are potentially impor-
tant. One may extrapolate the finding of a 9.0% prevalence of
masked hypertension among the untreated Nigerians to ~50 mil-
lion Nigerians in the same age bracket adjudged to be normo-
tensive by clinic measurement.®* This translates to 4.5 million
Nigerians living under the burden of undetected hypertension.
Furthermore, the abysmally low level of control of hyperten-
sion reported according to some observational studies across
different regions in Nigeria®* and indeed also by other studies
in various regions of sub-Saharan Africa®® may still be further
reduced if one considers that nearly half of the patients reported
to have controlled hypertension by conventional clinic pres-
sure evaluation may have uncontrolled masked hypertension.
Masked hypertension in both treated and untreated individuals
is by no means an innocuous state. Our group earlier evaluated
the prognostic significance of masked hypertension in a 6458
participants from 5 populations enrolled in the IDHOCO."
After a median follow up of 8.3 years, 714 fatal plus nonfatal
cardiovascular events occurred. Among untreated subjects, the
cardiovascular risk among those who had masked hyperten-
sion was 55% higher (hazard ratio, 1.55; 95% CI, 1.12-2.14;
P=0.008) when compared with truly normotensive subjects.
Among treated patients with masked hypertension (low office
and high home pressure), the risk was 76% higher (hazard ratio,
1.76; 95% CI, 1.23-2.53; P=0.002) when compared with con-
trolled treated patients (low office and low home pressure).

The feasibility of introduction of out-of-office BP measure-
ment as a routine screening procedure is still subject of intense
debate in more developed economies. With poor economy, poor
health infrastructure and near absence of health insurance, the
situation is even more forlorn in most countries in sub-Saharan
Africa. Findings from our study proved that home BP measure-
ment can be used successfully in developing countries to diagnose
masked hypertension. The determinants identified in the Nigerian
population compare favorably with those in the reference popula-
tion as well as the black population where ambulatory BP was
used for out-of-office BP evaluation.”” Many validated monitors
for self-measurement of BP are affordable and can be incorpo-
rated into daily clinical use. Although it is unfeasible to screen the
entire population, high-risk individuals, for example, those with
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clinic BP in the prehypertensive range, or those aged >40 years,
or having comorbidities, such as diabetes mellitus, might be pri-
oritized for screening for masked hypertension. Furthermore, if
self-monitoring of the home BP is encouraged among hyper-
tensive patients on treatment, it will not only help to identify
individuals with masked uncontrolled hypertension but will also
increase adherence with prescribed drugs.*

Perspectives

With the current concern over the increasing burden of cardio-
vascular diseases in sub-Saharan Africa, our findings set the
stage for future investigations into the contribution of masked
hypertension to this burden. The current state of knowledge
indicates that the prevalence of left ventricular remodeling or
hypertrophy is not only higher®” but also has more deleterious
effects’® among blacks. Although it is widely accepted that
hypertension increases the risk of left ventricular hypertro-
phy,*” a substantial number of black people have increased left
ventricular mass in the presence of a normal clinic pressure. A
longitudinal study of black Africans with a baseline evaluation
for masked hypertension will help to elucidate the contribu-
tion of masked hypertension to the development of the vari-
ous spectra of left ventricular dysfunction and heart failure.?”8
In addition, since the existing evidence suggests that masked
hypertension is more common in untreated normotensive dia-
betic patients as compared with normotensive nondiabetic
population,® masked hypertension should be studied among
African diabetic patients. The rationale is that number of adults
with diabetes mellitus in the world is rising from 135 million in
1995 to 300 million in the year 2025.% The major part of this
numeric increase is occurring in developing countries, so that
by 2025 >75% of patients with diabetes mellitus will reside in
developing countries, as compared with 62% in 1995.4

Acknowledgments

We acknowledge the assistance rendered by the management of the
Federal Housing Authority (FHA) for the provision of the survey
map of Lugbe FHA Housing Estate, Abuja and various Christian and
Moslem clerics for their efforts toward community mobilization of
residents of Lugbe. We gratefully acknowledge the expert clerical as-
sistance of Mrs. Vera De Leebeeck and Mrs. Renilde Wolfs (Studies
Coordinating Centre, Leuven, Belgium).

