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Cardiovascular disease (CVD) is the major killer in adults
in the USA and around the world. Latest World Health
Organization (WHO) data show than an estimated 17.3
million people died from cardiovascular disease in 2008,
representing 30% of all global deaths. Of these 7.3 million
were due to coronary heart disease and 6.2 million due
to stroke. WHO data estimates that, by 2030, almost 23.6
million people will die from CVD, mainly from heart disease
and stroke. CVD is projected to remain the leading causes
of death worldwide [1]. In the United States alone cardio-
vascular disease causes one in three (approximately 800,000)
deaths each year. Furthermore, the economic impact of CVD
is astounding. For example, the total annual costs resulting
from cardiovascular diseases are estimated at $444 billion [2].

Among the various risk factors for CVD that include
diabetes/insulin resistance, hypertension, dyslipidemia, cen-
tral obesity, increased inflammation, and procoagulant state,
hypertension is the major cause for increased CVD par-
ticularly in the high-risk populations including those with
diabetes, minority population, elderly, and stroke victims
[3].

Accumulating data indicate that BP control is of par-
amount importance in decreasing CVD risk. For example,
reducing systolic BP by 3–5 mm Hg reduces stroke risk by
2-3% and the decrease in morbidity and mortality resulted
from a 10 to 12 mm Hg reduction in systolic blood pressure

and a 5 to 6 mm Hg in diastolic pressure using data from
multiple clinical trials. The estimated benefit from this
degree of blood pressure reduction is a 38% reduction in risk
of stroke and a 16% percent reduction in risk of coronary
disease [4].

However, in high-risk individuals, such as people with
diabetes, minority population, elderly, and stroke victims as
well as those with chronic kidney disease (CKD), BP control
is largely suboptimal and those patients would require
multiple medications, an average of three, in order to achieve
BP goal. A target BP of less than 130/80 mm Hg is currently
advocated for hypertensive diabetic patients who are at
increased risk for CVD including stroke. There is no specific
class of antihypertensives that is currently being advocated
to be used as a first-line therapy rather a combination of
several drug classes to achieve optimal BP control is what is
emphasized in these populations [5]. Hypertension in these
high-risk populations is generally characterized by increased
salt sensitivity, with volume expansion, systolic hypertension,
and orthostatic hypotension as well as insulin resistance and
microalbuminuria.

In this special issue we focus on HTN in the high-
CVD-risk populations providing the reader with the cutting
edge knowledge in this area with an assortment of research
and review papers written by renowned scholars in the
field. These papers put an emphasis on hypertension as an
underlying cause in development of cardiovascular heart
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disease including stroke, heart failure, acute coronary syn-
dromes, and CKD. The paper also put an emphasis on blood
pressure control and prevention of hypertension in different
settings and implementing a community-based approach on
managing hypertension. Below you will find a brief outline
of each paper published in this special issue.

The authors of “The age dependent contribution of aortic
incident and reflected pressure wave to central blood pressure in
african-americans” determined that aging is associated with
increase central aortic systolic pressure and pulse pressure
which are in turn predictive of cardiovascular events. Wave
reflection which mediates both of these pressures is a com-
ponent that investigators aimed to decrease with different
antihypertensive drugs mainly vasodilators. The authors of
this paper concluded that decreasing wave reflection is more
efficacious in the younger population.

There is ample evidence linking hypertension and
coronary heart disease. Hypertension accelerates the devel-
opment of atherosclerosis and it can destabilize vascular
lesions and precipitate acute coronary events. Therefore it
is of paramount importance to achieve and maintain good
blood pressure control. The authors of “Management of
hypertension among patients with coronary heart disease”
concluded that in order to achieve a target BP in hypertensive
patients with coronary heart disease of <130/80 effective
combination therapy is required which includes a b-blocker,
ACE inhibitor or ARB and possibly a thiazide diuretic. The
goal of therapy is to reduce the morbidity and mortality
associated with both hypertension and CHD.

Left ventricular hypertrophy is a maladaptive response
of long-standing hypertension and can lead to heart failure
and sudden death therefore as per authors of “Left ventricular
hypertrophy: major risk factor in patients with hypertension:
update and practical clinical applications,” controlling arterial
pressure, sodium restriction, and weight loss independently
contribute to regression of left ventricular hypertrophy
which in turn improves diastolic function and coronary flow
reserve thus decreasing CVD risk. ACE inhibitors, ARBs, and
calcium channel antagonists are important medications that
contribute in regression of left ventricular hypertrophy and
therefore decrease the CVD risk.

The combination of an ARB (olmesartan) and a cal-
cium channel antagonist (azlenidipine) was compared and
discussed in the paper “Differential effects in cardiovascular
markers between high dose angiotensin ii receptor blocker
monotherapy and combination therapy of ARB and a calcium
channel blocker in hypertension (DEAR trial).” Based on
this study the combination therapy with an ARB and a
calcium channel blocker the arterial stiffness assessed by
CAVI, LDL-C with a similar reduction in BP. As these
markers influence the future risk for cardiovascular events
in hypertensive patients the authors concluded that the
combination therapy is a reasonable choice for management
of hypertension. Hypertension is a known risk factor for
development of atherosclerosis which leads to acute coronary
syndromes, however, there are risk factors associated with
the development of acute coronary syndromes such as
genetic risk, insulin resistance, sympathetic hyperactivity and
vasoactive substances. The paper The impact of hypertension

on patients with acute coronary syndromes showed that
hypertensive patients with ACS are usually older, females,
nonwhite and have high prevalence of comorbidities and
as such deserve a tailored approach for management and
followup of hypertension.

Different approaches such as healthy lifestyles with
appropriate diet and exercise have been shown to reduce
the incidence of hypertension in high-risk patients. The
paper “Community based participatory research approaches
for hypertension control and prevention in churches” examined
if any of the programs used in healthcare setting could
be applied successfully to reduce the incidence and conse-
quences of hypertension in large communities with poten-
tially huge impact on public health. The paper “Resistant
hypertension and obstructive sleep apnea in the primary-care
setting” pointed out that, in African Americans, who are
especially a high-risk group for hypertension the prevalence
of resistant hypertension is similar to the range of resistant
hypertension in the general hypertensive population; how-
ever, patients with resistant hypertension were at a greater
risk for obstructive sleep apnea as compared to patients with
controlled hypertension. The case report of “A patient with
hemoptysis and renal failure” showed that pulmonary renal
syndrome is a direct sequela of hypertensive emergency and
that it needs an immediate recognition and treatment. Even
in cases when prompt treatment is initiated patients may
suffer end-organ damage such as in this case report.

The paper “Antropometric indices associated with varia-
tion in cardiovascular parameters among primary school pupils
in Ile-Ife” showed that age, height, weight, BMI, abdominal
circumference correlate significantly with blood pressure
with weight being a more viable predictor of SBP and age
a more viable predictor of DBP. The paper “Management of
hypertension in high-risk ethnic minority with heart failure”
puts an emphasis on treatment of hypertension on African
Americans as a prequel of heart failure, one of the most
common causes of morbidity and mortality in the world.
As hypertension is an important cause and consequence
of chronic kidney disease the paper “Hypertension in
chronic kidney disease: navigating the evidence” showed that
treatment of hypertension in CKD patients should take
into consideration the nature of the underlying kidney
disease. Patients with diabetic nephropathy or proteinuric
nondiabetic kidney disease benefit from treatment with
ACE inhibitors or ARBs to a goal blood pressure of
<130/80 mm Hg. The authors of this paper concluded that
a dual or triple blockade of the RAS should generally be
avoided.

In treating hypertension the best approach as per author
of “Management of high blood pressure in those without
overt cardiovascular disease utilizing absolute risk scores”
was utilizing absolute risk scores for development of CVD.
This approach promises better targeted therapy, simpler
more flexible management regiments and superior clinical
outcomes in those who do not have an overt disease.

Adding on an extended release nicotinic acid/laropiprant
to a statin has shown to reduce significantly both systolic
and diastolic BP as opposed to switching to a high-
dose rosuvastatin. This was the conclusion reached by the



International Journal of Hypertension 3

authors of the paper “Add on statin extended release nicotinic
acid/laropiprant but not the switch to high-dose rosuvastatin
lowers blood pressure: an open label randomized study.”

Being that hypertension is a significant health problem
affecting African Americans the community outreach pro-
grams in general and faith-based programs in particular can
be valuable in reaching at-risk groups. The paper HEALS:
a faith-based hypertension control and prevention program
for African American churches: training of church “Leaders
as program interventionists” showed that community health
educators with adequate training can be an essential partner
in community-based hypertension control programs as they
may motivate and encourage the individuals to make the
behavioral modifications that have an impact on manage-
ment of hypertension. As we know, cardiovascular disease in
general and hypertension in particular are prevalent around
the world. The paper “High prevalence and low awareness
of hypertension is a market population in Enugu, Nigeria”
showed that hypertension was prevalent in 42% of the
market workers in that particular study and the conclusion
was that the high prevalence of hypertension in this group
could be explained by their sedentary lifestyle, salt-laden fast
food, and obesity. This showed that this population warrants
intensive education in hypertension management and the
morbidity and mortality associated with it.

The authors of “Cardiovascular outcomes in patients with
normal and abnormal 24 hour ambulatory blood pressure
monitoring” showed that there are significant associations
between cerebrovascular events and absent nocturnal dip of
less than 10% and high day time DBP, peripheral vascular
disease and morning surge of more than 20/15 mm Hg,
cardiac arrhythmias and high day time and night time DBP.

Finally, we hope that our readers will enjoy this spe-
cial issue and benefit from the cutting edge information
provided by our astute authors with the bigger goal being
enhancing patient care, treatment, and prevention of excess
cardiovascular disease related to hypertension in the high-
risk populations.

Samy I. McFarlane
Girardin Jean-Louis

Ferdinand Zizi
Adam T. Whaley-Connell

Olugbenga Ogedegbe
Amgad N. Makaryus

Ilir Maraj
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Aging is associated with increased central aortic systolic pressure (CSP) and pulse pressure which are predictive of cardiovascular
events. Mechanisms implicated for higher central pressures include a higher forward incident pressure wave (P1), higher
augmented pressure (AP), and shorter reflected wave round trip travel time (Tr). African-Americans (AA) have more frequent
and deleterious blood pressure elevation. Using applanation tonometry, we studied the association of age and CSP with P1 and
AP in 900 AA subjects. Data showed that in subjects ≤50 years old, CSP was mediated by AP but not P1 or Tr, whereas in those
>50, CSP was mediated by both AP and P1 and to a lesser extent by Tr. Predictive models were significant (R2 = 0.97) for both age
groups. In conclusion, wave reflection is the primary determinant of CSP in younger AA, while in older subjects, CSP is mediated
by both the magnitude and timing of wave reflection as well as aortic impedance.

1. Introduction

Vascular aging and remodeling predominantly affects the
large elastic arteries, with the unfavorable consequence of
increased aortic stiffness and higher central systolic (CSP)
and pulse pressure (PP) [1]. In recent years, it has been
demonstrated that central pressures are more closely related
to cardiovascular outcomes as compared to peripheral pres-
sures [2]. Pathological changes within the arterial system lead
to hemodynamic alterations that are reflected in the aortic
waveform. The growing use of applanation tonometry has
rejuvenated interest in the mechanisms of blood pressure
elevation. Several mechanisms have been proposed for the
higher central pressures observed with aging. There may be
an increased forward incident pressure wave (P1), a higher
augmented pressure (AP) and augmentation index (AI), and
a shorter round trip travel time of the reflected wave (Tr)
[3]. Aortic characteristic impedance also increases with age,
thereby increasing P1. Greater AP due to increased wave
reflection is the conventional explanation of why CSP

increases with age, with age-related increases in aortic stiff-
ness shortening Tr and causing the reflected wave to sum on
the incident wave during systole [4–8]. Other investigators
have found P1 to be the more important determinant of
central pressure [9, 10]. A recent study in a large cohort of
normal subjects found the contribution of AP and P1 to
the CSP to vary between those younger and older than 60
years [11]. Thus, the reasons for higher CSP and PP with
advancing age have not been fully clarified.

African-Americans (AA) have a high prevalence of
hypertension, and greater propensity for end-organ damage
including left ventricular hypertrophy [12]. They have also
been reported to have higher aortic stiffness [13]. The age-
related contributions of the incident and reflected waves to
CSP in this group of individuals have not been well studied.
Accordingly, we studied the age-related contribution of the
incident and reflected waves to CSP and PP in a large cohort
of AA subjects with and without cardiovascular disease.

For our analysis, we divided the cohort into 2 age groups,
≤50 years and those >50 years old. This is based on prior
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studies demonstrating AI to increase until age 60 and then
level off, and that aortic stiffness measured by pulse wave
velocity (PWV) increases predominantly in those >50 years
old [14, 15]. Additionally, in this current study, we found that
age correlated with P1 only in those subjects >50 years old.

2. Materials and Methods

The hospital institutional review board approved this study,
and all patients provided written consent. We prospectively
studied 900 AA subjects (age 58 ± 17 years) without known
congestive heart failure. Inclusion criteria were age ≥18
years, adequate radial and carotid pulses to obtain the ap-
planation tonometry study, and sinus rhythm. Peripheral
systolic (S) and diastolic (D) blood pressures (BP) were
measured using an automated sphygmomanometer device
(Omron HEM-780). Pulse pressure (PP) was defined as the
difference between SBP and DBP. Brachial artery mean ar-
terial pressure (MAP) was calculated as diastolic pressure
+1/3 PP. The central aortic waveform was derived from
the radial artery waveform with the use of applanation
tonometry (Sphygmocor, Atcor Medical) and a validated
transfer function [16, 17]. The reflected wave pressure (AP)
amplitude was defined as the difference between peak SBP
and pressure at the inflection point of the aortic waveform
[18]. The AI was defined as the proportional increase in SBP
due to the reflected wave and was expressed as a percentage
of the PP, and since heart rate dependent was also corrected
for heart rate of 75 bpm (AI75) [18]. Tr is defined as the
time from the initial upstroke of the pressure wave to the
incident pressure P1. P1 is defined as the pressure difference
between the inflection point and the diastolic pressure. The
reflected wave systolic duration (ΔTr) is determined from the
inflection point to the incisura [18]. The ejection duration is
the time from the initial pressure upstroke to the incisura.
These were obtained from the derived aortic waveform as
previously described [18].

Clinical characteristics evaluated included age, gender,
medication use, body mass index, history of hyperlipidemia,
diabetes mellitus, hypertension, chronic renal insufficiency,
known coronary artery disease defined as any degree of coro-
nary disease as per patient history or chart review, pre-
vious stroke, and smoking status (current cigarette use).
Hyperlipidemia, hypertension, chronic renal insufficiency,
and diabetes mellitus were defined either as self-reported,
documented diagnosis obtained from chart review, or cur-
rent treatment with medication. As noted previously, for
the statistical analysis of the age-related contributions of the
waveform characteristics to central pressures, we divided our
cohort into those ≤50 years and those >50 years old.

3. Statistics

Data is presented as mean ± standard deviation (SD).
Differences between younger (≤50 years) and older subjects
(>50 years) were assessed using independent sample T test
for continuous variables and with Fischer Exact or Chi-
square test for dichotomous variables. The contribution

of age with and without the mediation of AP and P1 to
the CSBP and CPP was assessed using both mediation
analysis and linear regression adjusted for the potential
cofounders of gender, height, weight, HR, MAP, and CV
risk factors or known coronary disease using SPSS statistical
analysis software (version 17). Mediation analysis was per-
formed both with and without the inclusion of medication
classes (beta-blocker agents, angiotensin converting en-
zymes inhibitors and angiotensin receptor blocking agents
(ACE/ARB), and calcium channel blockers) to exclude any
medication interaction. Mediation analysis was used on the
premise that mediation exists when a predictor affects a de-
pendent variable indirectly through at least 1 intervening
variable, or mediator. With increasing age, there is increased
AP and P1, and, due to these changes, CSP and PP rise; thus,
the central pressure and age relationship may be mediated by
AP and P1. Mediation analysis has been modified by Preacher
and Hayes to include multiple mediators and covariates [19].

4. Results

Table 1 shows characteristics of the study subjects. Thirty-
two percent of subjects were ≤50 years. Thirty seven percent
were taking a beta-blocking agent, 34% an ACE/ARB, and
18% a calcium-blocking agent. On univariate analysis, there
were significant correlations between AP (r = 0.55, P < .001)
and P1 (r = 0.46, P < .001) with CSP before and after 50
years of age (r = 0.67, P < .001 and 0.69, P < .001, resp.). On
adjusted multivariate linear regression, in subjects ≤50, age
correlated with AP (B = 0.071, P = 0.03) but not with P1
(B = 0.02, P = 0.78) or Tr (B = −0.17, P = 0.13). After age
50, age correlated positively with both AP and P1 (B = 0.19,
P < 0.001 and B = 0.36, P < 0.001, resp.) and inversely with
Tr (B = −0.17, P = 0.007). Mediation analysis demonstrated
in younger subjects that CSP was mediated by AP (B = 0.07,
95% CI = 0.01 − 0.14, P < 0.05), but not by P1 or Tr (B =
−0.001, 95% CI = −0.036–0.027, P = NS and B = −0.008,
95% CI = −0.03–0.0001, P = NS, resp.). In subjects >50, the
CSP was similarly mediated by AP and P1 (B = 0.16, 95%
CI = 0.11–0.25, P < 0.05 and B = 0.17, 95% CI = 0.09–0.22,
P < 0.05, resp.), and to a lesser extent by Tr (B = −0.01, 95%
CI = −0.03– −0.002, P < 0.05). Mediation analysis adjusted
models were highly significant with an R2 = 0.97 in both
younger and older subjects (P < 0.001 for both). When CPP
was substituted for CSP, results were similar to those for CSP.
In subjects ≤50 years of age, CPP was mediated only by AP
(B = 0.09, 95% CI = 0.02–0.19, P < 0.05) and in those age
>50 the relationship of age with CPP was similarly mediated
by AP and P1 (B = 0.20, 95% CI = 0.15–0.34 and B = 0.29,
95% CI = 0.15–0.38, P < 0.05, resp.). Figure 1 shows changes
in AP and P1 by deciles of age.

Among the significant mediators, the yearly contribution
of AP to the CSP before age 50 was a standardized coef-
ficient of 0.07/year. In those above 50 years old, AP and P1
contribute similarly, with factors of 0.16/year and 0.17/year,
respectively, suggesting that AP and P1 are of similar impor-
tance. The contribution of the Tr was only significant in the
older group at a factor of −0.01/year. Figure 2 demonstrates
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Figure 1: Augmented pressures and incident pressures in younger
and older subjects by deciles of age.

the contribution of the mediators to CSBP in the older and
younger age groups.

When analyzed by gender, among male subjects ≤50,
CSP was mediated by AP, but not P1 or Tr (B = 0.07, 95%
CI = 0.03–0.15, P < 0.05; B = −0.03, 95% CI = −0.09–0.05,
P = NS; B = −0.0005, 95% CI = −0.07–0.16, P = NS,
resp.). Among females ≤50 years, the CSP was mediated by
AP, but not P1 or Tr (B = 0.06, 95% CI = 0.20–0.14, P < 0.05;
B = −0.03, 95% CI = −0.09–0.2, P < NS; B = −0.008, 95%
CI = −0.02– −0.0006, P < 0.05, resp.) (Figure 3). Among
male subjects >50 years, CSP was mediated by AP, P1, and
Tr (B = 0.16, 95% CI = 0.09–0.30, P < 0.05; B = −0.12,
95% CI = 0.03–0.20, P =< 0.05 and B = −0.01, 95% CI =
−0.0007– −0.08, P ≤ 0.05, resp.). Among females >50 years,
the CSBP was mediated by AP, P1 and Tr (B = 0.14, 95%
CI = 0.08–0.21, P < 0.05; B = −0.20, 95% CI = 0.14–0.28,
P < NS; B = −0.004, 95% CI = −0.0001–0.01, P < 0.05,
resp.) (Figure 3). When CPP was analyzed by gender and age
group, the same mediators were found as for CSP (Figure 4).

When mediation analysis was performed with the inclu-
sion of antihypertensive medication classes (beta blockers,
ACE/ARB, and calcium channel blocking agents) as covari-
ates, results were similar indicating that these medications
had no effect on age and central pressure mediation by AP,
P1, or Tr.

5. Discussion

These results suggest that in AA age ≤50 the effect of
age on central pressures is primarily driven by AP alone,
while in those >50 the contribution of age towards the
formation of central pressures is equally mediated by AP
and P1, with a small contribution from Tr. Similar results
were found for both genders. The common medication
classes of bêta blockers, angiotensin-converting enzymes
inhibitors and angiotensin receptor blockers, and calcium
channel blockers did not substantially alter out results. The
mechanism of increasing central BP with age is an area of
continued interest and discussion. Higher CSP and PP are
markers and potential mediators of cardiovascular disease
and have been found to be predictive of cardiovascular
events [20–22]. There have been opposing viewpoints with
regard to the relative contributions of the incident and

Table 1: Clinical and hemodynamic characteristics of the study
population.

≤50 years
(n = 289)

>50 years
(n = 611)

Variable Mean ± SD Mean ± SD P value

Age (years) 38± 9 67± 10 <0.001

Males (%) 41 36 0.15

Weight (kg) 81.8± 21 79± 18 0.07

Height (m) 1.69± 0.10 1.67± 0.10 0.004

SBP (mmHg) 125± 21 139± 22.8 <0.001

DBP (mmHg) 78± 14 79± 13 0.201

PP (mmHg) 47± 13 60± 19 <0.001

MAP (mmHg) 93± 15 99± 14 <0.001

CSBP (mmHg) 112± 20 127± 22 <0.001

CDP (mmHg) 79± 14 81± 12 0.15

CPP (mmHg) 33± 11 47± 17 <0.001

CMAP (mmHg) 90± 15 96± 14 <0.001

HR (beats/min) 74± 14 69± 12 <0.001

ED (ms) 303± 37 308± 35 0.07

AP (mmHg) 6± 7 14± 9 <0.001

P1 (mmHg) 27± 7 33± 12 <0.001

Tr (ms) 144± 17 135± 15 <0.001

AI75 (%) 16± 14 25± 11 <0.001

AI (%) 16± 16 28± 12 <0.001

PWV (m/sec) 8.7± 1.6 9.2± 1.9 0.001

PPA 1.45± 0.2 1.30± 0.2 <0.001

Brachial-central
SBP (mmHg)

13± 6 12± 7 0.028

Brachial-central
PP (mmHg)

14± 6 12± 6 0.011

ΔTr (ms) 159± 37 174± 35 <0.001

HTN (%) 35 75 <0.001

Chol (%) 16 47 <0.001

DM (%) 13 38 <0.001

CAD (%) 8 21 <0.001

Abbreviations: SBP: systolic blood pressure, DBP: diastolic blood pressure,
PP: pulse pressure, MAP: mean arterial pressure, HR: heart rate, ED:
ejection duration, AP: augmented pressure, P1: incident pressure, Tr: round
trip travel time, AI: augmentation index, AI@75: heart rate-corrected
augmentation index, PWV: pulse wave velocity, PPA: pulse pressure
amplification, ΔTr: reflected wave systolic duration, HTN: hypertension,
Chol: hypercholesterolemia, DM: diabetes mellitus, CAD: coronary artery
disease, kg: kilograms, mmHg: millimeters of mercury, ms: milliseconds, m:
meters, m/sec: meters per second.

reflected waves to CSP and PP [3]. Greater aortic impedance
may be a predominant factor, especially in older subjects
[9, 23]. The present study helps to clarify these relations
among AA, a group of patients particularly vulnerable to
hypertensive complications. The present study findings are
similar to that of Namasivayam et al. [11], who in a healthy
cohort found wave reflection to be important throughout
life, while aortic impedance was significant in older subjects.
They chose a partition age of 60 years for their analysis,
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Figure 2: Per year contribution on augmented pressure (AP), incident pressure (P1), and round trip travel time younger and older subjects.

0.25

0.2

0.15

0.1

0.05

0

−0.05

AP P1 Tr AP P1 Tr

Males Females

(m
m

H
g)

<50 years

(a)

0.25

0.2

0.15

0.1

0.05

0

−0.05

AP P1 Tr

AP P1 Tr

Males Females

(m
m

H
g)

>50 years

(b)

Figure 3: Gender-wise per year contribution of augmented pressure (AP), incident pressure (P1), and round trip travel time (Tr) to the
aortic systolic pressure before and after 50 years.

based on physiologic considerations. A strength of our
study is that we statistically determined 50 years to be the
optimal partition based on our finding that only above
this age did P1 and age correlate. This may be population
dependent, since AAs have been suggested to have increased
aortic stiffness as compared to whites. Regardless of the
exact age, the present study underscores the facts that the
reflected arterial wave continues to contribute to central
aortic BP later in life. The contribution of the reflected
wave was emphasized by the work of Murgo et al. [4],
who found central BP augmentation related to waveform re-
flection and characterized waveforms in older and younger
subjects. These findings have been confirmed by subsequent
studies [24]. In addition, aortic stiffness and characteristic

impedance may also contribute to a higher CSP, and it has
been suggested that it is the primary mechanism. In a healthy
middle aged to older cohort from the Framingham study,
Mitchell et al. found an age-related increase in aortic PWV
and the forward pressure wave, with little change or decrease
in the AI [9]. Another study of hypertensive subjects found
higher PP related to increased aortic wall stiffness and smaller
aortic diameter even when corrected for AI [23]. Multiple
studies of predominantly Caucasian subjects have shown
differing changes in AI, AP, and PWV with age. AI rises in a
curvilinear manner only to level off in older age although AP
continues to increase throughout life. PWV remains stable
in youth but increases in older subjects [15]. The curvilinear
nature and plateau noted for AI is likely due to the similar
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Figure 4: Gender-wise contribution of augmented pressure (AP), incident pressure (P1), and round trip travel time (Tr) to aortic pulse
pressure before and after 50 years.

rise in both AP and PP with aging [25]. These patterns have
raised concern about the utility of AI in risk stratification of
older populations [9].

In younger individuals, AI rises steeply with age whereas
aortic PWV does not [14]. This is consistent with the idea
that the rise in aortic pressures is due to an increase in the
magnitude of wave reflection rather than increased aortic
stiffness. In older individuals, AI changes little, however,
aortic PWV increases, suggesting that the rise in aortic pres-
sures is driven by both the earlier return of the reflected wave
and increasing aortic stiffness and not only changes in the
magnitude of wave reflection alone [15]. The magnitude of
reflected wave is in part dependent upon the magnitude of
incident wave, and, therefore, AP continues to rise in older
individuals due to increasing P1. In our study, Tr mediated
CSP to a lesser extent and only in the older group.

The aorta functions as a conduit to transport blood from
the heart to the periphery and as a protective cushion to les-
sen pulsatile flow to the end organs. With advancing age,
the arteries progressively stiffen. This phenomenon is more
common in the large elastic arteries compared to the more
muscular peripheral arteries and results in the progressive
loss of vascular elasticity, decreased cushioning effect and
worsening microvascular function and end organ damage
[26, 27]. There is an increase in PP due to an increase in sys-
tolic pressure and a decrease in diastolic pressure. The two
mechanisms that underlie increased PP appear to be a higher
P1 generated by the ejection of blood from the left ventricle
into a stiffened aorta, and an increase in AP due to higher
P1 and a shorter Tr allowing the reflected wave to return in
late systole and further augment systolic pressure [28]. Our
results are consistent with these mechanisms, which result in
higher central systolic and pulse pressures and are closely re-
lated to CV outcomes [2]. Left ventricular function is also
adversely affected, by decreased diastolic coronary perfusion,
increased left ventricular hypertrophy, and increased left ven-
tricular workload and wasted pressure energy [29].

Our data is subject to the limitations of a cross-section-
al study which restricts our ability to determine causal

relationships of age and pressures. Longitudinal studies are
lacking. We used patient interview and when feasible chart
review to obtain clinical characteristics and history, which
although standard is imperfect and may lead to error in
data collection. Despite these limitations, however, our pop-
ulation of AA is the largest group to be studied for the age-
related waveform components of central blood pres-sure. We
used both multivariate and mediation analysis controlling
for covariates to help sort out these relationships.

6. Conclusion

In summary, this study helps to clarify the physiology of
increasing central blood pressure with age. The findings in
our AA cohort are similar to a previously studied mostly
Caucasian normal population [11]. CSP and PP are in
part mediated by wave reflection throughout life, while in-
creasing aortic impedance is important at an older age. Treat-
ments aimed at decreasing wave reflection, such as vaso-
dilators, may be more efficacious in the younger hypertensive
population. Therapies to lower aortic stiffness, if and when
available, would likely be of greater benefit in the older age
group.
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Evidence suggests that coronary heart disease (CHD) is the most common outcome of hypertension. Hypertension accelerates
the development of atherosclerosis, and sustained elevation of blood pressure (BP) can destabilize vascular lesions and precipitate
acute coronary events. Hypertension can cause myocardial ischemia in the absence of CHD. These cardiovascular risks attributed
to hypertension can be reduced by optimal BP control. Although several antihypertensive agents exist, the choice of agent and
the appropriate target BP for patients with CHD remain controversial. In this succinct paper, we examine the evidence and the
mechanisms for the linkage between hypertension and CHD and we discuss the treatment options and the goals of therapy that
are consistent with the report of the seventh Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure (JNC 7) and American Heart Association scientific statement. We anticipate changes in the recommendations
of the forthcoming JNC 8.

1. Background

Hypertension is not only a major risk factor for stroke
and heart failure (HF), but more importantly for coronary
heart disease (CHD). Based on the blood pressure (BP)
cutoff of ≥140/90 mm Hg for hypertension, as defined by
the seventh report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7) [1], over 65 million adult Americans,
or approximately one fourth of the American population,
have hypertension [2]. The report of the INTERHEART
study involving 52 countries all over the world showed
that hypertension conferred a greater adjusted relative risk
of acute myocardial infarction than diabetes [3]. Among
individuals aged 40 to 90 years, each 20/10 mm Hg rise in
BP doubles the risk of fatal coronary events [4]. Reports of

national surveys conducted in various countries in North
America, Asia, and Africa indicate that hypertension is
highly prevalent, but poorly treated and/or controlled [5].
This observation may be one reason while CHD remains
the leading cause of death and disability in the developed
countries [6] and is projected to be the leading cause of death
in the developing world by 2020 [7–9].

Hypertension accelerates the development and progres-
sion of atherosclerosis, and sustained elevation of BP can
destabilize vascular lesions and precipitate acute coronary
events. Hypertension by itself can cause myocardial ischemia
in the absence of CHD. These CVS risks attributed to
hypertension can be greatly reduced by optimal control
of BP. Although several antihypertensive agents exist, the
optimal choice of agents and the appropriate target BP
for patients with CHD remain controversial. The goals of
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treating patients with hypertension and CHD are to lower
BP, reduce ischemia, and prevent CVS events.

In this succinct paper, we examine the epidemiological
evidence and the pathophysiological mechanisms for the
linkage between hypertension and CHD and we discuss the
treatment options and the goals of therapy that are consistent
with the recommendations of JNC 7 and American Heart
Association (AHA) scientific statement [1, 10]. As more
data from hypertension trials become available, we anticipate
changes in the recommendations of the forthcoming JNC 8.

2. Link between Hypertension and Coronary
Heart Disease

The pathophysiological link between hypertension and CHD
can be described under two major pathways as described
below and shown in Figure 1.

2.1. Atherogenesis. The physical impact of high BP can
cause endothelial injury. Injured endothelium results in
impairment in the synthesis and the release of the potent
vasodilator—nitric oxide and also promotes the accumu-
lation of reactive oxygen species and other inflammatory
factors which mediate the development of atherosclerosis,
thrombosis, and vascular occlusion. This inflammatory
process is a prominent feature in the pathogenesis of both
hypertension and atherosclerosis [11]. Some mechanisms
such as the rennin-angiotensin-aldosterone system (RAAS)
and the sympathetic nervous system that maintain hyperten-
sion are also those that promote atherosclerosis. Angiotensin
II increases BP and facilitates progression of atherosclerosis
through vasoconstrictive and vascular remodeling effects.
This observation led to the idea that some antihyperten-
sive agents such as angiotensin-converting enzyme (ACE)
inhibitors may have beneficial effects on atherosclerosis and
CHD in addition to their BP lowering effect [12].

2.2. Increased Afterload and Left Ventricular Hypertrophy.
Hypertension by itself can cause myocardial ischemia in the
absence of CHD. Increased afterload due to hypertension
can result in significant left ventricular hypertrophy (LVH),
which may impair ventricular relaxation and compromise
coronary blood flow during diastole. Although genetic
factors have been associated with LVH, chronic uncontrolled
hypertension appears to be the major cause [13, 14].
Research has shown that LVH diminishes coronary flow
reserve [15] and independently predicts future CHD, HF,
stroke, and sudden cardiac death [16].

3. Therapy for Hypertension in CHD

Both JNC 7 and 2007 AHA guideline stressed the importance
of antihypertensive therapy in the high-risk population,
including CHD [1, 9]. In JNC 7, target BP was defined
for general population and patients with diabetes, HF, and
renal disease, but not for those with CHD. However, AHA
guideline clarified this issue and recommended the same
target BP of 130/80 mm Hg as for other high-risk population
with caution in lowering the DBP below 60 mmHg which
may impair coronary perfusion. The goals of treating
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Figure 1: Pathophysiological link between hypertension and coro-
nary heart disease.

hypertension in patients with CHD are to lower BP, reduce
ischemia, and prevent cardiovascular events and death. To
achieve these goals, both nonpharmacological interventions
and pharmacological therapy are recommended as described
below.

3.1. Nonpharmacological Interventions. Nonpharmacologi-
cal interventions should be encouraged in all individuals
with hypertension [1]. Exercise improves cardiac function,
reduces BP and cardiac afterload by a variety of mech-
anisms, including reduced arterial stiffness [17]. Research
has shown that physical activity predicts the likelihood
of CVS disease beyond that explained by the commonly
measured cardiometabolic risk factors [18]. Although the
mechanism is not entirely clear, evidence indicates that exer-
cise improves coronary artery flow reserves in CHD patients
[19] and pathophysiological mechanisms that are potentially
important in generating CHD have been linked to physical
activity [20]. Hence, regular exercise is recommended in all
individuals with hypertension and CHD.

Studies have also shown that various lifestyle behaviors,
including unhealthy diet, physical inactivity, and smoking,
promote the development and clinical manifestations of
CHD [21]. Therefore, lifestyle changes and adoption of
healthful behaviors are equally important in the manage-
ment of hypertension and CHD. Special attention should
be given to weight loss, diet control, salt intake, alcohol
consumption, smoking, and stress management.

3.2. Pharmacological Treatment. Pharmacological treatment
is inevitable in high-risk populations such as those with
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CHD, although lifestyle modifications alone may suffice
in the general population with prehypertension. The rec-
ommended target BP for individuals with CHD or CHD
equivalents: diabetes mellitus, chronic renal disease, periph-
eral arterial disease, carotid artery disease, and abdominal
aortic aneurysm is <130/80 mm Hg [9]. Although several
antihypertensive agents exist, it is not completely clear
whether all antihypertensive agents are equally effective in
preventing or decreasing progression of CHD. Here, we
discuss each agent and provide the evidence in support of
their use.

3.3. Beta-Blockers. The treatment of hypertension in CHD
patients should begin with β-blockers as first-line therapy,
unless contraindicated [22–25]. Relative contraindications to
their use include hypotension, severe bronchospastic lung
disease, decompensated HF, sinus or atrioventricular node
dysfunction, and severe peripheral vascular disease. Also,
diabetic patients with significant history of hypoglycemic
episodes should use β-blockers with great caution because of
the risk of masking symptoms of hypoglycemia.

β-blockers are heterogenous class of agents with differing
pharmacological effects. The cardioselective β-blockers with-
out intrinsic sympathomimetic activity are generally pre-
ferred. These agents reduce myocardial oxygen consumption
and heart rate and enhance coronary flow by increasing
diastolic filling period. Among patients with both acute
myocardial infarction (MI) and hypertension, β-Blockers
have been shown to limit infarct size, improve survival,
and decrease the risk of recurrent MI and the incidence of
sudden cardiac death, which is secondary to fatal arrhyth-
mias [26–28]. While metoprolol, carvedilol, and bisoprolol
were shown to improve outcomes in HF patients, atenolol-
based therapy was found to be inferior to amlodipine-based
therapy in reducing CVS events in the Anglo-Scandinavian
Cardiac Outcomes Trial (ASCOT) [29]. Similarly, a substudy
of ASCOT, the Conduit Artery Function Evaluation (CAFÉ),
showed that Atenolol was less effective in reducing systolic BP
and cardiac afterload than amlodipine [30], which perhaps
could be explained by the observation of increased arterial
stiffness and aortic wave reflections in patients using beta-
blockers [31]. Hence, in the absence of MI, CHD, or HF,
the use of β-blockers as first-line therapy for hypertension
is controversial and not supported.

3.4. Calcium Channel Blockers. Long-acting dihydropyri-
dines calcium channel blockers (CCBs), amlodipine, and
nifedipine can be added to the basic regimen if BP remains
elevated or angina continues while on β-blocker therapy.
The nondihydropyridine agents, diltiazem and verapamil,
can also be substituted for β-blocker when contraindications
exist or side effects develop [32]. Although nondihydropyri-
dine CCBs can be used as antianginal in combination with
a β-blocker, there is associated risk of severe bradycardia
or atrioventricular block. Therefore, if a CCB is needed in
addition to β-blocker to control angina or BP, it should be a
long-acting dihydropyridine CCB. These agents decrease BP
by causing vasodilation and decreasing peripheral resistance
and wall tension, thus reducing myocardial O2 demand.

They also increase myocardial O2 supply by dilating coronary
arteries.

Several large randomized trials have evaluated the use of
CCBs in hypertension control. The Controlled-Onset Vera-
pamil IN Cardiovascular Endpoint (CONVINCE) trial, the
NORdic DILtiazem (NORDIL) study, and the International
VErapamil SR/Trandolapril (INVEST) study showed that
outcomes with CCBs-based therapy were not different from
those of β-blockers-based therapy [33–35]. Based on these
studies, CCBs appear to be good substitutes for β-blockers
in the treatment of angina in hypertensive patients; however,
they are not recommended for secondary prevention because
of their inability to prevent ventricular dilatation and HF
[36–40]. Hence, nondihydropyridine agents should not be
used in patients with systolic HF [41] and short-acting
dihydropyridine CCBs should be avoided in patients with
acute MI, pulmonary edema, or LV dysfunction [24, 42, 43].
The role of CCBs in the prevention of CVS events among
patients with CHD remains unclear, and several studies that
evaluated CVS outcome with the use of CCBs have yielded
mixed results [35, 37–40, 44, 45].

