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This special issue is related to the main concern in hyper-
tensive disease: the target-organ damage. The selected papers
approach some aspects of renal and cerebral disease asso-
ciated to hypertension but the principal focus is on the
arterial vessel as the main organ involved in hypertensive
patients. Although hypertensive cardiopathy is not specif-
ically included in this issue, the heart disease might be
considered as one of the principal consequences of vascular
dysfunction discussed in many papers.

Cardiovascular disease has been associated to a low level
of chronic inflammatory state which may be an impor-
tant mechanism leading to organ damage in hypertensive
patients. Interestingly, the paper by D. A. B. Kasal and E.
L. Schiffrin provides new evidences about the role of the
T-regulatory lymphocytes, showing that this population of
lymphocytes may inhibit the inflammatory process resulting
in beneficial effects on vascular disease in hypertension.
This review also establishes the linkage between the immune
response, renin angiotensin aldosterone system, and oxida-
tive stress. Recently, the same authors published original
papers reporting that T-regulatory lymphocytes were able to
prevent vascular injury mediated by angiotensin II and aldos-
terone by suppressing inflammation and oxidative stress
and improving endothelial function in experimental models
of hypertension [1, 2].

Vascular disease is the main topic in three review papers
of this collection. In the first review, methods to evaluate
endothelial dysfunction were considered in experimental
models of hypertension. It is important to recognize that
a large range of knowledge of changes in microcirculation
came from vascular studies using resistance arteries mounted
in wire or pressurized myograph in different animal models
of hypertension and more recently in clinical settings of

hypertensive disease. In the second review, A. R. Cunha
et al. describe the controversial role of magnesium in the
pathogenesis and vascular complications of hypertension.
In spite of heterogeneity of study populations, the authors
suggest that magnesium is more involved in the functional
vascular changes and also on local metabolic stability with
no influence on the vascular structure. Accordingly, exper-
imental and epidemiological studies reported a connection
between intracellular concentrations of ions and develop-
ment of hypertension and other cardiovascular diseases [3,
4]. In the third review, V. Javaroni and M. Fritsch raise the
question about the connection between erectile dysfunction
and hypertension. Despite the high prevalence of sexual
dysfunction among hypertensive men, unfortunately erectile
dysfunction is usually not yet considered among subjects
with increased blood pressure, neither in the initial nor
even in the follow-up evaluation. In fact, erectile dysfunction
may be the first manifestation of endothelial dysfunction in
hypertensive men, and for this reason it can be indicated as a
risk marker of cardiovascular events [5, 6]. Endothelial dys-
function is the main mechanism linking both conditions and
seems to be correlated to effectiveness of phosphodiesterase-
5 inhibitors [7].

Vascular stiffness was the concern of the original study
carried out by I. Farro et al. in Uruguayan subjects. The
main objective of that study was to discriminate the reference
values of pulse wave velocity in a Uruguayan population. To
our knowledge, this is the first study that evaluates normal
values of pulse wave velocity in this population, which may
help to characterize the vascular aging in these individuals.
Unlike the pulse wave velocity determination, which has been
used more in research area, carotid intima-media thickness
(IMT) and ankle-brachial index (ABI) measurements have
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been more commonly obtained since they represent a rela-
tionship with atherosclerosis process. Indeed, both values
may be used for cardiovascular risk stratification in hyper-
tensive patients and therefore are included in recent guide-
lines of hypertension [8, 9]. Following this reasoning, M.
Trindade et al. were able to identify pulse pressure, HDL-
cholesterol, and C-reactive protein as variables associated
to increased carotid IMT in treated hypertensive women
with no history of diabetes or cardiovascular events. Since
these results cannot be extrapolated to other hypertensive
subjects, further studies are needed for a better identification
of clinical, metabolic, and vascular parameters that can begin
or accelerate atherosclerosis in hypertension. In other cross-
sectional study, R. Monteiro et al. reported that diabetes,
metabolic syndrome, increased pulse pressure, and high
Framingham risk score were associated to low ABI in elderly
hypertensive subjects. Interestingly, a simple modification of
ABI calculation, using lower instead of higher ankle pressure,
was able to identify more patients at high risk and include
smoking and LDL-cholesterol as variables associated to low
ABI in hypertensive patients over 65 years old.

The strong connection between hypertension and chron-
ic kidney disease is clear when we recognize the kidney
as an important source of changes involved in the patho-
genesis of essential hypertension and at the same time a
frequent target for organ damage in hypertensive patients.
The original paper by R. A. Gismondi et al. addresses the
relationship between kidney disease and vascular stiffness.
In a case-control study, comparing to hypertensive subjects
with normal renal function, hypertensive patients with low
glomerular filtration rate (<60 mL/min) presented higher
ambulatory arterial stiffness index which was correlated to
pulse pressure, suggesting increased vascular stiffness in this
population. And last but not least, the brain was the focus
in the last review paper. F. Medeiros et al. provide evidences
concerning the influence of dietary interventions that can
reduce the risk of stroke in hypertension. The authors raise
the controversial benefit of carotenoids, flavonoids, n-3 poly-
unsaturated fats, and lower salt and high glycemic index
intake in risk of stroke.

In summary, this special issue covers a wide range of tar-
get organ damage associated to hypertension, with a special
attention to the vessel as the central key not only for vas-
cular disease but also for cardiac, cerebral, and renal compli-
cations in hypertensive patients. Taken together, these papers
point out the importance of a complete approach of
each hypertensive subject beyond the mere blood pressure
measurement.

Mario Fritsch Neves
Agostino Virdis
Wille Oigman
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Peripheral arterial disease (PAD) increases with age and ankle-brachial index (ABI) ≤ 0.9 is a noninvasive marker of PAD. The
purpose of this study was to identify risk factors related to a low ABI in the elderly using two different methods of ABI calculation
(traditional and modified definition using lower instead of higher ankle pressure). A cross-sectional study was carried out with
65 hypertensive patients aged 65 years or older. PAD was present in 18% of individuals by current ABI definition and in 32%
by modified method. Diabetes, cardiovascular diseases, metabolic syndrome, higher levels of systolic blood pressure and pulse
pressure, elevated risk by Framingham Risk Score (FRS), and a higher number of total and antihypertensive drugs in use were
associated with low ABI by both definitions. Smoking and LDL-cholesterol were associated with low ABI only by the modified
definition. Low ABI by the modified definition detected 9 new cases of PAD but cardiovascular risk had not been considered high
in 3 patients when calculated by FRS. In conclusion, given that a simple modification of ABI calculation would be able to identify
more patients at high risk, it should be considered for cardiovascular risk prediction in all elderly hypertensive outpatients.

1. Introduction

The number of elderly individuals has been progressively
increased in the last decades, and it is expected to reach 21%
of the world population by 2025 [1]. As elderly people grow,
significant changes are observed in the mortality profile for
cardiovascular diseases, and it is well known that older sub-
jects have been undertreated [2]. In fact, it is very important
to identify a subset of high-risk aged patients that should
receive a more aggressive treatment. Many strategies have
been developed for this purpose, including the screening for
peripheral arterial disease (PAD). PAD increases with age
[3, 4] and can be assessed by ankle-brachial index (ABI), a
simple and noninvasive test, indicated by the ratio of ankle
to brachial systolic blood pressure. Several studies have
reported that ABI≤ 0.9 is associated with an increased risk of
death, total cardiovascular disease (CVD), coronary heart
disease (CHD), congestive heart failure, stroke, functional

decline, and dementia [5–14]. A low ABI is also predictive of
target organ damage in hypertension and should be incorpo-
rated into routine cardiovascular screening of hypertensive
patients [15–17].

There are different formulas to calculate ABI based on
the highest or the lowest level of ankle pressure [18, 19]. The
current guidelines of the American Heart Association (AHA)
and the Inter-Society Consensus for the Management of
Peripheral Arterial Disease (TASC II) use the highest
ankle pressure as standardization [20, 21]. However, these
recommendations are not widely accepted since they could
underestimate the true prevalence of PAD [19, 22].

The purpose of the present study was to assess risk factors
related to a low ABI in elderly people with hypertension,
measured by the current and modified definitions. Recog-
nizing heterogeneity and different profiles among outpatient
and institutionalized old patients [10], our study focused on
those independent for activities of daily living (ADL).
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Table 1: General characteristics of the study population.

Characteristic n (%)

Age (years)

65–69 19 (30%)

70–74 23 (35%)

75–80 13 (20%)

>80 10 (15%)

Male 13 (24%)

White 40 (62%)

Educational status

Illiterate 6 (9%)

Literate 59 (91%)

Falling events (>3 in the last year) 1 (1.5%)

Sensitive impairment

Visual 25 (38%)

Hearing 8 (12%)

Depressive symptoms (GDS > 5) 12 (18%)

Urinary incontinence 4 (6%)

Disturbances of motion and balance 1 (1.5%)

Polypharmacy 19 (29%)

Social support 63 (97%)

GDS: geriatric depression scale.

2. Methods

2.1. Study Population. This cross-sectional study included
patients admitted to the Outpatient Clinic of Hypertension
at State University of Rio de Janeiro in a 6-month period.
Inclusion criteria were age ≥65 years and previous diagnosis
of essential hypertension. Exclusion criteria were significant
dependence for ADL, major cognitive deficit, conditions
that precluded obtaining ABI (edema, refusing), and ABI
higher than 1.4. Eleven patients were excluded at the final
evaluation, and a total of 65 elderly hypertensive patients
were included. The reasons for exclusion were missing visits
(n = 3), great cognitive deficit by mini-mental status exam
(MMSE) (n = 2), leg edema (n = 2), ABI > 1.4 (n = 1),
normal blood pressure (BP) (n = 1), significant dependence
(n = 1), and refusing (n = 1). The study protocol was
approved by the local ethics committee, and all patients gave
informed consent.

2.2. Clinical Evaluation. Firstly, participants included in
this study had confirmed their diagnosis of hypertension.
Patients had at least two measurements of brachial BP and
were submitted to a geriatric evaluation that intended to ver-
ify cognitive status and independence for ADL. Cognitive
deficit was defined as an MMSE score lower than 23 for
literate or lower than 18 for illiterate subjects [23, 24].
Significant dependence for ADL was defined by Katz index
of independence F and G or as a score lower than 3 [25].

Metabolic syndrome was defined according to the cur-
rent Brazilian guidelines on metabolic syndrome [26], which
includes the presence of three or more of the following:
waist circumference > 102 cm (men) or > 88 cm (women),

BP ≥ 130/85 mmHg or treatment for hypertension, triglyc-
erides ≥ 150 mg/dL, HDL-cholesterol < 40 mg/dL (men)
or <50 mg/dL (women), and fasting plasma glucose ≥
100 mg/dL. Framingham risk score (FRS) was calculated
based on the National Cholesterol Education Program.

2.3. ABI Measurements. BP cuffs were applied to both arms
and both ankles, and systolic BP was measured twice at
each side using 8 MHz Doppler pen probe and a pocket
ultrasonic Doppler flow detector (Microem DV-10). ABI was
first calculated according to the AHA definition by dividing
the higher systolic pressure of the right and left ankle by the
higher systolic pressure of both arms. The lowest ABI value
was selected, and the presence of PAD was defined by an ABI
value of less than 0.9. The modified ABI was calculated by
considering the lower instead of the higher of the two ankle
pressures.

2.4. Biochemical Evaluation and Electrocardiogram. After 12-
hour period of fasting, venous blood was collected from
participants to measure total cholesterol, triglycerides (TG),
high-density lipoprotein cholesterol (HDL-c), glucose, crea-
tinine, and uric acid (enzymatic methods). The low-density
lipoprotein cholesterol (LDL-c) level was calculated by the
Friedewald formula when TG levels were <400 mg/dL. Esti-
mated glomerular filtration rate (GFR) was assessed using
Cockroft-Gault formula:

GFR =
[(

140− age
)×weight

(creatinine× 72)

]
(× 0.85 if female). (1)

Standard electrocardiogram (ECG) was obtained, and left
ventricular hypertrophy was diagnosed according to the
Cornell criteria when the sum of R-aVL and S-V3 was at least
28 mm for men or 24 mm for women.

2.5. Statistical Analysis. All data are expressed as mean ±
SEM, unless otherwise stated. Unpaired Student’s t test was
used to compare means. The chi-square test was used to eval-
uate the association among categorical variables. Pearson’s
coefficients were calculated to identify correlation between
clinical variables and ABI. All analyses were conducted in
Prism software (GraphPad version 5.0). Statistical difference
was accepted at a P value of less than 0.05.

3. Results

The mean age of our sample (n = 65) was 73 years, ranging
from 65 to 90 years, and mostly composed by women (76%)
and white (62%) subjects (Table 1). A low ABI (≤0.9)
occurred in 12 (18%) subjects. There was a significantly
higher prevalence of diabetes mellitus, cardiovascular dis-
ease, metabolic syndrome, and elevated cardiovascular risk
by FRS in the group with low ABI (Table 2). Considering all
patients in both groups, there was a moderate inverse
correlation between fasting glucose and ABI (Figure 1(a)).
Among criteria that defined metabolic syndrome, the most
important factor in these older hypertensive patients was
fasting glucose (Figure 2).
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Table 2: Clinical and laboratorial characteristics of the groups with normal (>0.9) and low (≤0.9) ankle-brachial index (ABI) obtained by
AHA/TASC II standardization and by modified definition.