Sources of Funding
Nigerian Population Research on Environment Gene and Health
(NIPREGH) was supported by the scholarship funding of Augustine
Odili at the Doctoral School of Biomedical Sciences, University of
Leuven. The European Union (grants HEALTH-F7-2011-278249
EU-MASCARA, HEALTH-F7-305507 HOMAGE, and the European
Research Council Advanced Researcher Grant 294713 EPLORE) and
the Fonds voor Wetenschappelijk Onderzoek Vlaanderen, Ministry of
the Flemish Community, Brussels, Belgium (G.0881.13, G.0880.13, and
11Z0916N) currently support the Studies Coordinating Centre, Leuven,
Belgium. The Ohasama study was supported by the Grants for Scientific
Research (23249A36, 23390171, 24591060, 24399084, 24591060,
22590767, 22790556, 23790718, 23790242, and 24790654) from the
Ministry of Education, Culture, Sports, Science and Technology, Japan;
Health Labor Sciences Research Grant (H23-Junkankitou [Seishuu]-
Ippan-005) from the Ministry of Health, Labor and Welfare, Japan;
the Japan Arteriosclerosis Prevention Fund; and a Grant from the
Daiwa Securities Health Foundation. The Finn-Home project organi-
zation involved the Finnish Centre for Pensions, the Social Insurance
Institution, the National Public Health Institute, the Local Government

Pensions Institution, the National Research and Development Centre
for Welfare and Health, the Finnish Dental Society and the Finnish
Dental Association, Statistics Finland, the Finnish Work Environment
Fund, the Finnish Institute for Occupational Health, the UKK Institute
for Health Promotion, the State Pensions Office, and the State Work
Environment Fund. The Tsurugaya study was supported by a Health
Sciences Research Grant for Health Service (H21-Choju-Ippan-001)
from the Ministry of Health, Labour and Welfare, Japan, and the Japan
Arteriosclerosis Prevention Fund. The Asociacion Espaiiola Primera de
Socorros Mutuos supported the Montevideo study.

Disclosures
None.

References

1. Damasceno A, Mayosi BM, Sani M, et al. The causes, treatment, and out-
come of acute heart failure in 1006 Africans from 9 countries. Arch Intern
Med. 2012;172:1386-1394. doi: 10.1001/archinternmed.2012.3310.

2. Ntsekhe M, Damasceno A. Recent advances in the epidemiology, out-
come, and prevention of myocardial infarction and stroke in sub-Saharan
Africa. Heart. 2013;99:1230-1235. doi: 10.1136/heartjnl-2012-303585.

3. Sobngwi E, Mbanya JC, Unwin NC, Porcher R, Kengne AP, Fezeu L,
Minkoulou EM, Tournoux C, Gautier JF, Aspray TJ, Alberti K. Exposure
over the life course to an urban environment and its relation with obesity,
diabetes, and hypertension in rural and urban Cameroon. Int J Epidemiol.
2004;33:769-776. doi: 10.1093/ije/dyh044.

4. Cappuccio FP,Micah FB, Emmett L, Kerry SM, Antwi S, Martin-Peprah R,
Phillips RO, Plange-Rhule J, Eastwood JB. Prevalence, detection, manage-
ment, and control of hypertension in Ashanti, West Africa. Hypertension.
2004;43:1017-1022. doi: 10.1161/01.HYP.0000126176.03319.d8.

5. Damasceno A, Azevedo A, Silva-Matos C, Prista A, Diogo D, Lunet N.
Hypertension prevalence, awareness, treatment, and control in mozam-
bique: urban/rural gap during epidemiological transition. Hypertension.
2009;54:77-83. doi: 10.1161/HYPERTENSIONAHA.109.132423.

6. Hendriks ME, Wit FW, Roos MT, et al. Hypertension in sub-Saharan
Africa: cross-sectional surveys in four rural and urban communities. PLoS
One. 2012;7:€32638. doi: 10.1371/journal.pone.0032638.