3.5. Nitrates. Nitrates have not been shown to be of sig-
nificant use in hypertension treatment; however, they are
indicated for acute relief of angina or treatment of chronic
angina which cannot be controlled with β-blockers and
CCBs. The reports of two large trials comparing nitrates with
placebo showed no difference in mortality with the use of
nitrates [46, 47]. Hence, nitrates are not recommended to
reduce cardiac events but only to relieve angina, control BP,
and manage pulmonary congestion. Nitrates combined with
hydralazine have survival benefit in selected HF patients [41].
However, individuals taking nitrates should be advised not
to use phosphodiesterase inhibitors such as sildenafil, as the
combination of both may cause severe hypotension.

3.6. Angiotensin-Converting Enzyme. ACE inhibitors are rec-
ommended for use in all patients after MI. Two major trials,
the European Trial on Reduction of Cardiac Events with
Perindopril in Stable Coronary Artery Disease (EUROPA)
and Heart Outcome Prevention Evaluation (HOPE) study,
showed the cardioprotective effect of ACE inhibitor in
hypertensive CHD patients [48–51]. In the EUROPA study,
12,218 patients were randomized to treatment with an
ACE inhibitor (perindopril) or placebo. Individuals in the
perindopril group had significantly less MI, CVS death, or
cardiac arrest [48]. The HOPE study involved 9,297 patients
with CVS risk factors, who were randomized to ramipril
or placebo. Approximately half of the study population had
hypertension. Ramipril therapy was associated with small
(3/2 mm Hg) reduction in BP but significant reduction in
CVS death, stroke, and MI [49, 50]. These cardioprotective
effects were initially thought to be independent of BP
control, until a subgroup analysis of the HOPE trial revealed
a significant reduction in 24-hour ambulatory BP with
ramipril that was not found in the main trial that measured
only office BP [51]. In another trial, the Prevention of Events
with Angiotensin Converting Enzyme inhibition (PEACE),
involving stable CHD patients with normal or slightly
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reduced ejection fraction, there was no difference between
trandolapril therapy and placebo in the incidence of MI or
coronary revascularization, despite 4.4/3.6 mm Hg reduction
in BP [52]. The findings of this study raised question about
the usefulness of ACE inhibitors in low-risk CHD patients
with normal LV systolic function. Thus, ACE inhibitors are
indicated for all hypertensive patients with acute MI who
have no contraindications, especially if there is associated
depressed LV systolic function (LVEF < 40%) [53, 54].

3.7. Angiotensin-Receptor Blockers. In individuals who are
ACE inhibitor intolerant or allergic, angiotensin receptors
blockers (ARBs) have been shown to be an effective alter-
native in the treatment of hypertension, CHD, and HF.
Emerging data appear to support the use of ARBs in MI. In
the VALIANT study, the ARB, valsartan was as effective as
captopril in patients at high risk of CVS events after MI [55,
56]. Among 15,245 hypertensive patients that were enrolled
in the Valsartan Antihypertensive Long-term Use Evaluation
(VALUE) trial, the ARB, valsartan, and CCB, amlodipine had
similar primary protection against CVS events [40]. Hence,
ARB appears to be a good substitute in those individuals in
which ACEI is contraindicated.

3.8. Diuretic. The ALLHAT trial clearly showed the benefit
of thiazide diuretic in the treatment of hypertension [37–
39], although there are concerns about the contribution
of the metabolic effects of thiazide to CHD risk [57]. The
effectiveness of thiazide in controlling BP and preventing
CVS events has been demonstrated in several studies [58–
60], but their use in the setting of acute MI is not encouraged
and if at all required, should be done with caution. While
there is an ongoing debate over whether the clinical benefits
observed with thiazide-type diuretic are drug specific, it is
not unreasonable to assume that there is a “class effect,” given
the high degree of homogeneity in the mechanism of action
of this group of antihypertensive agents.

3.9. Combination and Adjunctive Therapy. The control of
BP is more important than the choice of antihypertensive
agent in the prevention CHD and other complications of
hypertension [61, 62]. Research has shown that effective
combination of antihypertensive agents is usually required
to achieve and sustain long-term BP control [1]. Therefore,
the most important strategy for achieving target BP level is
by using combination therapy most especially in individuals
with stage 2 hypertension. Other adjunctive therapies such as
antiplatelet therapy and the use of statins are also encouraged
for lowering atherosclerotic burden in CHD patients. Non-
pharmacological therapy such as regular exercise, smoking
cessation, healthy diet, and healthful psychosocial func-
tioning should be emphasized in all patients, even when
antihypertensive agents are being used.

4. Conclusion

The target BP in hypertensive patients with CHD is
<130/80 mm Hg with caution in lowering the DBP below
60 mm Hg. To achieve this target, effective combination anti-
hypertensive drug therapy is usually required to achieve and

sustain long-term BP control. Treatment regimen should
include β-blocker, ACE inhibitor, or ARB, most especially if
there is LV systolic dysfunction and/or diabetes mellitus, and
possibly a thiazide diuretic. CCBs can be used as alternative
to β-blocker or added to the basic regimen, and nitrates
are useful for relieve of ischemic pain. The overall goal
of therapy is to reduce morbidity and mortality associated
with both hypertension and CHD. As more data from
hypertension trials are made available, we anticipate changes
in the recommendations of the forthcoming JNC 8.
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Left ventricular hypertrophy is a maladaptive response to chronic pressure overload and an important risk factor for atrial
fibrillation, diastolic heart failure, systolic heart failure, and sudden death in patients with hypertension. Since not all patients
with hypertension develop left ventricular hypertrophy, there are clinical findings that should be kept in mind that may alert the
physician to the presence of left ventricular hypertrophy so a more definitive evaluation can be performed using an echocardiogram
or cardiovascular magnetic resonance. Controlling arterial pressure, sodium restriction, and weight loss independently facilitate
the regression of left ventricular hypertrophy. Choice of antihypertensive agents may be important when treating a patient with
hypertensive left ventricular hypertrophy. Angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers followed
by calcium channel antagonists most rapidly facilitate the regression of left ventricular hypertrophy. With the regression of left
ventricular hypertrophy, diastolic function and coronary flow reserve usually improve, and cardiovascular risk decreases.

1. Introduction

While there are many proven benefits for the successful long-
term treatment of hypertension including decreasing risk of
stroke, renal failure, and myocardial infarction, an increas-
ingly important area of hypertension treatment is to identify
left ventricular hypertrophy and prescribe a combination of
therapies which facilitates regression to improve patients’
symptoms and prognosis. Left ventricular hypertrophy is
both a major maladaptive response to chronic pressure
overload and an important risk factor in patients with
hypertension. The development of left ventricular hypertro-
phy is highly correlated with systolic hypertension. In the
Framingham Heart Study, even borderline isolated systolic
hypertension at an elderly age was associated with increased
left ventricular wall thickness and impaired diastolic filling
[1]. Complications of left ventricular hypertrophy include
atrial fibrillation, diastolic heart failure, systolic heart failure,
and sudden death. Both earlier recognition and improved
understanding of cardiac hypertrophy may lead to more
effective therapeutic strategies for this cardiovascular risk
factor. This paper will focus on concentric left ventricular

hypertrophy and discuss differential diagnosis, which tech-
niques are available to identify left ventricular hypertrophy,
and therapies to decrease patients’ risks and to facilitate
regression to improve symptoms and prognosis. This paper
will also discuss novel therapies in development which may
have a significant impact on this high-risk problem in the
future.

2. Factors Promoting Left
Ventricular Hypertrophy

It is now appreciated that left ventricular hypertrophy is
mediated not only by the mechanical stress of pressure
overload, but also by various neurohormonal substances
that independently exert trophic effects on myocytes and
nonmyocytes in the heart [2]. As shown in Table 1, trophic
factors include angiotensin II, aldosterone, norepinephrine,
and insulin which directly promote myocyte hypertrophy
and matrix deposition independent of their effects on
systemic arterial pressure [3, 4]. These trophins stimulate
the production of a series of cytokines and growth factors



2 International Journal of Hypertension

Table 1: Factors promoting left ventricular hypertrophy.

Hypertension

Neurohumoral factors (growth stimulation)

Angiotensin II

Aldosterone

Norepinephrine

Insulin and other growth factors

Genetic influences

including transforming growth factor beta, fibroblast growth
factor, and insulin growth factor that directly stimulate
cardiac protein synthesis and hypertrophy. While elevated
systemic arterial pressure plays a role in the pathogenesis
of left ventricular hypertrophy, the extent of cardiac growth
and response to increased pressure loading is not uniform
among patients suggesting genetic mechanisms in cardiac
hypertrophy [5]. Thus, patients with moderate arterial
hypertension present with a wide range of left ventricular
mass, ranging from normal heart to severe hypertrophy. In
addition, the remodeling of the left ventricle may take a
concentric or an eccentric form independent of the extent
of blood pressure elevation.

3. Clinical Suspicion for Left
Ventricular Hypertrophy

The primary care physician encounters many patients with
hypertension. An electrocardiogram (but not an echocardio-
gram) is suggested in the initial evaluation of patients with
hypertension to detect arrhythmias, evidence of ischemic
heart disease, and/or left ventricular hypertrophy [6]. Since
not all patients with hypertension develop left ventricular
hypertrophy, there are clinical findings that should be kept
in mind that may alert the physician to the presence of left
ventricular hypertrophy so a more definitive evaluation can
be performed. The detection of left ventricular hypertrophy
is important because these patients’ risk of cardiovascular
morbidity and mortality is two-to-four-fold increased com-
pared to patients with normal left ventricular mass [7, 8].
Although echocardiography is a more sensitive tool for
identifying left ventricular hypertrophy, cost has kept it from
becoming part of the routine evaluation of an uncomplicated
asymptomatic patient with hypertension. If an S4 gallop
is noted on physical examination, one should consider
early diastolic dysfunction and possible left ventricular
hypertrophy. Abnormal electrocardiogram findings include
left atrial enlargement, prolongation of the QT interval, and
left ventricular hypertrophy. If graded exercise testing is
done, it is often noticed that patients with left ventricular
hypertrophy demonstrate a hyperadrenergic response with
increases in heart rate to 150 beats per minute within the first
minute and excessive elevations of systolic blood pressure
of greater than 200 mm Hg. A hyperadrenergic response of
heart rate and blood pressure explains the patient’s dyspnea
on exertion and is also thought to reflect the presence of left
ventricular hypertrophy [9].

There are a number of distinguishing clinical features
which appear to identify specific subgroups of hyperten-
sive patients who have left ventricular hypertrophy. Of
patients with left ventricular hypertrophy presenting with
anginal equivalent symptoms, 85% of these patients have
been found to be women with a mean age of 63 years,
and 83% had exogenous obesity [10]. Thus, the typical
hypertensive patient that one should be suspicious of
having left ventricular hypertrophy is an overweight, middle-
aged, postmenopausal female who presents to a physician
with a history of exertional chest pain that is typical of
angina pectoris. The patient will often give a history of
hypertension, but, typically, it is not severe. In addition, the
patient commonly has no smoking history, is not glucose
intolerant, and has a borderline dyslipidemia. These findings
superimposed on a positive graded exercise test are suggestive
of hypertensive heart disease in women. That they developed
concentric left ventricular hypertrophy disproportionate to
the arterial pressure and had associated obesity suggests a
genetic basis for this problem. Left ventricular hypertrophy
in women is now considered to be a strong cardiovascular
risk factor independent of blood pressure [11, 12]. Studies
reveal an increased incidence in atrial fibrillation and
sudden death in women with left ventricular hypertrophy. In
addition, hypertensive heart disease is a common cause of
congestive heart failure in women. One can only speculate
why postmenopausal women with mild-to-moderate left
ventricular hypertrophy have more angina than men with
a similar degree of left ventricular hypertrophy. Speculation
includes that women have smaller coronary arteries and/or
greater perception of pain because of the loss of analgesic
effects of estrogen and/or because loss of estrogen results
in less endothelial nitric oxide production in the coronary
vascular tree [13, 14].

Metabolic syndrome has been associated with an
increased left ventricular mass in recent reports. Even after
controlling for age, sex, and 24-hour systolic blood pressure,
subjects with metabolic syndrome have significantly greater
left ventricular mass [15]. The lack of association between
left ventricular mass and blood pressure in patients with
metabolic syndrome suggests other factors such as insulin
resistance and hyperinsulinemia, sodium retention, sympa-
thetic activation, and adipose tissue peptides such as leptin
may be responsible. Accordingly, the primary care physician
should be aware of the impact of metabolic syndrome on
left ventricular mass in overweight and obese hypertensive
patients and screen this high-risk group for this cardiovascu-
lar complication. Other patient types that should be kept in
mind so that the primary care physician is alert to pursue a
workup for left ventricular hypertrophy is the obese patient
who should be screened for sleep apnea. Patients who have
sustained the elevation of blood pressure throughout the
night and do not have the normal nocturnal fall of arterial
pressure are at increased risk of developing left ventricular
hypertrophy [16]. African American and Caribbean and
Mexican-origin Hispanic patients with hypertension also
have a higher incidence of left ventricular hypertrophy and,
thus, the clinician should have a higher index of suspicion
and consider screening for left ventricular hypertrophy [17].
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Most studies suggest that African American and Caribbean
and Mexican-origin Hispanic patients have not only a greater
left ventricular wall thickness, but also a greater left ventric-
ular mass, even with equivalent blood pressures than white
patients. The most difficult patient to identify is the patient
with “masked” hypertension. This subset of patients reacts in
an opposite way to patients with “white coat” hypertension
[18]. Instead of the patient’s blood pressure being elevated
when sitting in a doctor’s office, the blood pressures are
normal. However, when these patients are performing daily
activities, including exercise, they have an excessive elevation
in systolic blood pressure. Thus, throughout the day, their
heart has increased afterload which acts as a stimulus for
hypertrophy when they are undergoing normal activities.
Arteriolar thickening on funduscopic examination, S4 gallop,
abnormal EKG, or exercise testing may suggest that the
patient has “masked” hypertension, and ambulatory blood
pressure monitoring can confirm this subset of hypertensive
patients.

Left ventricular hypertrophy should also be suspected in
hypertensive patients found to have unilateral renal artery
stenosis [19, 20]. There is evidence that the activation of the
renin-angiotensin-aldosterone system may contribute to the
development of left ventricular hypertrophy independent on
effects of blood pressure. Left ventricular hypertrophy has
been shown to be three times more prevalent in patients
with functionally significant unilateral renal artery stenosis
compared to patients with essential hypertension.

There also appears to be an increase in left ven-
tricular mass beyond the amount needed to compensate
the blood pressure-related hemodynamic load in patients
with primary aldosteronism [21]. Because hypertension and
obesity increase with age, the prevalence of left ventricular
hypertrophy may be 50 percent in patients over 65 years
of age [22]. Finally, there is a high prevalence of left
ventricular hypertrophy in patients with renal insufficiency.
Left ventricular hypertrophy is present in approximately 70
percent of patients at the initiation of dialysis [23].

4. Differential Diagnosis of Left Ventricular
Hypertrophy and Imaging Approaches to
Differentiate Physiologic from
Pathologic Hypertrophy

The adult myocyte is a terminally differentiated cell that does
not divide in response to stress [3, 4]. Thus, the myocyte
adapts to a pressure overload by the replication of sarcomeres
and by changes in enzyme isoforms which regulate contrac-
tile function and ion transport, resulting in a more efficient,
energy-conserving contraction. Hypertrophy secondary to
exercise or hyperthyroidism appears appropriate in regard
to remodeling of the left ventricular with relative dilatation
which represents advantageous use of Frank-Starling forces
to achieve greater efficiency of energy use and because coro-
nary flow reserve is appropriate for the degree of myocardial
growth [24, 25]. In contrast, left ventricular hypertrophy
secondary to essential hypertension is pathological with
stimulus to growth also activating fibroblasts leading to an

interstitial fibrosis which is another feature of the structural
remodeling of the myocardium found in hypertensive heart
disease. Thus, in left ventricular hypertrophy secondary
to essential hypertension, left ventricular chamber size is
smaller with elevated diastolic filling resulting in a blunting
of the heart’s ability to efficiently use energy, and coronary
flow reserve remains below that expected for the degree of
hypertrophy [26].

If a patient has hypertension and also participates in a
regular intensive aerobic activity such as jogging or bicycling,
differentiating physiologic from pathologic increase in left
ventricular mass is an important and challenging assessment.
Chronic aerobic exercising can cause electrocardiographic
changes that can mimic pathological conditions and highly
conditioned individuals can harbor suspected cardiovascular
disease despite the absence of cardiac symptoms [27]. Distin-
guishing between physiological athletic heart and pathologic
left ventricular hypertrophy has important implications for
trained athletes or individuals with vigorous avocations.
Pathologic left ventricular hypertrophy may be the basis for
disqualification from intense competitive sport activities to
reduce the risk of sudden death [28]. Alternatively, over
diagnosis can lead to unnecessary restrictions, depriving
athletes and/or exercise participants of the monetary and/or
psychological benefits of vigorous aerobic sports. For the
clinician faced with deciding whether this is structural
heart disease or athlete’s heart, an echocardiogram is very
helpful [29]. Several considerations are important: (1) Left
ventricular systolic and diastolic function is normal in
the athlete. Remember, ejection fraction in a left ventricle
with physiologic diastolic dilatation (LV cavity greater than
55 mm) and a slow heart rate will be in the low normal
range of 50–55 percent. (2) The left ventricular wall thickness
is usually less than but not greater than 12 mm. (3) The
individual will give a history of training and competing
in sports combining aerobic endurance and strength. (4)
The individual will have a slow resting heart rate due to
training-induced increased parasympathetic activity on the
sinus node [27]. If the individual has a left ventricular end
diastolic dimension of less than 45 mm and/or left ventric-
ular wall thickness of greater than 15 mm, pathologic left
ventricular hypertrophy should be suspected [27, 30]. Tests
such as Doppler echocardiogram or cardiovascular magnetic
resonance become important additional implements in the
differential diagnosis in some patients. For example, about
two percent of highly trained adult male athletes show
increased left ventricular wall thickness of 13–15 mm which
define a “gray zone” where extreme expressions of athlete
heart and mild pathologic left ventricular hypertrophy
overlap [31]. Such diagnostic ambiguity can often be resolved
with noninvasive testing such as the assessment of diastolic
filling with Doppler echocardiography.

Due to technical advances, cardiovascular magnetic
resonance is now firmly established in research and clin-
ical cardiovascular medicine. While echocardiography is a
faster and more portable modality, cardiovascular magnetic
resonance typically provides superior reproducible image
quality. Both echocardiography and magnetic resonance
are nonionizing technologies which in the modern climate
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of safety priority are favored over X-ray and gamma-ray
modalities in the evaluation and long-term management of
patients with left ventricular hypertrophy [32, 33]. Changes
in left ventricular mass can indicate disease progression
or regression in hypertensive heart disease. Cardiovascular
magnetic resonance is superior to echocardiology because
of excellent reproducibility and because echocardiographic
methods are dependent on symmetry on left ventricular
shape [34]. Because of cost, echocardiology is more com-
monly used in clinical assessment of hypertensive patients.
However, measuring changes in left ventricular mass using
cardiovascular magnetic resonance has become a precise
useful research tool when testing the benefit of pharmaco-
logic treatment of hypertensive left ventricular hypertrophy
[35]. While not the focus of this article, patients may
present with hypertension, left ventricular hypertrophy on
electrocardiogram, and increased left ventricular mass who
have hypertrophic cardiomyopathy rather than hypertensive
heart disease. Cardiovascular magnetic resonance imaging
is useful to distinguish hypertensive and hypertrophic car-
diomyopathy [36]. Recent studies indicate the presence of
distinctive hypertrophic phenotypes detectable by means
of multiparametric magnetic resonance imaging. In hyper-
tension, impaired deformation follows the distribution of
left ventricular wall stress. In contrast, hypertrophic car-
diomyopathy is characterized by reduced global and regional
deformation in association with fibrosis.

5. Nonpharmacologic Strategies for Prevention
and Regression of Pathologic Hypertrophy

Effective, long-term antihypertensive therapy focused on
the regression of left ventricular hypertrophy is indicated
in these patients and requires specific nonpharmacologic
and pharmacologic consideration and treatment. With the
regression of left ventricular hypertrophy, diastolic function
and coronary flow reserve usually improve, and risk of
atrial fibrillation, congestive heart failure, and cardiovascular
mortality decreases [37–42]. Goal of therapy is an arterial
blood pressure of 130/80 mm Hg or better. Left ventricular
hypertrophy regression necessitates effective arterial blood
pressure lowering 24 hours a day. In patients who appear
to be at goal but fail to regress, 24-hour blood pressure
ambulatory monitoring can be used to determine whether
arterial pressure is, in fact, effectively controlled.

In addition to controlling arterial pressure, sodium
restriction and weight loss independently facilitate the
regression of left ventricular hypertrophy [43]. If the patient
even loses 10 pounds, it enhances the antihypertensive effect
of medications, and associated weight loss speeds up the
potential for regression. Weight loss facilitating the regres-
sion of left ventricular hypertrophy has been accomplished
through moderate calorie restriction in combination with
regular low resistance exercise, such as walking 30 minutes
a day [44]. Other interventions for successful treatment of
hypertension to allow for the regression of left ventricular
hypertrophy include minimizing use of nonsteroidal, anti-
inflammatory medications which inhibit synthesis of renal

prostaglandin resulting in renal vasoconstriction, salt, and
water retention and more difficult-to-control high blood
pressure [24]. It is important to recognize excessive alcohol
intake and limit it as a correctable factor for treatment of
hypertension. It is also important to recognize sleep apnea
and treat this condition, for sleep apnea can contribute to
and cause hypertension, and treatment of sleep apnea has
been shown to facilitate the regression of left ventricular
hypertrophy [45].

6. Pharmacologic Strategies for Prevention and
Regression of Pathologic Hypertrophy

Choice of antihypertensive agents may be important when
treating a patient with hypertension and left ventricular
hypertrophy. The classes of antihypertensive agents that most
rapidly facilitate the regression of left ventricular hyper-
trophy are the angiotensin-converting enzyme inhibitors
and the angiotensin II receptor blockers followed by cal-
cium channel antagonists [46–49]. Angiotensin-converting
enzyme inhibitors and angiotensin II receptor blockers
are particularly effective because angiotensin II has been
found to have a direct tropic effect of the pathogenesis
of left ventricular hypertrophy [42, 50, 51]. Decrease in
left ventricular mass may occur in as little as three to six
months. The direct renin inhibitor aliskiren is also effective in
facilitating the regression of left ventricular mass [52]. Thus
far, the potential benefit of combining either an angiotensin
II receptor blocker or an angiotensin-converting enzyme
inhibitor with a direct renin inhibitor is under investigation.
The initial trial combining an angiotensin II receptor blocker
with a direct renin inhibitor did not show an additive benefit
on the regression of left ventricular hypertrophy [52].

Angiotensin-converting enzyme inhibitors also appear to
benefit patients with left ventricular hypertrophy because
they improve coronary endothelial function by bradykinin-
mediated release of nitric oxide and decrease myocardial
oxygen consumption by nitric oxide inhibition of mito-
chondrial respiration [53]. When initiating angiotensin-
converting enzyme inhibitors in patients, it is important
to warn the patients of the life-threatening side effect
of angioedema. This idiosyncratic side effect occurs in a
small number of patients. When on angiotensin-converting
enzyme therapy, patients should be warned if they start
developing shortness of breath or swelling of the throat
and tongue, they should stop the angiotensin-converting
enzyme inhibitor and immediately go to the emergency
room since this is a potentially life-threatening side effect.
When starting an angiotensin-converting enzyme inhibitor,
angiotensin II receptor blocker, or direct renin inhibitor, it
is also important to screen for a change in renal function.
A small number of patients who have unrecognized renal
artery stenosis, whether it be large vessel or small vessel
disease, will have a decrease in renal perfusion pressure
because of the loss of intrarenal angiotensin II maintenance
of renal perfusion balance between afferent and efferent
arterioles. In these patients, serum creatinine will increase
due to decreased glomerular filtration rate. This is easily
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detected by measuring a baseline serum creatinine and then
checking serum creatinine again within a week. If serum
creatinine increases by greater than 0.3 mg/dL from baseline,
the angiotensin-converting enzyme inhibitor, angiotensin
II receptor blocker, or direct renin inhibitor should be
discontinued, and this reversible decrease in glomerular
filtration rate will correct itself.

Thus far, the angiotensin-converting enzyme inhibitor
and the angiotensin II receptor blocker trials suggest treat-
ing risk factors beyond high blood pressure and should,
therefore, be used in hypertensive African American patients
with left ventricular hypertrophy independent of blood
pressure-lowering effects [54]. However, blood pressure
control is paramount to reduce cardiovascular morbidity
and mortality in these high-risk patients. Thus, other
classes of antihypertensive agents such as diuretics and
calcium channel blockers are usually needed in combina-
tion with an angiotensin-converting enzyme inhibitor or
an angiotensin II receptor blocker to achieve goal blood
pressure. Angiotensin-converting enzyme inhibitor cough
has been found to be more common in African Americans
than in whites. In contrast, angiotensin II receptor blockers
have consistently been found to have a side-effect profile
not greater than that of placebo. Therefore, an angiotensin
II receptor blocker may become an important addition to
the antihypertensive regimen of African Americans with left
ventricular hypertrophy.

Besides facilitating the regression of left ventricular
hypertrophy, calcium channel antagonists improve coronary
blood flow in patients with left ventricular hypertrophy
[55, 56]. Longer-acting calcium channel antagonists are
safe and appropriate for treatment of hypertensive patients
with left ventricular hypertrophy. Choice of calcium channel
antagonists should be dictated by the patient’s resting
heart rate and response to exercise. If a patient has a
hyperadrenergic response to exercise, verapamil, or diltiazem
are appropriate choices for symptomatic relief because
these calcium channel antagonists attenuate both the heart
rate and blood pressure response to exercise. In contrast,
traditional beta-adrenergic receptor blocking agents only
attenuate the heart rate response to exercise and actually can
(due to unopposed alpha constriction) cause an accentuated
systolic blood pressure elevation during exercise. In contrast,
carvedilol and labetalol which have alpha-blocking proper-
ties attenuate both heart rate and exercise response similar to
verapamil and diltiazem, thus, providing symptomatic relief
of symptoms of dyspnea or angina and also these agents
facilitate a slower heart rate to allow for better diastolic
filling of the ventricle. In older patients who have conduction
system disease and slower heart rates, dihydropyridines are
beneficial, and the dihydropyridine which best seems to
facilitate the regression of left ventricular hypertrophy is
amlodipine [49].

Several lines of evidence suggest that combining an
angiotensin-converting enzyme inhibitor or an angiotensin
II receptor blocker with amlodipine may have additive
effects, not only in blood pressure regulation, but to
facilitate the regression of left ventricular hypertrophy and
also decrease mortality [49]. Peripheral alpha-adrenergic

blocking agents, thiazide-type diuretics, and even traditional
beta-adrenergic receptor blocking agents also allow for left
ventricular hypertrophy regression over time [24, 46]. Cen-
trally acting alpha agonists have not been carefully studied
for their effects on left ventricular hypertrophy regression.
Direct vasodilators, such as minoxidil and hydralazine, which
further stimulate renin-angiotensin-aldosterone system and
sympathetic nervous system activity, although effective in
controlling blood pressure, are ineffective with regard to the
regression of left ventricular hypertrophy [24].

Current treatment recommendations for hypertensive
patients with left ventricular hypertrophy are based on blood
pressure lowering and do not specifically favor selection
of a particular beta-blocker over another except to avoid
beta-blockers with intrinsic sympathomimetic activity which
may increase left ventricular mass and increase the risk
of sudden death [24]. However, recent trials emphasize
the class heterogeneity that exists for beta-blockers and
provide a strong basis for preferred use of carvedilol in
these high-risk patients. Carvedilol is a unique molecule that
combines the properties of a nonspecific beta-blocker and
a specific alpha-1-blocker in a ratio of 2 : 3. Carvedilol also
possesses antioxidant properties. Several studies have shown
that carvedilol significantly reduces left ventricular mass and
myocardial fibrosis in both animals and humans [57, 58].
In patients with hypertensive left ventricular hypertrophy
and decreased coronary flow reserve, carvedilol treatment
compared to metoprolol treatment over six months showed
a greater decrease in left ventricular mass index and a greater
recovery in coronary flow reserve [59].

Patients with hypertensive left ventricular hypertrophy
are at an increased risk of progressing to left ventricular
systolic dysfunction heart failure [60]. Studies have shown
that angiotensin-converting enzyme inhibitors delay the
development of congestive heart failure [51]. Animal studies
indicate a role of oxidate stress causing myocyte apoptosis
in the transition of hypertrophy to systolic heart failure
[61]. Carvedilol with its complete sympathetic blockade
and antioxidant properties may be an appropriate choice
for the prevention of heart failure in these patients. This
concept is reinforced by the beneficial effects of carvedilol
for the reduction in morbidity and mortality in patients
after myocardial infarction and with systolic congestive heart
failure [62, 63].

Left ventricular hypertrophy and dyslipidemia are strong
and independent predictors of cardiovascular morbidity and
mortality with hypertension. Traditional beta-blockers have
been shown to worsen insulin resistance, facilitate weight
gain, and increase triglycerides [64]. Carvedilol in hyperten-
sive patients with diabetes has been found to have a neutral
effect on insulin resistance, weight, and triglycerides [64].
This favorable metabolic profile also suggests that carvedilol
is a better choice compared to traditional beta-blockers in
these high-risk patients. Similarly, other antihypertensive
agents indicated for treatment of hypertensive patients
with left ventricular hypertrophy, including angiotensin-
converting enzyme inhibitors, angiotensin II receptor block-
ers, calcium channel blockers, and central sympatholytic
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agents are lipid neutral. In contrast, peripheral alpha-
adrenergic blocking agents have been shown to increase HDL
cholesterol as well as decrease total and LDL cholesterol [24].
Thiazide-type diuretics and to some degree loop diuretics
increase total cholesterol. The thiazide-type diuretics at
dosages of 6.25 or 12.5 mg daily have only small effects on
total cholesterol. Of note, indapamide is lipid neutral and
thus has a somewhat different pharmacologic effect on lipids
compared to the other diuretics [24].

Diuretics in low dosage enhance the antihypertensive
effects of most antihypertensive medications. Older patients
with stiff vessels usually have a volume-sensitive hyperten-
sion, and a low dose of a thiazide-type diuretic can be very
effective therapy. However, when a patient’s creatinine clear-
ance is less than 50 mL/min, most thiazide-type diuretics are
less effective for volume control and antihypertensive ther-
apy. In these patients, alternatives would be chlorthalidone
or indapamide which are effective despite decreased renal
function. Loop diuretics can also be used in patients with
decreased renal function, but to achieve antihypertensive
responses, a loop diuretic, such as furosemide has to be
given twice daily. In patients with resistant hypertension,
thiazide-type diuretic is very important component of the
pharmacologic antihypertensive therapy. In the patient with
hypertension and left ventricular hypertrophy requiring
diuretic therapy, it is important to keep the potassium
between 4 and 5 mEq/L and magnesium at 2 mEq/L or
greater to decrease the risk of ventricular arrhythmias [65,
66]. When extracellular potassium is less than 4 mEq/L or
greater than 5 mEq/L, atrial and ventricular cells are depolar-
ized and more prone to atrial and ventricular arrhythmias.
Extracellular hypomagnesemia has also been shown to
depolarize atrial and ventricular muscle cells making them
more prone to atrial and ventricular arrhythmias [67].
Serum potassium and magnesium levels reflect extracellular
potassium and magnesium and, thus, are a sensitive guide
to replacement therapy. Left ventricular hypertrophy is a
substrate for ventricular arrhythmias because left ventricular
hypertrophy prolongs the QT interval. Left ventricular
hypertrophy in the setting of low potassium and/or low
magnesium increases the risk of ventricular arrhythmias and
even sudden death.

Evidence indicates that the aldosterone receptor blockers,
spironolactone, or eplerenone are effective in facilitating
the regression of left ventricular hypertrophy [68]. High
aldosterone levels in experimental animals have been found
to increase the fibrosis in the cardiac interstitial space, and
fibrosis is part of the process of pathologic left ventricular
hypertrophy. In experimental animals with left ventricu-
lar hypertrophy, the use of spironolactone or eplerenone
decreases the development of fibrosis in pathologic left
ventricular hypertrophy and even seems to facilitate its
regression. If a thiazide-type diuretic is required, con-
comitant use of spironolactone or eplerenone is useful in
conserving potassium and magnesium as well as facilitating
the regression of left ventricular hypertrophy. Of note, beta-
adrenergic receptor blocking agents, angiotensin-converting
enzyme inhibitors, and angiotensin II receptor blockers tend
to normalize the QT interval in patients with left ventricular

hypertrophy. Using the above pharmacologic agents, it is
important to not only achieve goal of blood pressure
of 130/80 mm Hg or better, but also to attenuate blood
pressure variability. Choosing antihypertensive agents with
longer half lives has a smoothing effect on blood pressure
and may explain the mortality benefits of longer-acting
angiotensin-converting enzyme inhibitors, angiotensin II
receptor blockers, amlodipine, and chlorthalidone [69].
Angiotensin-converting enzyme inhibitors, angiotensin II
receptor blockers, and dihydropyridine calcium-channel
blockers may also be effective in preventing or facilitating
the regression of left ventricular hypertrophy because these
medications reduce reflected pressure waves thus lowering
central (aortic) blood pressure [70]. A 3-4 mm Hg lower
central (aortic) blood pressure over time should result in less
left ventricular hypertrophy.

7. Future Novel Approaches to the
Treatment of Left Ventricular Hypertrophy in
Patients with Hypertension

A future potential therapeutic concept for the treatment of
hypertension and to facilitate the regression of left ventricu-
lar hypertrophy is inhibitors of 3-hydroxy-3-methylglutaryl
coenzyme A reductase (statins). Statins have been shown
to facilitate the regression of left ventricular hypertrophy in
various animal models of pathological myocardial growth
[71, 72]. In addition to the reduction of left ventricular
mass, statins have been shown to reduce myocardial fibrosis,
increase capillary density network, and attenuate electrical
instability of the hypertrophied heart. Most importantly,
statins improved systolic and diastolic left ventricular func-
tion and even decreased mortality. The mechanisms of these
beneficial effects are still under investigation. As statins lower
cholesterol, endothelial function improves and systolic blood
decreases by 2–4 mm Hg. The inhibition of hypertrophic
growth by statins is only partly achieved by the reduction
of hemodynamic overload. Direct mechanisms such as the
inhibition of neurohumoral activation in the myocardial
tissue, attenuated production of growth factors and markers
of inflammation, and the reduction of oxidative stress also
seem to participate. Thus, statins appear to exert biological
effects other than their cholesterol-lowering actions. The
additional protective effect of statins is associated with the
inhibition of expression and activation of small guanosin
triphosphate-binding proteins such as Ras and Rho which
control the intensity of oxidative stress, the production and
availability of nitric oxide, and the expression of genes
involved in myocardial growth. The data from these carefully
done animal studies document novel effects of statins on
left ventricular hypertrophy and open a potential new
therapeutic strategy for patients with cardiac hypertrophy.
Clinical trials to test statins benefit in patients at risk with
left ventricular hypertrophy are in progress.

Another potential therapeutic target for the treatment
of hypertension and to facilitate the regression of left
ventricular hypertrophy is the renal sympathetic efferent and
afferent nerves, which lie within and immediately adjacent



International Journal of Hypertension 7

to the wall of the renal arteries, and contribute to the
maintenance of hypertension [73]. Because the causative
factors of hypertension change over time, the denervation
of both efferent and afferent renal sympathetic nerves
should result in long-term attenuation of hypertension.
The importance of the renal nerves in the hypertensive
patient has now been defined with the novel development
of percutaneous, minimally invasive renal denervation from
within the renal artery using radiofrequency energy as a
therapeutic strategy. Studies, thus far, show that catheter-
based renal denervation in patients with resistant essential
hypertension lowers systolic blood pressure 27 mm Hg by
12 months with the estimated glomerular filtration rate
remaining stable [74]. The decrease in arterial pressure after
renal denervation is associated with decreased peripheral
sympathetic nervous system activity suggesting that the
kidney is a source of significant sympathetic outflow via
afferent renal nerve activity. Patients whose hypertension
is mediated by important sympathetic nervous system-
renal factors represent a new potential therapeutic target
for, not only treatment of resistant hypertension, but also
left ventricular hypertrophy. Since increased central sympa-
thetic outflow is believed to contribute to left ventricular
hypertrophy, the reduction of central sympathetic outflow
following renal denervation may facilitate the regression of
left ventricular hypertrophy. If proved true in prospective
studies, this therapy may have unique value in reversing
left ventricular hypertrophy. This concept is supported, thus
far, in a recent case report of a 59-year-old patient with
longstanding essential hypertension resistant to multidrug
treatment [75]. After renal denervation, a gradual reduction
of systolic blood pressure of 30 mm Hg over 12 months was
accompanied by an eight percent decrease in left ventricular
mass as measured by cardiovascular magnetic resonance.

8. Conclusions

Hypertensive left ventricular hypertrophy is a pathologic
response resulting in diastolic dysfunction and decreased
coronary flow reserve. Left ventricular hypertrophy increases
the risk for atrial fibrillation, diastolic heart failure, systolic
heart failure, and sudden death in patients with hyper-
tension. An echocardiogram and cardiovascular magnetic
resonance are useful tools to access left ventricular mass.
Controlling arterial pressure, sodium restriction, and weight
loss independently facilitate the regression of left ventricular
hypertrophy. Angiotensin-converting enzyme inhibitors or
angiotensin II receptor blockers followed by calcium channel
antagonists most rapidly facilitate the regression of left
ventricular hypertrophy. Increasing evidence indicates that
aldosterone receptor blockers are effective in facilitating the
regression of left ventricular hypertrophy. Chlorthalidone
appears to be the most effective thiazide-type diuretic
for treatment of hypertension. Carvedilol appears to be
the beta-blocker of choice in patients with hypertensive
left ventricular hypertrophy. Future novel approaches to
the treatment of left ventricular hypertrophy in patients
with hypertension are to facilitate regression with statins

and to attenuate the hypertension using cather-based renal
sympathetic denervation.
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Background/Aims. Arterial stiffness is an independent risk factor for cardiovascular morbidity and mortality. This study was
conducted to determine the effect of olmesartan (OLM) and azelnidipine (AZL) on arterial stiffness using the cardio-ankle
vascular index (CAVI), which is a novel blood pressure (BP)-independent marker for arterial stiffness in hypertensive patients.
Methods. Fifty-two consecutive hypertensive patients were randomly assigned either to a group treated with OLM monotherapy
or to a group treated with OLM and AZL combination therapy. Clinical and biological parameters were measured before and 12
months after the start of this study. Results. Both therapies significantly and similarly reduced BP, augmentation index, and plasma
aldosterone levels. The combination therapy significantly decreased CAVI and serum low-density lipoprotein (LDL-C) levels
and these reductions were significantly greater than those produced with monotherapy. No significant differences in metabolic
parameters were observed between the two therapies. Conclusion. The combination therapy with OLM and AZL had beneficial
effects on arterial stiffness assessed by CAVI, LDL-C, and metabolism, despite the similar BP reduction, compared with OLM
monotherapy. Since these markers are known to influence the future risk of cardiovascular events, combination therapy with
OLM and AZL could be a useful choice for treating hypertensive patients.