Characteristic
AHA definition Modified definition

ABI > 0.9
(n = 53)

ABI ≤ 0.9
(n = 12)

P value
ABI > 0.9
(n = 44)

ABI ≤ 0.9
(n = 21)

P value

Age, years 73.5± 0.8 72.1± 1.3 NS 73.4± 0.9 72.9± 1.1 NS

Body mass index, kg/m2 27.1± 0.6 27.5± 1.6 NS 26.7± 0.7 28.0± 1.0 NS

Waist circumference, cm 92.3± 1.9 94.7± 3.6 NS 91.3± 2.0 95.6± 2.6 NS

Metabolic syndrome, n (%) 22 (41%) 9 (75%) <0.05 17 (38%) 14 (67%) <0.05

CV diseases, n (%)† 5 (9%) 7 (58%) <0.001 3 (6%) 9 (42%) <0.001

Diabetes, n (%) 7 (13%) 10 (83%) <0.01 9 (20%) 6 (29%) <0.05

Smoker, n (%) 11 (21%) 4 (33%) NS 9 (20%) 6 (29%) <0.05

Cardiovascular risk

(i) FRS ≥ 20%, n (%) 20 (38%) 12 (100%) <0.001 16 (36%) 18 (86%) <0.001

(ii) FRS < 20%, n (%) 33 (62%) 0 (0%) <0.001 28 (63%) 3 (14%) <0.001

LV hypertrophy, n (%) 13 (24%) 5 (41%) NS 10 (23%) 8 (38%) NS

GFR, mL/min/1.73 m2 68± 3 66± 10 NS 69± 3 68± 6 NS

Fasting glucose, mg/dL 94± 3.5 139± 3.0 <0.05 98± 2 120± 9 <0.05

Total cholesterol, mg/dL 211± 5 227± 17 NS 209± 6 223± 10 NS

LDL-cholesterol, mg/dL 130± 5 146± 20 NS 124± 5 154± 13 <0.05

HDL-cholesterol, mg/dL 53± 2 42± 2 <0.05 54± 2 43± 2 0.01

Triglycerides, mg/dL 139± 10 167± 24 NS 141± 11 151± 16 NS

Uric acid, mg/dL 5.5± 0.2 5.2± 0.4 NS 5.6± 0.2 5.3± 0.3 NS

ABI, arbitrary units 1.07± 0.01 0.81± 0.02 <0.01 1.08± 0.01 0.75± 0.03 <0.001

Data are expressed as mean ± SEM or n (%) when indicated. ABI: ankle-brachial index; CV: cardiovascular; FRS: Framingham risk score; LV: left ventricular;
GFR: glomerular filtration rate; LDL: low-density lipoprotein; HDL: high-density lipoprotein; NS: nonsignificant. †Include coronary heart disease: stroke, or
transitory ischemic accident.

Elderly hypertensive patients with low ABI also presented
higher systolic BP and pulse pressure. In addition, when
the whole sample was considered for analysis, there was
an inverse correlation between pulse pressure and ABI
(Figure 1(b)). Patients in the group with low ABI were in use
of a higher number of medications, including antihyperten-
sive drugs (Table 3).

All patients enrolled in this study also had their ABI
measured by the modified definition. In this context, the
prevalence of low ABI was 32% (21 patients), which repre-
sented an additional PAD detection of 14%. The frequency
of patients presenting diabetes mellitus, cardiovascular dis-
ease, metabolic syndrome, and elevated cardiovascular risk
remained higher in the new low ABI group. Likewise, pulse
pressure, total number of medications, and antihypertensive
drugs in use were significantly higher among these patients.
Differently when using ABI by the AHA definition, smoking
status and a higher level of LDL-cholesterol became more
prevalent in the group with a low ABI by the modified
definition (Tables 2 and 3).

4. Discussion

To the best of our knowledge, this is the first study to com-
pare the ankle-brachial index using the higher and the lower
of the two ankle pressures on a sample focused in elderly

subjects. The present study is also the first to evaluate PAD in
elderly persons taking into account their clinical heterogene-
ity. This was carried out by a comprehensive geriatric assess-
ment that included only subjects without great cognitive
impairment or independent for daily living activities. Thus,
this study population represents an outpatient group of
elderly literate people with a small number of falling events,
disturbances of motion and balance, urinary incontinence,
depressive symptoms, and with great social support. This
should be take into account since the clinical and geriatric
profile differs significantly among outpatients and inpatients.

In these older subjects, the prevalence (18%) of low
ABI by current definition was remarkably similar to other
studies [9, 13, 14]. Murabito et al. have found a low ABI
among 20% of their elderly cohort with a mean age of 80
years [9]. Likewise, ABI < 0.9 was associated with diabetes,
cardiovascular disease, and metabolic syndrome. In contrast
to other studies, our results demonstrated no association
between PAD and smoking status. Although it is well known
that smoking significantly increases PAD risk in elderly
people [27, 28], we believe that this lack of association could
be related to the lower number of current smokers.

All individuals with a low ABI by the current definition
had a higher cardiovascular risk by FRS, which is additional
data to confirm the relationship of ABI with cardiovascular
events. Although considering the limited accuracy of FRS,
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Figure 1: Correlation of ankle-brachial index (ABI) with fasting glucose (a) and with pulse pressure (b).

Table 3: Blood pressure levels and drugs in use in normal and low ankle-brachial index (ABI) groups divided by American Heart Association
(AHA) definition and by modified definition.

Variable
AHA definition Modified definition

ABI > 0.9
(n = 53)

ABI ≤ 0.9
(n = 12)

P value
ABI > 0.9
(n = 44)

ABI ≤ 0.9
(n = 21)

P value

Systolic BP, mmHg 152± 3 169± 9 <0.05 150± 3 164± 6 <0.05

Diastolic BP, mmHg 84± 1 83± 4 NS 83± 1 85± 3 NS

Pulse pressure, mmHg 67± 2 87± 7 <0.01 67 78 <0.05

Total of drugs in use 3.3± 0.3 6.3± 1.1 <0.001 3.2± 0.3 5.1± 0.7 <0.01

(i) Acetylsalicylic acid 13 (24.5%) 8 (66.5%) <0.01 9 (20.5%) 12 (57.1%) <0.01

(ii) Statins 10 (19%) 3 (25%) NS 7 (15.9%) 5 (23.8%) NS

Antihypertensive drugs 1.9± 0.1 2.6± 0.4 <0.05 1.9± 0.1 2.4± 0.2 <0.05

(i) ACE inhibitors/ARB 30 (56%) 10 (83%) NS 26 (59.1%) 14 (66.6%) NS

(ii) Calcium antagonists 11 (21%) 8 (67%) <0.01 9 (20.5%) 10 (47.6%) <0.05

(iii) Beta-blockers 12 (23%) 5 (41%) NS 9 (20.5%) 8 (38.1%) NS

(iv) Diuretics 25 (48%) 5 (41%) NS 21 (47.7%) 9 (42.9%) NS

Data are expressed as mean± SEM or n (%) when appropriate. BP: blood pressure; ACE: angiotensin converting enzyme; ARB: angiotensin receptor blockers;
NS: nonsignificant.

since it can overestimate risk in low-risk populations and
underestimate risk in high-risk individuals, the question-
naire is still the reference standard for assessing cardiovas-
cular risk worldwide [29].

Higher level of systolic BP and widening of pulse pressure
were also showed to be more prevalent among those with ABI
≤ 0.9. These were expected results since there is increasing
systolic and falling diastolic BP related to ageing [30, 31].
These findings also confirm other studies that reported the
association between pulse pressure and PAD [32, 33]. On
the other hand, no difference was observed regarding systolic
hypertension diagnosis, which may reflect a stronger associ-
ation with the magnitude of BP level. The lack of association
of ABI and left ventricular hypertrophy probably is more

associated with the limited accuracy of electrocardiography
than with the real pathological myocardial injury.

The current study also observed the relationship between
low ABI and the number of drugs in use, considering both all
drugs and only the antihypertensive medications. These data
suggest that ABI ≤ 0.9 could be associated with a great num-
ber of morbidities and a difficulty to treat hypertension. Fur-
thermore, acetylsalicylic acid and calcium channel antago-
nists were more widespreadly prescribed to our patients with
low ABI, which may reflect a greater prevalence of cardiovas-
cular diseases and more resistant hypertension in this group.

No difference was found in relation to glomerular filtra-
tion rate. This result contrasts with other papers where low
ABI was associated with an impairment in kidney function
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Figure 2: Proportion of criteria for metabolic syndrome in the
study population.

and higher levels of creatinine [34, 35]. Evaluating outpatient
subjects, O’Hare et al. have found that ABI lower than 0.9 was
more prevalent than ABI of 1.0 or higher in patients with a
50% increase in serum creatinine during a 3-year follow-up.

A lack of association was also observed between uric acid
and ABI. Although most data currently point out a rela-
tionship between increased uric acid and low ABI [36, 37],
no study exclusively evaluated elderly people. No difference
was noted about total cholesterol levels, which is similar to
other studies [5, 38, 39]. Indeed, it is not known whether
cholesterol is really associated with PAD. On the other hand,
reduced HDL-cholesterol levels were more frequent among
hypertensive elderly subjects with low ABI, which probably
reflects the higher prevalence of metabolic syndrome in these
patients.

Low ABI by the modified definition detected nine addi-
tional patients with PAD. This was an expected finding
since the method sensitivity was changed. These data were
also similar to those reported by Espinola-Klein et al. who
indicated 10.8% greater detection of newer subjects with
PAD by the modified ABI [40]. Low ABI by the modified
definition was also associated with a greater prevalence of
diabetes, cardiovascular diseases, and metabolic syndrome;
elevated risk by Framingham score; higher levels of systolic
BP, pulse pressure, and number of total and antihypertensive
drugs in use. These findings suggest that modified definition
at least has the same value of current definition.

Besides detecting more patients with PAD, the most
important difference obtained from the modified ABI def-
inition was the association with smoking status and LDL-
cholesterol. By detecting a relationship between smokers and
PAD, this could be the first result to suggest a greater value
to the modified definition. The same interpretation could be
applied to LDL-cholesterol, although this association is much
more questionable than with smoking.

Concerning cardiovascular risk, it should be noticed that
3 of the 21 subjects with low ABI had not high risk by FRS.
These patients did not have diabetes, a positive smoking sta-
tus, or any cardiovascular disease. Otherwise, they were obese
and had metabolic syndrome and one presented left ventric-
ular hypertrophy by electrocardiogram. Although additional
evaluation is necessary in these patients to assess the presence

of atherosclerosis, these findings suggest that ABI measure-
ment, especially by a modified definition, could improve the
accuracy of cardiovascular risk prediction beyond FRS in the
elderly. Recently, a meta-analysis, including persons with age
between 47 and 78 years, concluded that ABI measurement
could improve the accuracy of cardiovascular risk prediction
beyond FRS. Inclusion of the ABI in cardiovascular risk strat-
ification using the FRS resulted in reclassification of the risk
category and modification of treatment recommendations in
approximately 19% of men and 36% of women [36].

Some limitations of the present study should be consid-
ered. Firstly, this sample cannot be extrapolated to patients
older than 80 years or living in nursing homes and other
institutions. Secondly, when electing just subjects inde-
pendent for daily living activities and without significant
cognitive impairment, a survival bias is obtained since more
fragile patients were excluded from analysis. Furthermore,
we have common limitations with cross-sectional studies
when compared to cohort studies, mainly the difficulty in
establishing cardiovascular risk. These issues will be reduced
as additional data from the original cohort are obtained.

5. Conclusion

In conclusion, the incorporation of clinical markers of
asymptomatic atherosclerosis such as ABI can improve
prediction of healthy older individuals at high risk of car-
diovascular disease. This is the first study to compare two
ABI definitions focusing on elderly hypertensive patients
taking into account the typical heterogeneity of this group.
Considering that a simple modification of the index, using
the lower instead of the higher ankle pressure, would identify
more patients at risk, the use of a modified ABI calculation
should be considered for cardiovascular risk prediction in all
hypertensive outpatients older than 65 years.
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It has been previously documented that carotid intima-media thickness (cIMT) is a predictor of cardiovascular disease. The aim of
this study was to identify clinical parameters associated with an increased cIMT treated hypertensive women. Female patients (n =
116) with essential hypertension, aged 40–65 years, were included in this study. Vascular ultrasound was performed and the patients
were divided into two groups according to the values of cIMT (< or ≥0.9 mm). Patients with greater cIMT presented significantly
higher systolic blood pressure and pulse pressure. Serum HDL-cholesterol was significantly lower and CRP was significantly higher
in the same group. There was a significant correlation between cIMT and age (r = 0.25, P = 0.007), systolic blood pressure
(r = 0.19, P = 0.009), pulse pressure (r = 0.30, P = 0.001), and LDL-cholesterol (r = 0.19, P = 0.043). cIMT was correlated
to CRP (r = 0.31, P = 0.007) and negatively correlated to HDL-cholesterol (r = 0.33, P = 0.001). In logistic regression, only
HDL-cholesterol, CRP, and pulse pressure were shown to be independent variables associated to increased cIMT. In conclusion,
pulse pressure, HDL-cholesterol, and CRP are variables correlated with cIMT in treated hypertensive women.

1. Introduction

Atherosclerosis and its complications are the main cause of
morbidity and mortality in the Western world [1]. Therefore,
an early acknowledgment of high cardiovascular risk patients
is crucial to decrease the incidence of clinical events related
to atherosclerosis. This could be reached through the identi-
fication of markers of subclinical arterial disease [2].