7. Thompson JES, Smith W, Ware LJ, Mels CMC, van Rooyen JM, Huisman
HW, Malan L, Malan NT, Lammertyn L, Schutte AE. Masked hyper-
tension and its associated cardiovascular risk in young individuals:
the Africa-PREDICT study Hypertens Res. 2016;39(3):158-165. doi:
10.1038/hr.2015.123.

8. Ware LJ, Rennie KL, Gafane LF, Nell TM, Thompson JE, van Rooyen JM,
Schutte R, Schutte AE. Masked hypertension in low-income South African
adults. J Clin Hypertens. 2016; 39(3):158-165. doi: 10.1038/hr.2015.123.

9. Franklin SS, O’Brien E, Thijs L, Asayama K, Staessen JA. Masked hyper-
tension: a phenomenon of measurement. Hypertension. 2015;65:16-20.
doi: 10.1161/HYPERTENSIONAHA.114.04522.

10. Hansen TW, Kikuya M, Thijs L, Bjorklund-Bodegard K, Kuznetsova T,
Ohkubo T, Richart T, Torp-Pedersen C, Lind L, Jeppesen J, Ibsen H, Imai
Y, Staessen JA; IDACO Investigators. Prognostic superiority of daytime
ambulatory over conventional blood pressure in four populations: a meta-
analysis of 7,030 individuals. J Hypertens. 2007;25:1554-1564. doi:
10.1097/HJH.0b013e3281c49das.

11. Stergiou GS, Asayama K, Thijs L, Kollias A, Niiranen TJ, Hozawa
A, Boggia J, Johansson JK, Ohkubo T, Tsuji I, Jula AM, Imai Y,
Staessen JA; International Database on HOme blood pressure in rela-
tion to Cardiovascular Outcome (IDHOCO) Investigators. Prognosis of
white-coat and masked hypertension: International Database of HOme
blood pressure in relation to Cardiovascular Outcome. Hypertension.
2014;63:675-682. doi: 10.1161/HYPERTENSIONAHA.113.02741.

12. Hara A, Thijs L, Asayama K, Gu YM, Jacobs L, Zhang ZY, Liu YP,
Nawrot TS, Staessen JA. Blood pressure in relation to environmen-
tal lead exposure in the national health and nutrition examination
survey 2003 to 2010. Hypertension. 2015;65:62—-69. doi: 10.1161/
HYPERTENSIONAHA.114.04023.

13. Wei FF, Drummen NE, Schutte AE, et al. Vitamin K Dependent Protection
of Renal Function in Multi-ethnic Population Studies. EBioMedicine.
2016;4:162-169. doi: 10.1016/j.ebiom.2016.01.011.

14. Niiranen TJ, Thijs L, Asayama K, Johansson JK, Ohkubo T, Kikuya M,
Boggia J, Hozawa A, Sandoya E, Stergiou GS, Tsuji I, Jula AM, Imai
Y, Staessen JA; IDHOCO Investigators. The International Database of
HOme blood pressure in relation to Cardiovascular Outcome (IDHOCO):



T20Z ‘6 @unr uo Aq Bio'sfeulnofeye//:dny wolj pepeojumoq

15.

19.

20.

21.

22.

23.

24,

25.

26.

27.

moving from baseline characteristics to research perspectives. Hypertens
Res. 2012;35:1072-1079. doi: 10.1038/hr.2012.97.

Niiranen TJ, Asayama K, Thijs L, Johansson JK, Ohkubo T, Kikuya M,
Boggia J, Hozawa A, Sandoya E, Stergiou GS, Tsuji I, Jula AM, Imai
Y, Staessen JA; International Database of Home blood pressure in rela-
tion to Cardiovascular Outcome Investigators. Outcome-driven thresholds
for home blood pressure measurement: international database of home
blood pressure in relation to cardiovascular outcome. Hypertension.
2013;61:27-34. doi: 10.1161/HYPERTENSIONAHA.111.00100.

. Odili AN, Ogedengbe JO, Nwegbu M, Anumah FO, Asala S, Staessen

JA. Nigerian Population Research on Environment, Gene and Health
(NIPREGH) - objectives and protocol. J Biomed Res. 2014;28:360-367.
doi: 10.7555/JBR.28.20130199.