1. Introduction

Arterial stiffness is an important risk factor for cardio-
vascular morbidity and mortality [1] and can be assessed
using several methods including pulse pressure (PP), the
augmentation index (AI), and pulse wave velocity (PWV).
These parameters are readily determined on an outpatient
basis and are well correlated with the risk of cardiovascular
events [1–3]. The cardioankle vascular index (CAVI) is a
novel marker of arterial stiffness that is calculated from the
PWV and adjusted according to the BP values. Therefore,
CAVI is more independent of the BP effect than conventional
markers [4]. In addition, CAVI has been shown to be a

biomarker for the evaluation of the severity of arterial fibrosis
with higher sensitivity and specificity than PWV [4].

Both experimental data and clinical evidence suggest
that the renin-angiotensin system (RAS) contributes to
the pathogenesis of a number of cardiovascular diseases.
Angiotensin II type 1 receptor blockers (ARBs) are currently
some of the most wildly used antihypertensive drugs. ARBs
reduce BP and also affect cardiovascular properties to protect
heart and kidney function [5]. We have demonstrated
that losartan, candesartan, and telmisartan improve arterial
stiffness as assessed by CAVI [6–8]. Olmesartan (OLM)
significantly decreases CAVI in patients with hypertension
and diabetes [9, 10], but whether it is more effective alone
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than together with azelnidipine (AZL) treatment remains
uncertain.

The aim of this study was to evaluate the protective effects
of OLM and add-on AZL on arterial stiffness in patients
with essential hypertension. Arterial stiffness was assessed by
measuring CAVI, the augmentation index (AI), and the max-
imum of the carotid intima-media thickness (MAX-IMT).

2. Patients and Methods

2.1. Study Population and Design. The subjects of the present
study were 52 consecutive hypertensive patients with arte-
rial stiffness and untreated hypertension or uncontrollable
hypertension treated with medications other than RAS
inhibitors. In patients without comorbid illness, hyperten-
sion was defined as a clinic systolic BP of >140 mmHg at any
time and/or a clinic diastolic BP of >90 mmHg at any time
and/or a systolic BP of >130 mmHg in the morning and/or a
diastolic BP of >85 mmHg in the morning. In patients with
diabetes mellitus and chronic kidney disease, hypertension
was defined as a clinic systolic BP of >130 mmHg at any time
and/or a clinic diastolic BP of >80 mmHg at any time. In
patients with metabolic syndrome, hypertension was defined
as a clinic systolic BP of >130 mmHg at any time and/or a
clinic diastolic BP of >85 mmHg at any time.

All of the patients were randomly assigned to either a
group treated with OLM alone (monotherapy group) or a
group treated with OLM combined with AZL (combination
therapy group). The target BP was defined as <130/85 mmHg
in patients without any complications and <130/80 mmHg
in patients with diabetes mellitus, chronic kidney disease,
or metabolic syndrome. Patients in the monotherapy group
were first treated with 20 mg/day of OLM for 4 weeks, and the
dose of the OLM was subsequently titrated up to 40 mg/day.
If the target BP was not achieved, additional antihypertensive
medications other than RAS inhibitors and calcium channel
blockers were added. Patients treated with combination
therapy were first treated with 20 mg/day of OLM for 4
weeks, and 16 mg/day of AZL was subsequently added.

The dose of the OLM was increased up to 40 mg/day
until the target BP was attained. Additional antihypertensive
agents other than RAS inhibitors and calcium channel block-
ers were further added unless the BP fell below the target
BP despite treatment with 40 mg/day of OLM combined
with 16 mg/day of AZL. Clinical and biological parameters
were measured before and 12 months after the start of this
study. During the study period, previous medications and
therapies other than antihypertensive drugs were continued.
The study was approved by the Review Board of Keio
University Medical School Hospital and written informed
consent was obtained from every subject.

Serum levels of creatinine (Cr), estimated glomerular
filtration rate (eGFR), cystatin C, potassium (K), uric acid
(UA), triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), gly-
coalbumin (GA), plasma levels of atrial natriuretic peptide
(ANP), brain natriuretic peptide (BNP), the active renin
concentrations (ARC), and aldosterone were measured in
venous blood samples. The albumin creatinine ratio (ACR)

was measured in urinary samples drawn on the morning
after an overnight fast on the same days as the ankle-
brachial index (ABI), cardioankle brachial index (CAVI),
augmentation index (AI), and BP measurements and the
maximum of carotid intima-media thickness (MAX-IMT)
measurements were performed.

2.2. Ambulatory Blood Pressure Monitoring. An oscillom-
etric-based device (TM-2431; A&D Co., Tokyo, Japan) was
used to perform 24-hour ambulatory BP monitoring. The BP
was measured every 30 minutes during the day (between 6:00
AM and 10:00 PM) and every 60 minutes during the night
(between 10:00 PM and 6:00 AM). The mean values and the
standard deviations of the ambulatory BP for each subject
were calculated for a 24-hour period. The standard deviation
of the ambulatory BP values was recorded as the variability
of ambulatory BP in this study. The nocturnal decrease in
BP was calculated as the average systolic BP during the day
minus the average systolic BP during the night. The morning
BP surge was calculated as the highest systolic BP during the
first 2 hours after waking minus the lowest systolic BP during
the night.

2.3. Cardioankle Vascular Index. The CAVI was measured
using a VaSera VS-1000 vascular screening system (Fukuda
Denshi Co. Ltd., Tokyo, Japan), as described previously [11].
Cuffs were applied to bilateral upper arms and ankles, with
the subjects lying in a supine position and holding their
heads along the midline. ECG electrodes were placed on both
wrists, and a microphone for detecting heart sounds was
placed over the sternum. The patients rested in this supine
position for at least 10 minutes before the start of monitor-
ing. The CAVI was calculated using the following formula:

CAVI = a
{(

2ρ
ΔP

)
× ln

(
Ps
Pd

)
PWV2

}
+ b, (1)

where, Ps is the systolic blood pressure, Pd is the diastolic
blood pressure, ΔP is Ps − Pd, ρ is blood density, and a and b
are constants.

2.4. Augmentation Index. The AI was measured using
an automated tonometric device (HEM-9000AI; Omron
Healthcare Co., Ltd., Kyoto, Japan), as described previously
[7]. Peripheral pressure waveforms were recorded over 30
seconds from the radial artery at the wrist with the subjects
in a sitting position after resting for at least 5 minutes. The
AI was calculated using the following formula

AI =
(
late systolic BP− diastolic BP (DBP)

)
(
systolic BP−DBP

) × 100 (%).

(2)

2.5. Albumin Creatinine Ratio (ACR). ACR was evaluated
on the basis of the mean albumin-to-creatinine ratio in
three nonconsecutive overnight urine samples. The uri-
nary concentrations of albumin and creatinine were deter-
mined using a turbidimetric immunoassay with a Superior-
Microalbumin kit (DPC Co., Tokyo, Japan) and with the Jaffé
reaction using an autoanalyzer.
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2.6. Carotid Intima-Media Thickness. Ultrasonography B-
mode imaging of the carotid artery was performed using
a PowerVision 6000 machine (Toshiba, Tokyo, Japan) at a
transducer frequency of 7.5 MHz. Each subject was examined
while in a supine position. Up to 4 cm of the common carotid
artery and the carotid bulb were scanned bilaterally using
longitudinal and transverse projections. The images were
focused on the far wall of the artery. Intima-media thickness
(IMT) was defined as the distance between the leading edge
of the lumen-intima interface and the leading edge of the
media-adventitia interface of the far wall. The greatest IMT
value in the bilateral longitudinal projections was recorded
as the MAX-IMT. All measurements were performed under
blind conditions. The mean intraobserver and interobserver
coefficients of variation for the maximum IMT were 4.3%
and 4.7%, respectively.

2.7. Statistical Analyses. Analyses were performed using
Microsoft Office Excel 2007 and StatView 5.0. software
(SAS Institute Inc., Cary, NC, USA). Fisher’s exact test was
used to analyze sex and the frequency of diabetes mellitus,
smoking, and the use of statins. The Mann-Whitney U test
was used to analyze the age and body mass index. The
changes in the biological parameters were analyzed using a
Student t-test and a two-way analysis of variance for repeated
measures combined with Tukey-Kramer posthoc tests. The
contributions of changes in variables to changes in CAVI
were tested using a regression analysis and an analysis of
covariance. A P value < .05 was considered significant. Data
are presented as the means ± SEM.

3. Results

No significant differences were observed in the baseline
patient characteristics between the monotherapy group and
the combination therapy group, with the exception of the
serum K level (Table 1).

During the 12-month treatment period, the clinic systolic
BP, the clinic diastolic BP, the 24-hour ambulatory systolic
BP, the 24-hour ambulatory diastolic BP, the daytime systolic
BP, the daytime diastolic BP, and the nighttime systolic
BP decreased significantly both after the monotherapy and
combination therapy, although no significant difference was
observed between the two groups (Table 2). The night-
time diastolic BP decreased significantly after combina-
tion therapy whereas it did not change significantly after
monotherapy. The nocturnal decrease reduced significantly
after monotherapy whereas it did not change significantly
after combination therapy. No significant changes in the
morning SBP surge or the SBP variability were seen during
the 12-month observation period in either group.

Figure 1 shows the changes in primary outcomes includ-
ing ACR, ANP, BNP, ABI, MAX-IMT, and arterial stiffness
as assessed by CAVI and AI in both groups. The CAVI
decreased significantly from 8.4 ± 0.2 to 7.8 ± 0.2 after
combination therapy, whereas it did not change significantly
after monotherapy. The reduction after the combination
therapy was significantly greater than the monotherapy.
The AI decreased significantly after both monotherapy and

combination therapy, from 83.8± 2.8 to 71.9± 3.7, and from
75.2 ± 4.3 to 68.8 ± 3.3, respectively. The ACR, ANP, BNP,
and MAX-IMT did not change significantly in either group.

During the 12-month observation period, the serum
LDL-C level decreased significantly from 127 ± 6 to 109 ±
8 mg/dL after combination therapy whereas a significant
change was not observed after monotherapy (Figure 2).
The reduction after combination therapy was significantly
greater than the monotherapy. The plasma aldosterone
level decreased significantly after both monotherapy and
combination therapy, from 205± 23 to 155± 20 pg/dL, from
194 ± 18 to 125 ± 9 pg/dL, respectively, but no significant
difference was observed between the two groups.

During the 12-month observation period, the reduction
in CAVI, ABI, and serum LDL-C level was significantly
greater after the combination therapy than the monotherapy
after adjustment by the baseline value (Figures 3 and 4).

An ANCOVA analysis to examine whether the changes
in the LDL-C, plasma aldosterone, ABI, AI, clinical BP, 24-
h BP, daytime BP, and nighttime BP affected the change in
CAVI during the combination therapy (Table 3). The changes
in the ABI and clinic SBP contributed significantly to the
decrease in CAVI after combination therapy.

4. Discussion

The present study demonstrates that OLM plus AZL signif-
icantly improve the CAVI in hypertensive patients, which
reflects arterial stiffness. Although the reduction in the CAVI
in the combination therapy group was correlated with clinic
SBP, the beneficial effect of OLM and AZL on arterial stiffness
was independent of BP changes. There was no significant
difference in the reduction of brachial systolic BP between
the two treatments. It has been shown that the combination
of OLM and AZL has beneficial effects on the properties of
the cardiovascular system. Stimulation of the Angiotensin II
type 1 receptor results in stimulation of L-type calcium chan-
nels and induces the influx of extracellular calcium through
calcium channels. This calcium influx results in a sustained
elevation of intracellular calcium [12]. The L-type calcium
channel blocker (CCB) AZL enhances the effect of ARBs
on vascular remodeling independently of blood pressure
[13]. Moreover, AZL has been implicated in augmenting the
inhibitory effect of ARB compared with other L-type CCBs
such as nifedipine and amlodipine [14]. Coadministration
of AZL and OLM synergistically blunts oxidative stress partly
through the inhibition of Akt activity and exerts antiathero-
genic actions by inhibiting VSMC migration and vascular
remodeling. Combination therapy has a beneficial effect
on central systolic BP and arterial stiffness, and enhances
the effects of monotherapy with these drugs in treating
atherosclerosis [14–17]. The combination of AZL with OLM
acts to prevent hypertensive heart failure with preserved
systolic function in a rat model of this disease. Combination
therapy produces a greater reduction in cardiac fibrosis by
inhibiting the increase in elastolytic activity induced by acti-
vation of NADPH oxidase [18, 19]. Simultaneous treatment
with exercise and OLM plus AZL produces renal protective
effects in the rat model. This suggests that the treatment may
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Table 1: Patient characteristics at baseline.

Characteristics Olmesartan Olmesartan + Azelnidipine P

Number 26 26 .999

Age (yr) 54.1± 2.2 51.7± 2.0 .423

Male gender (n) 21 21 .495

BMI (kg/m2) 23.5± 0.7 25.8± 0.9 .052

WC (cm) 84.8± 2.3 91.9± 2.8 .053

DM (n) 3 1 .610

Smoker (n) 0 5 .051

Use of statin (n) 5 4 .999

Serum Cr (mg/dL) 0.92± 0.05 0.91± 0.06 .880

eGFR (mL/min/1.73 m2) 67.7± 2.9 72.0± 4.0 .390

Cystatin C (mg/dL) 0.74± 0.03 0.80± 0.06 .450

Serum K (mEq/L) 4.4± 0.1 4.2± 0.1 .010

Serum UA (mg/dL) 6.6± 0.3 6.0± 0.2 .345

Serum TG (mg/dL) 154± 23 196± 23 .209

Serum HDL-C (mg/dL) 60± 4 53± 3 .176

Serum LDL-C (mg/dL) 115± 6 122± 5 .451

GA (%) 14.6± 0.3 14.0± 0.3 .173

ANP (pg/mL) 29.8± 5.1 28.0± 3.2 .758

BNP (pg/mL) 19.8± 6.9 24.1± 11.3 .755

Plasma ARC (pg/mL) 9.6± 1.5 15.6± 4.3 .201

Plasma aldosterone (pg/mL) 205± 16 209± 21 .866

UAE (mg/gCr) 27.4± 10.9 37.4± 13.8 .572

Clinic SBP (mmHg) 159± 2 166± 5 .247

Clinic DBP (mmHg) 102± 8 105± 3 .444

24-h SBP (mmHg) 144± 2 145± 3 .772

24-h DBP (mmHg) 90± 1 90± 2 .766

Daytime SBP (mmHg) 148± 2 149± 3 .732

Daytime DBP (mmHg) 92± 1 92± 2 .769

Nighttime SBP (mmHg) 130± 3 128± 3 .608

Nighttime DBP (mmHg) 83± 2 80± 2 .297

Nocturnal decrease (mmHg) 17± 2 20± 3 .436

Morning surge (mmHg) 29± 3 38± 4 .090

SBP variablity (mmHg) 20± 1 22± 1 .178

ABI 1.07± 0.04 1.11± 0.01 .386

CAVI 7.8± 0.4 8.3± 0.2 .192

AI (%) 81.0± 2.5 78.6± 3.1 .563

Mean IMT (mm) 0.9± 0.1 0.9± 0.1 .797

Data are the means ± SEM. BMI, body mass index; WC, waist circumference; DM, diabetes mellitus; Cr, creatinine; eGFR, estimated glomerular
filtration rate; K, potassium; UA, uric acid; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; GA,
glycoalbumin; ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; ARC, active renin concentration; UAE, urinary albumin excretion; SBP, systolic
blood pressure; DBP, diastolic blood pressure; ABI, ankle-brachial index; CAVI, cardioankle vascular index; AI, augmentation index; IMT, intima-media
thickness.

affect macrophage infiltration to the glomerulus, fibroblast
accumulation in the glomerulus, mesangial activation, and
podocyte differentiation [20]. Combination therapy protects
against cyst enlargement in polycystic kidney disease by
suppressing interstitial inflammation, fibrosis, and oxidative
stress through upregulating eNOS expression during the
course of the disease [21]. Taken together, the combination of
OLM plus AZL provides additional cardiovascular protective
effects on arterial stiffness resulting in an improvement in the
CAVI. Since arterial stiffness is a powerful and independent

risk factor for mortality in cardiovascular events, OLM plus
AZL could be a first-line antihypertensive drug [22].

The AI is another marker of arterial stiffness and reflects
the central aortic pressure [23, 24]. Vascular stiffening causes
an increase in the amplitude and early return of the reflected
wave during systole, with augmentation of the central systolic
BP and a resultant increase in AI [25]. We have shown that
ARBs decrease the AI [7, 8] but there has not been any prior
study focusing on the effect of OLM on AI. In the present
study, OLM produced a reduction in the AI whereas AZL has
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Table 2: Changes in blood pressure during the study period.

Therapy Olmesartan Olmesartan + Azelnidipine P

Baseline 12 months Baseline 12 months Between therapies

Clinic SBP 157 ± 2 141 ± 3∗ 165 ± 6 143± 4∗ .430

Clinic DBP 100 ± 2 87 ± 3∗ 106 ± 4 91± 3∗ .813

24-h SBP 144 ± 3 129 ± 3∗ 147 ± 4 134± 4∗ .726

24-h DBP 90 ± 2 81 ± 2∗ 92 ± 2 82± 2∗ .779

Daytime SBP 149 ± 4 133 ± 3∗ 152 ± 4 138± 4∗ .708

Daytime DBP 93 ± 9 84 ± 2∗ 94 ± 3 85± 2∗ .820

Nighttime SBP 128 ± 5 113 ± 3∗ 129 ± 4 116± 5∗ .852

Nighttime DBP 81 ± 4 72 ± 2 83 ± 2 72± 2∗ .684

Nocturnal decrease 17 ± 2 9 ± 2∗ 20 ± 3 15± 3 .472

Morning surge 33 ± 5 32 ± 3 40 ± 5 38± 4 .921

SBP variability 21 ± 2 21 ± 2 23 ± 1 22± 2 .738

Units are mmHg. Data are the means ± SEM. SBP, systolic blood pressure; DBP, diastolic blood pressure. ∗P < .05 versus the baseline value.

Table 3: Effects of percent changes in LDL-C, plasma aldosterone, ABI, AI, clinical BP, 24-h BP, daytime BP, and nighttime BP on percent
changes in CAVI after combination therapy.

ANCOVA Coefficient SE t-value P

Intercept −17.930 9.220 −1.945 .0696

ΔLDL 0.547 10.422 0.052 .9588

Intercept −48.479 26.262 −1.846 .0878

Δplasma aldosterone 30.080 27.760 1.084 .2982

Intercept −0.061 0.021 −2.893 .0106

ΔABI −0.052 0.024 −0.479 .0441

Intercept −7.475 3.985 −1.876 .0852

ΔAI −1.744 4.932 −0.354 .7298

Intercept −8.027 7.571 −1.060 .3048

Δclinic SBP 21.792 8.558 2.546 .0216

Intercept −10.428 4.509 −2.313 .0344

Δclinic DBP 6.750 5.096 1.325 .2039

Intercept −7.595 4.425 −1.717 .1066

�24h SBP 8.584 4.896 1.753 .1000

Intercept −8.952 3.175 −2.819 .0129

Δ24h DBP 1.042 3.513 0.297 .7708

Intercept −9.199 4.478 −2.054 .0578

Δdaytime SBP 6.761 4.955 1.364 .1926

Intercept −9.811 3.172 −3.093 .0074

Δdaytime DBP −0.711 3.509 −0.203 .8422

Intercept −6.706 4.743 −1.414 .1778

Δnighttime SBP 9.909 5.248 1.888 .0785

Intercept −7.240 3.250 −2.228 .0416

Δnighttime DBP 5.993 3.596 1.666 .1164

LDL-C, low-density lipoprotein cholesterol; ABI, ankle-brachial index; AI: augmentation index; BP: blood pressure; CAVI: cardioankle vascular index;
ANCOVA: analysis of covariance; SE: standard error.
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Figure 1: Cardioankle vascular index (CAVI), augmentation index (AI), ankle-brachial index (ABI), maximum of intima-media thickness
(MAX-IMT), urinary albumin to creatinine ratio (ACR), serum atrial natriuretic peptide (ANP), and serum brain natriuretic peptide (BNP)
at baseline and after 12 months of treatment with olmesartan monotherapy (open circles) or combination therapy with olmesartan and
azelnidipine (closed circles). ∗P < .05 versus the baseline value. †P < .05 versus the olmesartan monotherapy.

been previously shown to cause a significant reduction in AI
in combination with ARBs [26]. This was confirmed in the
present study indicating that combination therapy results in
a reduction in AI. Since there was not any difference in the
decrease in the AI between the two therapies, the reduction
could be explained by the vascular protective effects of the
OLM.

In this study a significant reduction in the serum LDL-
C levels after the combination therapy was observed. This
improvement in the serum LDL-C levels can be attributed
to azelnidipine, since OLM monotherapy did not produce
a decrease in the serum LDL-C levels. A previous study
showed that the antioxidant effect of azelnidipine may have
participated in the reduction of plasma malondialdehyde-
modified LDL (MDA-LDL) levels [27]. The antioxidant

effect of AZL possibly participated in the reduction of plasma
MDA-LDL levels [28, 29]. In this respect, combination
therapy would be preferable for hypertensive patients with
comorbid dyslipidemia.

In the present study, the metabolic parameters were not
significantly altered in either treatment group. This confirms
previous reports that show that the incidence of adverse
events is similar in the combination and the monotherapy
groups [30]. Thus, the present study also confirmed the
metabolic safety of OLM and AZL.

Some limitations in interpreting the results of the present
study need to be recognized. These include that the trial
population was comparatively small and the observation
period was relatively short. A longer observation with a
larger number of subjects might more clearly elucidate
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Figure 2: Serum creatinine (Cr), estimated glomerular filtration rate (eGFR), serum cystatin C, serum K, serum uric acid (UA),
glycoalbumin (GA), serum high-density lipoprotein cholesterol (HDL), serum low-density lipoprotein cholesterol (LDL-C), serum
triglyceride (TG), plasma active renin concentration (ARC), and plasma aldosterone at baseline and after 12 months of treatment with
olmesartan monotherapy (open circles) or combination therapy with olmesartan and azelnidipine (closed circles). ∗P < .05 versus the
baseline value, †P < .05 versus the olmesartan monotherapy.
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the beneficial and adverse effects of OLM and AZL. In
addition, prognostic events were not examined in the present
study. Therefore, further studies are needed to confirm the
benefits and safety of OLM and AZL therapy.

In conclusion, the combination treatment with OLM and
AZL compared with OLM monotherapy produces beneficial
effects on arterial stiffness as assessed by CAVI, as well as by
the level of LDL-C, despite a similar reduction of BP. Since
these markers are known to influence the future risk for car-
diovascular events in hypertensive patients, the combination
of OLM and AZL could well be a reasonable antihypertensive
management for the treatment of hypertensive patients.
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Arterial chronic hypertension (HTN) is a well-known cardiovascular risk factor for development of atherosclerosis. In order to
explain the relation between HTN and acute coronary syndromes the following factors should be considered: (1) risk factors
are shared by the diseases, such as genetic risk, insulin resistance, sympathetic hyperactivity, and vasoactive substances (i.e.,
angiotensin II); (2) hypertension is associated with the development of atherosclerosis (which in turn contributes to progression of
myocardial infarction). From all the registries and the data available up to now, hypertensive patients with ACS are more likely to be
older, female, of nonwhite ethnicity, and having a higher prevalence of comorbidities. Data on the prognostic role of a preexisting
hypertensive state in ACS patients are so far contrasting. The aim of the present paper is to focus on hypertensive patients with
ACS, in order to better elucidate whether these patients are at higher risk and deserve a tailored approach for management and
followup.

1. Introduction

Arterial chronic hypertension (HTN) is one of the estab-
lished cardiovascular risk factors for development of
atherosclerosis [1] and an increased incidence of peripheral
vascular disease [2], cerebrovascular disease [3], chronic
renal disease [4], and coronary artery disease [5]. It is also an
important risk factor for heart failure, myocardial infarction,
stroke, and cardiovascular death [6, 7].

In patients with acute myocardial infarction (AMI),
the prevalence of antecedent hypertension varies from 31
to 59% [8, 9]. According to the available evidence, it is
not clear whether previously known hypertensive patients
have an increased rate of adverse outcomes after AMI
including stroke, heart failure, and cardiovascular death [10].
Conversely, in non-ST elevation acute myocardial infarction
(NSTEMI), HTN is an independent factor for major short-
and long-term cardiac adverse outcome [11].

So far, data on long-term prognostic impact of hyper-
tension in patients with acute coronary syndrome (including
ST-elevation myocardial infarction (STEMI), NSTEMI, and

unstable angina) are still controversial, and scarce data are
available up to now. The aim of the present paper is to
focus on hypertensive patients with ACS, in order to better
elucidate whether these patients are at higher risk and
deserve a tailored approach for management and followup.

2. Epidemiology and Prevalence of HTN
in Patients with Acute Coronary Syndromes

Arterial hypertension is one of the main factors leading to
atherogenesis and the development of vulnerable plaques
whose instability or rupture (which in turn results in
thrombosis and vessel occlusions) are responsible for the
development of acute coronary syndromes (ACS).

In the general population, the prevalence of hypertension
rises progressively with age in both men and women, but
it is higher at all ages in blacks in whom it is a stronger
risk factor for coronary artery disease in respect to whites.
About 54% of the United States population aged 65 to 74
years is hypertensive while among blacks the prevalence
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of hypertension is 72% [12]. The age- and sex-adjusted
prevalence of hypertension (at the 140/90 mm Hg threshold)
is 28% in the North American countries and 44% in the
European countries [13].

In GUSTO-1 trial, 41021 STEMI patients who presented
within 6 hours of symptom onset were randomized to receive
different thrombolytic regimens: in this population the
prevalence of a history of previous hypertension was 38.1%
(15544 of 41021) [14]. In the GISSI-2 (Gruppo Italiano per
lo Studio della Streptochinasi nell’Infarto) which included
20491 patients with STEMI randomized to a 2×2 protocol of
thrombolysis, a history of HTN was present in about 35% of
the whole population [15]. However, to date, the prevalence
of arterial hypertension in patients with acute myocardial
infarction (AMI) has not been adequately investigated, since
most data were obtained from studies performed in the
prefibrinolytic era (when drugs such as aspirin, statins, or
beta-blockers were not yet part of the routine therapeutic list
and few diagnostic or interventional procedures were carried
out) or from clinical trials in which the patient characteristics
differed considerably from those found in routine clinical
practice.

More recently, other studies focused on patients with
STEMI submitted to primary PCI [16, 17] in which a
previous history of hypertension was present in a range of
30–33%. The SYMPHONY trial [18] showed a prevalence of
HTN in STEMI patients of more than 50% (probably due
to different criteria of selection of the study population),
and a recent Spanish registry (PRIMVAC) reported a 46%
prevalence of hypertension in STEMI patients [19]. Similarly,
in a recent paper by our group, performed in 856 STEMI
patients all submitted to primary PCI, a previous history of
hypertension was detectable in 50.6% (median age 67 years)
[20].

From all the registries and the data available up to now
[12–20], hypertensive patients with STEMI are more likely
to be older, female, of non-white ethnicity, and having a
higher prevalence of comorbidities such as diabetes, hyperc-
holesterolemia, chronic renal failure, history of cardiac heart
failure, prior myocardial infarction, and prior myocardial
revascularization (angioplasty and stent implantation or
coronary artery bypass graft) [21].

In epidemiological studies performed in non-ST eleva-
tion myocardial infarction (NSTEMI) patients, chronic HTN
is the most prevalent risk factor being detectable in almost
two thirds of entire population [22]. This higher prevalence
of HTN in NSTEMI in respect to STEMI patients (about
70–75% versus 30–40%) could be justified by the fact that
NSTEMI patients are usually older and affected by more co-
morbidities in respect to STEMI patients.

3. Hypertension in STEMI: Main
Pathophysiologic Mechanisms

The relation between HTN and myocardial infarction can be
mainly explained underscoring two key factors: (1) common
risk factors shared by the two diseases, such as genetic risk
profiles, insulin resistance, sympathetic hyperactivity, and

vasoactive substances (i.e., angiotensin II) and (2) hyper-
tension is associated with accelerated atherosclerosis, which
contributes to progression of myocardial infarction [23]
(Figure 1). Genetic risk factors, specifically gene polymor-
phisms of the angiotensinogen-converting enzyme (ACE)
and of the renin-angiotensin-aldosterone system (RAS),
could represent a “common milieu” responsible for both
hypertension and myocardial infarction, in a specific subset
of patients at high risk for cardiovascular complications
[24, 25].

Insulin resistance is another risk factor: [26] hyperin-
sulinemia is known to contribute to development of both
atherosclerosis and hypertension. In fact, decreased effect
of insulin on vascular smooth muscle tissue may result
in decreased ability to modulate vascular smooth muscle
cytoplasmic calcium and enhanced contractility (the so-
called “insulin resistance-induced hypertension”). Hyper-
insulinemia can also promote atherosclerosis and vascular
remodeling: in insulin-resistant patients the left ventricular
mass index is greater and the intimal-medial complex of
the common carotid artery and the frequency of plaques in
carotid artery are higher. In a recent study by our group in
253 nondiabetic STEMI patients submitted to percutaneous
coronary intervention, acute insulin resistance, as assessed by
HOMA index, was quite common and helped in the early
prognostic stratification, as it represented an independent
predictor of in-hospital mortality [27]: in this series 47.2%
of patients had a history of HTN on admission.

Furthermore, in hypertensive patients, an hyperactiv-
ity of sympathetic tone may promote atherosclerosis by
worsening insulin resistance, through sympathetic vasocon-
striction on glucose extraction in skeletal muscle, beta-
adrenoreceptor-mediated insulin resistance, and vascular
rarefaction because of the closure of the smaller vessels due
to vascular hypertrophy. Sympathetic hyperactivity itself also
contributes to a higher risk of sudden death, coronary spasm,
and coronary thrombosis [28].

The role of vasoactive substances, such as angiotensin
II, endothelin, natriuretic peptides, and nitric oxide, in
hypertensive patients is still under debate. Recent researches
underscored the role of vascular, local produced angiotensin
II, in opposition to its circulating form, in remodeling of
vascular structures such as aortic wall in animal models
[29]. One of the main factors leading to the development of
atherosclerosis in hypertensive patients’ vessels is mechanical
stress. It consists of three-dimensional forces: shear stress,
transmural pressure, and wall stress. Shear stress has been
shown to be responsible for the activation of angiotensin
II in HTN patients since cultured endothelial cells exposed
to shear stress have a higher expression of ACE gene.
Transmural pressure produces a “net effect of pressure” on
endothelial cells in vitro (in lack of other forces) and vascular
smooth cells, thus enhancing the production and growth
of new smooth cells. Lastly, stretch stress or wall stress,
in cultured vascular smooth muscle cells, can increase the
release of factors stimulating the DNA and protein synthesis;
stretched smooth cells in turn induce ACE activity and cell
growth, finally causing a muscle cell hypertrophy [30].
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Figure 1: Pathophysiological factors that link hypertension and acute myocardial infarction.

A chronic hypertensive state causes cardiac hypertro-
phy which is an independent risk factor for myocardial
infarction. Left ventricular hypertrophy is associated with
increased oxygen demand leading to the development of new
arterial vessels (collaterals) to supply the myocardium. This
collateral circulation, driven by pressure gradient, is more
effective in the subepicardial layer than in subendocardial
layer, which therefore results in being more exposed to
ischemia and infarction. During an acute coronary ischemic
event, systolic blood pressure and decreased wall tension of
ischemic area result in patency of small vessels, giving some
blood supply to the ischemic area. On the other side, large
reduction of diastolic blood pressure more often leads to
ischemia, despite the lack of total vessel occlusion [31].

Lastly, hypertensive state is characterized by hemorhe-
ological abnormalities, such as hyperviscosity, endothelial
dysfunction, and a prothrombotic state [32]; moreover it
has been demonstrated that vascular inflammation as well as
oxidative stress is more prevalent in HTN patients [33, 34].

4. Hypertension in STEMI: The Occurrence
of Complications

The clinical course of STEMI can be affected by several
complications, including (1) renal failure, due both to
contrast induced nephropathy and acute heart failure, (2)
cardiogenic shock, (3) major and minor bleedings causing
a new anemic state, and (4) acute glucose imbalance.

Regarding acute renal failure, in a recent paper by
Rembek et al. [35] comparing hypertensive and nonhy-
pertensive patients with STEMI, the hypertensive group
showed a higher incidence of previous renal diseases such as

nephrolithiasis and chronic glomerulonephritis and higher
baseline values of urea and creatinine serum level. Al Suwaidi
et al. [36] showed that reduced creatinine clearance was a
significant adverse prognostic factor for mortality, including
cardiovascular deaths, in hypertensive STEMI patients, while
Anavekar et al. [37] showed that moderate renal dysfunction
(predicted by glomerular filtration rate) was associated
with a higher rate of MI complications, in particular heart
failure. It is likely that STEMI hypertensive patients are
more prone to develop a acute renal failure or a contrast
induced nephropathy. A recent study by Thiele et al. [38]
confirmed that in both hypertensive and nonhypertensive
STEMI patients, who undergo coronary angiography and
angioplasty with stenting and moderate doses of contrast
medium, only optimal hydration is effective in preventing a
contrast-induced nephropathy, while N-acetylcysteine only
reduces oxidative stress due to reperfusion after AMI in
comparison with placebo [39]. It can be supposed that
the target mean arterial pressure in hypertensive patients
should be achieved in order to guarantee an adequate renal
perfusion and to prevent acute renal failure.

Cardiogenic shock remains the leading cause of death in
patients hospitalized with acute MI and in particular with
STEMI [40, 41], but its incidence has been greatly reduced by
the use of reperfusion therapy through mechanical revascu-
larization. One of the wider registries including cardiogenic
shock patients, the SHOCK Trial, included 1190 patients
from different countries, of which about 53% had a previous
history of hypertension: overall mortality was decreased in
comparison with previous registries, and the main cause was
ventricular septum rupture [42]. These data agree with our
experience in patients with cardiogenic shock treated with
IABP (hypertension was detectable in 51.3% of the entire
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population) [43]. Free wall and interventricular septum
ruptures occur more frequently in elderly patients of female
sex, in previously known hypertensive patients [44] and in
those who suffer from their first acute myocardial infarction,
with a preferential involvement of left ventricle and anterior
wall at the junction of the infarct and normal muscle. Partial
or total rupture of a papillary muscle is more rare but
often fatal and can be caused by an inferior wall infarction
with involvement of posteromedial papillary muscle: partial
rupture (tip or head of muscle) causes a massive but not
immediately fatal mitral regurgitation (MR) while total
rupture can lead to death (acute massive MR). In all these
conditions, especially in patients with previously known and
poorly controlled hypertensive state, high blood pressure
values could play a pivotal role as they highly increase
intracavitary pressures and shear stress force of muscular
contraction against an inert and necrotic area, leading to
laceration and then to rupture [45]. This strengthens the
importance of a strict blood pressure control, in the first
hours after an acute myocardial infarction. Specific data on
the rate of hemodynamic and bioelectric complications of an
acute MI in hypertensive patients are scarce and inconsistent.
Mauri et al. [46] have reported that a history of hypertension
in AMI was associated with an increased incidence of sudden
death. On the other hand, Abrignani et al. [47] found a lower
incidence of shock, ventricular fibrillation, atrioventricular
conduction disturbances, intracardiac thrombus, and cardiac
rupture in hypertensive patients suffering from STEMI,
while atrial fibrillation was more common in these patients.
More recently, in the paper by Rembek et al., hypertensive
STEMI patients showed higher incidence of cardiogenic
shock, pulmonary oedema, ventricular tachycardia and/or
fibrillation and third degree atrioventricular block; they
required intraaortic balloon counterpulsation (IABP) more
than nonhypertensive STEMI patients [35].

Our group recently evaluated [48] the role of prior and
new anaemia and their prognostic significance in the short
term in STEMI patients. Hypertension was present in 53%
of patients, and “new anemia” patients were more frequently
affected by hypertension (56.5%), followed by prior anemia
(55.3%, P < .05) and normal Hb (46.2%, P < .05).
This strongly suggests that hypertensive STEMI patients are
a “high-risk” population with a higher risk of developing
bleeding complications and a higher mortality rate.

Lastly, hypertensive patients with STEMI are more likely
to be affected by type 2 diabetes [35], and, if without
previously known diabetes, they show elevated blood glucose
levels on admission, which is known to negatively affect
prognosis. In a recent study by Lazzeri et al. [49] on
elderly STEMI patients (>75 years), increased glucose values
were independent predictors of early death. Prevalence of
hypertension was 71% in females and 65.2% in males,
respectively. A subanalysis of the Acute Myocardial Infarction
Registry (KAMIR), which collected a total of 8568 Korean
patients with STEMI, confirmed that presence of type 2
diabetes in hypertensive STEMI patients is very common and
is associated with worse clinical and angiographic features
with a higher risk to develop heart failure and an increased
risk of MACE on long-term followup [50].

5. Hypertension in STEMI: Prognosis

Several studies reported that a history of hypertension was
associated with an increased rate of adverse outcomes after
AMI such as stroke, heart failure, and cardiovascular death
[6, 10]. The increased incidence of AMI or sudden death in
hypertensive patients may be related to several factors, such
as endothelial damage, atherosclerosis, insulin resistance, left
ventricular hypertrophy, and ventricular arrhythmias [23].
In the KAMIR study 48% of STEMI patients had hyper-
tension: at multivariate analysis a history of hypertension
independently contributed to higher in-hospital mortality in
patients with AMI but not to one-year mortality. This was
related not to antecedent hypertension but to the coexistence
of other risk factors (old age, high Killip class, multivessel
disease) [51]. Multivessel disease and complex lesions in
coronary angiography are among the factors which have been
proved to be associated with poor outcomes in hypertensive
patients [52].