It has been previously evidenced that carotid intima-
media thickness (IMT) is a noninvasive predictor of future
cardiovascular disease (CVD) [3]. The increase of carotid
IMT has been more commonly associated with development
of coronary heart disease and stroke [4, 5]. However, even
in asymptomatic subjects a slight increase of IMT may be
detected by high resolution ultrasonography and may rep-
resent a marker of subclinical atherosclerosis [6]. Recently,

Lorenz et al. reported a meta-analysis showing that the rela-
tive risk for stroke and myocardial infarction rises propor-
tionally to the increase of carotid IMT [7].

The identification of risk factors associated with early
atherogenesis is important to stratify the individual risk and
to predict cardiovascular events [8]. It has been formerly
shown a close relationship between carotid IMT and tradi-
tional cardiovascular risk factors such as ageing, hyperten-
sion, obesity, dyslipidemia, and diabetes [9]. Moreover, the
presence of atherosclerotic lesions may classify high risk indi-
viduals who were not identified by the traditional risk factors
evaluation. Recently, Aguilar-Shea et al., including only
outpatients presenting low or intermediate cardiovascular
risk according to European SCORE function, demonstrated
that 18.4% of these patients were reclassified as high risk due
to increased carotid IMT. The authors concluded that the
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measurement of carotid IMT may be an useful tool to identi-
fy asymptomatic subjects with subclinical atherosclerosis not
detected by the traditional risk factors evaluation [1].

The objective of this study was to identify clinical varia-
bles associated with subclinical atherosclerosis defined by an
increased carotid IMT in treated hypertensive women.

2. Methods

2.1. Study Population. We studied hypertensive women re-
ferred to Outpatient Clinics of Hypertension and Associated
Metabolic Diseases at State University of Rio de Janeiro,
Brazil. Participants were 40 to 65 years old, with systolic
blood pressure ≥140 mmHg, and/or diastolic blood pressure
≥90 mmHg at two different times and/or in antihypertensive
treatment. Patients were excluded if they had a past history of
cardiovascular disease, clinically evident infection or inflam-
matory disease, diabetes mellitus, renal dysfunction with
estimated glomerular filtration rate <60 mL/min, evidence of
secondary hypertension, or using lipid-lowering medication
in the last year. Vascular ultrasound was performed and
the patients were divided into two groups according to the
values of carotid IMT (< or ≥0.9 mm) [10]. The local Ethics
Committee previously approved the study protocol and all
participants gave written informed consent.

2.2. Clinical Evaluation. Height was measured on a clinic sta-
diometer. The body weight was assessed using a calibrated
scale, with participants using light clothes and no shoes. The
body mass index (BMI) was calculated as body weight (kg)
divided by square height (m2). The patients were classified
as eutrophic (18.5 to 24.9 Kg/m2), overweight (25.0 to
29.9 Kg/m2), or obese patients (30.0 Kg/m2 or more) [11].

With a nonextensible tape measure, waist circumference
was measured at the midway between the lower rib and the
iliac crest. Waist circumference was considered increased for
women when the value was higher than 88 cm [12]. Met-
abolic syndrome was defined following the criteria from
the Third Report of The National Cholesterol Education
Program—Adult Treatment Panel III (NCEP-ATP III) [12].

Standardized questionnaires were used to obtain infor-
mation about physical activity, smoking history, medication
use, family history of cardiovascular disease, and duration
of hypertension. Systolic and diastolic blood pressure were
measured three times after a 5-minute rest, in a seated
position, using an electronic device (model HEM-705CP,
OMRON Healthcare Inc., IL, USA).

2.3. Biochemical Assay. Venous blood samples were taken aft-
er the subject had fasted for 12 hours. The serum lipids (total
cholesterol, HDL-cholesterol, and triglycerides) were ana-
lyzed by colorimetry (Bioclin). The LDL-cholesterol was cal-
culated using the Friedewald formula [13] when triglyceride
value was less than 400 mg/dL. High-sensitive C-reactive
protein (CRP) was determinated by turbidimetry using an
automatic analyzer (BioSystems A15).

2.4. Carotid Ultrasound. The patient was supine with slight
hyperextension and rotation of the neck in the direction
opposite the probe. A linear array transducer with a multiple-
frequency (7 to 12 MHz) attached to a high-resolution B-
mode ultrasound system was used to acquire images by a
single-sonographer blind to clinical data of subjects. Simulta-
neous ECG was recorded to assure the timing of end-diastolic
images. Manual measurement of IMT was performed in the
common carotid artery, at both sides, in a region free of
plaque located approximately 20 mm from bulb. We analysed
only patients without any atherosclerotic plaques. At least
three values were obtained in different sites of this segment
and the mean value of six measurements (three from each
side) was used for analysis.

2.5. Statistical Analysis. Data were expressed as mean± stan-
dard deviation or proportions when appropriate. Unpaired
Student’s t-test was used for comparison of continuous
variables, with a confidence interval of 95% and P <
0.05 was considered statistically significant. Menopause and
metabolic syndrome were considered as categorical variables
and were compared by Chi-squared test. The Pearson coeffi-
cient was obtained in the correlation tests between continu-
ous variables. Ordinal logistic regression was used to evaluate
associations between increased carotid IMT and previously
correlated variables. All statistical analyses were performed
using SPSS statistical package (Version 18.0; Inc., Chicago,
IL, USA).

3. Results

One hundred eighteen patients were enrolled in the study,
but we excluded two patients for not having completed all
assessments, resulting in 116 patients included for analysis.
As expected, carotid IMT was significantly greater in the
second group (0.74 ± 0.09 versus 1.03 ± 0.10 mm, P <
0.001). Patients in the group with greater carotid IMT were
older and presented significantly higher values of systolic
blood pressure and pulse pressure. The two groups had
mean BMI in the overweight range and increased values
of waist circumference. Regarding the biochemical profile,
serum HDL-cholesterol was significantly lower, and CRP was
significantly higher in the group with greater carotid IMT.
Plasma glucose, creatinine, and other parameters of lipid
profile were not different between the two groups (Table 1).

The proportions of smoking (21 versus 10%, P > 0.05),
physical activity (10 versus 18%, P > 0.05) and menopause
(65.8 versus 78.0%, P > 0.05) were similar between the two
groups. The most used antihypertensive medications were
diuretics (65.8 versus 65.7%, P > 0.05) and angiotensin
converting enzyme inhibitors (64.5 versus 50.0%, P > 0.05)
and there was no significant difference between the two
groups.

There was a weak but significant correlation between
carotid IMT and age (r = 0.25, P = 0.007), systolic blood
pressure (r = 0.19, P = 0, 009), pulse pressure (r = 0.30,
P = 0.001), and LDL-cholesterol (r = 0.19, P = 0.043).
Carotid IMT was also positively correlated to CRP (r = 0.31,
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Table 1: Clinical, anthropometric and biochemical characteristics
of both groups.

Parameter
IMT ≤ 0.9
(n = 76)

IMT > 0.9
(n = 40)

P-value

Age, years 50.8± 6.6 53.5± 7.1∗ 0.044

BMI, kg/m2 28.9± 4.5 29.5± 4.9 0.471

Waist, cm 98.4± 11.2 99.1± 11.1 0.733

Systolic BP, mmHg 135± 16 143± 21∗ 0.020

Diastolic BP,
mmHg

85± 11 83± 9 0.253

Pulse pressure,
mmHg

49± 11 60± 17∗∗∗ <0.001

Metabolic
Syndrome, n(%)

49(64.5) 33(82.5)∗ 0.043

eGFR, mL/min 75± 14 74± 15 0.863

Glucose, mg/dL 88± 19 87± 14 0.735

Creatinine, mg/dL 0.80± 0.13 0.81± 0.13 0.740

Total cholesterol,
mg/dL

209± 54 255± 64 0.157

HDL-cholesterol,
mg/dL

49± 8 44± 7∗∗ 0.004

LDL-cholesterol,
mg/dL

130± 50 149± 57 0.070

Triglycerides,
mg/dL

144± 84 150± 71 0.731

hsCRP, mg/L 2.31± 1.21 3.05± 1.34∗ 0.016

IMT, mm 0.74± 0.09 1.03± 0.10∗∗∗ <0.001

Data expressed as mean ± SD or n(%) when indicated; IMT: intima-media
thickness; BMI: body mass index; BP: blood pressure; eGFR: estimated
glomerular filtration rate; HDL: high density lipoprotein; LDL: low density
lipoprotein; hsCRP: high-sensitive C-reactive protein; ACE: angiotensin
converting enzyme; ARB: angiotensin receptor blocker. ∗P < 0.05, ∗∗P <
0.01∗∗∗, P < 0.001.

P = 0.007) and negatively correlated to HDL-cholesterol
(r = 0.33, P = 0.001) (Figures 1(a) and 1(b), resp.). To assess
which variables were independently correlated with IMT,
a logistic regression was performed with increased IMT as
dependent variable and including age, menopause, metabolic
syndrome, systolic blood pressure, pulse pressure, HDL-
cholesterol and CRP as independent variables. In this model,
only HDL-cholesterol, CRP, and pulse pressure were shown
to be independent variables associated to increased carotid
IMT (Table 2).

4. Discussion

Carotid IMT has been related to cardiovascular events but
the link between this finding and clinical parameters in spe-
cific populations is not clear yet. In this study involving only
nondiabetic treated hypertensive women with no previous
cardiovascular event, carotid IMT was correlated with some
clinical factors, but only pulse pressure, HDL-cholesterol,
and CRP were considered independent parameters related to
carotid IMT.

It is well established that age is an important determinant
factor for carotid IMT value. In a population-based study,

0.5 0.7 0.9 1.1 1.3

Carotid IMT (mm)

C
-r

ea
ct

iv
e 

pr
ot

ei
n

 (
m

g/
L

)

r = 0.327
P= 0.004

6

4

2

0

(a)

0.5 0.7 0.9 1.1 1.3

Carotid IMT (mm)

H
D

L-
ch

ol
es

te
ro

l (
m

g/
dL

)

75

65

55

45

35

25

P > 0.001

r = −0.328

(b)

Figure 1: Correlation of carotid intima-media thickness (IMT)
with C-reactive protein (a) and with HDL-cholesterol (b).

Table 2: Logistic regression model for increased carotid intima-
media thickness (IMT > 0.9 mm) as dependent variable.

Variables β Standard error P value

HDL-cholesterol 1.126 0.051 0.019

hsCRP 0.448 0.293 0.006

Pulse pressure 0.917 0.046 0.049

Variables included in the initial model: age, menopause, metabolic
syndrome, systolic blood pressure, pulse pressure, HDL (high density
lipoprotein)-cholesterol, and high-sensitive C-reactive protein (hsCRP).

Pastorius et al. evaluated 1448 healthy adults with no known
cardiovascular disease and demonstrated that age was an
independent predictor factor for increased carotid IMT [14].
Other longitudinal study including only elderly individuals
was also able to show the correlation between carotid IMT
values and age [15]. In contrast, age was not identified as a
clinical parameter independently associated to carotid IMT
in our study. This finding could be attributed to our sample
study composed only by middle-age hypertensive women
under drug therapy. In a recent study which included 136
subjects older than 80 years, carotid IMT was associated with
age in men but not in women [16].
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Blood pressure levels have also been associated with
carotid IMT. In our study, all patients were in use of
antihypertensive drugs and the mean diastolic blood pressure
levels were in the normal range. Systolic blood pressure was
higher in the group with subclinical atherosclerosis but only
pulse pressure was independently correlated with carotid
IMT. In agreement with this, some studies have already
reported association between increased carotid IMT and iso-
lated systolic hypertension [14, 17, 18]. Similarly, Zanchetti
et al. have also observed that ambulatory systolic blood
pressure and pulse pressure were significantly correlated with
carotid alterations even after adjustment for age, gender, and
smoking [19].

Several studies have already described the relationship
between subclinical atherosclerosis and obesity indicated
by elevated body mass index or waist circumference [20–
24]. However, this association is still controversial. Tokita
et al. carried out a cross-sectional study to examine the
association of obesity parameters with atherosclerosis in
obese patients. The authors concluded that the carotid
elasticity, but not IMT, was the only variable that reflects
visceral fat accumulation in those obese subjects [25]. In
the present study, there was no difference between the two
groups in relation to anthropometric parameters. Despite
an increased waist circumference in both groups, the mean
value was not statistically different and there was no signifi-
cant correlation with carotid IMT. Nevertheless, this finding
could be justified by the mean body mass index value in the
overweight range in both groups with few patients presenting
normal body mass index. Although metabolic syndrome
was significantly more frequent in the group with increased
carotid IMT, this factor was not independently associated
with subclinical atherosclerosis in this study population after
logistic regression.

The protective effect of HDL-cholesterol is already well
debated and it is not clarified yet. A recent meta-analysis
reported that the great majority of the included studies
observed an inverse association between HDL-cholesterol
and carotid atherosclerosis [26]. However, six longitudinal
studies in this systematic review demonstrated conflicting
results, with three reports showing no relationship and an
evidence of a weak association. Fan and Dwyer observed the
progression of carotid IMT in a cohort study that enrolled
500 individuals aged 40–60 years. In the beginning of this
study, carotid IMT was inversely associated with serum levels
of HDL-cholesterol in men and in women. Nevertheless,
after an adjustment for some potential confounding factors,
the progression of carotid IMT was negatively associated
with HDL-cholesterol in men, but directly in women. The
authors suggest that the antiatherogenic effects of HDL-
cholesterol could be attenuated in middle-aged women [27].
The lack of association between carotid atherosclerosis and
HDL-cholesterol was also observed in a recent population-
based study [14]. In the current study, both groups presented
low values of HDL-cholesterol in relation to those expected
for women, but significantly lower in patients with increased
carotid IMT. This result indicates that even small increases
of HDL-cholesterol could be protective against subclinical
atherosclerosis in hypertensive women. Other plasma lipids

were not different between the two groups in the current
study. On the other hand, the same authors have previously
shown a relationship between carotid IMT and serum
triglycerides, total cholesterol and LDL-cholesterol [28, 29].