. Odili AN, Ameh VO, Ogedengbe JO, Staessen JA. Quality of blood pres-

sure phenotype in the Nigerian Population Research on Environment
Gene and Health. Blood Press Monit. 2014;19:220-225. doi: 10.1097/
MBP.0000000000000053.

. World Medical Association General Assembly. World Medical Association

Declaration of Helsinki: recommendations guiding physicians in biomedi-
cal research involving human subjects. J Am Med Ass. 1997;277:925-926.
Ohkubo T, Imai Y, Tsuji I, Nagai K, Kato J, Kikuchi N, Nishiyama A,
Aihara A, Sekino M, Kikuya M, Ito S, Satoh H, Hisamichi S. Home blood
pressure measurement has a stronger predictive power for mortality than
does screening blood pressure measurement: a population-based observa-
tion in Ohasama, Japan. J Hypertens. 1998;16:971-975.

Schettini C, Bianchi M, Nieto F, Sandoya E, Senra H. Ambulatory
blood pressure: normality and comparison with other measurements.
Hypertension Working Group. Hypertension. 1999;34(4 pt 2):818-825.
Stergiou GS, Baibas NM, Kalogeropoulos PG. Cardiovascular risk pre-
diction based on home blood pressure measurement: the Didima study.
J Hypertens. 2007;25:1590-1596. doi: 10.1097/HJH.0b013e3281ab6c69.
Niiranen TJ, Rissanen H, Johansson JK, Jula AM. Overall cardiovascular
prognosis of isolated systolic hypertension, isolated diastolic hypertension
and pulse pressure defined with home measurements: the Finn-home study.
J Hypertens. 2014;32:518-524. doi: 10.1097/HJH.0000000000000070.
O’Brien E, Asmar R, Beilin L, et al; European Society of Hypertension
Working Group on Blood Pressure Monitoring. European Society of
Hypertension recommendations for conventional, ambulatory and home
blood pressure measurement. J Hypertens. 2003;21:821-848. doi:
10.1097/01.hjh.0000059016.82022.ca.

Kuznetsova T, Staessen JA, Kawecka-Jaszcz K, Babeanu S, Casiglia E,
Filipovsky J, Nachev C, Nikitin Y, Peleskd J, O’Brien E. Quality con-
trol of the blood pressure phenotype in the European Project on Genes in
Hypertension. Blood Press Monit. 2002;7:215-224.

El Assaad MA, Topouchian JA, Asmar RG. Evaluation of two devices
for self-measurement of blood pressure according to the international
protocol: the Omron M5-I and the Omron 705IT. Blood Press Monit.
2003;8:127-133. doi: 10.1097/01.mbp.0000087393.96145.b1.

Verberk WJ, Kessels AG, de Leeuw PW. Prevalence, causes, and con-
sequences of masked hypertension: a meta-analysis. Am J Hypertens.
2008;21:969-975. doi: 10.1038/ajh.2008.221.

Diaz KM, Veerabhadrappa P, Brown MD, Whited MC, Dubbert PM,
Hickson DA. Prevalence, Determinants, and Clinical Significance

Odili et al

28.

29.

30.

31.

32.

34,

35.

36.

38.

39.

40.

Masked Hypertension in Nigeria 1255

of Masked Hypertension in a Population-Based Sample of African
Americans: The Jackson Heart Study. Am J Hypertens. 2015;28:900-908.
doi: 10.1093/ajh/hpu241.

Brguljan-Hitij J, Thijs L, Li Y, et al; International Database on Ambulatory
Blood Pressure in Relation to Cardiovascular Outcome Investigators. Risk
stratification by ambulatory blood pressure monitoring across JNC classes
of conventional blood pressure. Am J Hypertens. 2014;27:956-965. doi:
10.1093/ajh/hpu002.

Hinninen MR, Niiranen TJ, Puukka PJ, Mattila AK, JulaAM. Determinants
of masked hypertension in the general population: the Finn-Home study.
J Hypertens. 2011;29:1880—1888. doi: 10.1097/HJH.0b013e32834a98ba.
Hozawa A, Ohkubo T, Nagai K, Kikuya M, Matsubara M, Tsuji I, Ito S,
Satoh H, Hisamichi S, Imai Y. Factors affecting the difference between
screening and home blood pressure measurements: the Ohasama Study.
J Hypertens. 2001;19:13-19.