In the GISSI-2 study, in-hospital and 6-month mortality
in hypertensive MI patients was significantly higher com-
pared to normotensive patients [15] as was the rate of left
ventricular failure, recurrent angina, and recurrent MI. On
the other hand, GUSTO-1 study showed that elevated blood
pressure was not an independent prognostic factor for 30-
day mortality, but in these trial patients with very high values
of blood pressure were excluded due to the thrombolytic
treatment [14]. A later subanalysis of the GUSTO-1 trial [53]
found a higher risk of early death in patients with elevated
systolic blood pressure (BP) at admission.

On the other side, Abrignani et al. [47] stated that hyper-
tensive subjects with first AMI have a better in-hospital out-
come than age- and gender-matched normotensive subjects,
perhaps due to a less severe extension of the infarction area
or to a different physiopathologic mechanism. Other studies
did not show relevant difference for in-hospital and 6-month
mortality in hypertensive and normotensive patients with
myocardial infarction [35, 54], even considering different
subgroups according to BP admission values (normal, high-
normal, high) [55].

In the PROVE-IT-TIMI 22 trial (PRavastatin Or ator-
Vastatin Evaluation and Infection Therapy-Thrombolysis in
Myocardial Infarction) 4162 patients with ACS were cate-
gorized in 10 mm Hg increments of blood pressure during
followup: a J- or U-shaped curve association was found
between blood pressure and risk of future cardiovascular
events, with the lowest event rates in the systolic pressure
(SBP) range of 130 to 140 mm Hg and 80 to 90 mm Hg
diastolic pressure (DBP), a flat curve for 110–130 mm Hg
SBP and 70–90 mm Hg BDP. The latter finding strongly
suggests that too low pressures (especially <110/70 mm
Hg) may be dangerous; anyway the trial considered only
blood pressure values during follow-up visits, not in-hospital
measurements [56].

Most of the studies regarding links between hypertension
and myocardial infarction consider patients with a previous
history of hypertension, but few data are available about
patients who do not have a previously known history of
hypertension but showed elevated blood pressure values
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during their hospital staying for ACS. In patients with
myocardial infarction admitted within 6 hours from the
onset of pain [57], 31.7% presented with elevated blood
pressure (≥160/100 mm Hg): only 6.3% of these patients
had elevated blood pressure levels after 6 hours, though
not treated with any antihypertensive drug. Blood pressure
should therefore be carefully monitored in patients with ACS
for several reasons: (a) to achieve the optimal perfusion
pressure by tailoring drugs, (b) to prevent complications
(ranging from drug-induced hypotension to hypertensive
crisis which may promote acute heart failure syndrome),
and (c) to obtain renal protection (thus preventing acute
renal failure). Whenever the findings of serial high BP
measurements and/or previously not known left ventricular
hypertrophy should lead to the suspicion that a hypertensive
state was present before hospital admission for ACS, a more
strict followup should be recommended in these patients
as well as investigations in order to rule out hypertension-
related complications (i.e., fundus oculi).

6. Recommendations

(1) ACS patients with hypertension represent a subset at
higher risk since they are more often older and with
higher comorbidities (including renal failure).

(2) In these patients blood pressure values should be
carefully monitored in order to achieve an adequate
perfusion pressure (usually values of mean arterial
pressure higher in respect to nonhypertensive ACS
patients). The main goal is to prevent renal failure
due to hypoperfusion.

(3) At echocardiographic evaluation, diastolic function
should be carefully assessed and treated in hyper-
tensive ACS patients. In these patients, hypertensive
crises can lead to the development of acute heart
failure syndrome.

(4) Comorbidities should be “searched” if not previously
diagnosed, firstly, glucose imbalance by means of
serial glucose measurements, acute insulin resis-
tance (by means of HOMA index), and glycated
haemoglobin (indicating the glucose control in the
previous months). The occurrence of anemia on
admission should induce an accurate evaluation of
renal function in order to exclude the coexistence of
renal failure.

(5) In presence of BP values difficult to treat, stenosis of
renal artery should be ruled out.

(6) A strict followup should be recommended in ACS
patients with hypertension with close monitoring of
adherence to drug administration. In fact, polyphar-
macy is quite frequent in hypertensive patients,
especially after ACS, but in these patients the conse-
quences of drug discontinuation may be severe and
even lethal.
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Hypertension (HTN) is a highly prevalent risk factor for cardiovascular (CV), cerebrovascular, and renal diseases and dispropor-
tionately affects African Americans (AAs). It has been shown that promoting the adoption of healthy lifestyles, ones that involve
best practices of diet and exercise and abundant expert support, can, in a healthcare setting, reduce the incidence of hypertension
in those who are at high risk. In this paper, we will examine whether similar programs are effective in the AA church-community-
based participatory research settings, outside of the healthcare arena. If successful, these church-based approaches may be applied
successfully to reduce the incidence and consequences of hypertension in large communities with potentially huge impact on
public health.

1. Introduction

Hypertension (HTN) is one of the most common diseases
facing the American public today with elevated blood pres-
sure (BP) representing the number 1 attributable risk for
death worldwide [1–3]. The National Health and Nutrition
Examination Survey (NHANES) data indicate that the age-
standardized prevalence of HTN increased from 24.4% to
28.9% (P < .001) between surveys conducted in 1989–1991
and 1999–2004 [4]. An aging population, growing rates of
obesity, high-sodium diets, and a sedentary lifestyle all are
thought to contribute to this increase [5]. Nationally, HTN
is the largest treatable contributor to stroke and the second
largest contributor to coronary artery disease (CAD). It is
also the second leading cause of end-stage renal disease and
contributes significantly to congestive heart failure [6]. HTN
increases the risk of stroke, heart attack, heart failure, and
kidney disease [1, 3], and though it is a modifiable risk factor
for all the aforementioned diseases, however, no significant
change in HTN prevalence is seen from 1999 to 2006 [7, 8].
In 2005-2006, approximately 29% of the US population over
the age of 18 was hypertensive (almost equal prevalence
between male and female), with the definition of HTN being
systolic BP (SBP) ≥140 mm Hg and/or diastolic BP (DBP)
≥90 mm Hg, or taking medications for HTN [3, 7, 8].

The prevalence of HTN increased with age from 7%
among those aged 18–39 years to 67% among those aged
60 years and older [7]. Furthermore, during this time period,
pre-HTN, defined as SBP between 120–139 mm Hg and DBP
between 80–89 mm Hg emerged as is an independent risk
factor for cardiovascular disease (CVD) [9] and is associated
with an increase in all-cause and CV mortality [10–14].
Currently an estimated 37% of adult Americans have pre-
HTN, including 41,900,000 men and 27,800,000 women [14,
15]. People with pre-HTN are more likely to have obesity,
hypercholesterolemia, and type 2 diabetes than those with-
out it [16]. Pre-HTN is associated with a decreased life
expectancy, increased hospitalizations, and increased health
care costs and serves as a precursor to HTN [17–19].

In African Americans (AAs), HTN is more common,
more severe, develops at an earlier age, and leads to more
clinical sequelae than in age-matched non-Hispanic whites
(Figure 1) [3, 6]. As a result, among hypertensive AAs, the
stroke mortality rate is 80% higher, CAD mortality rate is
50% higher, and HTN-related end-stage renal disease rate
is 320% higher than for the general population [7]. This
high-CVD-risk group, hypertensive AAs, now totals greater
than 9 million American adults, and with the increasing
age, health disparities, and weight of society as a whole, this
number will continue to rise [2, 7]. The objective of this
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Figure 1: Age-specific and age-adjusted prevalence of hypertension
in adults: United States, 2005-2006.

paper is to provide review of hypertension control programs
focusing on life style and diet modifications. In addition, we
also provide details on DASH (dietary approaches to stop
hypertension) diet program and its implication in the com-
munity settings.

2. Role of Diet and Lifestyle Modification
in HTN Prevention and Treatment

The magnitude of HTN, including pre-HTN, in terms of
population size, the severe consequences of uncontrolled
HTN, and the personal and economic costs to individuals
and to the nation’s health care system demand that national
nutrition policy regarding HTN management promote
strategies that have been proven to be effective, safe, and
feasible. Such approaches are typically associated with con-
comitant benefits such as extended life expectancy, enhanced
quality of life, and improvements in multiple risk fac-
tors. Joint National Committee-7 (JNC-7) guidelines direct
physicians to prescribe lifestyle modification to all patients
with BP classified as pre-HTN or greater [8]. The rec-
ommendations for lifestyle treatment include losing weight
if overweight, reducing sodium intake, increasing physical
activity, limiting alcohol intake, and eating a healthy dietary
pattern such as the dietary approaches to stop hypertension
(DASH) pattern [20–24]. The successful NIH-funded DASH
feeding study (details below) showed greater improvement
in BP (greater effect in AAs than other groups) than a diet
high in fruits and vegetables only [20]. Moreover, adherence
to the DASH-style diet is associated with a lower risk of CAD,
stroke and recently showed lowering in the incidence of
heart failure [25–27]. Subsequently, the DASH-Sodium trial
(details below) found that additional sodium restriction
resulted in even greater BP reduction [27–31]. The DASH
diet has also been shown to reduce low-density lipoprotein

(LDL) cholesterol levels [23]. The DASH diet is now widely
promoted by the National Heart, Lung, and Blood Institute
(NHLBI) for the prevention and treatment of hypertension
[8] and is included as an example of a healthy eating pattern
in the 2005 Dietary Guidelines for Americans [32].

Ideally, this dietary pattern would be a key intervention
for AA with HTN. As >10 years of accumulateddata have
now proven, the dietary pattern exemplified by the DASH
diet meets all of these criteria, particularly for AA, and is
the obvious “best practice” among dietary modifications for
reducing HTN and CVD risk in this population. In the
original efficacy study of DASH, the effect on BP of the
DASH diet was more pronounced in AA participants as
compared to white participants (6.8 versus 3 mm Hg, P <
.05) [21]. The subsequent clinic-based community trial
called PREMIER (details below) tested the DASH dietary
pattern plus established lifestyle modifications for BP control
[33–39]. In PREMIER study, the DASH dietary pattern
plus established lifestyle recommendations decreased BP by
4.3 mm Hg, whereas an advice only intervention group had
a reduction of 2.6 mm Hg only (P < .001) [30–33]. However,
the impact of the established plus DASH intervention in AA
was less than what might be expected given prior efficacy
studies. This was particularly true for AA women, where
there was no significant difference in BP reduction compared
to the advice-only intervention [33–36, 39].

3. Community-Based Health Promotion
(CBHP) Programs

Enough available clinical evidence suggests that DASH diet
[20–22] with intensive lifestyle modification (PREMIER)—
is an effective preventive intervention for HTN prevention
and treatment [8, 20–22, 33–39]. Delivery of these lifestyle
interventions through CBHP programs has emerged as the
important next step [40–43]. For example, during the past
decade numerous intervention studies have shown the ability
of small portions of lifestyle programs to reduce risk factors
for CVD in both clinical and community settings [12, 40–
46], and several frameworks for evaluating these CBHP pro-
grams have been proposed [41]. Churches and other faith-
based organizations have, for a number of reasons, become
increasingly popular settings in which to conduct health
promotion programs and research studies [47–51]. Most AAs
attend church or other organized religious venues, making
these settings ideal for reaching and recruiting potential
participants for public health programs. The historical Bible
belt also continues to thrive; data for states such as Missouri
and Kansas indicate that >90% of adults (majority of AAs)
report some religious affiliation [47]. Also, the number
of “mega-churches” (churches with ≥2000 members), is
increasing nationally, with ∼1200 mega-churches listed in
2005 by the Faith Communities Today Project [51, 52]. Faith-
based settings are good for effectiveness trials, because AAs
are more likely to identify themselves as being religious [47].

There are still other reasons to use church settings to
conduct health promotion programs. Religious affiliation
and church attendance improve physical and psychological
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Table 1: Church-based participatory research interventions through African American churches.

Study (ref) Design Outcomes Intervention Results

Project Joy
[64] n = 529 AA
women from 16
churches

Randomization at
church level-1-year
followup

SBP, body weight, waist
circumference, dietary
energy and total fat,
sodium intake

Spiritually based, behavior
modification, program or
self-help behavior
modification

Intervention group
improved: SBP
(−1.6 mm Hg), weight loss
(−1.1 lbs), waist
circumference (−0.66
inches), dietary energy
(−177 kcal), dietary total
fat (−8 g), sodium intake
(−145 mg)
No change in self-help
group

Baltimore Church
High Blood Pressure
Program (CHBPP)
[54, 55] n = 187, 184
AA and 3 white
women from black
churches in
Baltimore, MD

Randomized into those
taking
anti-hypertensive’s than
those without −8 wk
counseling and
exercising session−2
years

BP and body weight

Church-based weight loss
program for blood
pressure control among
black women: eight weekly
2-h diet
counseling/exercise
sessions.

Final SBP was
<140 mm Hg for 74% of
participants, versus 52%
initially. Final DBP was
<90 mm Hg in 92% versus
65% initially
Mean weight loss was 6 lb
in both groups: −18 to
+7 lb in the Rx group and
−31 to +3 lb in the no Rx
group

Church-based
education [56]. An
outreach program for
African Americans
with hyperten-
sion N = 97 from AA
churches

Outreach demonstration
study

Knowledge, social support
and BP

Registered nurses (RNs)
were trained as church
health educators The
intervention’s content
included the bases of HTN
and HTN management
strategies, and was taught
in eight 1-hr sessions.

Significant increase in
knowledge scores from pre
to post1 and post2.
Education, age and
number of years with high
BP explained 49% of the
variance associated with
high BP knowledge.
SBP/DBP and mean
arterial BP significantly
decreased from pre to
post1 and post2
relationships were found
between social support and
DBP, and social support
and mean arterial BP

Lighten Up: a
church-based lifestyle
program
[57, 58] n = 381, 66%
AA and 83% women

Partnership with
christian church
communities

BP and weight church
counselors with experts
were interventionists.

Total 10 wks-8 educational
sessions, combining study
of scripture and health
messages, followup at 10
weeks and 1-yr.

Significant reductions in
BP and weight (at 10 wks),
which sustained
throughout the year. 70%
participants attended 50%
or more sessions. Whites
had greater reductions in
risk factors than did AA

Church-based
Cholesterol
Education Program
[70, 71] N = 348
from six churches
with predominantly
black members

Randomization at
church level −6 months

Cholesterol and BP
reduction

6-week nutrition
education class of 1 hour
each week about
techniques to lower blood
cholesterol and BP.
Information about
cholesterol was also mailed
to them. Church members
selected as educationalists

Significant difference in
the mean SBP was seen;
137.4± 22 SD for
education group and
129.5± 18 SD for usual
care group (P < .001)
Education group had
23.4 mg per dl decrease in
the mean cholesterol level

HTN: hypertension; SBP: systolic blood pressure; DBP: diastolic blood pressure; Rx: treatment; SD: standard deviation, wk: week; hr: hour.
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Table 2: Population-based DASH interventions to prevent or treat HTN in AA adults.

Study (ref)
Study design and
duration

Interventions/outcome
Community involvement
and culturally relevant
components

Results

Appel et al.
PREMIER trial
[33–39, 70]

Multicenter
randomized-
controlled trial: 18
months.

Three arms; (a) advice only,
(b) comprehensive lifestyle
intervention, and (c)
comprehensive lifestyle
intervention plus DASH
diet. Established guidelines
from JNC V (weight loss,
limited sodium and alcohol
intake, and increased
physical activity

N = 810 diverse
participants from 4 clinical
centers across the US
communities among free
living US adults. Healthy
men and women age ≥25
years with high-normal BP
(SBP = 130–139, DBP =
85–89) or stage 1 HTN
(SBP = 140–159, DBP =
90–99) but not taking BP
medication

The prevalence of HTN
decreased from a baseline
of 38% to 17% in the
established group (P = .01)
and to 12% in the
established plus DASH
group (P < .001) compared
with a decrease to 26% in
the advice-only group. Less
reduction in AA as
compare to other groups

Rankins et al.
DASH dinners for
AA [44, 75]

Neighborhood
health care center
for study
enrollment

1-2 hr weekly intervention
× 8 wks. program included
BP and weight monitoring
brief nutrition education,
meal service, recipe
demonstrations, and
taste-testing

N = 82 AA hypertensives
list was obtained from
medical records and
recruited from AA
communities. Dinners were
based on DASH diet plan

BP was significantly
lowered (P < .05) among
participants who missed no
more than 2 of 8 sessions

Bavikati VV [88]
Effect of
comprehensive
therapeutic
lifestyle changes on
pre-HTN.

Community-based
program of
therapeutic
lifestyle changes
(TLC) for
6-months

TLC included exercise
training, nutrition, weight
management, stress
management, and smoking
cessation interventions

N = 2, 478 ethnically
diverse (AA n = 448,
Caucasians n = 1, 881) men
(n = 666) and women
(n = 1, 812) with pre-HTN

SBP of 120 to 139 mm Hg
(n = 2, 082), decreased by 7
±12 mm Hg (P = .001).
DBP of 80 to 89 mm Hg
(n = 1, 504), decreased by 6
±3 mm Hg (P = .001). No
racial differences in BP
reduction; women had
greater BP reductions than
men (P = .001)

Moore et al. [76]

12 months
Internet-based
nutrition
education program

DASH for Health program
to provide weekly articles
about healthy nutrition via
the Internet. Dietary advice
was based on the DASH
diet

N = 2, 834 corporation
employees and their
families. Outcome
measures were weight and
BP reduction and lifestyle
modification

In 26% who were remained
in the study in the study,
weight change at 12
months was −4.2 lbs, SBP
fell 6.8 mm Hg at 12
months, DBP 2.1 mm Hg.
On self-entered food
surveys, (n = 181) at 12
months were eating
significantly more fruits,
more vegetables, and fewer
grain products

Bertoni et al.
(Un-published)

Randomized: 3
months

Intervention: 8 group and 2
individual sessions and
emphasize the adoption of
DASH diet pattern at
breakfast, lunch, dinner,
snacks, both at home and
when dining out
Control: standard DASH
and high blood pressure
informational handouts

Adoption of DASH eating
pattern by African
American adults with
hypertension and
prehypertension living in
lower-income minority
community

Results not available yet

Ard et al. [89]
Randomized: 4
years

Behavioral: DASH diet
Behavioral: Intervention
with no dietary component
info

Develop modified DASH
dietary pattern that is
culturally appropriate for
African-Americans

Study in progress, and
results not yet available



International Journal of Hypertension 5

health across religions and populations worldwide [37, 38].
Many religious organizations include health as part of their
mission or ministry and often create health committees and
participate in community outreach activities such as soup
kitchens. Churches also provide an attractive venue to recruit
and retain participants, because they tend to be stable institu-
tions with members who attend church activities frequently
over many years. The purpose of holding CBHP programs
in churches is to reduce health disparities, especially in AAs
[38, 39] which is consistent with the mission of AA churches
to contribute to the social, economic, and political welfare of
their congregants, and to the community at large [50, 51].

Nevertheless, CBHPs, even church-affiliated ones, face
obstacles. One is that many of today’s chronic diseases,
including HTN, are complex and have multiple contributing
risk factors. Hence, health promotion programs that address
the multilevel nature of chronic diseases are also more com-
plex and more difficult to conceptualize and implement. But
they are also more likely to cause lasting behavioral changes
[51], especially if the affiliation is strong. For example,
church-affiliated CBHP programs can be classified into 1 of
3 categories: faith-based, faith-placed, and collaborative [52].
Faith-based programs emanate from existing committees or
groups within the church (e.g., health ministries). Faith-
placed programs work with churches, but originate outside
the church [51]. Collaborative programs include partnerships
between churches and outside groups. A literature review on
church-affiliated CBHP programs from 1990 to 2005 showed
that ∼25% of programs are faith-based, 40% are faith-
placed, and 35% are collaborative [41]. The later programs,
collaborative partnerships, were particularly recommended
for efforts that are meant to be evaluated and their findings
disseminated and were found to be more effective than the
other two. This current project is developed as collaborative
community-based participatory research (CBPR) health pro-
motion faith-based program in 16 AA churches.

4. Health Disparities Related to HTN

AAs have a disproportionately higher incidence of HTN, but
are less likely to benefit from clinical lifestyle modification
program. Although behavior modification is an important
step in the management of HTN, AA have consistently been
less successful at achieving behavior modifications, as seen in
PREMIER, Trials of Hypertension Prevention (TOPH), and
the Hypertension Prevention Trial [33–39, 53, 54]. Despite
clear efficacy, as in the DASH example, effectiveness has
been difficult to achieve. This has been attributed to social
and cultural barriers [55, 56] including different body-image
ideals and food attitudes, to having fewer models for PA, and
to normative views of overweight and obesity [55]. Thus, to
successfully address health disparities, multiple sociocultural
factors need to be addressed. Recruitment of participants
into research is particularly challenging when working with
AA or other racial/ethnic minority groups that traditionally
have not been well served by health programs or research.
Thus, an initial and vitally important step in recruiting
participants is the establishment of trust and credibility

Table 3: Dash eating plan.

Food group
Daily
servings

Serving sizes

Grains∗ 6–8 1 slice bread

1 oz dry cereal†

1/2 cup cooked rice, pasta, or
cereal

Vegetables 4-5 1 cup raw leafy vegetable

1/2 cup cut-up raw or cooked
vegetable

1/2 cup vegetable juice

Fruits 4-5 1 medium fruit

1/4 cup dried fruit

1/2 cup fresh, frozen, or canned
fruit

1/2 cup fruit juice

Fat-free or
low-fat milk
and milk
products

2-3
1 cup milk or yogurt
1.5 oz cheese

Lean meats,
poultry, and
fish

6 or less
1 oz cooked meats, poultry, or
fish
1 egg

Nuts, seeds,
and legumes

4-5 per week
1/3 cup or 1.5 oz nuts
2 Tbsp peanut butter

2 Tbsp or 1/2 oz seeds

1/2 cup cooked legumes
(dry beans and peas)

Fats and oils 2-3 1 tsp soft margarine

1 tsp vegetable oil

1 Tbsp mayonnaise

2 Tbsp salad dressing

Sweets and
added sugars

5 or less per
week

1 Tbsp sugar
1 Tbsp jelly or jam

1/2 cup sorbet, gelatin

1 cup lemonade
∗

Whole grains are recommended for most grain servings as a good source
of fiber and nutrients.
†Serving sizes vary between 1/2 cup and 1.25 cups, depending on cereal type.
Check the product’s nutrition facts label.

within the AA community. Moreover, a church-affiliated,
CBHP approach offers a way to make programs culturally
appropriate by involving them in the development and
implementation of these programs [57, 58]. Such programs
can (a) foster dialogue and partnership to improve commu-
nity health and (b) integrate the strengths and insights of
all partners to address health disparities in a powerful way
[48]. Fit body and Soul diabetes prevention program and
HEALS (Healthy Eating and Living Spiritually) hypertension
control program are some examples of strong community
partnership and successful CBHP programs [59–61].

“Participatory Action Research” involves collaboration of
the community and the researchers as colearners, and may
be particularly suited to strategies for primary prevention
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of HTN in well-defined communities [62, 63]. These ap-
proaches tend to be highly valued by local communities
because they can ensure the cultural relevance and appropri-
ateness of interventions. To evaluate current evidence for the
effectiveness of such an approach, we reviewed two types of
studies: (a) recent studies that adapted lifestyle interventions
using a CBPR approach in AA churches (Table 1) and (b)
a few reports from community based trials that focused on
DASH or DASH lifestyle program for HTN prevention and
treatment (Table 2) in AA or other community settings.

5. Church-Based Behavioral Lifestyle

To generate Table, we identified a total of 76 studies pub-
lished in 1990 or later using several web-based search engines
(pub-med, midline, Cochrane, etc.). We closely examined
only those (n = 5) that reported using a CBHP/CBPR or
behavioral lifestyle intervention with BP as one of the out-
come measures in the setting of an AA church. Some were led
by church members and pastors, others by experts. They were
conducted in a variety of geographic areas with sample sizes
ranging from 39 to 251 [54–58, 64–71]. As shown in Table 1,
a variety of health promotion and behavioral intervention
strategies and techniques were shown to be effective at chang-
ing SIMPLE health behaviors of church members. Only a
few were designed to rigorously test one strategy versus
another or in combination with another [64, 65]. Outcomes
varied and included BP reduction [54–58, 64, 70, 71], dietary
change [54–56, 64–71], improved physical activity [65, 66],
and weight loss [54–58, 64–69].

We found that certain overarching themes and core ele-
ments were necessary for CBHP programs to be imple-
mented at any level (i) Some used church member vol-
unteers as lay advisors/facilitators/peer educators to deliver
intervention activities [64, 70, 71]. (ii) Some used reg-
istered nurses as interventionists [67]. (iii) The majority
provided self-help materials that were culturally appropriate
and/or individually tailored [54–58, 64–68, 70, 71]. (iv)
Some included telephone counseling [65, 66]. These studies
demonstrate that CBHP approaches can be effective in
achieving simple health behavior changes in real world
settings. However, none of these church-based studies used
DASH diet with primary objective of prevention and treating
HTN. Although several of these studies provide an effective
model for partnering with AA churches [64–69], many
were not successful in demonstrating significant lifestyle
behavioral (BP, weight loss, and physical activity) changes
[53, 64, 65]. Likely reasons for this include the fact that
a proven lifestyle program was not used, the commitment
of lay health counselors may not have been enough to
sustain the program, and the interventions were led by
church members without continuous support of experts
[64]. Similarly, many other studies listed in Table 1 used
similar approaches in their CBHP programs, which led to
increased empowerment and community ownership of the
health promotion program, and thus greater participation.
However, several did not include a control group [65–69] and
did not specify any theoretical framework. In some studies,

change was evaluated only by self-report measures [64].
Also, long-term sustainability was generally not assessed or
reported [65–67, 70, 71]. Thus, there is a dearth of literature
on successful behavioral lifestyle programs with primary
focus on HTN control in AA church settings. Last, many of
these programs did not have an expert and church health
counselor team working together as program intervention-
ists (that we bring in this project), and this is one reason
for the nonsustainability of the programs and for the limited
commitment by church members [72, 73]. Also, none of
these behavioral lifestyle programs were tailored towards
reducing future risk of HTN in AA communities.

6. Community-Based Lifestyle Interventions
Using DASH for HTN Control and Prevention

Some recent and relevant community interventions targeted
toward HTN are shown in Table 2 [33–39, 44, 74]. These
include targeted populations known to be at higher risk for
HTN and CVD compared to the US population at large.
Many included comparison groups. PREMIER trial (Table 2,
Row 1) details given below showed the effectiveness of DASH
plus lifestyle measures in free living adults in a clinical
setting and in diverse and in an indigenous population [33–
39, 74]. A small pilot CBPR study (Table 2, Row 2) was
designed as a university-neighborhood health care center
intervention to produce soul foods (DASH dinners) that met
the nutrient criteria of the DASH diet plan [44, 75]. In this
study, participants were low-income AA adults (N = 82)
with poorly controlled BP. Six groups, each consisting of 12
to 15 participants taking antihypertensive medications, met
for 1 to 2 hours per week for 8 weeks [44]. The intervention
followed constructs of social cognitive theory and featured
dinners based on the DASH diet plan. BP was significantly
lowered (P < .05) among participants who missed no more
than 2 of 8 sessions [44]. The DASH soul study was also
developed following the same principles of the DASH diet,
but targeting AA women with metabolic syndrome [75].
Though participants achieved goals, the sample was small,
the duration was short, and sustainability of the program was
not measured [44].

A similar study among corporation employees and fam-
ilies was conducted where nutrition advice based on the
DASH diet was provided over the internet (Table 2, Row 4-
Appendix A) [76]. This single-armed study was followed for
12 months and showed weight and BP reduction, but only
26% percent of total study subjects were retained at the end
of 12 months, and AA were not significantly represented in
this study (only 2%) [76].

Limitations of the above-mentioned studies include
short intervention durations, large numbers of non-re-
sponders, and inability to link self-reported lifestyle changes
to health outcomes/indicators. Few studies included AA
communities [76] or showed positive outcomes for all inter-
mediate outcomes of interest (e.g., healthy eating behaviors
and increased PA). Further, few studies assessed whether
the interventions were effective among target populations
in reducing and sustaining lower or other risk factors for
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HTN. Finally, except one [44], none of these approaches were
conducted in church-based or other faith-based settings.

Among published studies, most were done in popula-
tions with a disproportionately high incidence/prevalence of
HTN, with their communities either initiating the study or
collaborating with researchers. This finding is important and
likely reflects the concern of leaders from these communities
about HTN. Many researchers and collaborating communi-
ties are now breaking ground by implementing culturally rel-
evant prevention programs in settings where many socioeco-
nomic and environmental challenges exist. Although recent
clinical trials have shown that DASH diet with lifestyle
modification can prevent and treat HTN as well as delay the
development of HTN [8, 20–22, 33–36], many of these
clinical trials were conducted in resource-intensive clinical
settings. There are few church-affiliated studies or programs
led by church-based educators and counselors and supported
by experts. We hereby present brief overview of DASH,
DASH-sodium, and PREMIER studies.

7. Dietary Approaches to Stop
Hypertension (DASH Study)

The DASH study, sponsored by the National Institutes of
health (NIH), was a highly successful, multicenter controlled,
outpatient feeding study that assessed the efficacy of three
separate diet plans for 8 weeks in diverse study population
[8, 20–22, 77]. The trial enrolled 459 adults with SBP of
less than 160 mm Hg and DBP of 80–95 mm Hg. The three
eating plans were (a) one that includes foods similar to what
many Americans regularly eat, (b) a plan that includes
foods similar to what many Americans regularly eat plus
more fruits and vegetables, and (c) the DASH eating plan.
A typical DASH diet includes fruits, vegetables, low-fat
dairy products, whole grains, poultry, fish, and nuts, only
small amounts of red meat, sweets, and sugar-containing
beverages, and it contains decreased amounts of total and
saturated fat and cholesterol (Table 3). The results were
convincing. Subjects enrolled in both the plan that included
more fruits and vegetables and the DASH eating plan had
reduced BP, and DASH eating plan was more effective in
reducing BP especially for those who had higher BP [20–
22, 77]. The DASH diet lowered SBP by 5.5 mm Hg and
DBP by 3 mm Hg over the control diet. DASH diet plan
lowered BP substantially both in people with HTN and
those without HTN, as compared to controlled typical diet
in the US. The DASH diet was proven to reduce HTN,
and the effect was greatest for AA, who showed higher BP
reductions on the DASH diet as compared to other ethnic
groups [77]. However, lower adherence to DASH diet in AA
communities was seen that was attributable to mainly due to
sociocultural reasons [78]. DASH now is recommended in
national guidelines [8, 79, 80].

8. DASH-Sodium Study

Reducing the sodium chloride content of typical diets in the
US lowers BP [81, 82], and guidelines recommend reducing

the daily dietary sodium (Na) intake to 100 mmol (equivalent
to 2.3 g of sodiumor 5.8 g of sodium chloride) or less [8].
DASH-Sodium trial studied the effect of different levels of
dietary sodium, in conjunction with the DASH diet. DASH-
Sodium trial studied the effect of different levels of dietary
sodium, in conjunction with the DASH diet [28–30]. In
a multicenter, randomized trial design, 412 participants were
randomly assigned to eat either a control diet typical of
intake in the US or the DASH diet. Within the assigned
diet, participants ate foods with high (a target of 150 mmol
per day with an energy intake of 2100 kcal), intermediate
(a target of 100 mmol per day, reflecting the upper limit of
the current national recommendations) and low (a target of
50 mmol per day, reflecting a level that we hypothesized
might produce an additional lowering of BP) levels of
sodium for 30 consecutive days each, in random order. The
study showed that reducing the sodium intake from the
high to the intermediate level reduced the SBP significantly
by 2.1 mm Hg during the control diet and by 1.3 mm Hg
during the DASH diet. Furthermore, reducing the sodium
intake from the intermediate to the low level caused addi-
tional reductions of 4.6 mm Hg during the control diet and
1.7 mm Hg during the DASH diet. The effects of sodium
were observed in participants with and in those without
hypertension, AAs and those of other races, and women and
men [28–30]. The DASH-Sodium study was the basis for
PREMIER study described below.

9. The PREMIER Trial

The PREMIER study was conducted among 810 diverse par-
ticipants from 4 clinical centers across the US [33–39, 74].
It established the effectiveness of a multifaceted behavioral
intervention incorporating the efficacious DASH diet [8]
among free-living US adults. This 18-months study consisted
of 3 arms: (1) an “advice only” comparison group, (2)
a behavioral intervention, termed “established” traditional
lifestyle recommendations [79], and (3) a behavioral inter-
vention, termed “established plus DASH” that implemented
the same traditional recommendations plus the DASH diet
[80]. During the first 12 weeks, there were 8 group sessions,
one each week for 4 weeks, followed by a 2-week break during
which individual sessions were held, then another group each
week during weeks 7 through 10. There was another 2-week
break for another individual visit. From weeks 13 through
24, another 6 group sessions were held (bringing the total
to 14 group sessions). From months 7 until 18, the groups
met monthly (bringing the total number of group sessions
to 26), with individual sessions held quarterly. Each session
included a topic on nutrition, PA and a behavior strategy,
as well as a tasting experience focused on DASH related
foods (or low fat foods for the non-DASH established arm)
[33, 34]. There were significant weight changes between the
comparison arm and behavioral arms at 6 months (mean
change −1.1 kg versus−4.9 kg versus −5.8 kg, resp., P < .001
for difference between behavioral arms versus comparison,
P = .07 for difference between behavioral arms). There were
significant BP changes between behavioral arms versus the
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comparison at 6 months. Among all participants, there was
a mean SBP change of −3.7 mm Hg between the behavioral
only arm versus comparison (P < .001), a mean SBP change
of −4.3 mm Hg between the behavioral plus DASH arm
versus comparison (P < .001). There was not a significant BP
change between the behavioral arms at 6 months. However,
when DASH was translated with lifestyle modifications in
this PREMIER study, only modest BP lowering benefit were
seen in AA and no immediate benefit was seen AA women,
in particular [28, 29]. However, though AA women were
hardest to lose weight, effect was seen eventually.

10. Economics of Altering Dietary Behavior

Food availability and the cost of healthier food options has
been the subject of a fair bit of research in recent years.
Briefly, studies have demonstrated that actual and perceived
food availability, prices, and quality differ by type of retail
outlet, geographic location, and socioeconomic status. In
turn, segments of the population, for example, inner city
AAs, face potential barriers to high-quality dietary nutrients
[81–87]. Most of these studies have analyzed environments
using cross-sectional survey methods or secondary data sets
making their results difficult to interpret with respect to indi-
viduals’ behaviors. In addition, many studies were limited
to particular urban areas and homogeneous socioeconomic
groups.

11. Conclusion and Future Recommendations

Despite more than 30 years of intense activity to improve
control—and more recently prevention—high BP continues
to be a major public health problem. Since the 1970s,
community-based programs have been instrumental in
raising awareness, increasing knowledge, and promoting
changes in health behavior to improve blood pressure con-
trol. Faith-based initiatives for lifestyle change show promise
in helping to promote healthy behaviors in AA communities.
AA individuals are more likely to attend faith-based services
than Whites from similar backgrounds. Because of their
disproportionately greater risk of HTN, AAs are a logical
target for high-risk research and AA churches make an ideal
setting for such programs. While faith- and community-
based strategies are getting more attention from policy
makers, further research on the effect of faith- and other
community-based strategies is needed to understand how to
improve health and health care practices among patients who
are often locked out of the traditional health care system.
Lifestyle programs that have been used in clinic settings can
be translated to a faith-based setting. Published reports of
applications of the DASH or PREMIER lifestyle intervention
in community-based church settings are generally lacking.
Additional research is needed and this is a promising area for
further research.
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We ascertained the prevalence of resistant hypertension (RH) among blacks and determined whether RH patients are at greater
risk for obstructive sleep apnea (OSA) than hypertensives. Method. Data emanated from Metabolic Syndrome Outcome Study
(MetSO), a study investigating metabolic syndrome among blacks in the primary-care setting. Sample of 200 patients (mean age
= 63 ± 13 years; female = 61%) with a diagnosis of hypertension provided subjective and clinical data. RH was defined using the
JNC 7and European Society guidelines. We assessed OSA risk using the Apnea Risk Evaluation System ARES), defining high risk
as a total ARES score ≥6. Results. Overall, 26% met criteria for RH and 40% were at high OSA risk. Logistic regression analysis,
adjusting for effects of age, gender, and medical co morbidities, showed that patients with RH were nearly 2.5 times more likely to
be at high OSA risk, relative to those with hypertension (OR = 2.46, 95% CI: 1.03–5.88, P < .05). Conclusion. Our findings show
that the prevalence of RH among blacks fell within the range of RH for the general hypertensive population (3–29%). However,
patients with RH were at significantly greater risk of OSA compared to patients with hypertension.

1. Introduction

Resistant hypertension (RH) is defined as blood pressure
that remains above goal (<140/90) in spite of concurrent
use of three antihypertensive agents of different classes, one
of which being a diuretic; all agents should be prescribed
at optimal dosage amounts. Furthermore, observed blood
pressure (BP) requiring ≥4 medications to reach controlled
BP should be considered resistant to treatment [1, 2].

Longitudinal studies and clinical trials have shown that
RH is a common public health problem. Data from the
ALLHAT trial indicated that the prevalence of resistant

hypertension is 27% [3]. The Outpatient Quality Improve-
ment Network’s Hypertension Initiative, sampling primary-
care clinics in South Carolina, North Carolina, and Georgia
(n = 264, 967 hypertensive patients), estimated that the
overall prevalence of RH is about 16% [4]. Of note, 50%
of the participants in both the National Health and Nutri-
tion Examination Survey (NHANES) [5] and Framingham
Heart Study [6] were able to reach a therapeutic goal of
<140/90 mmHg. Those comprising the group who failed to
reach the therapeutic goal likely included resistant hyperten-
sives and pseudoresistant hypertensives. Given the increased
trends in metabolic syndrome and obstructive sleep apnea
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(OSA), RH management will constitute a daunting task,
with important social and economic ramifications. The
special risk group is more likely to have target-organ damage
and a higher long-term cardiovascular risk than resistant
hypertension patients with controlled hypertension.

Great strides have been made in establishing obstructive
sleep apnea as a target of therapy among hypertensives
[7–9]. This is consistent with results of several multivariate
analytical models indicating that OSA represents an indepen-
dent risk factor for hypertension [10–12], and hypertension
constitutes a significant predictor of cardiovascular deaths
among patients with OSA [12]. The prevalence of resistant
hypertension itself among men with a diagnosis of OSA may
be as high as 85% (83% (n = 42; AHI ≥ 10/h) [13] and
n = 29; AHI ≥ 5/h) [14].