Elevated CRP has been considered a predictor of car-
diovascular events. A clinical history carefully obtained and
a complete physical examination are needed in order to
rule out an obvious cause for increased CRP [30]. In the
current study, patients presenting infections or inflammatory
diseases were excluded to avoid interpretation errors on CRP
analysis. High-sensitive CRP levels were significantly higher
in the group with higher carotid IMT values. However,
even in the group with lower carotid IMT, CRP levels
corresponded to intermediate cardiovascular risk. A possible
explanation for this finding is because all patients were
hypertensive with increased abdominal circumference which
is also related to raised CRP levels [31, 32]. Increased CRP
levels without intima-media carotid artery thickening may
suggest a possible role as a risk marker of cardiovascular
disease and a mediator in atherogenesis due to its effects in
endothelial cells as previously reported [6]. In addition, CRP
levels were independently associated with increased IMT as
it was previously found by other studies, [33, 34] including
Framingham cohort [35]. Nevertheless, these findings were
not confirmed by all studies [36, 37]. Indeed, the relationship
between carotid atherosclerosis and CRP levels were not
significant after adjustment for other risk factors in some
studies [38, 39].

5. Conclusion

We concluded that pulse pressure, HDL-cholesterol, and
high-sensitive CRP are variables correlated with carotid IMT
in treated hypertensive women with no diabetes or previous
cardiovascular events. Therefore, these parameters should be
carefully followed in this population as potential markers
of subclinical atherosclerosis. Noticeably, further studies are
needed to establish the prognostic value of clinical and
biochemical factors associated with increased carotid IMT in
treated hypertensive patients.
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Cerebrovascular diseases are the second cause of mortality in the world, and hypertension is considered a main risk factor for
occurrence of stroke. The mechanisms responsible for the increased stroke risk remain unclear. However, dietary interventions have
been applied in the management and treatment of their risk factors, which include increased blood pressure levels, obesity, diabetes,
and dyslipidemia. Further studies should be conducted to assess the effects of carotenoids, flavonoids, n-3 polyunsaturated fats,
and lower salt and high glycemic index intake in risk of stroke.

1. Introduction

The main risk factor for stroke is high blood pressure (BP)
and, when properly controlled, significantly reduces the
incidence rates of this disease. Despite all advances achieved
in recent years, its prevention is a priority, and in this
respect, BP control has a prominent role [1]. An increase
has been observed in the number of cerebrovascular events
in developing countries that matches with food and lifestyle
changes arising from industrialization and urbanization
[2, 3]. Accurately assessing and understanding the role of
nutrition in the causes and consequences of stroke will
be crucial in developing and implementing strategies to
minimize the global burden of stroke [4]. The aim of this
paper is to describe the evidence linking nutrition to the risk
of stroke.

2. Role of Nutrients for Stroke Prevention

2.1. Salt. Salt is an essential substance to man and to all types
of animal life. We can see the important role of salt through
the records of human history. However, during the past cen-
tury, the evidence for the risks imposed on human health by
excess salt consumption has become compelling. The causal
relationship between habitual dietary salt intake and BP has

been established through experimental, epidemiological, and
even intervention studies. Most adult populations around
the world have average daily salt intake higher than 6 g per
day although international recommendations suggest that
average population salt intake should be less than 5-6 g per
day [4–6].

The relationship between salt intake and health is recog-
nized by the scientific community. Initially, this relationship
was made with the association between magnitude of salt
intake and hypertension. Two achievements make a major
impact on this subject, the quantitative measurement of
dietary sodium intake and repeated recognition that the
greater the daily sodium intake, the higher the prevalence
of hypertension in populations [7]. A series of population-
based intervention studies and randomized controlled clini-
cal trials have shown that it is possible to achieve significant
reductions in BP with reduced salt intake in people with and
without hypertension [8–12].

The Intersalt multicenter study that included normoten-
sive and hypertensive patients was conducted in 52 centers
from different countries in the 80s. This study showed that
dietary intake of sodium (100 mmol/day) was associated with
differences in systolic pressure of approximately 2.2 mmHg
after adjustment for age, gender, excretion of potassium,
body mass index, and alcohol intake [10].
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Meta-analysis of intervention studies with salt restriction
showed reductions in systolic BP (3.7 to 7.0 mmHg) and
in diastolic BP (0.9 to 2.5 mmHg) in hypertensive patients
[8, 13]. The response of BP to sodium reduction is direct
and progressive, but nonlinear; decreasing sodium intake by
about 0.9 g per day causes a greater reduction in BP when
the starting sodium intake is about 2.3 g per day than when it
is about 3.5 g per day [14, 15]. However, some researchers
believe that the participation of salt in hypertension is far
more complex than those reported by previous studies and
concluded that the postulate of salt overload leads to long-
term negative structural and functional changes of target
organs, regardless of its effect on BP [7].

Increased levels of systolic and diastolic BP are asso-
ciated with the risk for developing coronary heart and
cerebrovascular disease. Hypertension is a major risk factor
for stroke and is associated with vascular disease in small
and large arteries. The risk posed by hypertension is higher
for heart failure and stroke, but in the countries of the
north west, coronary heart disease is the most common and
lethal condition [1, 16]. Therefore, it is natural to think that
reducing salt intake, essential part of hypertension treatment,
also contributes to the prevention of stroke.

A meta-analysis of six randomized trials showed that a
reduction in dietary salt intake by 2.0–2.3 g (half a teaspoon)
per day was associated with a reduction in cardiovascular
events by 20% (relative risk 0.80, 95% CI 0.64–0.99) [17].
However, no randomized trials evaluating the effect of salt
reduction on risk of stroke or its pathological and etiological
subtypes have been done.

Another recent meta-analysis has clearly shown that
higher salt intake is associated with a greater incidence of
stroke and cardiovascular events. This systematic review
identified 13 relevant and suitable studies published from
1996 to 2008. These studies provided evidence from 170,000
people contributing for more than 10,000 vascular events [5].

Many studies have assessed the associations between
dietary exposures and cardiovascular or stroke risk. The
findings are diverse, mainly because most studies are
epidemiological and prone to substantial methodological
challenges of bias, confounding factors, and measurement
error.

2.2. Coffee. Coffee is one of the most frequently consumed
beverages worldwide [18]. It has been documented to have
acute deleterious physiologic effects within hours after con-
sumption, including increased systolic and diastolic BP, [19]
vascular resistance, [20] and impairment of endothelium-
dependent vasodilation [21]. Several mechanisms have been
proposed, including sympathetic overactivation, increased
norepinephrine release, renal effects, and activation on the
renin-angiotensin system [19].

On the other hand, compounds in coffee may have
beneficial effects on the cardiovascular system. In addition
to minerals and trace elements, like potassium, magne-
sium, and manganese, the coffee is a source of phenolic
compounds, including chlorogenic acid. It is possible that
the minerals and polyphenols effects on the cardiovascular
system would be higher than the adverse effects of caffeine

[19]. The phenolic compounds in coffee possess antioxidant
capacity and can inhibit the oxidative modification of low-
density lipoprotein [22] and may also have effects on serum
cholesterol and homocysteine concentrations, oxidation, and
inflammation [23].

Chronic coffee consumption has been inconsistently
associated with risk of stroke. Lopez-Garcia and colleagues
(2009) have found that long-term coffee consumption was
not associated with an increased risk of stroke in a prospec-
tive cohort of 83,076 women without history of stroke. In
contrast, their data suggest that coffee consumption may
modestly reduce risk of stroke [24]. Another study, including
patients with type 2 diabetes, has observed no association
between coffee and risk of total stroke [25].

In a cohort study with male Finnish smokers aged 50
to 69 years without a history of stroke at baseline, Larsson
and colleagues [26] showed that coffee consumption was
inversely associated with the risk of cerebral infarction, but
not intracerebral or subarachnoid hemorrhage, during a
mean followup of 13.6 years.

A meta-analysis of 11 prospective studies of 479,689
participants, in which relative risk of stroke for three or
more categories of coffee consumption was reported, has
concluded that moderate coffee consumption may be weakly
inversely associated with risk of stroke [18]. By contrast,
in a multicenter case-crossover study with 390 subjects, the
subject’s acute coffee consumption in the hour before stroke
symptoms was compared with his or her usual frequency of
consumption in the prior year. The authors have found that
coffee consumption transiently increases the risk of ischemic
stroke onset, particularly among infrequent drinkers [27].

It is unclear whether the relationship between coffee
consumption and stroke is due to potentially unfavorable
effects of caffeine or due the polyphenols effects. The studies
are controversial and present residual confounding from
other stroke risk factors related to coffee consumption.
Future studies should attempt to assess this association.

2.3. Flavonoids. Flavonoids (flavonols, flavones, and isofla-
vones) are other dietary antioxidants compounds commonly
found in concentrated amounts in multiple fruits, vegetables,
and beverages, including apples, berries, grapes, onions, red
wine, tea, cocoa, and dark chocolate [28]. They are charac-
terized by their inherent potent antioxidant effects, with a
range of biochemical properties, such as antioxidant, antiin-
flammatory, and antithrombotic effects [29], inhibiting lipid
peroxidation, preventing atherosclerosis, promoting vascular
relaxation, and with antihypertensive properties [30] that
may explain beneficial effects on cardiovascular disease.
Hollman and colleagues [29] have conducted a meta-analysis
of six prospective cohort studies to assess quantitatively
the strength of the association between flavonol intake and
stroke incidence. A high intake of flavonols when compared
with a low intake was inversely associated with nonfatal and
fatal stroke, suggesting that flavonols may reduce stroke risk.
During seven years of followup, a cohort study examined
the association between flavonoid intake and cardiovascular
disease. In this study, flavonoid consumption was associated
with lower risk of death from CVD, and total flavonoid
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intake was more strongly associated with stroke mortality
in men. The authors indicated that even relatively small
amounts of flavonoid-rich foods may be beneficial [31]. On
the other hand, Hirvonen and colleagues have found an
inverse association between dietary intake of beta-carotene
and the risk for cerebral infarction, but no association was
detected between other dietary antioxidants and risk for
stroke [32].

Besides flavonoids, some studies have investigated the
relationship between foods and beverages that contain
polyphenolic compounds, like dark chocolate and tea. The
highest levels of chocolate consumption were associated with
a reduction in cardiovascular disease and stroke [33, 34].
The same results can be observed when the studies assess
the relationship between tea consumption and risk of stroke
[35–37].

2.4. Carotenoids. Carotenoids, the pigments responsible for
the yellow to red color of some fruits and vegetables, have
been implicated as beneficial substances; they are found in
the human diet and primarily derived from plants and found
in roots, leaves, shoots, seeds, fruit, and flowers [38]. Various
biological effects have been attributed to carotenoids. A
possible mechanism of action is through the antioxidant
activity, but other mechanisms of protection may exist
[38]. The currently dietetic recommendation to increase
consumption of fruits and vegetables rich in antioxidants has
generated interest in the role of carotenoids [39], but the
mechanisms are not clearly known. Some researchers have
evaluated their effects in preventing cardiovascular disease.
Prospective studies have shown the association between
plasma levels of carotenoids and markers of inflammation,
oxidative stress, endothelial dysfunction [40, 41], and arterial
stiffness [42]. Their many conjugated double bonds give
them an antioxidant potential. Lycopene is the most powerful
antioxidant among plasma carotenoids [43]. Its effects have
been related to decreased risk of cardiovascular disease
[44, 45], including atherosclerosis [46] and myocardial
infarction [47]. These nutrients can affect the risk of
stroke. The oxidation hypothesis of atherosclerosis points
out that oxidation of low-density lipoprotein cholesterol
(lipid peroxidation) allows it to accumulate in artery walls
promoting atherosclerosis [4].

There are a few studies associating carotenoids with
stroke. Rissanen and colleagues, in the Kuopio Ischaemic
Heart Disease Risk Factor Study, examined 725 men during
six years, associating serum lycopene levels and risk of
coronary heart disease and stroke. Men in the lowest quarter
of serum lycopene levels had a 3.3-fold risk of acute coronary
heart events and stroke. These findings suggest that lycopene
might have a role in the prevention of coronary events
and stroke [48]. Another study conducted a prospective,
nested case-control analysis among male physicians without
diagnosed cardiovascular disease followed up for 13 years.
Samples from 297 physicians with ischemic stroke were ana-
lyzed with paired controls and matched for age and smoking,
for 5 major carotenoids (α- and β-carotene, α-cryptoxanthin,
lutein, and lycopene), retinol, and α- and γ-tocopherol, and

risk of ischemic stroke was inversely related to plasma levels
of carotenoids [49]. Despite these findings, further studies
are needed to evaluate the association between carotenoids
compounds and the risk of stroke.

2.5. Fats. Bioactive compounds of interest in clinical studies
due to its antiarrhythmic effect [50], having beneficial
effects on multiple cardiac disorders, are represented by n-
3-polyunsaturated fatty acids. The major food sources of n-
3-polyunsaturated fatty acids are deep and cold water fish
such as salmon, trout, and cod. The oils of many species
of marine fish are rich in eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), the two forms that have long
chains and active n-3-polyunsaturated family [51].