Cryer PE, Haymond MW, Santiago JV, Shah SD. Norepinephrine and epi-
nephrine release and adrenergic mediation of smoking-associated hemo-
dynamic and metabolic events. N Engl J Med. 1976;295:573-577. doi:
10.1056/NEIM197609092951101.

Groppelli A, Giorgi DM, Omboni S, Parati G, Mancia G. Persistent blood
pressure increase induced by heavy smoking. J Hypertens. 1992;10:495-499.

. Asayama K, Thijs L, Brguljan-Hitij J, et al; International Database of

Home Blood Pressure in Relation to Cardiovascular Outcome (IDHOCO)
Investigators. Risk stratification by self-measured home blood pressure
across categories of conventional blood pressure: a participant-level
meta-analysis. PLoS Med. 2014;11:¢1001591. doi: 10.1371/journal.
pmed.1001591.

Ekwunife OI, Udeogaranya PO, Nwatu IL. Prevalence, awareness, treatment
and control of hypertension in a Nigerian population. Health.2010;2:731-735.
Ataklte F, Erqou S, Kaptoge S, Taye B, Echouffo-Tcheugui JB, Kengne
AP. Burden of undiagnosed hypertension in sub-saharan Africa: a sys-
tematic review and meta-analysis. Hypertension. 2015;65:291-298. doi:
10.1161/HYPERTENSIONAHA.114.04394.

Edmonds D, Foerster E, Groth H, Greminger P, Siegenthaler W, Vetter W.
Does self-measurement of blood pressure improve patient compliance in
hypertension? J Hypertens. 1985;3(suppl 1):31-34.

. Rodriguez CJ, Diez-Roux AV, Moran A, Jin Z, Kronmal RA, Lima J,

Homma S, Bluemke DA, Barr RG. Left ventricular mass and ventricu-
lar remodeling among Hispanic subgroups compared with non-Hispanic
blacks and whites: MESA (Multi-ethnic Study of Atherosclerosis). J Am
Coll Cardiol. 2010;55:234-242. doi: 10.1016/j.jacc.2009.08.046.

East MA, Jollis JG, Nelson CL, Marks D, Peterson ED. The influ-
ence of left ventricular hypertrophy on survival in patients with cor-
onary artery disease: do race and gender matter? J Am Coll Cardiol.
2003;41:949-954.

Franklin SS, Thijs L, Li Y, et al; International Database on Ambulatory
blood pressure in Relation to Cardiovascular Outcomes Investigators.
Masked hypertension in diabetes mellitus: treatment implications
for clinical practice. Hypertension. 2013;61:964-971. doi: 10.1161/
HYPERTENSIONAHA.111.00289.

King H, Aubert RE, Herman WH. Global burden of diabetes, 1995-
2025: prevalence, numerical estimates, and projections. Diab Care.
1998:9:1414-1431.

Novelty and Significance

What Is New?
This study examined for the first time the prevalence and determinants
of masked hypertension (MH; office blood pressure <140/90 mm Hg and
home blood pressure >135/85 mmHg) in 293 blacks born and living in
sub-Saharan Africa and compared the findings with a large reference
population comprising 1762 Japanese and 1853 whites.

What Is Relevant?

In the reference population, the prevalence of MH was 14.6% overall and
11.1% and 39.6% in untreated and treated participants, respectively.
Among Nigerians, the prevalence standardized to the sex and age dis-
tribution in the reference population was similar amounting to 14.4%,
8.6%, and 34.6%, respectively.

e Qlder age as well as higher systolic and diastolic blood pressure on clinic

measurement are the major risk factors for MH among Nigerians as well
as the reference population.

Summary

MH is as common in Nigeria as other ethnic groups and shares the
same risk factors. Our study highlights that a significant propor-
tion of true hypertensive subjects remains undetected based on
office blood pressure measurement. It therefore underscores the
necessity to search for MH not only in patients on antihypertensive
drug treatment but in the general population as well, particularly
in the developing world, where cardiovascular disease instead of
malnutrition and infection has become the main driver of mortality.