No epidemiologic or clinical study has investigated OSA
risk among minority patients with RH. It is evident, however,
that blacks exhibit greater resistance to treatment [15] and
black women have the highest prevalence of hypertension
[16] and the lowest blood pressure control [3]. Evidence
also shows that hypertensive blacks with a family history
of hypertension are likely to have higher baseline blood
pressure, and a greater number of oxygen desaturations
and apnea hypoapnea index than their white counterparts
[17]. This study ascertained the prevalence of RH among
black patients in the primary-care setting. It also determined
whether patients with RH are at greater risk for obstructive
sleep apnea (OSA) than hypertensives.

2. Method

2.1. Sample. Data (n = 200, mean age = 63±13 years; female
= 61%) emanated from the Metabolic Syndrome Outcome
Study (MetSO). This is an NHLBI-funded study investigating
effects of OSA treatment among blacks in the primary-
care setting. Data were obtained from four clinics associated
with SUNY Downstate Medical Center including, Family
Medicine Clinic, Heart Failure Clinic, Diabetes Clinic, and
Lefferts Community Health Center.

2.2. Procedures. Study staff approached patients in the
primary-care settings to solicit their participation. Those
agreeing to participate provided informed consent and filled
out a brief questionnaire on sleep problems, medical history,
and use of medications. They also provided responses to the
Apnea Risk Evaluation System (ARES) Questionnaire [18].
The Apnea Risk Evaluation System (ARES) Questionnaire
was used to identify those at high sleep apnea risk. This
system is recommended in situations where the population
has a large pretest probability. The questionnaire solicits
demographic and anthropometric data, diseases associated
with risk for sleep apnea (i.e., HTN, DM, heart disease,
or stroke), or prior diagnosis of sleep apnea, the Epworth
Sleepiness Scale, and frequency rating for snoring, waking
up choking, and having been told that patients stopped
breathing during sleep. Validation study showed that ARES
has a sensitivity of 0.94, specificity of 0.79 (based on a clinical
cut-off of AHI >5), positive predictive value of 0.91, and
negative predictive value of 0.86 [19].

Clinical data including body mass index (BMI), blood
pressure, high-density lipoprotein cholesterol (HDLC), and
fasting plasma glucose (FPG) or hemoglobin (HbA1c) for
those who have a diagnosis of diabetes were obtained from
the MetSO registry [20–22]. RH was defined using the JNC
7 and European Society guidelines (uncontrolled BP despite
treatment with 3 medications or controlled BP with 4 or
more medications, including a diuretic, in suitable com-
bination and recommended dosage). Uncontrolled HTN is
defined as average systolic and diastolic BP >140/90 mm/Hg
(for those without comorbidity), or average clinic SBP
>130 mm/Hg or DBP > 80 mm/Hg (for those with diabetes
or kidney disease).

2.3. Statistical Analysis. Frequency and measures of central
tendency were used to describe the sample. In preliminary
analyses, Pearson and Spearman correlations were used to
explore relationships between variables of interest. To test the
hypothesis that patients with RH were more likely to be at
high OSA risk, compared with those with hypertension, we
utilized multivariate logistic regression modeling. Covariates
entered in the model were age, sex, obesity (defined as
BMI ≥ 30 kg/m2), a history of diabetes, dyslipidemia, heart
disease, and depression. Before constructing the model,
correlational analyses were performed to assess associations
between hypothesized predictors and the dependent variable.
All analyses were performed using SPSS (version 18.0; SPSS
Inc. Chicago).

3. Results

Of the sample, 68% were diagnosed with diabetes, 83%
dyslipidemia, and 38% heart disease; 89% were over-
weight/obese. Average systolic and diastolic BP were 135
± 19 mmHg and 75 ± 11 mmHg, respectively. Blood glu-
cose levels averaged 145 ± 64 mg/dL, triglycerides 147 ±
85 mg/dL, and LDL 97± 38 mg/dL. Overall, 26% met criteria
for RH and 40% were at high OSA risk.

Multivariate logistic regression analysis, adjusting for
effects of age, gender, and medical comorbidities, showed
that patients with RH were nearly 2.5 times more likely to be
at high OSA risk, relative to those with hypertension (OR =
2.46, 95% CI: 1.03–5.88, P <.05). Univariate results for each
of the factors entered in the model are indicated in Table 1.

4. Discussion

Several factors may be liable for low OSA screening rates
in the general population [23–25]. Evidence shows that
healthcare providers do not commonly screen for OSA
among patients with metabolic dysfunctions [26]. This is
compounded by the fact that patients are usually unaware of
the nature and significance of sleep apnea and its association
with hypertension [27]. Yet, yearly hypertension contributes
to 14% of deaths occurring in the United States, and to
nearly half of all cardiovascular disease-related deaths [28].
From 1997 to 2007, the death rate caused by high blood
pressure increased to 9.0%, and the actual number of deaths
rose 35.6% [29]. If all hypertensive patients were treated
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adequately to reach the goal specified in current clinical
guidelines, 46,000 deaths might be averted annually [30].

The first finding of our study is that the prevalence
of resistant hypertension among blacks is 26%. This point
estimate falls within the range of RH for the general
hypertensive population (3–29%), albeit towards the high
end. Our study confirms previous clinical studies, which have
tended to include smaller sample sizes (n < 50) [13, 14].
No comparisons could be made with other racial/ethnic
groups, as data from such groups were not available.
Notwithstanding this limitation, the study provides useful
data for black hypertensives that may provide a basis for
comparison with other populations in future studies. To our
knowledge, previous studies provided no specific estimates
for patients of the black race/ethnicity.

The second finding of our study is that patients with
RH were nearly 2.5 times more likely to be at high OSA
risk, relative to those with hypertension. Of note, this finding
was independent of patients’ demographic factors and RH-
associated medical conditions. This evidence suggests that
greater effort should be made to screen individuals with resis-
tant hypertension for the presence of OSA. Consistent with
evidence that OSA treatment has significant positive effects
in reducing cardiovascular disease risk [31], RH patients
at high risk for OSA should be the target of aggressive
therapeutic management. Evidence suggests that treatment
of OSA among RH patients may facilitate achievement of
optimal BP control.

Findings of this study demonstrate that both sleep apnea
and resistant hypertension represent major public health
concerns among black patients [32]. This is a serious concern
since few blacks (38%) adhered to physician-recommended
OSA assessment [33]. OSA is underdiagnosed because of lack
of awareness among blacks or health professionals [34–38].
There is evidence suggesting that although the frequency of
snoring, the main OSA symptom, is higher among blacks,
they are less likely than whites to report it [39, 40]; 33%
of blacks considered snoring to be normal, relative to 20%
of whites. The observation that blacks with these medical
conditions are often nonadherent to prescribed medical
treatments [41–43] renders clinical management even more
complicated.

The benefits of CPAP treatment have been convincingly
demonstrated among individuals with a dual diagnosis
of hypertension and OSA. Emerging evidence has shown
that long-term adherence to continuous positive airway
pressure (CPAP) therapy suppressd sympathetic activity and
improved blood pressure among patients with RH as well.
Multiple studies have shown significant net reduction in
blood pressure among RH patients who received CPAP
treatment [44–46]. In a recent randomized clinical trial
comparing effects of CPAP treatment with conventional
treatment, investigators showed a decrease in 24-hour dias-
tolic BP (−4.9 ± 6.4 versus. 0.1 ± 7.3 mmHg, P = .027)
among patients with resistant hypertension. Furthermore,
congruent with current evidence, patients using CPAP for
5.8 hours or longer showed a greater reduction in daytime
diastolic BP, 24-hour diastolic BP, and 24-hour systolic BP
[47]. It is important to conduct randomized CPAP clinical

Table 1: Regression coefficients of the OSA risk factor on resistant
hypertension relative to hypertension, sociodemographic factors,
and medical factors; ∗P < .05.

Associations of resistant hypertension and sociodemographic

and medical factors with OSA risk

Variables OR 95% C.I.

Resistant hypertension 2.46
1.03–
5.88∗

Age .98 .95–1.01

Sex .65 .30–1.39

Body mass index 2.29 .58–9.05

Dyslipidemia 1.02 .35–2.98

Diabetes 2.29 .95–5.57

Heart disease .99 .99–1.02

Depression .93 .20–4.48

trials among high-risk racial/ethnic minorities, especially
blacks, to assess whether CPAP therapy has similar long-term
effects.
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Pulmonary-renal syndrome is a medical emergency; etiology of which has broad differential diagnosis. Delay in both diagnosis and
initiation of management may result in end-organ damage. Management decisions may have to be empiric till a rapid, definitive
tissue diagnosis is established. We present such a case where prompt recognition and immediate treatment was initiated, although
the patient sustained irreversible end-organ damage. The case also highlights the need to interpret the kidney biopsy data (namely,
immunofluroscence findings) in the context of clinical presentation.

1. Case Presentation

A 26-year-old male presented to our hospital complaining of
cough and hemoptysis for 7 days. A resident of Columbia,
Mo, he had recently flown back home from vacation in
California. He denied chest pain or fever. There was no
significant past medical history, and the patient was not
on any medications. He smoked 1-2 cigarettes per day, but
denied alcohol intake or drug abuse. Family history was
significant for hypertension in both parents.

On arrival to the hospital, the patient’s pulse was 112/min
and regular, and BP was 220/128 mm Hg, respiratory rate
38/min. He was hypoxic, saturating 88% on room air. The
patient appeared ill and pale. Respiratory exam revealed
bilateral coarse crackles. Neurological exam was normal.
Bilateral optic disc margins were blurred, and retinal
exudates and hemorrhages were noted. No skin rash was
present. Patient was intubated for hypoxic respiratory failure
and started on intravenous labetalol. Bronchoscopy revealed
active lung hemorrhage (LH). Laboratory data showed
anemia, thrombocytopenia, and renal failure (Table 1).

Presuming the diagnosis of a pulmonary renal syndrome,
the patient was treated with 1-gram methylprednisolone and
plasmapheresis pending results of serological investigations.
Hemodialysis was initiated for anuric renal failure. A left

renal biopsy was performed. A total of 17 glomeruli were
obtained. Changes secondary to malignant hypertension,
(Figures 1(a) and 1(b)) and superimposed changes sec-
ondary to chronic hypertension (Figures 2(a) and 2(b)) were
noted. Immunofluorescence showed peripheral C3 trapping
and weak (1+) linear staining of glomerular basement
membrane by IgG. After renal biopsy, patient had an episode
of bleeding for which he underwent left renal arteriolar
embolization.

A diagnosis of malignant hypertension (MHT) present-
ing with LH, with acute anuric renal failure from thrombotic
microangiopathy and with underlying chronic kidney disease
secondary to primary hypertension was made. Only few cases
of malignant hypertension presenting as pulmonary renal
syndrome have been reported [1–3].

2. Discussion

Patient’s strong family history, negative past medical history,
and relatively small kidneys with increased echogenicity
on ultrasound suggest that our patient most likely had
underlying CKD secondary to uncontrolled severe primary
hypertension. The selective angiogram performed for post-
biopsy complication did not reveal renal artery stenosis of the
left (smaller) kidney. A hypothesis that extreme BP elevation
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Table 1: Laboratory data.

CBC Hb WBC Platelets PT aPTT

8.5 g/dL 5.1× 103 mcL 94 × 103 mcL 17.7 sec 35.3 sec

BMP Na K Cl HCO3 BUN Creatinine

141 mmol/L 4.1 mmol/L 104 mmol/L 14 mmol/L 108 mg/dL 13.34 mg/dL

UA Large blood 6–10 rbc/hpf >300 mg/dL No casts Myoglobulin negative

Serology
p-ANCA c-ANCA Anti MPO Anti PR3 SSA/SSB/SCL-70 ANA/anti-ds DNA Anti-GBM

Neg Neg Neg Neg Neg Neg Neg

Miscellaneous
Influenza Blood culture Sputum cultures

A/B Neg Neg Neg

Chest Xray Bilateral pulmonary infiltrates. No cavitory lesions noted.

CT Chest No pulmonary embolism.

Ultrasound Increased bilateral echogenicity. Rt kidney 10 cm, Lt kidney 9.0 cm.

Echocardiogram Left ventricular hypertrophy.

∗∗

∗

^

(a)

(b)

Figure 1: (a) Glomerular fibrinoid necrosis (∗) and a crescent
(∗∗). (b) Arteriole with fibrinoid necrosis (∧) with luminal
narrowing.

leads to vascular endothelial damage or hormonal changes
(namely renin-angiotensin-aldosterone system activation)
may explain why some people progress to MHT phase [4].
In MHT, narrowed arteriolar lumen (due to myointimal
hyperplasia and fibrinoid necrosis) and endothelial damage
leading to thrombotic lesions in the arterioles result in shear
stress on passing blood stream. The mechanical destruction
of red blood cells leads to microangiopathic hemolytic
anemia. Clinical differentiation between TTP and malignant
hypertension can be difficult, but normal mental status and
normal ADAMTS-13 helped rule out TTP in our case.

The mechanism of pulmonary hemorrhage remains
unclear in our case. Smoking, platelet dysfunction due to
underlying uremia, and thrombocytopenia due to MAHA
may have predisposed our patient to pulmonary hemor-
rhage. Pulmonary hemorrhage during air travel has been

⋆

♦

(a)

(b)

∧

Figure 2: Changes due to chronic hypertension. (a) Periglomerular
fibrosis (�), thick capillary walls (∧). (b) Arteriole with myointimal
hyperplasia (�).

reported, but those patients had underlying chronic lung
conditions [5], which were not found in our patient.

In absence of serum antibodies to the GBM, we inter-
preted the low-intensity linear IgG staining of the GBM as
false positive. Biopsies from patients with diabetic glomeru-
losclerosis, hypertensive vascular disease, renal transplant,
myeloma, SLE, deceased donor kidneys after perfusion, and
normal autopsy kidneys may have less intense linear IgG
deposits.

Our patient remains dialysis dependant and is currently
on the transplant list. Serum creatinine at presentation
remains a significant prognostic factor for renal recovery in
patients with malignant hypertension [6].

Physicians should be aware of MHT as a presentation of
pulmonary-renal syndrome.
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Purpose. This study investigated the anthropometric indices associated with variations in cardiovascular parameters among
primary school pupils in Ile-Ife. Method. One thousand and twenty-six pupils (age range 6–14 years, mean age 10.12 years) from
ten schools were recruited with parents’ informed consent. Anthropometric (Height (Ht), Weight (Wt), Abdominal Circumference
(AC)) and cardiovascular (Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), Heart Rate (HR)) parameters were
measured using standard instruments and procedures. Blood pressure (BP) was measured after ten minutes of quiet sitting. Body
Mass Index (BMI), Rate Pressure Product (RPP) and Pulse Pressure (PP) were estimated. Results. Age, Ht, Wt, BMI, and AC
correlated significantly (P < .01) with BP and PP. AC and BMI were predictors of BP, HR, RPP, and PP. Conclusion. Significant
correlations exist between age, Ht, Wt, BMI, AC, and BP with weight being a more viable predictor of SBP and age a more viable
predictor of DBP.

1. Introduction

Hypertension is known to be a direct or indirect cause of
death globally [1, 2]. Findings from previous longitudinal
studies of Blood Pressure (BP) suggests that essential hyper-
tension in adults can be detected in early life [3, 4]. Because of
the public health value of prevention of hypertension, a lot of
work has been done to find out the prevalence of childhood
hypertension [3–5]. Part of the findings of these studies is
that prevalence of hypertension in children has racial and
rural-urban variations [3, 4].

In African children, higher risks of cardiovascular disease
have been found among Urbanites than rural dwellers,
however, no consistent trend was found along socioeconomic
and ethnic lines [4–6]. These inconsistencies in the trend
of essential hypertension in Africa have made it difficult
to extrapolate adult risk for high BP from a child’s BP.
However, studies have been conducted in the past to identify

anthropometric indices that can be used as markers of child
BP and Heart Rate (HR) in Africa and other continents
[4, 7]. These studies have shown that BP in children is
closely related to Height (Ht), Weight (Wt), Body Mass Index
(BMI), Ponderosity Index (PI), skin fold thickness, and mid-
upper arm circumference. However, the few studies that
have examined this relationship among Nigerian children
[4, 6] have not explored the relationship of Abdominal
Circumference (AC) to their BP and HR whereas previous
studies have highlighted its important relationship with
obesity and abdominal adiposity [8–11]. In the year 2000,
Savva et al. [7] reported that abdominal circumference and
waist-to-hip ratio were better predictors of cardiovascular
disease risk factors in children than BMI.

One of the comprehensive studies in the area of Nigerian
child anthropometry and cardiovascular risk factors was the
study of Balogun et al. [4]. They observed significant correla-
tion between anthropometric (Wt, Ht, BMI, and upper-arm
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circumference) and cardiovascular (Systolic Blood Pressure
(SBP), Diastolic Blood Pressure (DBP), HR, Rate Pressure
Product (RPP), and Pulse Pressure (PP)) parameters of
Nigerian children. This study found a 4% prevalence of
hypertension among these children and noted that weight
was the most viable predictor of BP and resting myocardial
oxygen consumption. They also recommended that Wt
norms rather than age be used in evaluating abnormal BP
levels of Nigerian children.

It is important to know the BP relationship with AC of
Nigerian children and if there are changes in the reported
relationship between anthropometric and cardiovascular
parameters among children in Nigeria. This is because the
country’s economy have been changing and population
increasing over the past two decades. Information derived
will help health professionals to adjust to the current trend
and policy makers to evolve preventive measures to cope with
changes in cardiovascular risk factors.

This study therefore examined (1) the relationship of Wt,
Ht, BMI, and AC with BP and HR of school age children in
Nigeria; (2) which of these anthropometric parameters is the
most viable predictor of BP?

2. Methods

2.1. Participants. One thousand and twenty-six (512 males
and 514 females) apparently healthy primary school pupils
whose ages ranged from 6 to 14 years (mean age = 10.12 ±
2.46 years) in ten public (8) and private (2) primary schools
in Ile-Ife, Nigeria were recruited for the study. Ile-Ife is an
urban city in Osun state of Nigeria with 10 wards (city
areas) and a population of 355,341 people (male = 176,707;
female 178,634) based on 2006 population census. To select
the participating primary schools, the list of primary schools
was obtained from the local schools authority and separated
according to the city areas where they are located without
minding whether they were public or private schools. Schools
in the same ward were written out on small sheets of paper,
which were folded and a neutral person was asked to pick one
from each ward.

Before the commencement of the study, informed con-
sent of the parents of the pupils was sought and ethical
clearance obtained from the ethics and research committee of
Obafemi Awolowo University Teaching Hospitals Complex,
Ile-Ife. The participants were screened to eliminate any
disability such as infantile poliomyelitis or limb length
discrepancy that may make measurement of anthropometric
and cardiovascular parameters difficult.

2.2. Procedure. On arrival into a class, the names of the
pupils were written out alphabetically on a sheet of paper, 18
names were then selected from the list by selecting every 3rd
name. Height was measured using a validated height metre.
The subjects stood erect, barefoot on a flat surface, with the
occiput, upper back, buttocks, and heels, touching the height
metre. In line with the view of Steele and Spurgeon [12], the
upper margin of the external auditory canal opening was in
the Frankfurt horizontal plane, and the point of greatest Ht
to the nearest 0.1 cm was then marked on the height metre.

Weight was measured to the nearest 0.1 Kg with a weighing
scale (Hanson Company, Ireland). Abdominal circumference
was measured to the nearest 0.1 cm below the rib cage and
above the umbilicus at the end of normal expiration using
an inelastic tape (Butterfly, China). All measurements were
taken by the same examiner within the school premises
with subjects on minimum clothing. Blood pressure was
measured once after ten minutes of quiet sitting with a
standardized aneroid sphygmomanometer and a stethoscope
(U-MEC, China). Heart rate was measured by auscultation
for 30 seconds and later multiplied by two to get the HR per
minute. The subject was comfortably seated in a chair with
the arm well supported with a pillow.

2.3. Computations. The PP and PI were calculated using the
formula PP = SBP−DBP [13] and PI = Wt/Ht3 [4]. The BMI
was obtained by dividing the Wt by the square of the Ht, that
is, BMI = Wt/Ht2 [4], while RPP was evaluated using the for-
mula: RPP = SBP × HR [4]. Mean Arterial Pressure (MAP)
was estimated using the formula MAP = DBP + 1/3 PP.

3. Data Analysis

Data was analyzed using the Statistical Package for Social
Sciences (SPSS) version 10.0. (SPSS Inc., Chicago, III, USA).
Both descriptive (range, mean, median, mode, and standard
deviation), and inferential statistics were used for data
analysis. Pearson product moment correlation coefficient
was computed to determine the correlation between the
anthropometric characteristics of the pupils and their cardio-
vascular parameters. Student’s t-test was used to determine
the significant difference between the physical characteristics
and physiological parameters of boys and girls. Stepwise
regression analysis was employed to determine the com-
bined and individual contribution of the anthropometric
parameters towards the prediction of the criteria variables
(cardiovascular parameters). The level of significance for all
tests was set at P < .05.

4. Results

A total of 1032 pupils were initially selected, however, 6
children were not measured because when examined, 4
of them were febrile, while 2 had lower limb deformity.
Therefore, this report is based on the data collected from
1026 apparently healthy school-age pupils (mean age of 10.12
± 2.46 years) who participated in this study. The physical
characteristics and the resting physiological parameters of
all the subjects are presented in Table 1. On the average,
the SBP and DBP of the pupils were 98.63 ± 12.38 mmHg
and 62.85 ± 10.18 mmHg with a 95th centile of 121.00
and 80, respectively. The mean resting HR was 88.38 ±
14.63 beats per minute. The mean RPP was 8725.54 ±
1828.1 mmHg beats per minute, while the mean PP was
35.79 ± 8.64 mmHg.

The correlation between the anthropometric characteris-
tic and the cardiovascular measures are presented in Table 2.
Age was positively related to SBP, DBP, RPP, and PP but
has inverse relationship with HR. The correlation between
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Table 1: Physical characteristics and resting physiological parameters of the subjects.

N = 1026

Variable Range Mean ± SD 95th centile

Min. Max.

Age (Yrs) 6.00 14.00 10.12 ± 2.46 14.00

Height (m) 0.97 1.40 1.31 ± 0.13 01.33

Weight (Kg) 15.00 70.00 26.55 ± 7.87 42.00

AC (cm) 49.00 92.00 59.37 ± 5.50 69.00

BMI (Kg/m2) 6.17 27.34 15.22 ± 1.97 18.67

PI (Kg/m3) 3.43 22.46 11.69 ± 1.56 14.55

SBP (mmHg) 51.00 137.00 98.63 ± 12.38 121.00

DBP (mmHg) 27.00 98.00 62.85 ± 10.18 80.00

HR (bpm) 42.00 140.00 88.38 ± 14.63 112.00

RPP (mmHg bpm) 2397.00 15540.00 8725.54 ± 1828.1 11704.80

PP (mmHg) 8.00 69.00 35.79 ± 8.64 52.00

MAP (mmHg) 84.20 108.33 92.66 ± 7.99 89.33

Abbreviations: AC = Abdominal circumference, HR = Heart rate, BMI = Body Mass Index, RPP = Rate pressure product, PI = Ponderosity index, PP = Pulse
pressure, SBP = Systolic blood pressure, DBP = Diastolic blood pressure.

Table 2: Correlation matrix showing the relationship between anthropometric indices and cardiovascular parameters.

Age HT WT BMI AC PI SBP DBP HR RPP PP

Age (Yrs) 1.000

HT (m) 0.784∗∗ 1.000

WT (Kg) 0.748∗∗ 0.873∗∗ 1.000

BMI (Kg/m2) 0.441∗∗ 0.364∗∗ 0.756∗∗ 1.000

AC (cm) 0.647∗∗ 0.741∗∗ 0.860∗∗ 0.664∗∗ 1.000

PI (Kg/m3) −0.183∗∗ −0.415∗∗ 0.050 0.686∗∗ 0.056 1.000

SBP (mmHg) 0.422∗∗ 0.504∗∗ 0.544∗∗ 0.386∗∗ 0.477∗∗ −0.015∗∗ 1.000

DBP (mmHg) 0.372∗∗ 0.425∗∗ 0.406∗∗ 0.225∗∗ 0.375∗∗ −0.118∗∗ 0.724∗∗ 1.000

HR (b/m) −0.194∗∗ −0.234∗∗ −0.212∗ −0.117∗∗ −0.214∗∗ 0.063 0.042 0.143∗∗ 1.000

RPP
(mmHg bpm)

0.092∗ 0.114∗∗ 0.150∗∗ 0.127∗∗ 0.110∗∗ 0.032 0.615∗∗ 0.543∗∗ 0.806∗∗ 1.000

PP (mmHg) 0.167∗∗ 0.221∗∗ 0.301∗∗ 0.289∗∗ 0.242∗∗ 0.117∗∗ 0.582∗∗ −0.140∗∗ −0.109∗∗ 0.243∗∗ 1.000

MAP (mmHg)
∗P < .05, ∗∗P < .01.
Key: HT = Height, WT = Weight, AC = Abdominal circumference, PI = Ponderosity index, SBP = Systolic blood pressure, DBP = Diastolic blood pressure, HR
= Heart rate, RPP = Rate pressure product, PP = Pulse pressure, BMI = Body mass index.

some anthropometric (age, Ht, Wt, BMI, and AC) and car-
diovascular (BP, PP) parameters were positive and significant
(P < .01). However, HR had significant negative correlation
with Age, Ht, BMI, and AC (P < .01), and Wt (P <
.05). The correlation between PI and SBP was significant
(P < .01) but was not significantly correlated with HR and
RPP. As shown in Table 3, there were no significant gender
variations in cardiovascular parameters. However, females
were significantly (P < .05) heavier and had significantly
(P < .05) higher AC and BMI than their male counterparts.

Table 4 summarized the results of the multiple and step-
wise regression analysis for SBP. Weight (24.8%), AC (2.0%)
and BMI (1.6%) when combined contributed significantly
(P < .05) towards predicting (28.4%) the levels of SBP.

Addition of BMI to Wt caused a variation of 1.6% in predict-
ing SBP while addition of AC to Wt and BMI explained 2.0%
of the total variation in SBP. Age (9.7%) and weight (1.5%)
accounted for 11.2% of the total variance in DBP (Table 5)
while AC (4.6%) and age (0.7) were two viable predictors
(5.3%) of HR. The only determinant of RPP was Wt which
accounted for 1.5% in its variance. Weight and BMI (0.9%)
contributed significantly towards the prediction of PP.

5. Discussion

This cross-sectional study investigated the relationship of
some anthropometric and cardiovascular indices of school
age Nigerian children. The main purpose of this research was
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Table 3: Comparison of male and female physical characteristics and cardiovascular parameters.

Variables Male Female t-value P-value

(Mean ± SD) (Mean ± SD)

Age (Yrs) 10.2 ± 2.5 10.1 ± 2.4 0.73 .56

Height (m) 1.3 ± 0.1 1.3 ± 0.1 −0.90 .08

Weight (Kg) 26.2 ± 6.8 26.9 ± 8.6 −1.15 .05∗

AC (cm) 59.2 ± 4.6 60.2 ± 6.2 −2.53 .05∗

BMI (Kg/m2) 15.1 ± 1.8 15.2 ± 2.2 −0.04 .05∗

PI (Kg/m3) 11.7 ± 1.6 11.6 ± 1.5 0.87 .54

SBP (mmHg) 97.0 ± 12.5 100.2 ± 12.1 −3.53 .78

DBP (mmHg) 61.2 ± 9.5 64.4 ±10.5 −4.36 .07

Heart rate (bpm) 86.3 ± 15.1 90.4 ± 13.9 −3.79 .23

RPP (mmHg bpm) 8388.8 ± 1838.6 9047.6 ± 1756.8 −4.99 .66

PP (mmHg) 35.8 ± 9.2 35.8 ± 8.1 0.05 .15

MAP (mmHg) 73.2 ± 11.4 76.1 ± 10.2 −3.34 .56
∗P < .05.
Key: AC = Abdominal circumference, BMI = Body mass index, PI = Ponderosity index, SBP = Systolic blood pressure, DBP = Diastolic blood pressure, RPP =
Rate pressure product, PP = Pulse pressure, SD = Standard deviation.

Table 4: Stepwise regression analysis summary for Systolic Blood
Pressure (SBP) showing changes in multiple regression coefficient
of determination (R2) with addition of different variables.

Stages of analysis R2 SEE F
1Weight 0.248 10.80 337.80∗∗∗

2Weight and BMI 0.264 10.79 174.20∗∗∗

3Weight, BMI and AC 0.284 10.76 118.60∗∗∗

Regression equation for the different stages of analysis: 1SBP = 76.53 + 0.84
weight; 2SBP = 82.53 + 0.97 weight −0.62 Body mass index; 3SBP =
70.00+0.80 weight – 0.58 Body mass index + 0.27 Abdominal circumference;
4SBP = 98.1 + 4.6. SEE = Standard error of estimate.
∗∗∗Significant (P < 0.01).

Table 5: Stepwise regression analysis summary for Diastolic Blood
Pressure (DBP) showing changes in multiple regression coefficient
of determination (R2) with addition of different variables.

Stages of analysis R2 SEE F
1Age 0.097 11.28 110.40∗∗∗

2Age and Weight 0.112 11.19 64.67∗∗∗

3Age, Weight and BMI 0.118 11.16 45.70∗∗∗

Regression equation for the different stages of analysis: 1DBP = 47.87 + 1.51
age; 2DBP = 46.69 + 0.88 age + 0.29 weight; 3DBP = 53.46 + 0.68 age + 0.46
weight −0.63 Body mass index, 4DBP = 62.29 + 4.82. SEE = Standard Error
of Estimate.
∗∗∗Significant (P < 0.01).

to find out if some of the previously established anthropo-
metric determinants of hypertension in Nigerian children
are still viable while exploring the usefulness of other
parameters. It was observed that significant correlations still
exist between anthropometric parameters (age, Ht, Wt, BMI,
and AC) and BP. Weight (24.8%) was found to be the most
viable predictor of SBP while age was the best determinant
of DBP (9.7%). Although weight contributed little to the

prediction (1.5%) of DBP age did not contribute to the
prediction of SBP. This finding is consistent with the report
of Andy et al. [13] but not with that of Balogun et al. [4].
Andy et al. reported that age and Wt were the two most
important determinants of BP levels of Nigerian children,
but the influence of Wt was greater. However, contrary to the
finding of Andy et al., age was not a viable predictor of BP in
the study of Balogun et al. They attributed this inconsistency
to age restriction (1–20 years and 8–20 years, resp.).

The reason why weight should preferentially predict
systolic and why age preferentially predicts diastolic BP
in children is open to speculation. However, it is known
that BP rises with age but SBP increases more than DBP
[14]. Also, increases in cardiac output increase the SBP,
whereas increases in peripheral resistance increase DBP. Our
finding suggests that increasing Wt may be associated with
increase cardiac output while ageing may be associated more
with increasing peripheral resistance thus explaining their
respective correlations to each other.

Furthermore, age range of subjects seems an important
factor in determining anthropometric marker for BP and
hypertension. The age range of the current cohorts was 6–14
years, and the 95th centile BP was found to be 121/80 mmHg.
By using this centile as the “cutoff” diagnostic criteria
for hypertension [15, 16], 8% (N = 81) prevalence of
hypertension was found. In contrast Balogun et al. [4] found
the 95th centile BP to be 133/92 mmHg and a prevalence of
4%. Therefore, the higher BP range may be attributed to the
influence of the older (15–20 years) and most likely heavier
subjects in their study.

Apart from Wt and age, AC (2.0%), and BMI (1.6%)
were the other predictors of SBP, while AC (4.6%) and age
(0.7) were predictors of HR. The correlation between PI and
some cardiovascular parameters was also significant. Our
findings are consistent with reports from other populations
[9, 11, 17]. Voors et al. [17] found PI to be one of the
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most important contributors to the associated variation in
BP levels of American children. The important contributions
of AC and BMI to the prediction of BP and HR are to be
expected because of their known correlation to adiposity.
Previous studies have shown that abdominal circumference
was the most practical anthropometric measurement for
assessing a patient’s abdominal fat content and that AC
correlates with the amount of fat in the abdomen [7, 9, 12].
Thus, it is an indicator of the severity of abdominal obesity.
The present study found that AC correlated more (r = 0.48,
P < .01) than BMI (r = 0.39, P < .01) with SBP in Nigerian
children, a finding that agrees with the other reports [7, 9].
These two studies reported that AC correlated more than
BMI with cardiovascular risk factors and most strongly with
insulin and SBP.

There was no significant difference in the cardiovascular
parameters of male and female pupils. This finding agrees
with the report of Balogun et al. [4] who reported no
significant difference in resting BP of Nigerian boys and
girls. This is in contrast with the report of Oviasu et al.
[6] who observed significant difference in the BP of male
and female children in their study of subjects with age
range similar to the present cohort. These differences in
observation may reflect ageing effect, ethnic, or regional
variations in the relationship between anthropometric and
cardiovascular indices of children [6, 9, 14]. This is more
so because gender differences in growth pattern have long
been known and ethnic and rural-urban differences in body
somatotypes and sensory characteristics had been reported
[18, 19]. Further work will be needed to clarify this trend.

6. Significance of the Study

This study has revealed that Wt is a more viable predictor
of SBP, while age predicts DBP better and AC predicts
cardiovascular risk. Also, the prevalence of hypertension is
increasing among Nigerian children. Based on these findings,
it is recommended that body Wt norms be used in evaluating
abnormal SBP while using age to evaluate abnormal DBP
levels in Nigerian school-aged children. AC should be
included as an anthropometric predictor of resting BP and
HR in this population with a call for more action towards
the prevention of childhood hypertension in Nigeria.

7. Conclusion

Significant correlations exist between age, Ht, Wt, BMI, AC,
and BP with Wt being a more viable predictor of SBP and
age a more viable predictor of DBP. Body weight norms
should be used in evaluating abnormal SBP levels, while age
should be used to evaluate abnormal DBP levels in Nigerian
children.
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Hypertension (HTN) is the most common co-morbidity in the world, and its sequelae, heart failure (HF) is one of most common
causes of mortality and morbidity in the world. Current understanding of pathophysiology and management of HTN in HF is
mainly based on studies, which have mainly included whites. Among racial groups, African-American adults have the highest rates
(44%) of hypertension in the world and are more resistant to treatment. There is an emerging consensus on the significance of
racial disparities in the pathophysiology and treatment options of hypertension and heart failure. However, African Americans
had been underrepresented in all the trials until the initiation of the A-HEFT trial. Since the recognition of obstructive sleep apnea
(OSA) as an important medical condition, large clinical trials have shown benefits of OSA treatment among patients with HTN
and HF. This paper focuses on the pathophysiology, causes of secondary hypertension, and treatment of hypertension among
African-American patients with heart failure. There is increasing need for randomized clinical trials testing innovative treatment
options for African-American patients.

1. Introduction

Hypertension (HTN) is the most common comorbidity
in the world with significant public health implications
[1, 2]. The overall U.S. prevalence of hypertension among
adults ages ≥18 years in 2005–2008 was 30.9% and was
highest among persons ages ≥65 years (69.7%) [3] and non-
Hispanic blacks (44%) [4]. The American Heart Association
estimates that the incurred costs of hypertension are more
than $93.5 billion per year, and that cardiovascular disease
and stroke for which HTN is the predominant risk factor,
account for 17% of the total annual health expenditures in
the United States [5].

Hypertension and its sequelae, heart failure (HF) [6], are
a progressive disease. Evidence shows that less than half of
patients with heart failure survive five years (after diagnosis),

and less than a quarter of them live ten years after their
initial diagnosis [7]. The incidence is about 550,000 each
year in the United States. Framingham Heart Study showed
that hypertensive patients were more likely to develop heart
failure (142 cases of HF detected during the first 16 years
of followup) than those who were normotensive [8]. The
lifetime risk for development of HF among people with
blood pressure (BP) >160/90 mm Hg is double that of those
with BP <140/90 mm Hg. Heart failure in comparison to the
most prevalent gender malignancies (bowel cancer in men
and breast cancer in women), was associated with worse
long-term survival [9]. In addition to poor prognosis, the
socioeconomic burden is enormous. Over a million hospital-
izations, contributing to more than 250,000 deaths [4], and
escalating billions of dollars in health care expenditure is the
norm [10].
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The disastrous duo, HTN and HF, should be recognized,
and a tailored focus on management in special populations,
high-risk ethnic minority groups especially blacks who are
disproportionately burdened should be developed. Among
racial groups, African-American adults have the highest
rates (44%) of hypertension in the world [4] and are more
resistant [11] to treatment. In particular, black women have
the highest prevalence [4] and the lowest blood pressure
control [12]. The relative incidence of HF is 50% higher
in African Americans, 3% of whom have HF, compared
with 2% of the general population [13, 14]. Incident HF
is substantially more common among black than nonblack
hypertensive patients [15]. The disease occurs at an earlier
age, and usually at a more advanced stage [10] along with
increased hospitalization [16] and mortality.

Hypertension is one of the most common causes of HF.
Other causes of HF include coronary artery disease, valvular
heart disease, diabetes, left ventricular hypertrophy and
cardiomyopathies. HF can result from systolic, diastolic or
combined left ventricular dysfunction [17]. Overt clinical HF
resulting from diastolic left ventricular dysfunction may be
clinically indistinguishable from that resulting from systolic
dysfunction. HF with preserved left ventricular function is
observed in 30% to 50% of adult cases of HF. Coronary artery
disease and myocardial infarction is a principal cause of sys-
tolic left ventricular dysfunction followed by hypertension.
A variety of neurohormonal systems, especially the renin-
angiotensin aldosterone and sympathetic nervous systems
are activated in response to the left ventricular dysfunction
and such activation leads to abnormal ventricular remod-
eling. The inexorable progression to more severe stages of
left ventricular dysfunction can be significantly reduced by
effective therapy with neurohormonal blockade including
Angiotensin Converting enzyme inhibitors (ACEIs), Beta
Blockers (BBs), and aldosterone antagonists [18].

1.1. Pathophysiology. Current understanding of the patho-
physiology of HF has revolved around neurohormonal acti-
vation [19, 20]. Evidence suggests that abnormal endothe-
lial function may contribute to abnormal blood pressure
responses. This endothelial dysfunction may result from
insufficient nitric oxide (NO) secondary to either reduced
endothelial production of NO or to increase NO inactivation
[17, 19, 21]. In HF, a pronounced increase in angiotensin II,
with modestly reduced NO is seen among whites. However,
African Americans with HF may exhibit greater NO reduc-
tion; conversely, angiotensin II might be less elevated among
whites.