Fat is one of the diet variables that exerts direct influence
on cardiovascular risk factors [52]. For the treatment of
hypercholesterolemia, the dietary recommendations for fat
intake must be within a limit of 25–35% of the total calories,
divided in ≤7% saturated fats, ≤10% polyunsaturated fats,
and ≤20% monounsaturated fats [53]. Many studies suggest
that the disproportion in the consumption of n-6 and n-
3 fatty acids in the diet can lead to the development of
chronic diseases. Before this, global recommendations of n-
3 fatty acids for primary prevention of coronary diseases
correspond to regular intake of 2 servings of fish per week,
equivalent to 1 g of EPA and DHA combination [54].

Although the benefits attributed to fish intake on the
cardiovascular mortality have been suggested by observa-
tional studies [55–57], the effects of fish consumption on the
risk of stroke still remain controversial [58]. There are few
studies that have examined the association of different types
of fish with the subtype of stroke. According to a population-
based prospective study in the Swedish Mammography
Cohort, with a mean followup of 10.4 years, women in
the highest quintile of fish intake compared to those who
never consumed lean fish had a 33% lower risk of total
stroke. In multivariate relative risk analysis of total stroke and
hemorrhagic stroke, women who consumpted >3 servings
of lean fish/week compared to those who consumpted <1
servings of lean fish/week showed relative risk of 0.84 (95%
CI: 0.71, 0.98; P for trend = 0.049) and 0.67 (95% CI: 0.42,
1.08; P for trend = 0.08), respectively [58, 59].

Large clinical trials, such as Diet and Reinfarction
Trial (DART) [60] and the Gruppo Italiano per lo Studio
della Sopravivenza nell Miocardico Infarction Prevenzione
(GISSI), showed clear benefits of n-3-polyunsaturated fatty
acids in reducing total mortality and sudden death. On
the other hand, the results of controlled clinical trials are
inconsistent in relation to the consumption of n-3 and stroke
[61].

Observational studies conducted with the alpha-linolenic
acid suggest a reduction in 35 to 50% on the stroke risk
with increasing its intake [62]. Its main sources are vegetable
oils such as soybean, canola, and flaxseed, and also in
walnuts [4]. The adoption of the Mediterranean diet, which
encompasses the increased alpha-linolenic acid intake, a
reduction in saturated fat, and a modest increase in fiber
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and total carbohydrate, was associated with a 72% reduction
in recurrent coronary heart events in patients with prior
myocardial infarction [63, 64].

It is well known that the saturated fat influences the
plasma lipid levels, particularly in cholesterolemia [53].
Scientific evidence suggests that replacing saturated fat by
polyunsaturated or monounsaturated fat is able to reduce
both HDL- and LDL-cholesterol. However, the results of
dietary interventions involving such a replacement for the
reduction of cardiovascular events are not consistent [65].

2.6. Carbohydrates. Carbohydrates are the main source of
energy for the body and daily nutrient recommendations
are based on the Dietary Reference Intakes (DRIs) by age
and gender. The Dietary Guidelines for Americans suggest
that about half (45–65%) of your daily calories should
come from carbohydrates (starches, fiber, and sugars) [66].
However, estimates indicate that the total caloric intake
exceeds DRIs regardless of energy needs, and the evidence for
the risks imposed on human health by excess carbohydrates
consumption might be an increase in the development of
insulin resistance, diabetes, stroke, and cardiovascular dis-
ease [67–69]. The relationship between intake of sugars and
cardiovascular health has emerged since the last American
Heart Association (AHA) scientific statement was published
in 2002 [70]. In 2006, the AHA published revised diet
and lifestyle recommendations that propose minimizing the
intake of beverages and foods with added sugars [71].

Strong evidence shows that the total number of calories
consumed is the essential dietary factor relevant to body
weight gain and adiposity [72], and the quality of carbohy-
drate intake also affects metabolic health. The proportion of
macronutrients takes into account both chronic disease risk
reduction and intake of essential nutrients. However, due to
the considerable increase in prevalence of obesity and related
chronic diseases, the AHA recently released a scientific
statement recommending reductions in added-sugar intake
to no more than 100 to 150 kcal/d for most Americans
[73, 74]. Cross-sectional studies in humans link soft drink
consumption with higher energy intake, greater body weight,
and poor nutrition [75] and suggest that excessive fructose
consumption is playing a role in the epidemics of insulin
resistance, obesity, hypertension, stroke, dyslipidemia, and
type 2 diabetes mellitus in humans [76–80], whereas overall
carbohydrate intake is less strongly related to these diseases.

Currently, increased risk of stroke mortality is associated
not only with high intake of carbohydrate, but also with
the dietary glycemic index (GI) and glycemic load (GL).
A recent study suggests that the risk of mortality from
ischemic stroke is increased with increased level of the dietary
GI among women [67]. A positive trend is also suggested
between dietary GL and mortality from hemorrhagic stroke
among women [81, 82]. A meta-analysis study provides
high-level evidence that diets with a high GI, high GL, or
both, independently of known confounders, including fiber
intake, increase the risk of chronic lifestyle-related diseases.
Overall, GI had a more powerful effect than did the GL, with

more positive associations between GI and chronic disease
risk [83, 84].

It is known that the increased fiber intake reduces blood
pressure, blood glucose, serum triglycerides, and LDL choles-
terol [4, 85] and may decrease the risk of chronic diseases by
improving the postprandial glycemic response and insulin
concentration. The type of fiber could be differentially
related to risk of the diseases. Instead, recent study suggested
that the risk of stroke is decreased with increased whole
grain intake and was associated with micronutrients that
accompany fiber in whole-grain cereal, contributing to lower
risk of stroke [82]. Some studies suggest that whole grain
or cereal fiber intakes as a source of fiber, among different
sources of fiber, were inversely associated with risk of stroke
in US men [82, 85].

3. Conclusion

In summary, evidence shows that association between the
magnitude of salt intake and hypertension may increase
risk in both myocardial infarction and stroke. Moreover, the
excessive intake of nutrient-dense forms of foods has become
compelling, and the population has difficulty in following
low-calorie diet to promote weight loss over time. Sugar-
sweetened beverages are contributors to add sugar intake and
weight gain and can lead to increased risk of stroke. A diet
rich in whole grains, fruits, and vegetables may help reduce
body weight and provide adequate amounts of flavonoids,
carotenoids, minerals, and trace elements, which can help to
reduce chronic disease risk and stroke.
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Ambulatory arterial stiffness index (AASI) is a parameter obtained from ambulatory blood pressure monitoring (ABPM) that
correlates with clinical endpoints. The aim of this study was to compare AASI in nondiabetic hypertensive patients with and
without chronic kidney disease (CKD). Subjects with systemic arterial hypertension (SAH, n = 30) with normal renal function,
aged 40 to 75 years, were compared to hypertensive patients with CKD (n = 30) presenting estimated glomerular filtration rate
(eGFR) <60 mL/min by MDRD formula. ABPM was carried out in all patients. In CKD group, eGFR was 35.3 ± 2.8 ml/min. The
mean 24-hour systolic and diastolic blood pressure (BP) was similar in both groups. AASI was significantly higher in CKD group
(0.45± 0.03 versus 0.37± 0.02, P < 0.05), positively correlated to age (r = 0.38, P < 0.01) and pulse pressure (r = 0.43, P < 0.01)
and negatively correlated to nocturnal BP fall (r = −0.28, P = 0.03). These findings indicate the presence of stiffer vessels in CKD
hypertensive patients.

1. Introduction

Epidemiological and observational studies indicate hyper-
tension as a major cause of chronic kidney disease (CKD)
[1]. In fact, hypertension and CKD are strongly connected
because hypertension is both a cause and a consequence of
CKD [2]. Hypertensive patients with CKD present higher
morbidity and mortality rates when compared with those
with normal renal function [3, 4]. Additionally, high blood
pressure is a predictor of decline of glomerular filtration
rate (GFR), and conversely, adequate blood pressure control
contributes to preserve renal function [5–7].

Vascular changes are commonly observed in CKD
patients, including reduced arterial elasticity observed in pa-
tients with end-stage renal disease [8, 9]. Fibroelastic intimal
thickening, increased extracellular matrix, enhanced collagen
density, and vascular calcification seem to contribute to
stiffer arteries in CKD patients [10, 11]. It has been
demonstrated that vascular stiffness may predict adverse

cardiovascular outcomes [12, 13]. Current gold standard
for vascular stiffness evaluation is the pulse wave velocity
(PWV) which requires complex equipment and therefore
is not commonly used in clinical practice [14]. Recently, a
new parameter named ambulatory arterial stiffness index
(AASI) was proposed for this evaluation [15, 16]. This index
is derived from the regression slope of the diastolic on systolic
blood pressure, using all of the readings during ambulatory
blood pressure monitoring (ABPM).

It has already been reported that AASI presents good
correlation with target organ damage and glomerular filtra-
tion rate (GFR) in essential hypertension [17–20]. Moreover,
AASI may also correlate with cardiovascular events and
mortality [21, 22]. On the other hand, there have been few
studies investigating this index in hypertensive patients with
different stages of CKD. The aim of our study was to evaluate
the AASI in nondiabetic hypertensive patients with CKD and
in those with normal renal function.
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2. Methods

A case-control study involving 60 consecutive patients with
primary hypertension was carried out in our institution.
Thirty patients were recruited from the CKD outpatient
clinic. Hypertensive patients with CKD, aged 40 to 75 years
and estimated glomerular filtration rate (eGFR) <60 mL/min
by the Modification of Diet in Renal Disease (MDRD) equa-
tion [23], were included (CKD group). Other 30 patients
matched by age (±2 years) and gender with the CKD pa-
tients were selected from the hypertension outpatient clinic
at the same institution. These patients presented systemic
arterial hypertension (SAH group) and serum creatinine
less than 1 mg/dL. Exclusion criteria were diabetes melli-
tus, hypertriglyceridemia (>400 mg/dL), urinary albumin-
to-creatinine ratio (UACR) >1000 mg/g, acute renal failure,
renal replacement therapy, regular use of anti-inflammatory
drugs, and history of myocardial infarction or cerebrovascu-
lar disease in the last 6 months. The local Ethics Committee
has previously approved the study protocol, and all partici-
pants gave written informed consent.

2.1. Blood Pressure Measurements. Office blood pressure was
obtained using an electronic device (model HEM-705CP,
Omron Healthcare Inc., IL, USA) and an appropriate sized
cuff. Patients were seated for 30 minutes before measurement
and refrained from smoking and caffeine ingestion in this
period of time. Three readings, one minute apart, were done,
and the average of these measurements was defined as the
patient clinic blood pressure. The patients underwent 24-
hour ABPM in nondominant arm with SpaceLabs 90207
monitor (Spacelabs Inc., Redmond, WA, USA), validated by
the British Hypertension Society and the Association for
the Advancement of Medical Instrumentation protocol [24].
Readings were taken every 20 minutes during the day and
every 30 minutes at night. The patients recorded their sleep
and wake times during the monitoring. ABPM was consid-
ered adequate if >70% of measurements were successfully
obtained. The percentage decline in nocturnal blood pres-
sure was calculated as follows for systolic (SBP) and diastolic
(DBP) blood pressures: percentage decline in nocturnal
blood pressure = (daytime blood pressure−night-time blood
pressure) ∗ 100/daytime blood pressure. The AASI was
calculated from 1 minus the regression slope of diastolic
pressure on systolic blood pressure. The slope was not forced
through the origin.

2.2. Blood and Urine Samples Collection. Fasting venous
blood was collected from participants to measure total chol-
esterol, triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), glucose, creatinine (enzymatic method), and
uric acid. The low-density lipoprotein cholesterol (LDL-C)
level was calculated by the Friedewald formula (8). eGFR
was assessed by modified MDRD equation: eGFR = 0.741
× 175 × Cr−1.154× age−0.203(× 0.742 if female). C-reactive
protein (nephelometry, BN II, Siemens AG Inc, Munich,
Germany) and morning urinary spot albumin and creatinine
(nephelometry, Immage, Beckman Coulter Inc, Fullerton,
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Figure 1: Percentage of nocturnal blood pressure fall patterns as
dipper, nondipper, and reverse dipper in chronic kidney disease
(CKD) and systemic arterial hypertension (SAH) groups.

CA, USA) were also measured. The lower detection limit for
C-reactive protein was 0.20 mg/L. Values for microalbumin-
uria were considered normal up to 30 mg/g creatinine.

2.3. Statistical Analyses. Data are presented as mean ±
standard error of mean (SEM). For database management
and statistical analyses, we used GraphPad Prism software,
version 5.0 (GraphPad Software Inc., CA, USA). Chi-squared
test (for 2 × 3 tables) or Fisher’s exact test (for 2 × 2 tables)
and Student’s t-test were used to compare proportions and
means, respectively. Pearson’s correlation coefficients were
used to explore associations between examined continuous
variables with parametric distribution. Statistical significan-
ce was determined by α-level of 0.05 on two-sided tests.

3. Results

Baseline clinical characteristics did not differ between the
groups. As expected, hemoglobin was significantly lower and
serum creatinine and uric acid were significantly higher in
CKD group (Table 1). Mean eGFR by MDRD in the CKD
group was 35.3± 2.8 mL/min. C-reactive protein and UACR
were significantly higher in CKD group (Table 1).

The mean office and ambulatory blood pressure readings
were similar in both groups (Table 2), although CKD
patients needed to use more antihypertensive drugs (2.7±0.2
versus 2.2 ± 0.1, P = 0.0398) to obtain blood pressure
control. When CKD was compared to SAH group concerning
antihypertensive treatment, there was no significant differ-
ence for diuretics (60% versus 70%), angiotensin converting
enzyme inhibitors/angiotensin receptor blockers (86% ver-
sus 77%) and beta blockers (40% versus 37%). However,
use of calcium channel antagonists was significantly more
common in CKD patients (47% versus 23%, P < 0.01).

The mean nocturnal systolic blood pressure fall was
lower than 10% in both groups (4.0 ± 1.5% in CKD versus
7.6± 1.1% in SAH, P = 0.0588). There were 40% of dipper
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Table 1: Demographic, anthropometric, and laboratory data of hypertensive patients in both groups.

Variable SAH group CKD group P value

Age (years) 62.8± 1.7 63.2± 1.7 0.8786

Men, n (%) 18 (60) 18 (60) 1.0000

Black, n (%) 4 (13) 7 (23) 0.3251

Current smokers, n (%) 5 (17) 4 (13) 0.7232

Previous cerebrovascular disease, n (%) 2 (7) 2 (7) 1.0000

Dyslipidemia, n (%) 14 (47) 13 (43) 0.7091

BMI (kg/m2) 27.4± 0.8 26.4± 0.8 0.3856

Waist-to-hip ratio 0.93± 0.01 0.92± 0.01 0.6881

Hemoglobin (g/dL) 13.9± 0.2 12.5± 0.2 <0.0001

Glucose (mg/dL) 95.8± 11.1 98.7± 8.9 0.2645

Creatinine (mg/dL) 0.82± 0.17 2.26± 0.78 <0.0001

eGFR (mL/min) 92.8± 4.8 35.3± 2.8 <0.0001

Sodium (mg/dL) 139± 0.4 137± 3.4 0.6317

Potassium (mg/dL) 4.3± 0.09 4.8± 0.08 0.0927

Uric acid (mg/dL) 6.0± 2.0 8.4± 1.8 <0.0001

Triglycerides (mg/dL) 164± 100 232± 149 0.0737

Total Cholesterol (mg/dL) 205± 36 200± 41 0.6355

LDL-cholesterol (mg/dL) 120± 39 106± 33 0.1489

HDL-cholesterol (mg/dL) 51± 24 39± 10 0.0199

C-Reactive protein (mg/L) 2.6± 0.6 6.4± 1.7 0.0338

UACR (mg/g) 19± 5 367± 90 0.0002

LVH in ECG, n (%) 1 (4) 4 (13) 0.2216

Data presented as mean ± SEM or n (%). SAH, systemic arterial hypertension; CKD, chronic kidney disease; BMI, body mass index; eGFR, estimated
glomerular filtration rate by MDRD equation; LDL, low-density lipoprotein; HDL, high-density lipoprotein; UACR, urinary albumin-creatinine ratio; LVH,
left ventricular hypertrophy; ECG, electrocardiogram.

Table 2: Office and ambulatory blood pressure parameters of hypertensive patients with normal and impaired renal function.

BP parameters SAH group CKD group P value

AASI, units 0.37± 0.02 0.45± 0.03 0.0400

Office systolic BP, mmHg 149± 3 145± 4 0.4452

Office diastolic BP, mmHg 87± 2 85± 2 0.5121

Controlled office BP, n (%) 15 (50) 10 (33) 0.2949

24 h systolic BP, mmHg 131± 3 133± 3 0.6172

24 h diastolic BP, mmHg 81± 2 79± 2 0.6004

24 h Pulse Pressure, mmHg 50± 2 54± 2 0.2034

Controlled 24 h BP, n (%) 14 (47) 14 (47) 1.0000

White coat effect, n (%) 6 (20) 3 (10) 0.2859

Daytime systolic BP, mmHg 134± 3 135± 3 0.8732

Daytime diastolic BP, mmHg 83± 2 81± 2 0.5507

Nocturnal systolic BP, mmHg 124± 3 129± 3 0.2707

Nocturnal diastolic BP, mmHg 75± 2 74± 2 0.9644

Systolic nocturnal fall, % 7.6± 1.1 4.0± 1.5 0.0588

Diastolic nocturnal fall, % 10.7± 0.1 8.6± 0.2 0.2945

Data are expressed as mean ± SEM or n (%). AASI, ambulatory arterial stiffness index; SAH, systemic arterial hypertension; CKD, chronic kidney disease; BP,
blood pressure.
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Figure 2: Plots of ambulatory arterial stiffness index on age (a), pulse pressure (b), and systolic nocturnal blood pressure fall (c).
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Figure 3: Ambulatory arterial stiffness index (AASI) according to
estimated glomerular filtration rates (eGFR). Data are presented as
mean ± SEM. ∗P < 0.05 versus other groups.

patients, 50% of nondipper, and 10% of reverse dipper
in SAH group. On the other hand, CKD group presented
30% of dipping pattern, 40% nondipping, and 30% reverse
dipping (Figure 1). Pulse pressure was not different between
CKD and SAH groups (54 ± 2 versus 50 ± 2 mmHg,
P = 0.20).

The AASI index was significantly higher in CKD patients
when compared with SAH group (0.45 ± 0.03 versus 0.37 ±
0.02, P = 0.04). Correlation tests showed that AASI was
positively related to age (r = 0.38, P < 0.01), pulse pressure
(r = 0.43, P < 0.01) and inversely related to nocturnal blood
pressure fall (r = −0.28, P = 0.03) (Figure 2). AASI did not
correlate to UACR, serum creatinine, or eGFR. However,
when eGFR was analyzed among all patients, those with
eGFR less than 30 mL/min had higher AASI (Figure 3).

4. Discussion

The results of our study demonstrate that hypertensive
patients with CKD presented a higher AASI when compared
to those with normal renal function. Supporting the concept
that AASI is a marker of arterial stiffness, Li et al. described its
correlation with pulse wave velocity, central and peripheral

augmentation indexes [15]. Moreover, in a cohort of 11,291
patients, Dolan et al. showed that AASI carried prognostic
information, as it was a predictor of stroke and cardiac death
[16]. In a Japanese study, Kikuya et al. also observed that
AASI predicted cardiovascular and stroke mortality over and
beyond pulse pressure [25]. Muxfeldt et al. demonstrated
that AASI is a predictor of cardiovascular morbidity and
mortality in 547 patients with resistant hypertension [21].
Furthermore, some research groups have already reported
that AASI presents good reproducibility, with repeatability
coefficients close to 60% [26, 27]. Criticizers say that this
index is dependent on pulse pressure and dipping pattern
and do not provide new information [28, 29]. Schillaci et al.
studied 515 untreated hypertensive patients and found that
AASI was strongly dependent on the degree of nocturnal
blood pressure fall and only weakly related to pulse wave
velocity [28]. Similar results were found by Baumann et al.
with 112 German hypertensive patients [29].

Some authors have studied the relationship between
AASI and renal function among hypertensive patients. Ratto
et al. showed that AASI was positively related to urinary
albumin excretion and negatively related to estimated crea-
tinine clearance in a population of 168 patients with recently
diagnosed hypertension and without drug treatment [30].
Mulè et al. studied 142 hypertensive patients without drug
treatment and with serum creatinine less than 1.5 mg/dL
and demonstrated that patients with high AASI presented
lower GFR [17]. This paper also suggested that AASI was a
better predictor of GFR decline than 24 h pulse pressure. In
554 hypertensive patients with and without drug treatment,
Garcia-Garcia et al. observed that AASI correlates with
eGFR, carotid intima-media thickness, and Cornell voltage-
duration product [20].

Ageing is an important factor for arterial stiffening.
Elderly people are predisposed to lose arterial elastic laminae
and increase collagen deposits in vascular wall [10, 31]. This
way, assuming AASI as a marker of vascular stiffness, the
relationship between AASI and age is expected. Interestingly,
CKD patients tend to have stiffer vessels when compared to
age- and blood-pressure-matched patients with normal renal
function [31, 32]. Beyond traditional risk factors, such as
hypertension and dyslipidemia, uremia seems also play a role
to this finding. Mineral metabolism alterations and arterial
calcification are probably relevant mechanisms [10, 33]. This
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may be one hypothesis to explain why AASI was higher
in CKD than in SAH group despite similar office and
ambulatory blood pressure measurements in the present
study. Moreover, patients with the lowest eGFR (stage 4,
according to the American National Kidney Foundation [4])
presented higher AASI.

Pulse pressure and nocturnal blood pressure fall are
two parameters from ABPM that correlate with arterial
stiffness [34, 35]. Lekakis et al. and Jerrard et al. showed
that hypertensive patients with nondipper pattern presented
stiffer vessels when measured by pulse wave velocity, suggest-
ing a relationship between blunted nocturnal blood pressure
fall and reduced arterial elasticity [35, 36]. These findings
corroborate with our study, since nocturnal blood pressure
fall and pulse pressure were correlated with AASI. Indeed,
AASI was different between groups despite similar pulse
pressure and dipper status. This emphasizes the importance
of calculating AASI after ABPM.

The present study has limitations considering the small
sample size. Moreover, it was not prospective and not focused
on clinical outcomes. However, our data strongly implies
the value of AASI as a noninvasive tool for hemodynamic
evaluation of CKD patient and reinforces the role of ABPM
in hypertensive patients with renal dysfunction. Increased
AASI might be one of the pathophysiological changes
observed in CKD patients before the progression to end stage
renal disease. More studies are needed to support the clinical
usefulness of this parameter, but we propose that the software
for ABPM analysis should include AASI value as a marker of
cardiovascular risk assessment in the near future.
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Inflammation is recognized as an important factor in the pathophysiology of hypertension, with the renin-angiotensin-aldosterone
system (RAAS) playing a key role in the disease. Initially described because of its contribution to extracellular fluid and electrolyte
homeostasis, the RAAS has been implicated in endothelial dysfunction, vascular remodeling, oxidative stress, proinflammatory
cytokine production, and adhesion molecule synthesis by the vascular wall. Both angiotensin II and aldosterone are involved in
these systemic effects, activating innate and adaptive immune responses. This paper highlights some aspects connecting RAAS to
the hypertensive phenotype, based on experimental and clinical studies, with emphasis on new findings regarding the contribution
of an increasingly studied population of T lymphocytes: the T-regulatory lymphocytes. These cells can suppress inflammation and
may exert beneficial vascular effects in animal models of hypertension.

1. Introduction

The major impact of hypertension on the population is well
recognized by health care providers and to some degree by
the general public. Data from the International Hypertension
Society estimate that hypertension is associated with approx-
imately half of deaths caused by cardiovascular disease,
representing around eight million deaths per year around
the world [1]. Notwithstanding the importance on health
systems, the determinants of hypertension remain obscure
in the majority of patients seen on routine clinical practice,
who accordingly are diagnosed as having essential or primary
hypertension. This term was coined almost one century
ago, at a time when cell and molecular biology were just
beginning to appear as disciplines. Indeed, among the first
reports of essential hypertension there is the paper by L.
M. Brown, who wrote in 1929: “I am presenting this type
of hypertension as a definite clinical entity, separate from
the high tension associated with diseases of the heart, kidney
and hyperthyroidism” [2]. One decade later, other authors

suggested that research on arterial hypertension would soon
lead to the replacement of the rather unspecific essential
hypertension by a number of hypertensive syndromes with
defined and distinct pathophysiologic pathways [3].

More than sixty years have passed since these seminal
studies, and still most patients are diagnosed as having
essential hypertension. Nevertheless, we know much more
about the mechanisms involved in the genesis and progres-
sion of the disease. The role of mediators of the renin-
angiotensin-aldosterone system (RAAS), the contribution
of genetic polymorphisms, endothelial dysfunction, and
oxidative stress, among others, are features that evolve
in parallel and interact with each other, resulting in the
hypertensive phenotype.

In this paper we will focus on phenomena concerning
two vital systems which are deep-rooted in evolution and
are present in every vertebrate: the immune response and
RAAS. Both offer the ability to cope with challenges imposed
by the environment, whether the exposure to an antigen (as
in inflammation), or a shift in water and sodium balance
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(as is the case of RAAS), allowing the organism to keep
volume homeostasis despite wide variations in water and
sodium intake. We will also comment on oxidative stress,
one of the main mechanisms by which RAAS exerts its
proinflammatory actions in the vessel wall or the kidney.
Finally, we will deal with a special group of immune cells,
the regulatory T lymphocytes. This lymphocyte population
acts by suppressing inflammation and has been the object
of exciting recent studies about the interplay between blood
pressure, immune response, and RAAS.

2. The Renin-Angiotensin-Aldosterone
System and Inflammation

By far the best known properties of the RAAS have been,
since the first description of renin in 1898 [4], linked to its
hemodynamic and pressor effects. Accordingly, fifty years
ago many aspects were known about the actions of RAAS
on kidney sodium and water reabsorption, as well as the
vasoconstrictor effects of angiotensin (Ang) II. The first
reports associating inflammation and high blood pressure
appeared at this time [5]. Nevertheless, studies establishing
the connection between the RAAS and the immunologic
response would be published only in the following decades.

In one of the first works of immune involvement in
hypertension, Rodriguez-Iturbe et al. demonstrated that
chronic Ang II infusion caused renal infiltration of T
lymphocytes in rats. This effect was blunted by the treatment
with the immunosuppressor mycophenolate mofetil, whose
actions were independent of arterial pressure [6]. Further
studies have shown that both Ang II and aldosterone, in asso-
ciation with inflammatory mediators such as interferon-γ
(IFN-γ) and tumour necrosis factor α (TNF-α), are able
to stimulate growth and proliferation of vascular smooth
muscle cells (VSMCs), leading to vascular hypertrophy
characteristic of hypertension [7].