Important studies are investigating gene variation among
the races that may influence the risk of developing hyper-
tension and its complications, such as single nucleotide
polymorphisms in the genes encoding for β1-adrenergic
receptors and a2c-adrenergic receptors. African Americans
who are homozygous for polymorphisms in both the β1-
adrenergic and a2c-adrenergic receptor genes are at a 10-
fold greater risk for heart failure, which is overexpressed
in African-Americans [22]. Groups with overexpression
of transforming growth factor β-1 (TGF-β1), a cytokine
involved in cardiac fibrosis and remodeling, vascular and

renal disease, production of the vasoconstrictor, endothelin-
1, and stimulation of renin release, have a worse prognosis.
Other genetic polymorphisms in African Americans that may
influence heart failure risk include elevated production of
endothelial nitric oxide synthase, aldosterone synthase, and
the G protein 825-T allele [14].

2. Management

There are two major approaches to classifying the patient’s
HF stage or clinical severity. The most common is the New
York Heart Association (NYHA) classification, mainly based
on functional capacity and subjective level of symptoms
severity. This scheme is fluid and its class fluctuates in
the same patient depending on their subjective assessment
and clinical status. The other approach, adopted by the
American College of Cardiology/American Heart Associa-
tion (ACC/AHA) guidelines, emphasizes disease progression.
Classified as stages A, B, C, and D, each of these stages has
definable characteristics and recommended interventions. To
emphasize the progressive nature of HF and the need to
prevent its development or progression to end-stage disease
(stage D) [18, 23], this scheme is unidirectional. Patients can
only progress toward worsened disease severity.

Current HF guidelines define patients in stage A as
those at increased risk for HF without evidence of structural
heart disease or symptoms of HF [18]. Stage A represents a
critically important group because many of the risk factors
including hypertension can be effectively controlled and
by doing so may prevent development of cardiovascular
diseases including HF. Patients are in stage B when they
present with evidence of structural heart disease but without
current or prior symptoms of HF. Stage C is recognized
by the presence of structural heart disease and current or
prior symptoms of HF. Stage D patients are those who have
refractory heart failure requiring frequent hospitalization
and specialized interventions. They are symptomatic at rest
despite maximally tolerated medical and device therapy.

3. Treatment of Hypertension in Heart Failure

Several studies have shown the efficacy of treatment of
hypertension in preventing HF [24–27]. Treatment of hyper-
tension reduces the incidence of HF by about 50%. In recent
years, significant advances have been made in increasing
awareness, treatment, and control of blood pressure. Several
large, randomized clinical trials have shown that specific
classes of medication have mortality benefit in patients with
heart failure [28–34].

3.1. Treatment Goals. In the most recent guidelines [18] for
the diagnosis and management of HF in adults, the American
College of Cardiology Foundation (ACCF)/American Heart
Association (AHA) recognized the need for specific recom-
mendations for special population. Our review expounds on
the specific concerns in Blacks.

3.2. Lifestyle Therapy. Lifestyle modifications have been
shown to reduce blood pressure, increase drug efficacy,
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and decrease cardiovascular risk. Long-term primary pre-
vention of hypertension includes weight reduction in over-
weight/obese individuals. Weight loss intervention was asso-
ciated with a 21% reduction in the incidence of hypertension
over a 36-month period [35]. Dietary practices, reducing
intake of dietary sodium to <1.5 g NaCl [3, 36], low
potassium, magnesium, and saturated fat intake, increased
calcium intake [37], decreased consumption of alcohol,
have demonstrated greater BP reduction in blacks [38].
These practices are most successful when reinforced with
comprehensive education and counseling [39, 40]. Exercise
training, regular aerobic physical activity for at least 30
minutes per day most days [41], has been shown to reduce
recurrent cardiac events in patients with LV dysfunction
from ischemic heart disease and is recommended under close
medical supervision [42]. Culturally cognizant and sensitive
modalities should be implemented to help guide improved
compliance of therapeutic lifestyle changes (TLC) in special
populations [43, 44].

3.3. Pharmaceutical Therapy. Despite lifestyle modifications,
most patients with hypertension need pharmacologic ther-
apy for better BP control. In the United States, about 44
million patients are on antihypertensive medications [45].

Pharmacological treatment of hypertension before devel-
opment of structural heart disease or symptoms of HF is
mainly based on studies looking at prevention of end-organ
damage. Specific classes of medication are recommended for
patients in stages B-D that have shown benefit in reducing
mortality and number of hospitalizations. The reader should
refer to the major guidelines for full treatment recommenda-
tions of HF in the general population [18, 23, 46].

There are multiple large trials for HF therapy including
management of HTN. However, ethnic minorities who are
at greater risk for developing HF remain underrepresented
in most clinical trials. According to a recent paper by
Mitchell et al. “Treatment of HF in African Americans—A
call to Action”, most of the available evidence is based on
limited representation of African Americans in these trials or
posthoc analysis of limited evidence [46]. These papers once
again summarize the available evidence in HF management
in African Americans and call for more therapeutic trial
focused in these high-risk population. The African American
Heart Failure Trial (A-HEFT) was the first heart failure
large trial to focus specifically on the African-American
population and evidence represented approximately 50% of
all African Americans ever studied in heart failure trials [47].
This is randomized placebo-controlled double blind study
of fixed dose isosorbide dinitrate/hydralazine (ISBD/HYD)
(Figure 2).

In an effort to summarize efficacy of available treatments,
Psaty et al. conducted a meta-analysis of all trials through
2002 [48]. The database included 192,478 patients from
42 trials randomized to 7 treatment strategies including
placebo. Low-dose diuretics proved the most effective first-
line treatment for preventing cardiovascular disease and
mortality including HF. The ALLHAT trial showed that
diuretics are as effective as calcium channel blockers or ACEI
in preventing cardiovascular disease outcomes including HF.

The ALLHAT study also has suggested that thiazide-diuretic
therapy is useful in preventing disease progression [49].
Although, ALLHAT trials and other trials showed diuretics is
the first-line of antihypertensive therapy and is still the most
commonly prescribed antihypertensive medications, this is
challenged by recent studies as published in February JACC
and presented in the European Society of HTN meetings.
However, the diuretics used in the ALLHAT trials was
chlorthalidone a long acting thiazide (shown to effectively
lower BP and improve survival), not really the same as
hydrochlorothiazide (HCTZ) which is the most commonly
prescribed antihypertensive thiazide at a dose of 12.5–25 mg.
Messerli et al. (St Luke Roosevelt Hospital, New York, NY),
published the analysis of 18 trials on HCTZ where the
antihypertensive effect of HCTZ at the dose that is most
often used—12.5 to 25 mg a day—is consistently inferior
to that of most other antihypertensive drug [50]. The
other limitation of diuretics as first line therapy in African
Americans is not only not adequate but also, has multiple
side effects like DM, electrolyte abnormalities and urecemia,
to mention a few. However, there is still a role of diuretics
in combination with neurohormonal (Renin Angiotensin
Aldosterone Axis) blockade and when there is compelling
indication. According to the recent consensus statement of
the International Society on Hypertension in Blacks (ISHB),
chlorthalidone is favored than HCTZ [51]. Furthermore,
the ISHB consensus statement reinforces, patient above goal
BP (SBP/DBP—15/10) with (goal BP—< 130/80) end organ
damage (HF, LVH, Kidney disease) or without end organ
damage (goal BP—< 135/85) should be on at least on
combination pharmacotherapy [51].

Use of beta blockers (BB) as treatment for hypertension
has come under scrutiny. Lindholm et al. conducted a meta-
analysis of 13 trials, which included 105,951 patients showing
that atenolol did not improve outcomes in terms of stroke
and cardiovascular events [52]. In stage B CHF (NYHA class
I), defined by the presence of reduced left ventricular ejection
fraction (LVEF) < 40 percent in otherwise asymptomatic
individuals, ACEIs and BBs are recommended. Stage C
HF patients (NYHA class II–III) manifest left ventricular
dysfunction and overt symptoms; in these individuals, ACEIs
and BBs are also indicated. Aldosterone antagonists also may
be of value in these cases [51].

HF is an indication for the use of ACEI. Abundant
evidence exists to justify their use with all stages of HF.
Patients who are intolerant to ACEIs, ARBs may be used.
BBs are also recommended in HF because of clinical
studies demonstrating decreased morbidity and mortality,
and improvement in HF symptoms. The reduction of BP
with BBs may be very marginal. Aldosterone antagonists
may provide additional benefit in patients with severe left
ventricular dysfunction, usually late stage C (NYHA class
III–IV). In the Randomized Aldactone Evaluation Study
(RALES), low-dose spironolactone (12.5–25 mg daily), when
added to standard therapy, decreased mortality by 34 percent
[34]. In the Eplerenone Postacute Myocardial Infarction
Heart Failure Efficacy and Survival Study (EPHESUS),
eplerenone reduced mortality by 15% in patients following
a recent MI with LVEF < 40%, 90% of whom had HF
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symptoms [53]. Patients were excluded who had a serum
creatinine of <2.5 mg/dL and hyperkalemia.

The V-HEFT I and II are a large-scale trial that compared
different vasodilators with placebo and among themselves
[25]. V-HEFT I showed, the mortality rate was significantly
lower for the total cohort (African Americans and Whites) in
ISDN/HYD arm compared to patients treated with Prazosin
or placebo added to digitalis and diuretics (Figure 1) [54].

In V-HEFT II, though ISBD/HYD was statistically infe-
rior to enalapril in effect on mortality, patients taking
ISBD/HYD experienced similar mortality rate in patients
taking ISBD/HYD in V-HEFT-II as those in V-HEFT-I
taking ISBD/HYD. Posthoc analysis of V-HEFT I showed
ISBD/HYD significantly reduced mortality in African Amer-
ican patients but not in white patients. The reanalysis of V-
HEFT II, demonstrated the annual mortality rate African
American (12.9) patients receiving ISBD/HYD was 12.9%
compared with 12.8% for African Americans receiving
enalapril. Due to difference in outcomes in African Amer-
icans in V-HEFT, the African American Heart Failure Trial
(A-HEFT) definitive study was designed. The A-HEFT was
terminated earlier than anticipated completion date due to a
significant (43%) reduction in mortality in patients receiving
combination (ISDN/HYD) compared to the placebo arm
[44].

Adding the combination of a fixed-dose of ISDN/HYD
(20 mg/37.5 mg) to a standard medical regimen for HF,
including ACEI and BBs, is recommended in order to
improve outcomes for patients self-described as African
Americans, with NYHA functional class III or IV CHF [47].
Furthermore, genomic evidence from the GRAHF (Genetic
Risk Assessment of Heart Failure in African Americans)
arm of the African American Heart Failure Trial (A-HEFT)
showed that blacks with the more common TT phenotype
(61%) of the aldosterone synthase gene (CYP11B2) showed
greater responsiveness to the combination of isosorbide
dinitrate and hydralazine [55].

3.4. Secondary HTN. The vast majority of blacks will
have no identified cause for their HTN [56]. Past studies
elucidating the pathophysiological mechanisms have shown
conflicting information and further investigations exploring
the complex relationships and interactions are warranted
[57]. There are, however, several secondary forms of HTN
in blacks that are prominent and preventable. We will focus
on the most common, preventable and treatable secondary
form of hypertension, obstructive sleep apnea (OSA) [58].

3.5. Obstructive Sleep Apnea. The prevalence of OSA in
hypertensive populations is estimated to range between
(30–40%) [59] and in heart failure at 53%; apnea-hypopnea
index (AHI) ≥10/h) [60]. OSA is more common in blacks
than whites [61, 62]. It is an independent risk factor for
HTN [63], nondipping of blood pressure and increased BP
variability [64] and follows a dose-dependent relationship
[65]. A prospective study showed that the odds of developing
hypertension over 4–8 years was 2.89 times more likely for
participants who had AHI ≥ 15/h compared to AHI ≥ 0,
independent of known confounders [66]. Cross-sectional
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Figure 1: Higher rates of hypertension-based heart failure among
African American patients compared to white patients in heart fail-
ure trials. V-HEFT: Vasodilator Heart Failure Trial; SOLVD: Studies
of Left Ventricular Dysfunction; US Carvedilol: US Carvedilol Heart
Failure Trial; BEST: β-Blocker Evaluation of Survival Trial; MERIT-
heart failure: Metoprolol CR/XL Randomized Intervention Trial in
Congestive Heart Failure [14].
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Figure 2: A-HEFT % of black participants in different intervention
arms [14].

data has shown 2.38-times increased likelihood of having
heart failure in association with OSA, independent of
confounders (n = 6424) [67, 68].

OSA has been shown to act through various mecha-
nisms, independent of blood pressure, in promoting left-
ventricular (LV) hypertrophy, diastolic [69], and systolic
[70] dysfunction, and overt heart failure [71]. These mech-
anisms include the hemodynamic consequences of repetitive
increases in left-ventricular transmutable wall pressure and
over time impaired vigil heart rate modulation leading to LV
hypertrophy and ventricular remodeling [58]. Additionally,
OSA patients without overt heart failure have more impaired
diastolic relaxation than those without OSA [72]. Emerging
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evidence illustrates patients with OSA have more active
atherosclerotic disease with a greater degree of vessel involve-
ment and more vulnerable plaques than do patients without
the disease, resulting in greater cardiovascular burden [73].

The definite treatment for OSA, long-term adherence to
Continuous Positive Airway Pressure (CPAP) therapy, has
shown to suppress sympathetic activity [74], lower blood
pressure [75], reduce right ventricular volume [76], and
improve systolic function in patients with HF [77]. System-
atic reviews, meta-analyses, and randomized controlled trials
have shown statistically significant net reduction in blood
pressure with CPAP, especially in patients with increased
AHI events [78–83]. A recent 3-year study (n = 340) by
Durán-Cantolla et al. reported that participants assigned to
CPAP therapy for 3 months had mean 24-hour ambulatory
blood pressure decreased by 2.1 mmHg (0.4 to 3.7) mmHg
(P = .01) for systolic and 1.3 (0.2 to 2.3) mm Hg (P = .02)
for diastolic blood pressures [84]. Similar evidence from
randomized trials showed up to 9% increase in LVEF [77]
and increased quality of life (QOL) and functional capacity
among patients treated with 1–3 months of CPAP therapy
[85]. Furthermore, among patients with no overt failure,
CPAP therapy has been shown to reverse impaired diastolic
relaxation [71]. There is a need for further randomized
clinical trials with CPAP therapy among high-risk ethnic
minorities especially blacks to assess whether treatment of
OSA has similar long-term effects and to evaluate the effect
on HTN and HF morbidity and mortality.

4. Recommendations

Taking into consideration, lifestyle and pharmaceutical
interventions, our changing health care community needs
to emphasize the essential nature of the patient-provider
relationship and establish trust and collaboration. In the
past, this has been accomplished through physician, patients,
family member, and other caretaker awareness, increased
education of both provider and patients, and establishment
of community outreach programs [86]. These measures have
contributed to an increase in compliance and a reduction
in the risk of hospitalizations [23, 87]. We recommend
an additional emphasis on the implementation of specialty
care in patients with heart failure in collaboration with the
primary care provider.

5. Summary

The dramatic improvement in the management of HF and
hypertension over the last 50 years has allowed us to start to
target specific populations and provide more evidence-based
treatment that will lead to an improvement in mortality
[88]. There are disparities in the prevalence, treatment, and
control of hypertension and the incidence and morbidity
and mortality of heart failure between blacks, a diverse and
heterogeneous population, and whites. The management
team needs to take into consideration new evidence and
develop tailored strategies for effective treatment, especially
for hypertension, one of the main causes of HF and many
other cardiovascular complications in African Africans.
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Hypertension is both an important cause and consequence of chronic kidney disease. Evidence from numerous clinical trials has
demonstrated the benefit of blood pressure control. However, it remains unclear whether available results could be extrapolated to
patients with chronic kidney diseases because most studies on hypertension have excluded patients with kidney failure. In addition,
chronic kidney disease encompasses a large group of clinical disorders with heterogeneous natural history and pathogenesis. In this
paper, we review current evidence supporting treatment of hypertension in various forms of chronic kidney disease and highlight
some of the gaps in the extant literature.

1. Introduction

Hypertension is a major risk factor for cardiovascular and
renal disease. Conversely, chronic kidney disease (CKD) is
the most common form of secondary hypertension and
mounting evidence suggests it is an independent risk factor
for cardiovascular morbidity and mortality [1–3]. The
prevalence of CKD has been better characterized since the
National Kidney Foundation issued a standard classification
based on the level of glomerular filtration rate (GFR) and the
presence or absence of evidence of renal injury. Patients with
stages 1 and 2 CKD need to show evidence of renal injury
(e.g., proteinuria), and GFR of ≥90 and 60–89 mL/minute,
respectively. Stages 3, 4, and 5 correspond to GFR of 30–59,
15–29, and <15 mL/minute, respectively, regardless of any
other evidence of renal damage [4]. It is estimated that 10–
13% of adults in the USA suffer from some degree of CKD
[5].

Evidence from a large number of clinical trials has clearly
demonstrated that effective treatment ameliorates the harm-
ful effects of uncontrolled hypertension [6]. Unfortunately,
most trials have excluded patients with CKD, and those trials
that specifically targeted CKD patients primarily focused on
progression of renal disease as the primary clinical endpoint.
In this paper, we review the epidemiology, pathophysiology,

and therapy of hypertension in CKD and highlight the gaps
in the available evidence.

2. Epidemiology

Approximately one in three adults in the United States
has hypertension [7]. The prevalence of hypertension is
higher among patients with CKD, progressively increasing
with the severity of CKD. Based on a national survey of
representative sample of noninstitutionalized adults in the
USA, it is estimated that hypertension occurs in 23.3% of
individuals without CKD, and 35.8% of stage 1, 48.1% of
stage 2, 59.9% of stage 3, and 84.1% of stage 4-5 CKD
patients [8]. Prevalence of hypertension also varies with the
cause of CKD; strong association with hypertension was
reported in patients with renal artery stenosis (93%), diabetic
nephropathy (87%), and polycystic kidney disease (74%)
[9].

Despite the high prevalence of hypertension and avail-
ability of effective medications, only a minority of patients
achieve recommended treatment goals. However, this situa-
tion may be changing in the general population. Comparison
of recent cohorts with patients in earlier decades shows that
awareness and control of hypertension have improved from
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69% to 80% and 27% to 50%, respectively [7]. Reports on
CKD patients enrolled in prospective observational studies
have described rates of awareness and control of hyperten-
sion as similar to current levels in the general population
[10, 11]. Population data, however, indicate that not only
awareness and control of hypertension but also the odds of
adequate treatment of other cardiovascular risk factors are
lower in those with CKD [12, 13]. Possible explanations to
this discrepancy are the unintended consequence of study
participation on clinical care or adherence, and differences
in composition of different study populations. Although
a sizeable proportion of CKD patients requires multiple
antihypertensive agents—32% were taking four or more
anti-hypertensive drugs in one study [10]—nonadherence
does not appear to be more common than in patients
without CKD [11]. The picture is complicated further by
the high prevalence of masked and white-coat hypertension
among CKD patients, which results in misclassification of
true blood pressure; 24-hour ambulatory blood pressure
monitoring may, therefore, be necessary to reliably diagnose
hypertension and assess attainment of blood pressure goals
[14].

Hypertension is also extremely common among patients
on hemodialysis or peritoneal dialysis, and those who have
undergone renal transplant. Unlike in patients on peritoneal
dialysis, removal fluid in patients on intermittent-thrice
weekly hemodialysis is episodic, leading to large differences
between pre-, post-, and interdialysis blood pressure. This
variation in blood pressure impedes a clear definition of
hypertension and target blood pressure in hemodialysis
patients. Agarwal and Lewis proposed a cutoff predialysis
blood pressure of 150/85 to define hypertension and control;
they showed predialysis blood pressure >150/85 to have 80%
sensitivity in predicting elevated interdialytic ambulatory
blood pressure [15]. Based on this definition, they found
86% of hemodialysis patients had hypertension, of which
only 30% had adequate control [16]. Similar prevalence of
hypertension was reported in peritoneal dialysis patients and
over 70% of renal transplant recipients have hypertension
[17, 18].

Intense controversy surrounds the benefit of blood
pressure control in dialysis patients [19]. Analyses of registry
data show a U-shaped relationship between blood pressure
and mortality. By contrast, studies of selected patients at
low risk for cardiovascular disease replicate the observation
in the general population that the risk of adverse car-
diovascular outcome increases with blood pressure. While
the exact pathophysiologic basis for this discrepancy is
unclear, it has been suggested that high mortality in dialysis
patients with lower blood pressure is due to coexisting
severe cardiac disease. In support of this explanation is
the favorable outcome seen in the intervention arm of the
Frequent Hemodialysis Network (FHN) Daily Trial despite
having lower pressure than the control group [20]. In renal
transplant recipients, observational studies suggest that post-
transplant hypertension is an independent risk factor for
graft failure and death, and that adequate blood pressure
control reduces this risk [21, 22].

3. Pathophysiologic Considerations

The kidneys play such a vital role in long-term blood pressure
regulation that Guyton argued that sustained hypertension
could not occur in the absence of impairment of renal
handling of sodium [23]. In fact, virtually all forms of exper-
imental and human hypertension exhibit impaired sodium
excretion by the kidneys at normal blood pressure [24]. In
his seminal experiments using large animals and isolated
perfused kidneys, Guyton showed that acute rise in blood
pressure results in brisk increase in renal sodium excretion
and normalization of blood pressure. Conversely, sodium
loading increased blood pressure only when renal sodium
excretion was constrained by ablation of 70% of renal mass
or administration of angiotensin or aldosterone. Under these
circumstances, rise in blood pressure was initially mediated
by expansion of extracellular fluid (ECF) volume, despite
reduction in total peripheral resistance. At this stage, the rise
in blood pressure is mediated by increased cardiac output;
this manifests as predominantly systolic hypertension. Over
time, however, ECF volume and cardiac output normalize
and high blood pressure results from elevated peripheral
resistance, which increases diastolic blood pressure.

That subtle renal defects may underlie the pathogenesis
of essential hypertension in humans is supported further by
several lines of evidence. In a series of patients with renal
failure due to histologically proven hypertensive nephroscle-
rosis, transplant with kidneys from normotensive donors
resulted in the resolution of their hypertension [25]. It
has also been shown that normotensive individuals with
family history of hypertension respond to salt loading with
less natriuresis and higher blood pressure than those with
no family history [26]. Finally, hypertensive victims of
fatal accidents were endowed with fewer nephrons than
normotensive controls in an autopsy series [27]. The exact
nature of renal defect or defects responsible for inappropriate
sodium excretion, or of factors that mediate the subsequent
rise in peripheral resistance, remains unclear.

The critical role of volume expansion in hypertension
due to CKD is underscored by the effect of ultrafiltration
or diuretics on blood pressure control in CKD patients.
Dialysis units that employ eight-hour thrice-weekly or short
daily hemodialysis report that only a minority of patients
require antihypertensive medications for blood pressure
control [28]. This observation is confirmed in the FHN Daily
Trial, which also showed improvement in the composite
outcome of death or left ventricular hypertrophy in the
more frequent dialysis group [20]. Similarly, better volume
and blood pressure control could be achieved by peritoneal
dialysis [29], or use of loop diuretics in earlier stages of CKD
[30].

Positive salt balance is the dominant but not the sole
factor in the genesis of hypertension in CKD. As noted
above, experimental evidence has clearly demonstrated that
hypertension due to retention of salt and water is maintained
by increased peripheral resistance. This has been replicated
in hypertensive uremic humans [31]. Table 1 shows a list of
factors proposed to cause hypertension in CKD along with
their corresponding mechanisms.
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Table 1: Selected factors that may cause hypertension in chronic
kidney disease∗.

Factor Dominant Mechanism

Impaired sodium excretion Expansion of ECF volume

Activation of RAS
Direct vasoconstriction
Sympathetic activation

Sympathetic activation
Direct vasoconstriction
Stimulation of renin release

Imbalance in prostaglandins or
kinins

Vasoconstriction

Endothelin
Direct vasoconstriction
Renal injury

Reduced nitric oxide Loss of vasodilator effect
∗

See text for detail. ECF: extracellular fluid; RAS: renin-angiotensin system.

Activation of the renin-angiotensin system (RAS) has
been well documented in dialysis patients with uncon-
trolled hypertension despite optimized ultrafiltration [32].
Treatment of such patients with bilateral nephrectomy or
inhibitors of RAS has been shown to result in control of
blood pressure, suggesting failing kidneys as the source of
excess renin [32, 33]. In addition to its direct pressor effect,
it is possible that the activation of the RAS may contribute
to hypertension in CKD by stimulating the sympathetic
nervous system. In microneurographic studies, patients
with CKD have increased sympathetic nerve activity that
responds to angiotensin-converting enzyme (ACE) inhibi-
tion or bilateral nephrectomy [34]. Even when renal function
is well preserved, activation of the RAS is an important
factor in the pathogenesis of hypertension in polycystic
kidney disease, and is believed to be due to compression
of the renal vasculature by enlarging cysts [35]. Other
factors proposed to explain increased vascular resistance in
CKD include increased production of endothelin [36] and
endogenous digitalis-like substance [37]; reduced generation
of vasodilators such as nitric oxide [38] and kinins [39];
and imbalance between vasodilator and vasoconstrictor
prostaglandins [40]. While the primacy of oxidative stress
in hypertension and chronic kidney disease is unknown, it
commonly accompanies both disorders and is believed to
contribute in part to their pathogenesis [41].

Graft function is an important predictor of hyperten-
sion after renal transplant [18]. In addition, calcineurin
inhibitors (tacrolimus and cyclosporine) and glucocorticoids
contribute to the pathogenesis of hypertension in kidney
transplant recipients. Calcineurin inhibitors possess vas-
oconstrictor properties, but the exact mechanism is not
known. Disturbances in the biology of vasoactive substances
discussed above and the effect on smooth muscle calcium
metabolism have been described [18, 42]. Stenosis of the
renal artery of a transplant, or of arteries proximal to
the arterial anastomosis, is an infrequent but potentially
reversible cause of hypertension after renal transplant.

4. Treatment of Hypertension in
Chronic Kidney Disease

Patients with CKD are more likely to die, largely from card-
iovascular disease, than require dialysis [43, 44]. Once they
develop end-stage renal disease (ESRD), dialysis patients
have eight times the mortality rate of their age-matched
counterparts in the general population, with cardiovascular
causes accounting for more than 50% of deaths [45]. It
is, therefore, critically important to control modifiable risk
factors (e.g., hypertension) in this high-risk group.

5. Blood Pressure Goals

The latest national guidelines from the Joint National
Commission on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure VII (JNC VII) and
the Kidney Disease Quality Outcome Initiative (K/DOQI)
recommend blood pressure <130/80 as the goal of treatment
for patients with CKD [46, 47]. As discussed below, there
is consistent evidence that attainment of this blood pressure
goal retards progression of renal disease in patients with CKD
and proteinuria. It is, however, questionable whether this
blood pressure goal is applicable to all patients with CKD.
First, in patients without significant proteinuria, there are
no data supporting more aggressive blood pressure control
than what is recommended for hypertensive patients without
CKD (<140/90). Second, the safety of intensive blood
pressure lowering in patients older than 70 years, who have
been largely excluded from most clinical trials examining
the benefit of blood pressure control, is not established.
Third, secondary analyses of prospective studies indicate that
patients with CKD may incur excess risk of stroke when
systolic blood pressure is lowered below 120 mm Hg, or of
myocardial infarction when diastolic blood pressure is low-
ered below 80 mm Hg. [48, 49]. The benefit of treating iso-
lated systolic hypertension in patients with CKD has not been
directly tested in a clinical trial. The Systolic Hypertension in
the Elderly Program, which excluded patients with renal dys-
function, has shown that treatment of systolic hypertension
reduces morbidity and mortality; it is however, important to
note that the mean systolic blood pressure attained in the
active treatment arm was 143 mm Hg [50]. Since patients
with CKD tend to be older and have more cardiovascular
risk factors, it is advisable to individualize treatment in
some patients, especially those who do not have significant
proteinuria.

Most clinical trials that examined control of blood pres-
sure in patients with CKD used progression of renal disease
as their primary endpoint, and stratified their study pop-
ulation by the degree of proteinuria or etiology of kidney
disease. In the following sections, the evidence for benefits
of blood pressure treatment will be discussed separately for
diabetic nephropathy, other proteinuric renal diseases, and
nonproteinuric nephropathy. Table 2 summarizes treatment
of hypertension in CKD according to the nature of kidney
disease.
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Table 2: Summary of treatment of hypertension in chronic kidney
disease∗.

Disorder BP Goal Preferred Class

Diabetic nephropathy <130/80 ACEI/ARB

Nondiabetic proteinuric
nephropathy

<130/80 ACEI/ARB

Nonproteinuric
nephropathy

<140/90 Any

Renal transplant Unknown
Any; caution
with verapamil
or diltiazem

∗
See text for details. BP: blood pressure; ACEI: angiotensin-converting

enzyme inhibitor; ARB: angiotensin-receptor blocker.

6. Treatment of Hypertension in
Diabetic Nephropathy

It is generally accepted that treatment of diabetic nephropa-
thy should include an ACE inhibitor or angiotensin-receptor
blocker (ARB) to attain a blood pressure goal of less
than 130/80 mmHg. Most [51–55], but not all [56–58],
clinical trials that examined the impact of specific class of
antihypertensive agents on worsening of proteinuria or renal
function in diabetic nephropathy found that ACE inhibitors
or ARBs are renoprotective. In patients with type 1 diabetes,
treatment with captopril retarded progression of microalbu-
minuria (daily urinary excretion of albumin of 30–300 mg)
to overt proteinuria [51, 52], and of overt nephropathy to
ESRD [53]. Two large clinical trials also showed that use
of the ARBs irbesartan and losartan in patients with overt
diabetic nephropathy due to type 2 diabetes reduced the risk
of progression of renal disease [54, 55].

The benefit of attaining the currently recommended goal
blood pressure of <130/80 has not been directly tested in
clinical trials of diabetic nephropathy. Secondary analyses of
existing trials, however, suggest that lowering blood pressure
to this level may improve renal and cardiovascular outcomes.
The United Kingdom Prospective Diabetes Study (UKPDS)
compared the effect of lowering blood pressure below 150/85
and 180/85 mmHg in patients with type 2 diabetes and
hypertension [59]. Patients with laser-requiring diabetic
retinopathy and serum creatinine >2 mg/dL were excluded;
mean blood pressure attained in the tight- and usual-control
groups was 144/82 and 152/87 mm Hg, respectively, and
more than 80% of patients had urinary albumin excretion
<50 mg/L. In a posthoc analysis of the original data, the
authors found no blood pressure threshold for the beneficial
effect of blood pressure lowering and recommended aiming
for systolic blood pressure of 120 mm Hg or lower in diabetic
patients with hypertension [60].

The Irbesartan in Diabetic Nephropathy Trial (IDNT)
assessed the renoprotective effects of adding irbesartan,
amlodipine, or placebo to standard antihypertensive regi-
mens [54]. All three groups had a median daily urinary
protein excretion of 1.9 grams, and the attained blood
pressure in the irbesartan, amlodipine, and placebo groups

was 140/77, 141/77, and 144/80 mm Hg, respectively. Sec-
ondary analyses of IDNT showed that progressive lowering
of blood pressure up to systolic blood pressure of 120 mmHg
protects against cardiovascular events and deterioration of
renal function, but further reduction in blood pressure is
deleterious; a similar trend up to diastolic blood pressure
of 85 mmHg was observed for cardiovascular but not renal
endpoints [49, 61].

The normotensive Appropriate Blood Pressure Control
in Diabetes (ABCD) and Modification of Diet in Renal
Disease (MDRD) studies are two other trials that failed to
prove the value of lower blood pressure for their primary
endpoints, but suggested a beneficial effect in post-hoc
analyses [57, 58]. The normotensive ABCD trial compared
intensive with moderate blood pressure lowering using
nisoldipine or enalapril in normotensive patients with type
2 diabetes. Attained blood pressure in the intensive and
moderate treatment arms was 128/75 and 137/81 mm Hg,
respectively; corresponding rates of microalbuminuria were
21% and 25%. There was no difference in the rate of decline
of renal function—the primary endpoint—but lesser degree
of proteinuria was noted with intensive therapy. No differ-
ence was noted between the nisoldipine and enalapril arms.
The MDRD study largely consisted of nondiabetic patients;
it compared the effect of intensive versus usual blood
pressure control, and low versus high protein intake on renal
function. The study showed no difference in the primary
outcome between the different arms, but subgroup analysis
showed that lowering mean blood pressure to 92 mmHg
(equivalent to 125/75 mm Hg) preserved renal function in
those with proteinuria of >3 g/day, or >1 g/day in a subset
with glomerular filtration rate of 25–55 ml/min/1.73 m2

[58, 62].
As the above summary shows, careful review of the

data that underpin the recommendation for lowering BP
to <130/80 in patients with diabetic nephropathy calls for
caution in applying the guideline universally; most studies
did not attain this level of control, and the recommendation
is based mainly on post hoc analysis. This is especially
true in light of the results of the Action to Control
Cardiovascular Risk in Diabetes Blood Pressure (ACCORD
BP) trial [63]. This large trial of diabetic patients with
cardiovascular disease or at least two additional risk factors
for cardiovascular disease evaluated the impact of lowering
systolic blood pressure below 120 or 140 mm Hg. Study
participants had mean serum creatinine of 0.9 mg/dL and
minimal or no proteinuria. Despite attaining systolic blood
pressure of 119 and 135 mm Hg with intensive and standard
therapy, there was no difference in the composite primary
endpoint (nonfatal stroke, nonfatal myocardial infarction, or
cardiovascular death) or all-cause mortality between the two
groups. The intensive control group had lower risk of stroke,
but at the expense of higher rates of serious side effects.

7. Treatment in Nondiabetic
Proteinuric Nephropathy

Evidence from controlled clinical trials indicates that blood
pressure control limits the progression of nondiabetic
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proteinuric renal disease. The MDRD study, as discussed
above, suggested that the degree of proteinuria determines
the beneficial effect derived from tight blood pressure
control [58]. Although no additional benefit from use of
ACE inhibitors was found in the MDRD trial, subsequent
randomized controlled studies support the use of ACE
inhibitors for renoprotection, especially in those patients
with significant proteinuria (daily urinary protein excretion
of 1 gm or more) [64, 65]. Since these studies have not
attained blood pressure <130/80, the best available evidence
for targeting blood pressure below this level is obtained
from subgroup analysis of the MDRD study. Data on the
use of ARBs in nondiabetic proteinuric renal disease are
limited, but ARBs are generally believed to be equivalent to
ACE inhibitors [66]. Unlike their support for renoprotection,
these studies do not provide adequate data on the impact of
blood pressure control on cardiovascular outcomes.

8. Treatment in Nonproteinuric Nephropathy

The benefit of tighter blood pressure control than <140/90,
or of the use of ACE inhibitors or ARBs, in nonproteinuric
nephropathy has not been established. In the African Amer-
ican Study of Kidney Disease and Hypertension (AASK),
patients were randomized to treatment with ramipril,
amlodipine, or metoprolol and to low and usual blood
pressure targets [67]. The amlodipine arm was terminated
prematurely because interim analysis implied that it had
worse outcome than those treated with ramipril. Approx-
imate two-thirds of the participants had urine protein-to-
creatinine ratio less than 0.22 (equivalent to 300 mg/day)
at baseline. Attained blood pressure in the low- and
usual-blood-pressure groups was 128/78 and 141/85 mm Hg,
respectively. There was no difference in the rate of progres-
sion of renal disease, but ramipril appeared more effective
than amlodipine or metoprolol in decreasing the composite
secondary outcome of worsening renal function, ESRD, or
death. A long-term followup of the AASK cohort suggested
this benefit accrued in those with higher levels of proteinuria
[68]. Absence of additional benefit from tighter blood
pressure control or use of ACE inhibitors has also been noted
in patients with polycystic kidney disease, a condition that is
not characterized by heavy proteinuria [69, 70].

9. Combination Therapy

Most patients with CKD require more than one antihyper-
tensive medication for treatment of hypertension. Choosing
agents that have complementary mechanisms of actions or
are indicated to address other comorbid conditions is a useful
strategy to optimize therapy and minimize side effects. Loop
diuretics are often necessary to treat volume overload or
hyperkalemia.

Dual blockade with ACE inhibitors and ARBs reduces
proteinuria to a greater degree than either class alone, but
has not been proven to preserve renal function or improve
cardiovascular outcomes [71]. Of concern is the increased
risk of adverse events observed in the Ongoing Telmisartan

Alone and in Combination with Ramipril Global Endpoint
Trial (ONTARGET) [72]. In this large trial of patients at
high risk for vascular disease, the mean serum creatinine
was approximately 1.1 mg/dL, one-third of the participants
were normotensive, and only 13% of patients had microal-
buminuria; dual blockade was associated with worse renal
function and hyperkalemia, and there was no difference in
cardiovascular events or mortality. Combining aldosterone
antagonists with inhibitors of the RAS, although possessing
additional antiproteinuric effects, should be discouraged
for the same reasons—lack of proven clinical benefit and
increased risk of side effects [73].

The role and safety of combination blockade of the
RAS consisting of a direct renin inhibitor in patients
with CKD are not yet fully elucidated. The Aliskiren in
the Evaluation of Proteinuria in Diabetes (AVOID) trial
studied a group of carefully selected diabetic patients with
GFR >30 ml/min/1.73 m2 and no evidence of hyperkalemia;
the addition of aliskiren to losartan was well tolerated
and reduced albuminuria [74]. Results of future studies,
including that of an ongoing clinical trial of diabetic patients
with similar degree of CKD as in AVOID [75], may answer
whether combination blockade of the RAS using direct renin
inhibitors results in improvement of hard clinical endpoints.

10. Nonpharmacologic Therapy

Although pharmacologic therapy is often necessary to con-
trol blood pressure in most patients with CKD, sodium
restriction, smoking cessation, moderate alcohol consump-
tion, weight loss, and regular exercise should be part of a
comprehensive strategy of effective treatment of hyperten-
sion in CKD. Dietary recommendations need to be modified
according to the stage of CKD to optimally regulate protein,
phosphorus, and potassium intake [47].