In another set of studies linking RAAS and inflamma-
tion, the contribution of macrophages in Ang II-induced
vascular lesions was evaluated in animals with impairment
of innate immunity, the osteopetrotic (Op) mice [8]. These
animals display macrophage deficiency due to a mutation
of macrophage colony-stimulating factor (mCSF) gene. Op
mice did not develop hypertension, endothelial dysfunction,
and vascular remodelling when subjected to chronic Ang II
infusion, when compared to control. The role of monocytes
in Ang II-induced vascular effects was further demonstrated
by Wenzel et al. [9]. In transgenic mice (LysMiDTR) subjected
to conditional depletion of myelomonocytic cells, there
was a reduction in Ang II-induced hypertension, vascular
dysfunction, and oxidative stress. Reconstitution of depleted
mice with the adoptive transfer of monocytes, but not
neutrophils, reestablished the aforementioned features.

The association of adaptive immunity in Ang II-induced
hypertension was also studied by Shao et al., who showed
that Ang II infusion in rats triggered lymphocyte recruit-
ment to the kidney [10]. This effect was prevented by
the angiotensin type I receptor blocker olmesartan, but
not by the vasodilator hydralazine. The importance of T

lymphocytes in the genesis of vascular lesions induced by
Ang II was shown in mice by Guzik et al. [11]. Using animals
lacking T and B lymphocytes (rag-1−/−), the authors demon-
strated that hypertension, endothelial dysfunction, vascular
remodelling, and superoxide production induced by Ang II
were reduced in rag-1−/− mice and restored by T-lymphocyte
adoptive transfer, but not when B lymphocytes were used.
In addition, the same paper showed that treatment with
etanercept, a TNF-α inhibitor, prevented Ang II-induced
hypertension and superoxide generation.

Ang II can modulate adaptive immunity, acting directly
on lymphocytes. Both T and B lymphocytes express
angiotensin type 1a receptors (AT1aR) in mice, and in vitro,
Ang II stimulates the proliferation of splenic lymphocytes
[12]. These findings, added to evidences that Ang II and
its precursors, angiotensinogen and Ang I, are capable
of inducing human T lymphocyte and Natural Killer cell
(NK) proliferation [13], have suggested the presence of
an intracellular RAAS. In addition, human T lymphocytes
express renin and its receptors, angiotensinogen, angiotensin
I-converting enzyme (ACE), and angiotensin II receptors
type I and II. In a similar way, mouse T lymphocytes express a
local RAAS, regulating lymphocyte activation, tissue homing
markers, and the production of TNF-α [14].

A new mechanism linking inflammation and high blood
pressure mediated by Ang II was proposed by Marvar et al.
Using mice subjected to a lesion in the anteroventral region
of the third cerebral ventricle and infused with Ang II for 2
weeks, these authors observed a blunting of Ang II pressor
effects, vascular oxidative stress, circulating T-lymphocyte
activation, and their vascular infiltration [15]. In a subset
of experiments in the same study, hydralazine blunted Ang
II-induced hypertension, and this was associated with a
reduction in lymphocyte activation. However, there was
no evidence of a direct hydralazine action on the capacity
of lymphocytes to display antigen-specific activation. The
authors suggested that Ang II effects on the central nervous
system caused an elevation of blood pressure that could in
turn activate T lymphocytes and vascular inflammation.

Within the RAAS, aldosterone is the mediator stimulated
by Ang II and contributes to the sequence of events
leading to hypertension. There is abundant evidence linking
aldosterone to target organ lesions, in association with
oxidative stress and inflammation. In experimental models of
hypertension, treatment with the mineralocorticoid receptor
(MR) blocker spironolactone was able to reduce cerebral and
renal vascular lesions, cardiac hypertrophy, inflammation,
and extracellular matrix synthesis [16]. Rocha et al. have
shown that aldosterone infusion for 4 weeks, associated
with an increase in sodium intake, produced extended
arterial inflammatory lesions, with myocardial perivascular
macrophage deposition [17]. The selective MR blocker
eplerenone reduced this inflammatory response. The bene-
ficial effects of this drug were also verified in the peripheral
vasculature, with reduction of inflammatory cell infiltration,
fibrosis, and aortic hypertrophy in hypertensive rats [18].
An interesting interplay between Ang II and aldosterone was
described by Virdis et al. In rats chronically infused with
Ang II, spironolactone treatment blunted Ang II-induced
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endothelial dysfunction, resistance artery remodeling, and
aortic redox state [19]. These findings underscore that
vascular damage caused by Ang II is mediated, at least in part,
via stimulation by aldosterone of the MR receptor.

Both human and experimental model researches have
shown that aldosterone can act directly on vessel wall com-
ponents and inflammatory cells. Human VSMCs exposed to
aldosterone present an increase in type I and III collagen,
interleukin- (IL-) 16, and cytotoxic T-lymphocyte-associated
protein 4 expression, molecules associated with fibrosis,
inflammation, and vascular calcification [20]. Macrophages
possess MR and its expression increases in response to
INF-γ, secreted by T lymphocytes [21]. In addition, Leibovitz
et al. demonstrated that in Op mice, chronic aldosterone
infusion does not induce endothelial dysfunction and vascu-
lar cell adhesion molecule (VCAM-1) expression, providing
additional evidence for the role of inflammatory cells and
specifically macrophages in aldosterone-induced vascular
damage [22].

3. Inflammation and Oxidative Stress

Studies on immunity and hypertension show a close rela-
tionship between inflammatory cell infiltration and oxidative
stress in cardiovascular tissues. Indeed, one of the main
mechanisms by which RAAS causes vascular pathology
in hypertension involves reactive oxygen species (ROS)
production. Superoxide ( •O2

−), hydroxyl radical (OH−)
and hydrogen peroxide (H2O2), and lipid peroxidation
unstable products belong to this group of chemically reactive
compounds [23]. Free radicals are able to interact with
virtually all biologic molecules, including lipids, proteins,
nucleic acids, carbohydrates, and nitric oxide (NO). They
are involved in cell growth and proliferation as well as
extracellular matrix expansion. The consequences of ROS
production on the cardiovascular system are cell injury and
endothelial dysfunction, since free radicals inactivate NO,
transforming it into peroxynitrite, which leads to impaired
vasodilation [24].

Studies performed in the last decade have helped elu-
cidate mechanisms whereby the RAAS causes ROS eleva-
tion. Both Ang II and aldosterone induce the expression
of reduced nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase, the main enzyme responsible for the pro-
duction of superoxide in vascular tissue [26]. Free radicals,
in turn, act as activators of inflammation. Oxidative stress
triggers an inflammatory process by stimulating vascular
permeability, increasing the secretion of mediators such
as prostaglandins and vascular endothelial growth factor
(VEGF) [27]. The next steps, represented by adhesion and
diapedesis of inflammatory cells into the vasculature, are also
governed by ROS production. Ang II increases the expression
of cell adhesion molecules VCAM-1, intercellular cell adhe-
sion molecule 1 (ICAM-1), and E-selectin through signaling
pathways involving ROS production. This phenomenon is
amplified by vessel wall invasion by inflammatory cells,
which are rich in NADPH oxidase and enhance local
oxidative stress [28]. At the end of the process, tissue repair

mechanisms are also affected by oxidative stress. Both Ang
II and aldosterone stimulate hyperplasia, hypertrophy, and
apoptosis, as well as vascular fibrosis [29]. The resulting
cell proliferation and matrix deposition, mainly collagen
and fibronectin, produce vascular remodelling and increased
vascular stiffness. Taking into account the aforementioned
features leading to target organ lesion, therapeutic inter-
ventions aiming to modulate vascular redox state, as well
as immunological activation, could reduce hypertension
morbidity.

4. T-Regulatory Lymphocyte and Hypertension

A specific subset of T lymphocytes has recently become the
focus of studies on inflammation-linked vascular lesions. T-
regulatory lymphocytes (Treg) can suppress inflammatory
actions of other lymphocytes, as well as macrophages,
dendritic cells and neutrophils [30]. Initially evaluated in
the context of autoimmune diseases, graft rejection, and
malignancies, Treg properties are increasingly recognized in
cardiovascular disease.

The first reports of a population of CD4+ T cells able
to suppress immunological reactions were published more
than 20 years ago. One of the seminal studies used a
model of lymphocyte infusion in rats, which could reduce
host rejection to cardiac transplantation [31]. Shortly after,
the characterization of a subset of CD4+CD25+ T cells
able to suppress innate and adaptive immune responses
was accomplished. An important advance in the knowledge
of these cells was the description of patients bearing the
IPEX syndrome (immune dysregulation, polyendocrinopa-
thy, enteropathy, X-linked), a fatal disease characterized by
the development of autoimmune disorders in the first years
of life due to a mutation in the transcription factor forkhead
box protein 3 (Foxp3) [32]. Other studies confirmed Foxp3
as the transcription factor necessary for the maturation of
CD4+ T lymphocytes into Treg. A reduction in Treg is
associated with the development of autoimmune diseases in
both humans and experimental animals [33].

There are several mechanisms that have been proposed
through which Tregs suppress proinflammatory actions of
other T-lymphocyte subtypes. The Treg surface marker
CD25 is a receptor of IL-2, a cytokine produced by T-effector
cells and amplifier of the inflammatory response, promoting
Th1-associated gene expression in immature thymocytes
[34]. Following CD25 binding, IL-2 is internalized and
degraded, hence reducing its bioavailability [35]. Treg can
also secrete inhibitory cytokines IL-35 and IL-10 [36], which
produce cell cycle arrest, leading to an interruption of
inflammatory cell clonal expansion. Alternative mechanisms
for Treg effects include lysis of target cells through the secre-
tion of granzyme B and the expression of galectin-1 [37],
causing a blockade in the production of proinflammatory
cytokines by other T lymphocytes and their apoptosis.

Recently, we performed studies looking at the interaction
between inflammatory cells in a RAAS activation experimen-
tal model using Treg adoptive transfer. In mice receiving
chronic Ang II infusion, Treg intravenous administration
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Figure 1: T-regulatory lymphocyte (Treg) adoptive transfer pre-
vented angiotensin II (Ang II)-induced hypertension. Systolic blood
pressure (SBP) was evaluated by telemetry in mice chronically
infused with Ang II and pretreated with PBS or Treg. Mean daily
SBP data are presented. Data are expressed as means ± SEM. †P <
0,05 e ††P < 0,001 versus PBS + Ang II with n = 24 data points per
day for each 3 to 4 mice. Adapted from [25].

prevented high blood pressure, vascular oxidative stress
and macrophage, and T-cell infiltration in aorta, when
compared to untreated hypertensive animals [25]. The blood
pressure result can be seen in Figure 1. Similar findings
were observed when Tregs were administered to aldosterone-
infused animals, although in this case the effect on blood
pressure was negligible [38]. These results show that the
RAAS proinflammatory actions on both innate and adaptive
immune responses run in concert with oxidative profile and
pressor effects, and all have the capacity to be modulated by
interventions that target the immune system.

5. Conclusion

Multiple research lines associate cardiovascular disease,
including hypertension, to a low-level chronic inflammatory
state. Current evidence in favour to this at least with
respect to high blood pressure is predominantly based on
experimental models of hypertension, although increases in
C-reactive protein (a marker of systemic inflammation) in
human subjects have been correlated with both incident
hypertension and the level of blood pressure elevation,
independent of other cardiovascular risk factors [39, 40].

The expectation expressed by hypertension researchers in
the beginning of the last century that essential hypertension
would be replaced by other terms with precise pathophys-
iological characteristics has not been fulfilled yet. Indeed,
the multifactorial nature of hypertensive mechanisms makes
it difficult to identify a predominant mediator in most
cases. However, the vast number of studies that followed
the first descriptions of essential hypertension has allowed
an understanding of the contribution of new mechanisms.

The effects of Ang II and aldosterone are mediated, at least
in part, by the production of ROS by macrophages. Cellular
and molecular immunological phenomena causing vascular
damage in hypertension represent a new frontier in research
that could result in an improvement of our therapeutic
armamentarium for cardiovascular disease.
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Carotid-femoral pulse wave velocity (PWV) has emerged as the gold standard for non-invasive evaluation of aortic stiffness;
absence of standardized methodologies of study and lack of normal and reference values have limited a wider clinical imple-
mentation. This work was carried out in a Uruguayan (South American) population in order to characterize normal, reference,
and threshold levels of PWV considering normal age-related changes in PWV and the prevailing blood pressure level during the
study. A conservative approach was used, and we excluded symptomatic subjects; subjects with history of cardiovascular (CV)
disease, diabetes mellitus or renal failure; subjects with traditional CV risk factors (other than age and gender); asymptomatic
subjects with atherosclerotic plaques in carotid arteries; patients taking anti-hypertensives or lipid-lowering medications. The
included subjects (n = 429) were categorized according to the age decade and the blood pressure levels (at study time). All subjects
represented the “reference population”; the group of subjects with optimal/normal blood pressures levels at study time represented
the “normal population.” Results. Normal and reference PWV levels were obtained. Differences in PWV levels and aging-associated
changes were obtained. The obtained data could be used to define vascular aging and abnormal or disease-related arterial changes.

1. Introduction

Noninvasive assessment of arterial stiffness has been pro-
posed for individual cardiovascular risk evaluation and early
detection of vascular damage associated with hypertension
and/or atherosclerosis [1–4]. Among the different nonin-
vasive methods used to assess arterial stiffness the carotid-
femoral pulse wave velocity (PWV) has emerged as a gold
standard due to its accuracy, reproducibility, relative easy
measurement, and low costs [3, 4]. Furthermore, PWV has
yielded prognostic value beyond and above traditional risk
factors [3, 4]. However, and in spite of its recognized value
the evaluation of PWV in the clinical practice has been

hampered among other factors by the absence of standard-
ized methodologies of study and the lack of established
normal/reference values for different populations [3–8].