11. Treatment of Renal Artery Stenosis

Atherosclerotic renal artery stenosis could cause hyperten-
sion and CKD. Since most lesions are asymptomatic, the
true prevalence is not known. Studies of insurance claims
data and patients undergoing angiography for unrelated
indications report wide variations in prevalence ranging
from 0.5% to as high as 45% [76, 77]. The natural history
of the disease is also controversial, with only a minority of
patients developing progressive renal failure or intractable
hypertension [78]. To date, controlled clinical trials have
not demonstrated the superiority of percutaneous revas-
cularization over medical therapy [79–82]. These studies,
however, spanned a long period of time and employed
different interventions, entry criteria, treatment protocols,
and endpoints. Until the results of a large ongoing trial
clarify the role of revascularization [83], medical therapy
of hypertension and other atherosclerotic factors remains
the mainstay of treatment of atherosclerotic renal artery
stenosis. Revascularization may be warranted in patients
with recurrent pulmonary edema, solitary or transplanted
kidney, or worsening renal failure.
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12. Treatment of Hypertension after
Renal Transplant

Based on evidence for native chronic kidney disease,
K/DOQI recommends aiming for blood pressure <130/80
in renal transplant recipients. As discussed above, the
applicability of this goal to patients who do not have
proteinuric native kidney disease has not been established.
Whether specific classes of antihypertensive agents provide
additional benefit to transplant recipients beyond what is
obtained from control of blood pressure per se is also not
known. As long as there are no specific contraindications
against or compelling indications for a specific class of
agents, any antihypertensive agent could be used in trans-
plant recipients. Close monitoring is warranted when using
nondihydropyridine calcium channel blockers (diltiazem,
verapamil) and inhibitors of the RAS because the former
inhibit metabolism of immunosuppressive agents by the
cytochrome P450 system, and the latter could result in
hyperkalemia [84, 85].

13. Experimental Approaches

Advances in device technology have allowed the resurgence
of invasive prepharmacotherapy interventions for resistant
hypertension that were abandoned because of technical
difficulties or excessive morbidity. Preliminary results of
carotid sinus stimulation and catheter-based renal sympa-
thetic denervation suggest that sustained reduction in blood
pressure could be achieved with acceptable risks [86, 87].
If these early results could be replicated in diverse clinical
settings, including patients with CKD, they would expand the
range of options for the treatment of resistant hypertension.

14. Summary

Treatment of hypertension in CKD patients should take
into consideration the nature of the underlying kidney
disease. Patients with diabetic nephropathy or proteinuric
nondiabetic kidney disease benefit from treatment with
ACE inhibitors or ARBs to a goal blood pressure of
<130/80 mm Hg, if tolerated. A goal of <140/90 mm Hg is
acceptable for most patients with other forms of CKD. Dual
or triple blockade of the RAS should generally be avoided.
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Increasing blood pressure has a continuum of adverse risk for cardiovascular events. Traditionally this single measure was used
to determine who to treat and how vigorously. However, estimating absolute risk rather than measurement of a single risk factor
such as blood pressure is a superior method to identify who is most at risk of having an adverse cardiovascular event such as
stroke or myocardial infarction, and therefore who would most likely benefit from therapeutic intervention. Cardiovascular disease
(CVD) risk calculators must be used to estimate absolute risk in those without overt CVD as physician estimation is unreliable.
Incorporation into usual practice and limitations of the strategy are discussed.

1. Introduction

Physicians treat diseases. For this reason when increasing
blood pressure was recognized as a risk factor for coronary
artery disease and stroke, it was dichotomized into a disease
state “hypertension” and a nondisease state “normotension”
by creating an arbitrary cut point. This cut point has gen-
erally become lower over time as evidence of benefit in
treating blood pressure levels lower than the contemporary
accepted cut points accumulated. Recognition of other risk
factors such as dyslipidemia, higher risk groups such as the
aged [1, 2], and those with comorbid conditions such as
diabetes [3] has led to differential treatment thresholds and
target blood pressures resulting in confusing or conflicting
guideline recommendations, depending on which peak body
produced them. Is there a simpler way to identify those most
likely to have a major adverse cardiovascular event who do
not have overt disease, and therefore who needs rigorous
therapeutic intervention for their blood pressure and other
CVD risk factors?

2. Absolute Cardiovascular Risk

Increasing blood pressure has a log-linear relationship with
adverse risk for cardiovascular events [4]. Using this figure

alone in clinical decision making risks overtreatment (“med-
icalization” where medication adverse events likely to exceed
benefit, and adverse cost-effectiveness) and undertreatment
(failure to act where medication benefit is likely to exceed
adverse events and be cost effective). Estimating absolute
risk, the risk of having an adverse cardiovascular event over a
specified period of time (usually 5 or 10 years), is a superior
method to measurement of blood pressure alone to identify
who is most at risk of having a cardiovascular event and
therefore who would most likely benefit from intervention
[5, 6]. It does this because the figure derived is more holistic,
incorporating other CVD risk factors that explain almost
all risk including blood pressure, and directly estimates
why we treat blood pressure in any population without
CVD, to prevent its onset and complications. Guidelines are
increasingly recognizing the benefit of utilizing absolute risk
scores rather than blood pressure measurements alone [7–
12].

3. Cardiovascular Disease Risk Calculators

CVD risk calculators are based on algorithms derived from
observational prospective cohort studies such as the Fram-
ingham study [13, 14]. CVD risk calculators must be used
to estimate absolute risk in those without prior CVD events



2 International Journal of Hypertension

as physician estimation is unreliable [15]. Physicians can
reliably estimate relative risk, the risk of an individual having
a myocardial infarction or stroke relative to others of the
same age and gender. The problem with relative risk is that
by its very nature it excludes the two most important drivers
of CVD risk, age and gender. There are validated algorithms
specifically derived from hypertensive populations available
[16] but such scores would tend to fragment absolute risk
scores back into their constituent risk factor classification
rather than unify and simplify the process. Similarly there
have been many validated algorithms using other than the
“classic” risk factors used in the Framingham risk score (age,
gender, blood pressure, serum cholesterol, smoking status,
and presence of diabetes) but the benefits of this increase in
complexity is marginal.

Absolute risk scores (ARS) derived from these algorithms
have proven to have good discrimination in their source
population (e.g., Framingham risk score C statistic 0.763
(males), 0.793 (females) [13]) but do have problems in sub-
groups not adequately represented in the study population.
For example, calculators derived from the Framingham risk
score have an upper age limit because no persons over 74
years were included in the study population [17]. Obviously,
from an international perspective, not only subgroups but
whole populations were missing. For example, Australian
aborigines, an important high adverse CVD risk ethnic
minority in Australia, have resisted all attempts to be reliably
and validly incorporated into Australian algorithms derived
from the Framingham risk score [11, 18].

Limitations in ARS use include the following.

(1) It should not be utilized in those with overt CVD.
They are by definition at high risk and should be
aggressively managed.

(2) Those with target organ damage due to elevated
blood pressure such as left ventricular hypertrophy
and hypertensive retinopathy or nephropathy. Such
individuals have progressed from a risk factor to a
disease state.

(3) Those with blood pressure ≥180/100 mm Hg.

(4) Those from a non-Caucasian population unless the
risk score utilized has been derived from and/or
validated in this population or has been recalibrated.

Once identified and the decision has been made to treat
based on absolute risk score, then management reverts to
that of the individual risk factor. The concept of treating
absolute risk per se is supported by clinical trials such as the
HOPE study [19], but the hypothesis needs to be formally
tested in studies such as ongoing and planned “polypill” trials
[20]. This management strategy promises simpler treatment
regimens, lower direct costs, and superior clinical outcomes.
Outside of the “polypill” approach it would give physicians
therapeutic flexibility. If adverse effects prevent drug therapy
of a particular risk factor then intervene on another.

4. Conclusions

Management of persons with elevated blood pressure is best
done through an absolute risk approach including the use of
absolute risk scores. This promises better targeted therapy,
simpler more flexible management regimens, and superior
clinical outcomes.
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Introduction. Nicotinic acid (NA) and statins have been associated with reductions in blood pressure (BP). Patients and Methods.
We recruited 68 normotensive and hypertensive dyslipidemic patients who were treated with a conventional statin dose and had
not achieved lipid targets. Patients were randomized to switch to high-dose rosuvastatin (40 mg/day) or to add-on current statin
treatment with extended release (ER) NA/laropiprant (1000/20 mg/day for the first 4 weeks followed by 2000/40 mg/day for the
next 8 weeks) for 3 months. Results. Switching to rosuvastatin 40 mg/day was not associated with significant BP alterations. In
contrast, the addition of ER-NA/laropiprant to current statin treatment resulted in a 7% reduction of systolic BP (from 134±12 to
125± 10 mmHg, P < .001 versus baseline and P = .01 versus rosuvastatin group) and a 5% reduction of diastolic BP (from 81± 9
to 77 ± 6 mmHg, P = .009 versus baseline and P = .01 versus rosuvastatin group). These reductions were significant only in the
subgroup of hypertensives and were independent of the hypolipidemic effects of ER-NA/laropiprant. Conclusions. Contrary to the
switch to high-dose rosuvastatin, the addition of ER-NA/laropiprant to statin treatment was associated with significant reductions
in both systolic and diastolic BP.

1. Introduction

Hypertension and dyslipidemia, two powerful risk factors
for cardiovascular disease, often coexist, and their combined
effect is much greater than the sum of their individual effects
[1]. Moreover, a growing body of evidence supports that
dyslipidemia may predate the onset of hypertension, while a
genetic link between dyslipidemia and hypertension cannot
be excluded [2, 3]. Statins, the mainstay of lipid-lowering
therapy, result in a significant clinical benefit both in primary
and secondary cardiovascular prevention [4]. In addition
to their hypolipidemic capacity, other properties may con-
tribute to statin-induced benefits, including a reduction of
blood pressure (BP) [5–9]. In this context, rosuvastatin has
been associated with reductions in BP and BP variability in
animal studies [6, 10].

Nicotinic acid (NA) comprises the oldest hypolipidemic
drug in use since 1955, and it has been associated with
BP decrease in a number of studies [11, 12]. Recently, the
European Medicine Agency approved a fixed combination of
extended release (ER) NA with laropiprant (a prostaglandin
D2 receptor antagonist) which reduces NA-induced flushing
without altering the beneficial effects of NA on lipid profile
or BP [13–15].

We aimed to compare the possible BP effects of switching
to high-dose rosuvastatin with add-on-current statin ER-
NA/laropiprant in normotensive and hypertensive patients
with primary dyslipidemia who were currently treated with
a conventional statin regimen but had not achieved the
treatment goals. To our best of knowledge, such comparison
has not been made before. Secondary endpoints included
changes in lipid profile.
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2. Patients and Methods

2.1. Study Population. Consecutive subjects with primary
hypercholesterolemia (n = 70) attending the Outpatient
Lipid and Obesity Clinic of the University Hospital of
Ioannina, Ioannina, Greece were recruited. Eligible patients
were those treated for at least 3 months with a conventional
statin dose (10–40 mg simvastatin or 10–20 mg atorvastatin
or 5–20 mg rosuvastatin) and their low-density lipoprotein
cholesterol (LDL-C) or non-high-density lipoprotein choles-
terol (non-HDL-C) levels were above those recommended
by the National Cholesterol Education Program Adult Treat-
ment Panel III (NCEP-ATP) III based on each patient risk
factors [16].

Subjects with triglycerides (TG) >500 mg/dL (5.65
mmol/L), renal disease (serum creatinine levels >1.6 mg/dL,
141 μmol/L), hypothyroidism (thyroid stimulating hormone
(TSH) >5 IU/mL), and liver disease (alanine aminotrans-
ferase (ALT) and/or aspartate aminotransferase (AST) levels
>3-fold upper limit of normal in 2 consecutive mea-
surements) were excluded from the study. Patients with
hypertension and/or diabetes were considered eligible if they
were on stable medication for at least 3 months and their
BP and/or glycemic profile were adequately controlled (no
change in their treatment was allowed during study period).

Patients were randomly allocated (without a washout
phase) to open-label high-dose rosuvastatin (40 mg/day) or
to add-on current statin treatment with ER-NA/laropiprant
(1000/20 mg/day for the first 4 weeks, followed by 2000/40
mg/day for the next 8 weeks) for a total of 3 months.

All patients were given similar dietary advice. Compli-
ance with treatment and lifestyle habits was assessed by
questionnaire and tablet count. All study participants gave
their written informed consent prior to enrolment, and the
Ethics Committee of the University Hospital of Ioannina
approved the study protocol.

2.2. Laboratory Measurements. Visits took place at baseline
and 12 weeks after the start of treatment. At each visit, BP
was measured in triplicate in the right arm after patients
had rested for 10 minutes in a sitting position. Measurements
were performed by trained clinicians using an electronic
sphygmomanometer (WatchBP Office, Microlife WatchBP
AG, Widnau, Switzerland).

Blood samples for laboratory tests were obtained after a
12 h overnight fast. Levels of total cholesterol (TC), HDL-
C, and triglycerides (TG) were determined enzymatically
in the laboratory of the University Hospital of Ioannina
using an Olympus AU 600 analyzer (Olympus Diagnos-
tica GmbH, Hamburg, Germany). LDL-C was calculated
using the Friedewald equation (provided that TGs were
<350 mg/dL (3.95 mmol/L)). All laboratory determinations
were performed blindly with regard to treatment allocation.

2.3. Statistical Analysis. We used G∗Power 3.0.10 to calculate
sample size. Based on previous studies we estimated that
ER-NA/laropiprant would result in a 3% reduction of BP
[15], while switching to rosuvastatin would not alter BP

since patients were already receiving a statin. Power analysis
revealed that a sample size of 30 patients per group would
give a 99% power to detect differences between groups at
an α level lower than 0.05. We recruited 68 patients allowing
for a dropout rate of ∼10%. The Kolmogorov-Smirnov test
was used to evaluate whether each parameter followed a
Gaussian distribution, and logarithmic transformations were
accordingly performed. Values are given as mean ± standard
deviation (SD) and median (range) for parametric and
nonparametric data, respectively. The differences of study
parameters between baseline and posttreatment values were
evaluated by paired sample t-test (or Wilcoxon’s rank test for
non-Gaussian variables). Analysis of covariance (ANCOVA)
adjusted for baseline values was used for the comparisons
between treatment groups. Statistical significance was set at
P < .05. Analyses were performed using SPSS version 15.0
(SPSS Inc., Chicago, Illinois).

3. Results

Recruitment took place from October 2009 to September
2010, and followup ended in December 2010. Initially, 68
Caucasian patients were enrolled. Sixty patients (27 men,
59 ± 11 years) completed the study, since 7 participants in
the ER-NA/laropiprant group dropped out due to flushing
as well as 1 patient in the rosuvastatin group due to ALT
elevation >3-fold upper normal limit. No cases of hypoten-
sion were reported. No difference in baseline parameters
was found between the 2 groups (Table 1). Compliance rate
was >80% in all participants who completed the study.
No changes in body weight, dietary habits (including salt
intake), or antihypertensive or antidiabetic medications were
reported during the followup.

In the switch-to-rosuvastatin 40 mg/day group, no signif-
icant BP alterations were reported (Table 2). In contrast, the
addition of ER-NA/laropiprant to current statin treatment
resulted in a significant 7% reduction of systolic BP (P < .001
versus baseline and P = .01 versus rosuvastatin 40 mg) and
a significant 5% reduction of diastolic BP (P = .009 versus
baeline and P = .01 versus rosuvastatin 40 mg) (Table 2).

In the subgroup of hypertensive subjects (n = 18)
the add-on-current-statin ER-NA/laropiprant was associated
with a 7% and 6% significant reduction of systolic and
diastolic BP, respectively, compared with baseline (systolic
BP from 133 ± 6 to 124 ± 11 mmHg, P = .009 and
diastolic BP from 80 ± 9 to 75 ± 6 mmHg, P = .03). In
normotensive subjects (n = 12) the add-on-current-statin
ER-NA/laropiprant resulted in similar though not significant
BP alterations (−6% (from 131 ± 5 to 125 ± 6 mmHg) and
-5% (from 83 ± 5 to 79 ± 6 mmHg), respectively, P = NS
versus baseline and P = NS versus hypertensive subgroup).
In the switch-to-rosuvastatin 40 mg group, both hypertensive
and normotensive subjects demonstrated no significant BP
alterations (data not shown).

Both the switch to rosuvastatin 40 mg and add-on-statin
ER-NA/laropiprant significantly decreased TC, LDL-C, TGs
and non-HDL-C compared with baseline (all P < .001)
(Table 2). The change in LDL-C was more pronounced in
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Table 1: Baseline characteristics and medications of study partici-
pants∗ (n = 60).

Switch-to-
rosuvastatin

40 mg

Add-on-statin
ER-

NA/laropiprant
P

N (females/males) 30 (17/13) 30 (16/14) NS

Age (years) 62 ± 10 58 ± 14 NS

Current smokers (%) 7 (23) 10 (33) NS

Diabetes mellitus (%) 4 (13) 6 (20) NS

Metabolic syndrome (%) 15 (50) 16 (53) NS

Body weight (kg) 79 ± 10 81 ± 10 NS

BMI (kg/m2) 29.1 ± 2.5 29.1 ± 3.1 NS

Waist circumference (cm) 102 ± 8 99 ± 8 NS

SBP (mmHg) 127 ± 14 134 ± 12 NS

DBP (mmHg) 80 ± 7 81 ± 9 NS

Hypertensive subjects (%) 15 (50) 18 (60) NS

TC (mg/dL) 226 ± 36 202 ± 42 NS

(mmol/L) 5.8 ± 0.9 5.2 ± 1.1

Triglycerides (mg/dL) 169 (150–189) 164 (141–187) NS

(mmol/L) 1.9 (1.7–2.1) 1.9 (1.6–2.1)

HDL-C (mg/dL) 55 ± 9 47 ± 11 NS

(mmol/L) 1.4 ± 0.2 1.2 ± 0.3

LDL-C (mg/dL) 142 ± 45 112 ± 35 NS

(mmol/L) 3.7 ± 1.2 2.9 ± 0.9

Non-HDL-C (mg/dL) 175 ± 33 155 ± 37 NS

(mmol/L) 4.5 ± 0.9 4.0 ± 1

Medications at baseline

Aspirin 9 8 NS

Beta blockers 8 8 NS

HCTZ 10 11 NS

ACEIs/ARBs 12 14 NS

Calcium channel blockers 7 9 NS

Metformin 10 9 NS

Pioglitazone 2 1 NS

Sulfonylurea 4 5 NS

Insulin 4 3 NS

Atorvastatin 5–20 mg/day 10 9 NS

Simvastatin 10–40 mg/day 13 9 NS

Rosuvastatin 5–20 mg/day 7 12 NS

ER-NA: extended release nicotinic acid, NS: not significant, BMI: body
mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure,
TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-
C: low-density lipoprotein cholesterol, HCTZ: hydrochlorothiazide, ACEIs:
angiotensin converting enzyme inhibitors, ARBs: angiotensin receptor
blockers. ∗Values are expressed as mean ± standard deviation (except for
triglycerides which are expressed as median (range)).

the switch-to-rosuvastatin 40 mg compared with add-on-
current-statin ER-NA/laropiprant group. In contrast, TGs
and HDL-C levels were improved more with add-on-statin

ER-NA/laropiprant compared with switch-to-rosuvastatin
40 mg (Table 2). The observed BP reductions were not
significantly correlated with HDL-C increase or other lipid
changes in the add-on-statin ER-NA group (data not shown).

4. Discussion

This is the first study to directly compare the antihy-
pertensive potential of switching to high-dose statin with
add-on-current statin ER-NA/laropiprant. We demonstrated
that add-on-current-statin ER-NA/laropiprant but not the
switch to rosuvastatin 40 mg is associated with significant
reductions of both systolic and diastolic BP in patients
with primary dyslipidemia, especially in the subgroup of
hypertensives.

A growing body of evidence suggests that statins may
reduce BP [5, 8, 9, 17, 18]. The effects of rosuvastatin
on systemic and regional hemodynamics were evaluated
in 2 hypertensive rat models (one genetically determined
and one hypertensive-induced via inhibition of nitric oxide
(NO) synthesis) [7]. Rosuvastatin reduced arterial BP in
hypertensive rats and decreased total peripheral resistance
[7]. Regional hemodynamics improved with rosuvastatin in
both hypertensive models, as evidenced by increased blood
flow and decreased vascular resistance [7]. These effects were
independent of changes in plasma lipids. In addition, rosu-
vastatin has been associated with improved BP variability in
genetically dyslipidemic mice (apolipoprotein E −/−) and
reduced systolic BP in obese rats with chronic kidney injury
[6, 19]. Moreover, in obese and dyslipidemic (leptin- and
LDL-receptor-deficient) mice rosuvastatin reduced systolic
BP to the same levels compared with age-matched wild
type control mice despite incomplete correction of insulin
resistance and regardless of dose [10].

The mechanisms by which statin may reduce BP remain
unknown [20]. It is possible that statin effects on BP
are mediated by endothelial function improvement. Of
note, among the pleiotropic actions of rosuvastatin are
the reduction of proinflammatory cytokines and endoge-
nous NO synthase inhibitor levels, the promotion of NO
function and peroxisome proliferator-activated receptor
gamma (PPARγ) expression, and the increase of superoxide
dismutase 1 which represent major antioxidants in the
vasculature [6, 7, 10]. Moreover, in a placebo-controlled
study, rosuvastatin (10 mg/day) decreased P-selectin in
60 patients with pulmonary arterial hypertension (PAH)
[21]. P-selectin is a crucial player in inflammation and
thrombosis, and its reduction by rosuvastatin is relevant to
the pathophysiological scenario of PAH and potentially to
arterial BP [21]. Another possible mechanism is via increased
1,25 dihydroxyvitamin D levels [22]. Indeed, a growing
body of evidence suggests that vitamin D may decrease BP
[22, 23].

In our study, the switch to rosuvastatin 40 mg/day was
not associated with significant BP reductions. A possible
explanation could be that all patients were already receiving
baseline statin treatment. As the BP-lowering effect of
rosuvastatin has been demonstrated to be independent of
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Table 2: Clinical and laboratory parameters at baseline and 3 months after treatment∗.

Baseline 3 months Percentage change (%)

Body weight (kg)

Switch-to-rosuvastatin 40 mg 79 ± 10 79 ± 9 0

Add-on-statin ER-NA/laropiprant 81 ± 10 81 ± 10 0

SBP (mmHg)

Switch-to-rosuvastatin 40 mg 127 ± 14 127 ± 12 0

Add-on-statin ER-NA/laropiprant 134 ± 12 125 ± 10 −7††,§

DBP (mmHg)

Switch-to-rosuvastatin 40 mg 80 ± 7 79 ± 6 −0.1

Add-on-statin ER-NA/laropiprant 81 ± 9 77 ± 6 −5†,§

TC, mg/dL (mmol/L)

Switch-to-rosuvastatin 40 mg 226 ± 36 (5.8 ± 0.9) 180 ± 30 (4.7 ± 0.8) −20††

Add-on-statin ER-NA/laropiprant 202 ± 42 (5.2 ± 1.1) 171 ± 37 (4.4 ± 1) −15††

Triglycerides, mg/dL (mmol/L)

Switch-to-rosuvastatin 40 mg 169 (150–189) 156 (129–183) −7††

[1.9 (1.7–2.1)] [1.8 (1.5–2.1)]

Add-on-statin ER-NA/laropiprant 164 (141–187) 123 (97–148) −25††,§

[1.9 (1.6–2.1)] [1.4 (1.1–1.7)]

HDL-C, mg/dL (mmol/L)

Switch-to-rosuvastatin 40 mg 55 ± 9 (1.4 ± 0.2) 54 ± 9 (1.4 ± 0.2) −0.2

Add-on-statin ER-NA/laropiprant 47 ± 11 (1.2 ± 0.3) 53 ± 16 (1.4 ± 0.4) +13†,§

LDL-C, mg/dL (mmol/L)

Switch-to-rosuvastatin 40 mg 142 ± 45 (3.7 ± 1.2) 98 ± 30 (2.5 ± 0.8) −30††,‡

Add-on-statin ER-NA/laropiprant 112 ± 35 (2.9 ± 0.9) 91 ± 34 (2.4 ± 0.9) −19††

Non-HDL-C, mg/dL (mmol/L)

Switch-to-rosuvastatin 40 mg 175 ± 33 (4.5 ± 0.9) 127 ± 26 (3.3 ± 0.7) −40††

Add-on-statin ER-NA/laropiprant 155 ± 37 (4.0 ± 1) 118 ± 34 (3.1 ± 0.9) −24††

SBP: systolic blood pressure, DBP: diastolic blood pressure, ER-NA: extended release nicotinic acid, TC: total cholesterol, HDL-C: high-density lipoprotein
cholesterol, LDL-C: low-density lipoprotein cholesterol, non-HDL-C: non-high-density lipoprotein cholesterol.
∗Values are expressed as mean ± standard deviation (except for triglycerides which are expressed as median (range)).
†P < .01 versus baseline.
††P < .001 versus baseline.
§P < .01 versus and switch-to-rosuvastatin 40 mg group.
‡P < .01 versus the add-on-statin ER-NA/laropiprant group.

dose and changes in lipids, at least in animal models, it
is possible that the switch to high-dose rosuvastatin does
not result in any further reduction in BP compared with
preexisting statin treatment [6, 7, 9, 10].

Despite the use of NA for approximately 50 years, there
are only few reports on the effects of NA on BP [11, 24, 25]. In
one study NA was intravenously infused to 11 normotensive
and 10 hypertensive subjects [26]. In the normotensives,
systolic, diastolic, and mean BP and pulse pressure were not
affected by NA. In contrast, the hypertensive subjects expe-
rienced a decrease in mean BP from 105 ± 2 mmHg to 100
± 3 mmHg (P < .01) accompanied by significant decreases
in systolic, diastolic, and pulse pressures.[26] Another study

reached similar results, supporting that NA (500 mg/day for
7 days and then 1 g/day for further 7 days) does not have an
acute effect on BP in normotensive subjects [27]. A post-hoc
analysis of the Coronary Drug Project (CDP) demonstrated
that 1-year therapy with NA in patients with metabolic
syndrome was associated with a 2.2 mmHg reduction of
systolic BP compared with a rise of 0.8 mmHg in the placebo
group (P < .0001) [28]. Additionally, diastolic BP declined by
2.9 mmHg compared with 0.9 mmHg decrease in the placebo
group (P < .0001) [28]. In a post-hoc analysis of a 24-weeks,
phase 3 trial, 1613 dyslipidemic patients were randomized
in ER-NA alone or ER-NA/laropiprant combination or
placebo [15]. BP decreased with ER-NA, while laropiprant
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did not attenuate or abolish this effect [15]. Specifically,
the placebo-adjusted mean changes from baseline in systolic
BP were −2.2 and −3.1 mmHg in the ER-NA and ER-
NA/laropiprant groups (P < .05 and P < .001, resp.), while
similar changes were reported for diastolic BP (−2.7 and
−2.5 mmHg in the ER-NA and ER-NA/laropiprant groups,
respectively, both P < .001) [15]. Of note, the reduction
of systolic BP in the ER-NA and ER-NA/laropiprant groups
was more pronounced in patients not receiving antihyper-
tensive treatment compared with those on such treatment.
On the contrary, diastolic BP decreased similarly in all
patients receiving ER-NA or ER-NA/laropiprant regardless
of concomitant antihypertensive therapy [15]. There were
also a few cases reported of hypotension (in 0.3%, 0.0%, and
0.7% of patients receiving ER-NA, ER-NA/laropiprant and
placebo, resp.) and orthostatic hypotension (in 0.1%, 0.2%
and 0.0% of patients receiving ER-NA, ER-NA/laropiprant
and placebo, resp.) [15]. In contrast, in a smaller (n = 412)
and shorter study (8 weeks), the combination of ER-NA (1-
2 g/day) with laropiprant did not significantly alter BP levels
[29].

The mechanisms by which NA can reduce BP remain
unknown. Studies with NA and laropiprant suggest that the
latter does not affect BP [15, 30]. Thus, it is unlikely that
these changes are mediated by prostaglandin D2 or cutaneous
vasodilatation. Another possible mechanism may be the
improvement in endothelial function, as HDL promotes NO
endothelial generation [31]. Thus, the NA-induced elevation
of HDL may result in a NO-mediated decrease of BP
[31].

In our study, add-on-statin ER-NA/laropiprant was asso-
ciated with significant BP reductions, mainly in hypertensive
subjects. The observed BP reductions were not significantly
correlated with HDL-C increase or other lipid changes.
Thus, the ER-NA/laropiprant-induced BP lowering may
be independent of lipid changes and may be associated
with the pleiotropic effects of this agent [24]. NA apart
from raising HDL improves several pleiotropic properties
of HDL including improved capacity of HDL to stimulate
endothelial NO, to reduce superoxide production, and to
promote endothelial progenitor cell-mediated endothelial
repair which may be beneficial for endothelial function [32].
Moreover, NA has been directly associated with the reduction
of asymmetric dimethylarginine (ADMA), a methylated
amino acid that causes endothelial dysfunction by competi-
tive inhibition of the NO synthase [33, 34]. Of note, although
ER-NA/laropiprant-associated BP reduction was numerically
similar between normotensives and hypertensives, it was
significant only in hypertensive subjects. This is in agreement
with a previous study [26]. However, the small number of
patients in the normotensive subgroup does not allow firm
conclusions.

Both treatments induced favourable changes in lipid
profile. We noticed more pronounced reduction in LDL-C in
the switch-to-rosuvastatin 40 mg group compared with the
add-on-statin ER-NA/laropiprant group. As expected, TGs
and HDL-C were improved more with the add-on-statin ER-
NA/laropiprant compared with the switch-to-rosuvastatin
40 mg.

5. Study Limitations and Strengths

A major limitation of our study is its open-label design.
On the other hand, it was an adequately powered random-
ized study that used a validated method for the assessment of
BP. Moreover, all laboratory determinations were performed
blindly with regard to treatment allocation. This study design
is relevant to every day clinical practice when the treating
physician is in dilemma over what to do in a patient who
has failed to achieve lipid targets while on conventional statin
treatment.

Patients with hypertension had adequately controlled BP
readings before study commence. The BP-lowering effect of
NA may be more pronounced in inadequately controlled
hypertensives, but further research in this field is needed.

6. Conclusion

The addition of ER-NA/laropiprant to a conventional statin
regimen, but not the switch to high-dose rosuvastatin, is
associated with significant reductions of both systolic and
diastolic BP in dyslipidemic patients, especially in those
with hypertension. Addition of ER-NA/laropiprant to a
conventional statin regimen may further improve both BP
and lipid profile in hypertensives who have not achieved lipid
targets.
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Background. A 12-session church-based HEALS program (healthy eating and living spiritually) was developed for hypertension
control and prevention program in African Americans (AAs). This study presents specifics of training lay health educators to
effectively deliver HEALS to high-risk AAs. Methods. A one-day workshop was conducted by the research experts in an AA church.
Five church members were recruited to be program interventionists called church health counselors (CHCs). Results. Using
principles of adult education, a training protocol was developed with the intention of recognizing and supporting CHCs skills.
CHCs received training on delivering HEALS program. The process of training emphasized action methods including role playing
and hands-on experience with diet portion measurements. Conclusion. With adequate training, the community lay health educator
can be an essential partner in a community-based hypertension control programs. This may motivate program participants more
and encourages the individual to make the behavior modifications on a permanent basis.

1. Introduction

Hypertension (known as the “silent killer”) prevalence is
highly variable among populations worldwide. In the US,
there is a disproportionate burden of hypertension and its
complications in African Americans (AAs) [1]. Not only are
AAs more likely to suffer from hypertension than are whites,
but they also experience a higher complication rate, greater
severity, and earlier disease onset. From 1988–1994 to 1999–
2002, the prevalence of hypertension in adults increased from
35.8% to 41.4% among AAs, and it was particularly high
among AA women, at 44.0% compared to 28.1% in whites
[2]. Hypertension is more common in middle-aged or older,
less-educated, overweight or obese, and physically inactive
AAs [3]. As a result, compared with whites, AAs have a 1.3-
times greater rate of nonfatal stroke, a 1.8-times greater rate
of fatal stroke, a 1.5-times greater rate of heart disease death,
and a 4.2-times greater rate of end-stage kidney disease [4, 5].
Many AAs, however, remain unaware of their blood pressure
status [5].

It is common, asymptomatic, readily detectable, and eas-
ily treatable. Yet it burdens our economy substantially. Hy-
pertension is the most common primary diagnosis in the
US and accounts for over 38 million office visits per year
[6]. Most patients will require two or more antihypertensive
medications to achieve the goal of blood pressure less than
140/90 or 130/80 for patients with diabetes or kidney disease
[7, 8]. Poor adherence to medication regimens is a common
problem with AAs who have hypertension, perhaps because
it is often asymptomatic in the early stages [9]. A high-cost
prescription can further decrease adherence to antihyperten-
sive medications. Therefore, emphasis on disease prevention
and control are the primary means by which we can begin
to reign in unnecessary medical expenditures and promote a
healthier society.

Besides medications, lifestyle interventions are also effec-
tive in lowering blood pressure (BP), and the “dietary ap-
proach to stop hypertension” (DASH) diet has been shown
to lower systolic BP (SBP) by 6–14 mmHg, equivalent to
one antihypertensive agents [10]. However, in the PREMIER
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trial, DASH with lifestyle modifications was less effective in
AAs with regard to BP lowering effects [11].

It has been shown that promoting the adoption of healthy
lifestyles, ones that involve best practices of diet and exercise
and abundant expert support, can, in a healthcare setting,
reduce the incidence of hypertension in those who are
at high risk and as well to its control [11]. Using faith-
based settings and adopting community-based participatory
research (CBPR) approach, especially for AAs, hypertension
control programs can be developed and offered by faith-
communities. For a number of years, there has been a trend
to have lay health leaders rather than health professional to
deliver health promotion and disease prevention programs
to hard-to-reach community [12]. Normally, these lay edu-
cators are residents of the same communities in which they
conduct the program. There are several strengths to using lay
health educators/advisors (supported by experts and church
pastors) in delivering CBPR programs: (i) they are acceptable
to hard-to-reach community residents, (ii) they provide a
ready support network, (iii) they serve as efficacious peer
models, (iv) they promote community ownership, and (v)
they are cost-effective [12]. Many members of AAs churches
may have significant experience dealing with people who
have hypertension as patients or as caregivers to relatives
and friends. The potential for developing church health
counselors (CHCs) who devote their time to hypertension
prevention and management remains virtually untapped and
is a potential future offshoot of this effort. The idea of having
the church health leaders educate and support at-risk and
healthy individuals and not just pray for the sick is consistent
with the CHC model.

We have developed HEALS (healthy eating and living
spiritually), a hypertension control and prevention program
with the help of the AA community, CBPR experts and com-
munity advisory board (CAB) input. HEALS has been modi-
fied from the DASH [10] and PREMIER [11] studies. Results
of focus groups and program development will be published
elsewhere. HEALS program, a church-based approach, if
successful, may be utilized to reduce the incidence and
consequences of hypertension in large communities with
potentially huge impact on public health by implementation
in community settings such as church venues.

The sizeable AA communities in the Kansas City Metro
area (Kansas and Missouri) make it an ideal population in
which to implement a hypertension control and prevention
program. For this reason, we have proposed the implemen-
tation of a faith-based hypertension control and prevention
program be piloted in a small Kansas City church.

Lay health educators have been used successfully in a
wide range of community settings and with a variety of tar-
geted health issues. For example, lay health educators were
used in Fit Body and Soul study [12], Project Joy [13], PATH-
WAYS [14], Pawtucket Heart Health Program [15], Stanford
Five City Project [16], and many more. The proposed HEALS
is a multilevel CBPR intervention for hypertension control
and management of high risk AAs in churches. The program
started in different phases [13, 14]. An abundance of liter-
ature exists on the outcome of community based health
promotions programs that use community lay educators as

interventionists. However, very little has been published on
the specifics of training lay health educators to effectively
deliver community-based programs. The objective of current
study is to share the experience of training church lay health
educators as HEALS interventionists who will deliver a 12-
session program under the supervision of the research team
and DASH and PREMIER experts.

2. Materials and Methods

This was a one-day workshop conducted by the research
team members and experts of DASH and PREMIER studies
at the Allen Chapel A.M.E. church in Kansas City, Kansas.
For this pilot study, the 200 member Allen Chapel A.M.E.
was selected for several reasons (i) members having lower or
middle lower socioeconomic and demographic characteris-
tics, (ii) a high level of interest in the project, (iii) existence of
a health awareness programs within the church, (iv) Church
is part of university community advisory board (CAB), and
(v) PI’s existing relationship with the church pastor. The
church pastor was asked to nominate at least 4-5 health
ministers who are at least 25 years old, preferably belonging
to the health profession, have effective communication skills,
and are willing to make a 6 month commitment to the
study. There were no requirements for the prior training
in health education or in health care, but the importance
of church-based lay health educators being viewed as role
models among program participants was emphasized. Five
church members were recruited and were called church
health counselors (CHCs). All five CHCs (four females and
one male) are usually known “influence leaders” who were
highly respected in the church and often included in the
major church decisions. CHCs ranged in age from 35 to
63 years (average age= 50 years) one of the CHCs had
nursing experience however, none had any formal training
or experience in conducting small group faith-based lifestyle
program. All five received the HEALS program training
(described below) and are part of the church advisory panel.
Because of their time commitment, CHCs are provided with
a small stipend to offset their out-of-pocket expenses and to
serve as an incentive for participating in the study. The focus
group meetings were held prior to the start of the project.
The church pastor and five CHCs with the PI discussed
the project concept, set an outline of activities, and marked
dates for all activities. Because of the pilot nature of this
study, power analysis was not conducted and a convenience
sample of 20–25 overweight or obese church members who
are either high risk for hypertension (with high normal and
stage 1 hypertension) and/or are known hypertensive’s will
be enrolled in the study after screening. For this study, all
participants are members of Allen Chapel A.M.E. church.

Before describing the experiences of training CHCs, we
briefly discuss here the community advisory board (CAB).

3. Health Disparity Community
Advisory Board (CAB)

The Kansas University Medical Center (KUMC) under the
leadership of the Dr. Dodani established a Health Disparities
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Community Advisory Board (CAB), funded by the KUMC-
Department of Internal Medicine and Center for Out-
come Research and Education (CORE)—http://www2.kumc
.edu/internalmedicine/.

The 45 member CAB has more than 70% representa-
tion of AA communities. In addition, CAB also includes
(i) other ethnic minority representation, (ii) local pub-
lic/private/government organizations serving low-income
ethnic minority groups, (iii) churches, and (iv) non-profit
organizations. The primary functions of the CAB are to (1)
identify health issues from the perspective of community
members, (2) promote communication among commu-
nity leaders and researchers, (3) promote partnership and
ownership by community members in research projects
that involve, and have an impact on, the overall health
of the AA community, and (4) bring together community
leaders and researchers to design, implement, and evaluate
culturally sensitive, practical research projects. The CAB
already provided significant input and oversight towards the
development of the current application. In addition, CAB
(majority AA members) participated in the HEALS program
development and provided appropriate bible scripture for
the program sessions [12]. Indeed, the CAB perceives
the faith-based settings as having the strongest and most
credible influences among AAs in the community. During
the proposed study, the CAB will continue to meet on average
3-4 times per year and play a critical role in promoting
mutual understanding and cooperation between researchers
and participant community members. The CAB will also
strongly encourage and develop long-term commitments
to various health-promoting activities that will be self-
sustained by the participants in the study, thereby improving
the overall health of the AA community far beyond those
achieved by merely participating in the study. In this regard,
in close collaboration with the researchers, the CAB will
develop various potential strategies of sustainable life-style
modifications that can be applied to this unique setting of
AA community.

4. Development of 12-Session HEALS Program

Briefly, the HEALS is a small-group, behavior-oriented hy-
pertension control and prevention program targeted for high
risk AA church members who are either at the risk of future
hypertension (those with high normal blood pressure or
stage I hypertension) for those who are known hypertensives.
HEALS is a faith-based hypertension control and prevention
intervention, developed using CBPR approaches and input
from members of AAs churches; it was developed during
a multistep process and was approved by the University
of Kansas Medical Center institutional review board. The
basis of the HEALS was DASH (a feeding study-clinical
trial) and PREMIER (an 18-lifestyle-month) intervention
which focused on the DASH dietary pattern [11]. Sessions
of PREMIER were modified with modification of DASH
diet to make a culturally appropriate diet plan without
compromising the integrity of DASH caloric contents. Faith-
based strategies of Fit Body and Soul [12] were used to

add faith components in the multilevel HEALS church-based
program. Members of the original DASH and PREMIER
lifestyle team and CAB active members from more than 10
churches were involved in the modification and development
of the program. This group of church leaders and experts
modified the PREMIER sessions, using the experiences of
the Fit Body and Soul study [12] and input from the CAB
advisory panel. They developed the 12-session faith-and
culture-based program for the participants in the study (the
full program can be provided upon request). The HEALS
program was formed within a spiritual framework. Working
with the advisory board of church leaders, we facilitated
the development of the content and design of the manual.
Board members selected the spiritual themes and scripture
to frame the 3 themes of the intervention—weight loss,
increased PA, behavioral change—and wrote messages to be
included in the manual. The spirituality was seen as a source
of emotional support, a positive influence on health, and
contributing to life satisfaction. Overall feedback from the
advisory panel and 3-4 focus groups regarding this multi-
level, spirituality-based, behavioral lifestyle intervention for
AA congregations was generally consistent, showing strong
preferences for design and content. In order to achieve
outcomes and goals (Table 1), the multi-level spiritually
based HEALS behavioral lifestyle intervention was designed
to be delivered using three different approaches: church level
(led by pastor); group level (led by CHCs), and individual
level approach (led by CHCs).

5. Results and Discussion

5.1. CHCs Training Workshop on HEALS Program. The
purpose of this training workshop was to familiarize CHSs
with all HEALS material as well as appropriate intervention
measures. The model for developing and conducting training
was based on the principles of adult education [17]. Adult
learners bring to training a wealth of experience and well-
developed skills. As such, the training of adult learners
should reinforce and expand upon the learner’s prior
experience and direct existing skills to new applications. This
process of adult learning is facilitated by instruction that
is goal oriented and personally relevant to the learner one
that actively involves the learner in role playing and other
learning exercises and that affords frequent feedback. A blend
of lecture, hands-on practice, in person demonstrations, and
other methodologies consistent with adult learning theories
were employed as teaching techniques. CHCs received the
program manual guides, checklist protocols, and the ratio-
nale behind these approaches. These key features of adult
learning were emphasized in the training program.

The learning objectives of the workshop were to

(1) understand the importance of the HEALS program
and its intended outcome,

(2) have knowledge of healthy meals and how to prepare
them with understanding of calory counts,

(3) understand the importance of proper documentation
and completion of instruments for diet recalls, phys-
ical activity, and other questionnaires,
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Table 1: HEALS Goals at 3 levels: (1) Church, (2) Group, (3) Individual.

HEALS

Recommend
Intervention

emphasis
Self monitoring Outcome assessment

Blood pressure
Systolic ≥4 mmHg.
Diastolic ≥2 mmHg.

Yes Yes
BP measurement at 3 and 12
month after intervention

Physical activity 150 min/wk Yes Yes 7-day activity recall

Sodium ≤100 mmol/d Yes Yes 24-hr recall

Alcohol
≤1 oz/d-female
≤0.5 oz/d-male

Yes No Alcohol questionnaire

Weight∗ ≥5 lbs loss at 15 months Yes Yes Weight at 12 weeks

Total calory Individualized Yes Yes 24-hr diet recall

% Kcal fat ≤25% Yes Yes 24-hr diet recall

% Kcal sat fat ≤7% Yes No 24-hr diet recall

Fruits + vegetables 7–9 servings Yes Yes Food groups from 24-hr recalls

Dairy 2-3 servings Yes Yes Food groups form 24-hr recall
∗Weight loss recommended only for those with BMI≥ 25, daily number of servings adjusted for individual caloric intake.

(4) know how to take blood pressure, height, weight,
pedometer readings, waist circumference, and BMI
measurements and record in participants’ data forms,

(5) maintain log dairies,

(6) understand barriers to and provide acceptable solu-
tions to study participants on maintaining a healthy
lifestyle.

This one-day workshop was conducted at the Allen
Chapel A.M.E. church in the Kansas City, Kansas. Within
the church, all 5 CHCs were provided a one-time (approx
8 hrs) formal training. Training sessions were conducted by
research experts including a PREMIER and DASH investiga-
tors with background in behavioral education, psychology,
nutrition, and faith-based CBPR programs (Figure 1). The
training protocol was developed with the intention of
recognizing and supporting our CHCs existing skills and
experiences. The process of training emphasized action
methods including simulation, role playing, and hands-on
experience with diet portion measurements.

In the first session (by study PI), the project overview,
timelines, CHCs responsibilities and the roles of research
team were clarified. The clarification of roles and respon-
sibilities served to establish a collaborative partnership and
positioning university project personnel in a supportive role
while affording each CHC the opportunity with autonomy
and at the same time be supervised by the research team
within the parameters of study protocol. In these negotiation
roles, each CHC had a significant input on a number of issues
including program session timings, program scheduling,
design of participant recruitment activities, and materials.
The first session also included the overview of the philosophy
of HEALS program, the importance of faith-based approach,
behavioral goal setting, and the importance of multilevel
approach: church, group, and individual level. All CHCs were
provided with the copies of HEALS manual which included
learning objectives of each session, instructors scripts, and
participants materials for all 12 sessions.

After reviewing the overall objectives and goals of
HEALS program, the PREMIER and DASH team investigator
presented the overall objectives of each of the 12 sessions with
emphasis on the approach, method of delivery and outcome
measures. A majority of the emphasis was made on the
achievement of healthy behaviors and how to maintain them.
CHCs discussed some of eating habits in the church settings
and provided examples how those habits could be modified
into healthy eating. Enough time was provided to CHCs to
make sure they understood the basics of each session and
received clarification. CHCs also brainstormed on strategies
for recruiting program participants from among their church
congregation and neighboring communities. CHCs then
practiced conducting HEALS session and received feedback,
guidance and tips from the research team members.

The third session was conducted by the research team
nutritionists (study coinvestigator) who introduced CHCs
to different types of foods, food servings, calory content
measurement method, measurement of portion sizes, and
the importance of portion of fat, carbohydrates, proteins,
and vitamins in making meal menus (Figure 2). The CHCs
also performed some hands-on exercises by role playing.
The use of role playing method in the training provided
them with the type of challenging questions and group
scenarios that they would likely encounter, based on the prior
program experience of the research team. These included
easy methods of measuring portion sizes, how to read and
understand food labels, knowledge of alternative foods to
reduce fat intake, helping participants set reasonable goals,
and promoting self-efficacy for behavior change. The hands-
on exercises also encouraged team building among the
CHCs through shared session preparation and planning and
allowed for self-evaluation and constructive feedback from
their fellow CHCs and research team.

Finally, CHCs were briefed about methods and protocols
of anthropometric measurements. All CHCs also received
refresher training before the screening kickoff event and
CHCs practiced taking anthropometric measurements on
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Figure 1: HEALS Team with CHCs (from left to right front row).
Alexis Belcher (CHC), Ivey Brown (CHC) Catherine Champagne
(study Co-I), and Sunita Dodani Debra Sullivan (study PI). Back
row: Debra Sullivan (study Co-I), Thaerius Berry (CHC), Sydny
Pankey (study coordinator), and Vera Brown (CHC).

Figure 2: Demonstration of food servings and calory content meas-
urement method.

each other, as well as on research team members. In addition,
CHCs continued role playing and reviewing HEALS sessions
in order to have a full understanding of the program. CHCs
received feedback from the research team designed in such
a way that it was both collaborative and constructive while
allaying any potential for embarrassment and defensiveness.

In addition to conducting program sessions under the
supervision of experts, CHCs were asked to be responsible
for a number of activities involved in operating the program
therefore, clear demonstration and education related to other
activities were also included in the training. These respon-
sibilities included, but were not limited to (a) publicity and
awareness of the program within the church, (b) participants’
recruitment from the church, (c) scheduling sessions and
notifying participants of meetings, (d) planning, organizing
and conducting the 12 program sessions, (e) making weekly
calls to participants for followup, diary check, and providing

solutions to any barriers towards achieving program goals,
and (f) maintaining follow-up contacts with any participants
who missed session/s. The research team served as the source
of information and advice to the CHCs throughout the
program activities. More practice time and skill testing with
standardized checklist protocols were incorporated in other
church/program-related activities, for example, screening
and participant recruitment events.

5.2. Discussion. With cardiovascular disease the leading
cause of death and disability in the US, economically feasible
and effective methods of prevention are needed. Despite
more than 30 years of intense activity to improve control
and more recently prevention, high blood pressure (hyper-
tension) continues to be a major public health problem.
Evidence-based reviews have identified best practices and
quality-improvement strategies to address prevention and
control [5]. Since the 1970s, community-based programs
have been instrumental in raising awareness, increasing
knowledge, and promoting changes in health behavior to
improve blood pressure control. Most of these programs
have emphasized the use of partnerships and involvement of
community residents in conducting screening and referral
activities, implementing clinical practice guidelines, and
increasing healthy eating and physical activity. Many have
also used health care team approaches, including the use
of trained community health workers to deliver targeted,
culturally sensitive health education, particularly related
to the prevention of cardiovascular disease risk factors in
general and hypertension in particular.

Health education programs that target hard-to-reach
communities are often delivered by lay community persons
who are trained to serve as lay health educators. While these
community lay health educators bring a number of strengths
to CBPR programs, the effectiveness of these volunteer-
delivered programs in community and church settings
is to large extent dependent upon the training afforded
to the lay health educators. Without the proper training
and practice, the delivery of the program and anticipated
outcomes may be unnecessarily compromised. The amount
and type of training required for the church-based lay
health educators to reliably and effectively implement a
faith-based hypertension control and prevention program
are likely to be affected by several factors. Some of the
important factors are (a) the complexity of the targeted
health behaviors, (b) full understanding of the program
participants and community, (c) the specialized knowledge
and skills required to implement the program, and (d)
relative independence of the community health educators
to implement the program. Unfortunately, the literature
on lay health educator’s training often fails to discuss the
specifics of training and/or importance of training. This
paper was an attempt to shed light on specific components of
training HEALS program lay health educators called CHCs
(church health counselors). This paper also describes the
training used to prepare church-based CHCs to conduct
HEALS hypertension control and prevention healthy lifestyle
program, modified from DASH and PREMIER studies to
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make it suitable for AA faith communities. These CHCs
helped the team in arranging screening events at the church
as well as subsequent recruitment of eligible participants that
will receive the 12-session HEALS from these CHCs under
the supervision of team experts.

The training needs of lay health educators, particularly in
this study, are heavily influenced by the degree of structure
inherent in the program that they will deliver. The HEALS is
a highly structured program that includes carefully designed
scripts, input from the faith-based community leaders, easy
understandable session goals for CHCs to deliver, and self-
directed learning activities for participants. In this study, the
training provided to the church CHCs made no attempt to
foster an in-depth knowledge of PREMIER or DASH stud-
ies, or understanding of nutrition or dietary modification
principles, although the study nutritionist was available as a
resource to the church CHCs and participants. The objective
of the training was the focus on the delivery of program
information and activities included in the structured HEALS
program. The training provided to lay health educators
emphasized the common components of each sessions,
including bible scriptures selected by the church and CAB
appropriately to suit the main theme of each session. The
complete HEALS program manual (instructor’s manual)
provided the detailed scripts for the delivery of each session
by respective CHCs. The results of this study highlight
the importance of training of lay health educators who
will be responsible for the delivery of behavioral lifestyle
program and hence the expected outcomes. We believe that
even a complex multilevel lifestyle faith-based program,
like HEALS, can be effectively administered by lay church
members as long as program is sufficiently structured and
adequate training and support are provided.

6. Conclusion

Hypertension (and hence high blood pressure) is a signif-
icant health problem affecting AAs. Community outreach
programs in general and faith-based programs in particular
can be valuable in reaching at-risk groups. Community lay
health educators can greatly facilitate both access to hard-
to-reach community and the implementation of programs
designed for high-risk community/church members. In
training lay educators to implement church-based behavioral
lifestyle programs, it is not essential to create content
experts. With adequate training, the community lay health
educator can be an essential partner in a community-based
lifestyle hypertension control and prevention program. This
in, return, may motivate program participants more and
encourages the individual to make the behavior modifica-
tions on a permanent basis, when program is presented by
their own church people.
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Background. A community-based study put the prevalence of hypertension in Nigeria at 32.8%. Market workers in Nigeria lead
sedentary life style and often depend on salt-laden fast food while at work. Method. An unselected population of market workers
were screened for hypertension and its risk factors by a pretested, structured questionnaire, clinical examination, and laboratory
investigation. Hypertension was defined as BP ≥ 140 and/or ≥ 90 mmHg or being on drug therapy. Results. Forty-two percent
of the screened population were hypertensive. Of this number, 70.6% did not know they were hypertensive before the screening.
More males than females (P = .022) were hypertensive. Prevalence of hypertension increased with age from 5.4% in the age group
<20 years to 80% in the age group≥70 years. Conclusion. The prevalence of hypertension in market workers in this study was 42%,
and the majority of them were unaware of their disease.

1. Introduction

Hypertension is the commonest noncommunicable disease
and the leading cause of cardiovascular disease in the world
[1, 2]. It is an important public health challenge in both
economically developing and developed countries. Many
people with hypertension are unaware of their condition, and
among those with hypertension, treatment is infrequent and
inadequate. The prevalence of hypertension varies around
the world with the lowest prevalence in rural India (3.4%
in men and 6.8% in women) and the highest prevalence in
Poland (68.9% in men and 72.5% in women). The global
prevalence of hypertension has been increasing. In 2000,
972 million people had hypertension with a prevalence rate
of 26.4%. These are projected to increase to 1.54 billion
affected individuals and a prevalence rate of 29.2% in 2025
[2]. Incidence rates of hypertension range from 3% to 18%
depending on the age, gender, ethnicity, and body size of
the population studied [3]. A recent community based study
of rural and semiurban population in Enugu, Nigeria put

the prevalence of hypertension in Nigeria at 32.8% [4].
Uncontrolled hypertension is associated with serious end-
organ damage including heart disease, stroke, blindness, and
renal disease [5–7]. These serious complications of hyperten-
sion can be prevented by adequate blood pressure control [8,
9]. Prevention programmes start with screening to identify
the population at risk and treatment. To determine the
crude prevalence of hypertension and awareness and the risk
factors for cardiovascular disease in a market population, the
authors undertook a screening exercise on the 13th of May
2006 in Ogbete market in Enugu, Nigeria.

2. Materials and Methods

The Ogbete main market population consist of traders and
artisans. Prior radio and television announcements invited
participants to the screening site on the appointed day. The
exercise was executed with the approval and cooperation of
the leadership of the market workers. The screening exercise
was executed in stages. Stage 1, a structured questionnaire
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Table 1: Characteristics of the study population.

Parameter
All subjects Male Female

P value
N = 688 N = 354 N = 334

Mean age (years 38.02± 13.32 39.62± 13.69 36.31± 12.72 .001

Mean BMI (Kg/m2) 26.05± 5.03 25.14± 4.01 27.00± 5.77 <.001

Mean WC (cm) 86.48± 13.82 85.64± 12.16 87.34± 15.01 .136

Mean WHR 0.88± 0.08 0.90± 0.08 0.86± 0.08 <.001

Mean SBP (mmHg) 129.21± 20.77 130.99± 19.82 127.32± 21.60 .020

Mean DBP (mmHg) 84.51± 14.50 85.39± 14.32 83.58± 14.66 .102

Mean MAP (mmHg) 99.36± 16.22 100.43± 16.07 98.23± 16.32 .075

Abbreviations. BMI: body mass index, WC: waist circumference, WHR: waist-hip-ratio, SBP: systolic blood pressure, DBP: diastolic blood pressure, MAP:
mean arterial pressure.

was completed on behalf of each respondent. The question-
naire addressed biodata, family history of hypertension and
habits and practices that affect hypertension and educational
status. The educational status of the study population was
assessed using the highest educational attainment catego-
rized as no education, primary school education, secondary
school education, and tertiary education. Stage 2, anthro-
pometric data collection and dipstick urine test for protein
and sugar. Stage 3, measurement of blood pressure and pulse.
Stage 4, counselling and referral to hospital.

Hypertension was defined and classified according to the
WHO/ISH guidelines [10].

Blood pressure was taken from the nondominant arm
after 10 minutes of rest using appropriate cuff size and
Accoson brand of mercury sphygmomanometer. Systolic
blood pressure (SBP) and diastolic blood pressures (DBP)
were the first and fifth Korotkoff sounds, respectively. The
mean of three readings, five minutes apart, was determined.
Hypertension was defined as SBP greater than or equal to
140 mmHg and/or DBP equal to or greater than 90 mmHg
[11]. Hypertension was classified thus:

(i) mild: SBP 140–159 mmHg and/or DBP 90–99 mmHg;

(ii) moderate: SBP 160–179 mmHg and/or DBP 100–
109 mmHg;

(iii) severe: SBP ≥ 180 mmHg and/or DBP ≥ 110 mmHg.

The body mass index (BMI) of Quetelet was calculated
using weight in kilogram divided by the square of the height
in metre. The BMI was classified using the WHO classifica-
tion of BMI [12]. Waist circumference was measured midway
between the iliac crest and the lower most margin of the
ribs with bare belly and at the end of normal expiration,
and the hip girth was measured at the intertrochanteric level
according to the WHO guidelines. The waist-hip ratio was
also calculated using standard method. WHR > 0.85 for
females and > 0.90 for males were considered abnormal [13].
The waist circumference of >80 cm for females and 94 cm for
male respondents were considered abnormal [13].

The Statistical Package for Social Sciences (SSPS Inc,
Chicago, IL) version 15.0 statistical software was used
for data analysis. For continuous variables, mean values
and standard deviations were calculated and the means

compared using ANOVA or two sample t-test. Categorical
variables were compared using the nonparametric tests-
Chi-squares. The cross-tabulation was used to analyze the
relationship between the BMI, grades of blood pressure
(SBP and DBP), and sex in the respondents. Pearson’s
correlation for parametric and Spearman’ rho correlation
for nonparametric data were used to assess the relationship
between age, blood pressure (SBP and DBP), and anthro-
pometric data in respondents. Significant variables were
further analyzed using the stepwise method of multiple linear
regression analysis to isolate predictors of SBP and DBP.
All tests were two-tailed with P < .05 taken as statistically
significant.

3. Results

A total of 731 (379 male and 352 female) were screened
and 688 (354 males and 334 females) had analyzable data.
Forty nine could not be analyzed because of incomplete data.
The characteristics of the study population are shown in
Table 1.

Analysis showed that all participants achieved some level
of education with the following distribution: 65.7% achieved
primary school education, 25.4% achieved secondary school
education and 8.9% achieved tertiary education.

For all the respondents, 42.2% were found to be
hypertensive (males 46.3%, females 37.7%) More males than
females had hypertension, P = .022. Of this number, 29.4%
(males 30.8%, females 27.7%) knew they were hypertensive
prior to the screening and 70.6% (males 81.0%, females
62.1%) were diagnosed at the screening, Figure 1. The
screening further showed that 69.5% had normal SBP
(<140 mmHg) whereas 30.5% had elevated SBP (140–159—
18.5%; 160–179—9.6%; ≥180—2.5%). Also 61.3% had
normal DBP (<90 mmHg) whereas 38.7% had elevated DBP
(90–99—16.3%; 100–109—14.4%; ≥110–8.0%). Prevalence
of hypertension increased with age ranging from 5.4% in
the less than 20 years age group to 80% in the ≥70 years
age group, (Figure 2). Only 4.3% of the respondents had
proteinuria. The rest, 95.7%, had no proteinuria. Also only
3.0% had glycosuria.

Forty-six percent of the respondents had normal BMI
(18.5–24.99), and 22.6% were obese with BMI ≥ 30.
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Figure 1: Proportion of hypertension in the study population.

Table 2: Correlation analysis of hypertension and risk factors for
hypertension.

r P-value

Age −.411 <.001

Sex −.088 .022

Smoking −.095 .016

Tobacco snuff −.169 .001

Alcohol −.270 <.001

BMI −.344 <.001

WHR −.290 <.001

WC −.367 <.001

Educational status .128 .001

Abbreviations: BMI: body mass index, WHR: waist-hip ratio, WC: waist
circumference.

Table 3: Regression analysis of hypertension and variables.

Unstandardized coefficients
t P value

B Std Error

Constant 2.207 .411 5.375 .000

Age −.009 .002 −3.646 .000

Sex −.049 .058 −.844 .399

Smoking −.015 .068 −.218 .828

Snuff tobacco .157 .093 1.683 .094

Alcohol −.048 .020 −2.463 .014

BMI −.023 .006 −3.906 .000

WHR .104 .407 .255 .799

Educational status .065 .046 1.409 .160
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Figure 2: Prevalence of hypertension by age group and sex.

Forty five percent of the respondents had high waist-hip
ratio (>.85 for men and >.90 for females). Also 29.2% of
the respondents had high waist circumference (>94 cm male,
80 cm female).

Pearson correlation and Spearman’ rho correlation anal-
yses as appropriate (Table 2) showed that age, sex, smoking,
use of tobacco snuff, alcohol consumption, BMI, waist-
hip ratio, waist circumference, and educational status all
correlated with hypertension. Linear regression analysis,
(Table 3), showed that of all these variables, only age and BMI
predicted presence of hypertension.

4. Discussion

4.1. Prevalence of Hypertension. In this study, the preva-
lence of hypertension was 42.2%. In a national sur-
vey of noncommunicable disease in Nigeria in 1997, the
crude prevalence of hypertension using a definition of
160/95 mmHg was 11.2% overall, (11.1% males, 11.2%
females) [14]. Analysis of the data in that study using DBP
≥ 90 mmHg as definition, gave a crude prevalence of 17.6%.
In a study, of seven populations of West African origin by
Cooper et al. [15], in 1997, the prevalence of hypertension
was 16% in Nigeria and Cameroon. These two studies were
conducted a decade ago. However, recently, Addo et al. [16],
and Ulasi et al. [4] have documented very high prevalence
of hypertension in Sub-Saharan Africa, especially in urban
areas, and poor control of hypertension in the subregion.
It is possible that the very high prevalence of hypertension
in our study group represents the increasing prevalence in
hypertension noted across the globe. The high prevalence
of hypertension in our study group may be explained in
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part by the sedentary lifestyle, of the market people most of
whom sit in one place and conduct their businesses. Apart
from leading sedentary life style most of them do not have
regular exercise. Also these market workers spend most of
the day at the market and therefore depend on food vendors
and fast food for most of their meals. The food from these
sources is salt laden to improve taste. The typical local meal
consists mainly of root crops of yam and processed cassava
eaten with a soup or stew, prepared with a vegetable to which
pieces of fish and meat are added. The root crops are low
in mineral content including sodium [17]. The local meal
itself is usually low in salt [18]. However, food vendors at
the market use a lot of salt and seasoning to improve the
taste of food. In addition, “Western” fast food joints offering
meat pie, doughnut, hambugers, and beefburgers are now
commonplace at the market. These processed food items are
high in salt content.

These findings underscore the need for public health
efforts to increase awareness and treatment among market
workers. These efforts have been found effective in some at
risk groups [19].

4.2. Awareness, Treatment, and Control of Hypertension.
The low level of awareness of hypertension is a global
phenomenon [20, 21]. As recently as 2007, Omuemu et al.
[22] documented an awareness rate of 18.55 in Edo state,
Nigeria. The overall poor level of education may partially
explain the low level of awareness in this population.

Enugu state has 1017 registered doctors serving a popu-
lation of 3,257,298 according to the 2006 population census
[23] with a ratio of 31 per 100,000 people. Although this is
slightly higher than the national average of 28 per 100,000
[24], it is still far below the WHO recommendation of 1 to
600. This low doctor patient ratio in the study, area may affect
accessibility to health care and may explain in part the low
awareness of the study population. In this study, only 29.4%
of the hypertensive patients were aware of their hypertension.
This is however in consonance with the general trend of low
level awareness of the disease worldwide.

4.3. Age Distribution of Hypertension. In this study the
prevalence of hypertension increased with age ranging from
5% in the age group less than twenty years to 80% in the
age group ≥70 years (Table 3). This trend of increasing
prevalence of hypertension is a global phenomenon.

4.4. Risk Factors for Hypertension. Processed high-salt food,
calorically dense food, and cigarette smoking are some of
the causes of CVD epidemic. A recent community-based
study by Ulasi et al. [4] of hypertension and cardiometabolic
syndrome in Nigeria found that the prevalence of obesity
was 11.7% in rural communities and 19.2% in semiurban
communities. The higher prevalence of obesity in the
semiurban communities was attributed in part to adoption
of Western lifestyle including diet. The values are lower than
the prevalence of obesity of 22.6% in market workers in
this study. There is a direct relationship between obesity and
hypertension.

The prevalence of overweight/obesity in this study pop-
ulation and the food habit may explain in part the very high
prevalence of hypertension.

5. Conclusion

The prevalence of hypertension in market workers in this
study was 42.2%, and, majority of them were unaware of
their disease. The high prevalence marks market workers as
special at-risk group for hypertension. This is a major public
health challenge. The high prevalence of hypertension in this
group may be explained in part by their sedentary lifestyle,
salt-laden fast food, and obesity. This subpopulation needs
special attention including intensive health education in
hypertension management. Large scale population screening
for hypertension is warranted and adequate blood pressure
control is imperative to mitigate the mortality and morbidity
associated with hypertension. About a fifth of the study
population were obese. It is time to emphasize weight
management to avoid the looming pandemic of obesity.

6. Limitation of Study

This study was carried out on an unselected group of market
people. The diagnosis of hypertension was based on a mean
of three blood pressure measurements at one sitting and this
may have affected the overall prevalence of hypertension in
this study.
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Introduction. 24-hour ambulatory blood pressure monitoring (ABPM) plays an important role in assessing cardiovascular
prognosis, through presence or absence of ABPM-related prognostic features. Objectives. To study relationship between 24-hour
ABPM and cardiovascular outcomes in patients from Chesterfield Royal Hospital. Material and Methods. Over 12 months from
the 1st of August 2002, 1187 individuals had 24-hour ABPM performed. Cardiovascular outcomes were studied in a subset
(297) of the original cohort, made up by every 4th consecutive subject. The following ABPM-related prognostic features were
studied—high day time systolic and diastolic BP (≥135, ≥85 mmHg), high night time systolic and diastolic BP (≥120 mmHg,
≥75 mmHg), absence of nocturnal dip (≤10% fall in night time SBP), high early morning SBP (≥140 mmHg), and morning surge
(≥20/15 mmHg). The cardiovascular outcomes studied in the fourth table included fatal and nonfatal MI, new diagnosis of angina,
acute coronary syndrome, sudden cardiac death, cardiac arrhythmias, acute LVF, cerbrovascular events, peripheral vascular disease,
abdominal aortic aneurysm, and CKD stage 3 or above. Results. Over a followup period of 2015 ± 116 days (1720–2305 days) 82
cardiovascular events occurred in 61 subjects. Cardiac arrhythmias were the most common CV outcome (34 events) followed by
cerebrovascular events (15). Statistically significant associations found were between cerebrovascular events and absent nocturnal
dip≤ 10% (P = .05) and high day time DBP (P = .029), peripheral vascular disease and morning surge≥ 20/15 mmHg (P = .014),
cardiac arrhythmias and high day time and night time DBP (P = .009 and .033, resp.). Conclusion. Significant associations were
found between cerebrovascular events and absent nocturnal dip ≤ 10% and high day time DBP, peripheral vascular disease and
morning surge ≥ 20/15 mmHg, cardiac arrhythmias and high day time and night time DBP.

1. Introduction

24-hour ABPM plays an important role in determining
cardiovascular prognosis and has been shown to be a
better predictor of cardiovascular morbidity and mortality
as compared to office blood pressure measurements [1–3].

2. Objectives

The objective was to study the relationship between 24 H
ABPM and cardiovascular outcomes in patients from
Chesterfield Royal hospital. It was a retrospective observa-
tional study based on review of clinical case notes.

3. Material and Methods

Over 12 months from the 1st of August 2002, 1187
individuals had 24-hour ABPM performed. These individ-
uals represented a typical spectrum of patients attending
for 24 H ABPM with blood pressure at different stages
and with varying durations of hypertension. Cardiovas-
cular outcomes were studied in a subset (297) of the
original cohort, made up by every 4th consecutive sub-
ject.

The inclusion criteria were as follows.

(i) Individuals must have one of the recognized indica-
tions for 24-hour ABPM, as outlined in Table 1.
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Figure 1: Distribution of number of CV outcomes in 61 patients.

(ii) Every 4th consecutive patient was entered into the
study, giving a total of 297, patients. Table 2 outlines
demographics and blood pressure criteria between
the original cohort and the study cohort.

The exclusion criteria were as follows.

(i) Clinical case notes to study prognostic information
were not available from 52 subjects and they were
excluded leaving 245 patients.

The following ABPM-related prognostic features were stud-
ied (Table 3) high day time systolic and diastolic BP
(≥135, ≥85 mmHg), high night time systolic and diastolic
BP (≥120 mmHg, ≥75 mmHg), absence of nocturnal dip
(≤10% fall in night time SBP), high early morning SBP
(≥140 mmHg), and morning surge (≥20/15 mmHg rise in
the first two morning readings from 7 AM as compared
to average night time BP) [4]. The cardiovascular out-
comes studied (Table 4) included fatal and nonfatal MI,
new diagnosis of angina, acute coronary syndrome, sudden
cardiac death, cardiac arrhythmias, acute LVF, cerebrovas-
cular events, peripheral vascular disease, abdominal aortic
aneurysm, and CKD stage 3 or above.

4. Results

Over a followup period of 2015±116 days (1720–2305 days)
82 cardiovascular events occurred in 61 subjects. Cardiac
arrhythmias were the most common CV outcome (34
events) followed by cerebrovascular events (15). Statistically
significant associations found were between cerebrovascular
events and absent nocturnal dip ≤ 10% (P = .05) and
high day time DBP (P = .029), peripheral vascular disease
and morning surge ≥ 20/15 mmHg (P = .014), cardiac
arrhythmias and high day time and night time DBP (P =
.009 and, 033, resp.). Age and gender did not have any
statistical associations with the outcomes.

Table 1

Indications for 24-hour ABPM

Borderline hypertension

Variable clinic blood pressure

Suspected white coat hypertension

Suspected white coat effect

Resistant hypertension

Hypertension in pregnancy

Hypertension in elderly patients

Evaluation of symptoms suggesting postural hypotension

Evaluation of symptomssuggesting drug induced hypotension

Blood pressure evaluation in patients with the suspected or
proven autonomic dysfunction

As an overall guide to hypertension treatment

As a prognostic cardiovascular tool

5. Discussion

In this study, cardiac arrhythmias were the most commonly
observed event accounting for 13.9% of the total events.
Atrial fibrillation was the most common cardiac arrhythmia
seen in 14/38 (52.9%) patients with cardiac arrhythmias,
followed by symptomatic ventricular ectopics in 13 subjects
(38.2%) and supraventricular tachycardia and sinoatrial
pause in 1 patient each.

Atrial fibrillation is being recognised as a common
problem in patients with hypertension. It has been shown to
be associated with systolic hypertension [4] and high pulse
pressure [5]. Atrial fibrillation may complicate even mildly
raised blood pressure, and it would be reasonable to assume
that there is no threshold below which the risk of atrial
fibrillation is not increased [6]. To the best of our knowledge,
our study is the first one to show an increased risk of atrial
fibrillation with high day time and night time diastolic blood
pressure. Having said that, one of the recent Japanese studies
has shown that control of both systolic and diastolic blood
pressure is important in reducing risk of new onset atrial
fibrillation [7].
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Table 2: Comparison of cohorts 1 and 2.

Cohort 1: 1187 patients Cohort 2: 245 patients Statistical significance

Age 59.13 yrs ± 13.9 60.1 yrs ± 13.6 NS

N % N %

Male 547 46.1 107 43.7 NS

Female 640 53.9 138 56.3

Adverse features N % N %

High PP ≥ 50 mmHg 736 62.0 161 65.7 NS

High DSBP ≥ 135 mmHg 703 59.2 146 59.6 NS

High DDBP ≥ 85 mmHg 515 43.4 101 41.2 NS

High NSBP ≥ 120 mmHg 639 54.0 138 56.3 NS

High NDBP ≥ 75 mmHg 404 34.0 83 33.9 NS

Absent ND ≤ 10% 677 57.0 134 54.7 NS

High EM SBP ≥ 140 mmHg 396 33.4 74 30.2 NS

High MS ≥ 20/15 mmHg 552 46.5 106 43.3 NS

No. adverse features N % N % NS

0 63 5.3 13 5.3 NS

1 114 9.6 22 9.0 NS

2 177 14.9 35 14.3 NS

3 168 14.2 43 17.6 NS

4 176 14.8 35 14.3 NS

5 182 15.3 37 15.1 NS

6 151 12.7 30 12.2 NS

7 119 10.0 23 9.4 NS

8 37 3.1 7 2.9 NS

Adverse Features groups N % N %

0–2 354 29.8 70 28.6

3–5 526 44.3 115 46.9 NS

6–8 307 25.9 60 24.5

There was no significant difference between the two cohorts.
(Oneway Anova was used for comparing cohort 1 and 2 ages; cross-tabulation with chi-square Test was used to compare adverse features; no. of adverse
features and adverse features groups and gender).

Table 3: List of adverse prognostic features noted on 24-hour
ABPM.

Adverse features Values∗

High pulse pressure ≥50 mmHg

High day systolic BP ≥135 mmHg

High day diastolic BP ≥85 mmHg

High night systolic BP ≥120 mmHg

High night diastolic BP ≥75 mmHg

Absent nocturnal dip ≤10 %

High early morning systolic BP ≥140 mmHg

High morning surge ≥20/15 mmHg
∗K. Madin and P. Iqbal (PMJ 2006)

Over the years a variety of other risk factors for atrial
fibrillation have been identified such as large left-atrial size,
obesity, thyrotoxicosis, and high alcohol. Our study does not
take into account these risks factors.

The exact mechanism for atrial fibrillation in hyperten-
sive subjects is not understood but is believed to be related

to left ventricular hypertrophy and an increase in left-atrial
size [8], left-atrial fibrosis secondary to high systolic blood
pressure [9] and changes in autonomic tone with higher in-
treatment heart rate on serial ECGs [10].

Atrial fibrillation is an important cardiovascular risk
factor for thromboembolic cardiovascular disease and adds
to the existing risk from hypertension itself. Treatment of
hypertension exclusively with ACE inhibitors, angiotensin-
II-receptor blockers, and beta blockers was shown to be
associated with a lower risk of developing atrial fibrillation
than current exclusive therapy with calcium-channel
blockers [11].

In summary, our study shows that diastolic hypertension
plays an important role in leading to cardiac arrhythmias,
in particular atrial fibrillation, and should be treated as
vigorously as systolic hypertension.

The study’s main limitation is that it did not take into
account presence or absence of other cardiovascular risk
factors, such as diabetes mellitus, smoking, hyperlipidaemia,
or family history, and has relied entirely on blood pressure
criterias. The authors would like to acknowledge that this
may have had bearing on some of the findings.
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Table 4

List of CV outcomes, detected on retrospective case notes review.

Non-fatal ST segment elevated MI (ESC/ACC 2000)

Non-fatal non-ST segment elevated MI (ACC/AHA2007)

Non-fatal acute coronary syndrome

New diagnosis of angina pectoris (typical history and positive treadmill cardiac test)

Fatal ST segment elevated MI (ESC/ACC 2000)

Fatal non-ST segment elevated MI

Fatal acute coronary syndrome

Sudden cardiac death (ACC/AHA 2006)

Cardiac arrhythmias (resting or ambulatory ECG documented evidence of any supraventricular and ventricular arrhythmias)

Acute left ventricular failure (typical clinical history backed by chest X-ray finding)

Fatal or non-fatal cerebrovascular event (typical clinical history and CT/MRI findings)

Renal failure (CKD stage 3 or above, developing during the followup period, according to K/DOQI 2002)

Peripheral vascular disease, typical symptoms supported by bilateral lower limb arterial Doppler

Fatal or non-fatal abdominal aortic aneurysm ≥ 4 cm on abdominal ultrasound done in the followup period

Table 5

82-Cardiovascular outcomes in 61
patients

Frequency

Myocardial infarction 6 (2.4%)

Acute coronary syndrome 3(1.2%)

New diagnosis of angina pectoris 4(1.6)

Sudden cardiac death 0

Cardiac arrhythmias 34 (13.9%)

Acute left ventricular failure 0

Fatal or non-fatal cerebrovascular
event

15 (6.5%)

Peripheral vascular disease 5 (2%)

Fatal or non-fatal abdominal aortic
aneurysm

1 (0.4%)

Renal failure (CKD ≥ stage 3) 14 (5.7%)

Statistically significant associations
(Fisher exact test)

Cerebrovascular events and absent
nocturnal dip ≤ 10%

P = .50

Cerebrovascular events high day time
DBP

P = .029

Peripheral vascular disease and
morning surge ≥ 20/15 mmHg

P = .014

Cardiac arrhythmias and high day
time

P = .009

Cardiac arrhythmias and night time
DBP

P = .033
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