PWV assessment involves measuring the pulse wave
transit time along the analyzed arterial segment and the
distance on the skin between the pulse wave recording sites.
Therefore, PWV values depend on both the path length
measurement and the algorithm used to detect “the foot”
of the analyzed waves [4]. The algorithms most frequently
used are the intersecting tangent algorithm and the point
of maximal upstroke during systole [3, 4]. The pathway
can be the direct distance measured between the carotid
and femoral measurement sites, the sternal notch-femoral
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measurement site distance, or the distance obtained by
subtracting the carotid-sternal notch distance from the ster-
nal notch-femoral distance (subtracted distance). Different
algorithms applied to the same waves can lead to differences
in PWV of 5–15%, while differences in path length alone
can result in differences in PWV of up to 30% [3, 4]. When
determining normal and/or reference values those tech-
nicality-related issues should be considered. Arterial stiffness
also depends on blood pressure levels and increases with
age [3, 4]. These latter are major determinants of PWV and
despite several factors have shown to influence PWV, in many
cases their effects would be negligible after correction for age
[3].

Reference values for PWV have been recently provided
from data mainly derived from European and/or North
American populations [3]. Given the ethnic diversity in
cardiovascular risk profile, the dissimilar risk associations,
and the differences in genetic-environmental interactions
among populations, studies performed in a given population
could not be directly applied to another. Latin America
encompasses a wide variety of geographic, ethnic, and
socioeconomic differences. Such diversity would be reflected
in the prevalence/profile of cardiovascular risk factors, athe-
rosclerotic vascular changes, and/or in the reference val-
ues for the vascular parameters [9–12]. For instance, the
CARMELA study showed large differences in the vascular
characteristics (i.e., carotid intima-media thickness) among
Latin American populations [12]. Then, considering the
value of the vascular evaluation in cardiovascular risk strat-
ification and diagnosis it is necessary to determine nor-
mal/reference levels for different vascular parameters taking
into account the differences among populations.

The present study (from CUiiDARTE Project) was car-
ried out in a Uruguayan population to (a) quantify PWV
normal/reference levels, (b) evaluate age-associated changes
in PWV, and (c) analyze and compare the differences in PWV
obtained using different wave detection algorithms and path
lengths, considering age and pressure levels.

2. Materials and Methods

2.1. Study Population and Subjects Groups. CUiiDARTE
Project is a population-based national study developed in
Uruguay [13, 14]. With an area of approximately 176,000
square kilometers, Uruguay has a population of approxi-
mately 3.5 million (1.8 million live in Montevideo and its
metropolitan area). Most Uruguayans (88%) are Caucasian
of European origin (mainly Spanish).

2.1.1. Subjects’ Selection and Groups. Our study was designed
to characterize the physiological age-associated changes in
arterial parameters considered markers of vascular disease.
Only knowing the physiological changes associated with age
it would be possible to know whether a particular value of a
vascular parameter is the result of normal aging or reflects a
diseased arterial system.

Subjects referred for cardiovascular evaluation in CUi-
iDARTE Project were considered eligible. A probability

sampling strategy (Cluster Sampling) was employed. We
aimed at analyzing aging-related vascular changes. Then, a
conservative approach was used, and we excluded subjects
with cardiovascular symptoms, history of cardiovascular
disease, diabetes mellitus or renal failure, cardiovascular risk
factors other than age and gender (i.e., smokers), atheroscle-
rotic plaques in carotid arteries (B-mode and Doppler
ultrasound evaluation), and/or taking antihypertensives or
lipid-lowering medications [13, 14]. To ensure an adequate
application of the exclusion factors, we used a medical
interview in which personal and family history and lifestyle
habits were assessed (standardized questionnaire). Anthro-
pometric and laboratory data were obtained (see below).
The study was approved by the Institutional Ethic Com-
mittee, and it was conducted according to the Declaration
of Helsinki and the Good Clinical Practice Guidelines.
CUiiDARTE Centre and Project details can be found in
http://www.cuiidarte.fmed.edu.uy/.

Subjects were studied in a single visit. Evaluation started
after 9–12-hour overnight fast. Exercise, caffeine, alcohol,
and vitamin C were avoided prior (at least six hours) to
the cardiovascular examination. Subjects’ height and weight
were measured, and the body mass index (BMI, weight to
height squared ratio) calculated. Subjects with a BMI higher
than 30 Kg/m2 were excluded.

2.2. Laboratory Measurements. Venous blood samples were
drawn and processed immediately using commercially avail-
able kits and/or laboratory methods. Procedures were stan-
dardized before the study initiation and during the study’s
development they were controlled for quality by a cen-
tral reference laboratory (Clinical Laboratory Department,
Clinical Hospital, School of Medicine). Total cholesterol
(TC) was determined by the spectrophotometry cholesterol
oxidase/peroxidase enzymatic method; serum triglycerides
(TG) and high-density lipoprotein cholesterol (HDL-C) were
determined by glycerol enzymatic method and the precip-
itating reactive method, respectively; low-density lipopro-
tein cholesterol (LDL-C) was calculated by the Friedewald
formula (LDL-C = [TC − HDL-C] − [TG/5], valid if
TG < 400 mg/dL) [15]. Non-HDL-C (TC − HDL-C) and
TC/HDL-C were calculated.

Lipid values were classified according to NCEP-ATP III
criteria [16]. Patients with a lipid profile with one or more of
the following conditions: TG≥ 200 mg/dL, TC≥ 240 mg/dL,
HDL-C < 40 mg/dL, and LDL-C ≥ 160 mg/dL were excluded
at the time of data analysis.

Anthropometric characteristics and laboratory data are
shown in Table 1.

2.3. Pulse Wave Velocity: Distances and Algorithms. After
blood collection, subjects were taken to the laboratory
for noninvasive vascular assessment. Vascular evaluation
consisted in measuring complementary structural and func-
tional vascular parameters. Subjects retained for the present
analysis (n = 429) are a subgroup of the CUiiDARTE Project
database [13, 14]. The database includes patients and sub-
jects in whom we evaluated (1) common (CCA), internal and
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Table 1: Clinical and hemodynamic characteristics.

Group 10–19 years 20–29 years 30–39 years 40–49 years 50–59 years 60–69 years

N 61 103 60 71 66 68

Age (years) 15± 2 24± 2a 34± 2ab 45± 3abc 54± 3abcd 64± 4abcde

Anthropometric measurements

Body height (m) 165± 9 167± 9 166± 9 165± 9 165± 8 160± 10

Body weight (kg) 57± 11 63± 12 72± 16ab 73± 16ab 71± 16ab 71± 12ab

BMI (kg/m2) 21± 3 23± 4a 26± 3ab 26± 3ab 25± 4ab 27± 2ab

Peripheral hemodynamics parameters

Systolic pressure (mmHg) 118± 13 125± 12a 126± 14 130± 13ab 132± 16abc 144± 19abcde

Diastolic pressure (mmHg) 64± 10 71± 8a 74± 11a 78± 9ab 79± 11ab 75± 10ab

Pulse Pressure (mmHg) 48± 6 51± 8 53± 10 54± 8a 56± 9a 69± 13abcde

Heart rate (bpm) 78± 13 73± 11 72± 8a 72± 12a 73± 12a 63± 10abcde

Laboratory

Total cholesterol (mg/dL) 183.7± 32.1 172.3± 23.3 189.3± 21.4 184.6± 17.0 217.0± 8.6abd 190.4± 20.3

HDL-cholesterol (mg/dL) 62.1± 7.3 63.4± 13.7 66.0± 26.6 67.4± 6.3 73.2± 19.4ab 65.2± 9.6

LDL-cholesterol (mg/dL) 101.2± 21.2 90.1± 19.3 109.5± 28.5 100.9± 5.8 126.9± 12.2abd 91.2± 12.1a

Triglycerides (mg/dL) 96.4± 47.2 83.2± 22.4 56.2± 21.0ab 58.0± 2.0ab 60.2± 21.3ab 64.2± 18.0ab

Mean value ± SD. N : number of subjects, BMI: body mass index, HDL and LDL: high and low density cholesterol, respectively.
Statistics: a,b,c,d,e: P < 0.05 with respect to 10–19, 20–29, 30–39, 40–49, and 50–59 years, respectively (ANOVA + Bonferroni Test).

external carotid arteries plaque presence, (2) CCA intima-
media thickness and instantaneous diameter waveforms, (3)
CCA stiffness (percentual pulsatility, compliance, distensi-
bility, and stiffness index), (4) aortic stiffness (PWV), and
(5) peripheral and central (aortic) pressure levels and pulse
wave analysis, together with medical history and laboratory
analysis. PWV recordings are analyzed in this work.

Carotid and femoral pulse waves were recorded using
mechanotransducers simultaneously placed on the skin over
the carotid and femoral arteries (subjects in supine position)
[13, 14]. Once quality pulse waveforms were obtained, dig-
itization was finished and the time delay between the
waveforms (pulse transit time) was measured. To this end we
considered the two most popular algorithms used to detect
the wave foot: the intersecting tangent algorithm (tang)
and the point of maximal upstroke during systole (max.up)
(Figure 1). Direct, sternal notch-femoral, and subtracted
distances were used (Figure 1). Then, six PWV values were
obtained: PWVdirect/tang, PWVdirect/max.up, PWVsn-fem/tang,
PWVsn-fem/max.up, PWVsubtracted/tang, and PWVsubtracted/max.up.
The “real” PWV (PWVReal) was calculated according to a
recently proposed method [3]. PWVReal is a standardized
PWV, obtained multiplying by 0.8 the PWV calculated using
the direct distance and the intersecting tangent algorithm (to
reach more realistic stiffness values) [3]. In all cases, the PWV
was automatically calculated as the quotient between the
distance and the pulse transit time difference. The reported
value was always the average of at least 8 consecutive beats.
Brachial pressure and heart rate were quantified (Omron
HEM-433INT Oscillometric System; Omron Healthcare
Inc., IL, USA).

2.3.1. Statistical and Group Analysis. Considering our aim,
the population characteristics, the prevalence of cardiovas-
cular disease and risk factors in the Uruguayan population,
and considering an α = 0.05 (C.I. = 95%), the number
of subjects included was enough to perform statistical
inference about age-related changes in PWV. We used a
probability sample strategy (cluster sampling). The “ref-
erence value population” was represented by all included
subjects; subjects with optimal/normal blood pressures levels
represented the “normal value population” [3]. To determine
diagnostic thresholds for men and women combined, we
rounded the 95th prediction bands. Subjects were catego-
rized according to the age decade (10–19, 20–29, 30–39,
40–49, 50–59, and 60–69 years old) and blood pressure
levels (at the time of the study): optimal (<120/80 mmHg),
normal (≥120/80 mmHg and <130/85 mmHg), high normal
(≥130/85 mmHg and <140/90 mmHg), grade I hypertension
(≥140/90 mmHg and <160/100 mmHg), and grade II/III
hypertension (≥160/100 mmHg). Differences among groups
were tested by means of ANOVA and Bonferroni’s post-test.
Statistical analyses were done using Statistical Package for the
Social Sciences 17.0 for Windows software.

3. Results

Table 1 summarizes clinical and hemodynamic character-
istics of the studied subjects. As was expected, there was
an aging-associated increase in systolic blood pressure
(P < 0.05). Diastolic pressure showed lesser aging-associated
changes, but it decreased beyond 60 years. Heart rate showed
a tendency to decrease with age.
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(1) Intersecting tangent algorithm (tang)

(2) Point of maximal upstroke during systole (max.up)
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Figure 1: (a) Algorithms employed to determine the carotid-femoral pulse transit time (PTT): intersecting tangent algorithm (tang) and
maximal upstroke during systole (max.up). (b) Distances employed to determine the carotid-femoral PWV. Distance A: direct distance
between the carotid and femoral region (direct). Distance B: distance between the sternal notch and the femoral region (sn-fem). Distance
C: subtracted distance, obtained as B minus the carotid to sternal notch distance (subtracted). Combing the two PTT algorithms and the three
distances, six PWV were quantified: PWVdirect/tang, PWVdirect/max.up, PWVsn-fem/tang, PWVsn-fem/max.up, PWVsubtracted/tang, and PWVsubtracted/max.up.
In addition the real PWV was calculated (see text).

Table 2 shows PWV values (reference levels) for the dif-
ferent age groups considering the algorithms used. Figure 2
shows the PWV nomograms for the whole reference pop-
ulation. There were no gender-related statistical differences
in PWV when an isobaric analysis was performed. The
expected age-associated increase in PWV was observed in
our population (P < 0.05) (Table 2 and Figure 2). PWV
percentiles differed among the different methods of calculus
(P < 0.05) (Figure 2 and Table 2). Such differences varied
depending on the algorithms and age considered (P < 0.05).

In Figure 2, the dashed areas illustrate the differences
between the age-related threshold (percentile 97.5) defined
from our population and the fixed unique threshold pro-
posed in the ESH/ESC Guidelines (PWV = 12 m/s or 9.6 m/s)
[1]. Note that a fixed threshold of PWV = 12 m/s (or 9.6 m/s
for PWVReal) would underestimate or overestimate arterial
wall damage depending on the subjects age. The under-
estimation or overestimation would differ if the algorithm
used to determine the threshold PWV is not considered, and
hence the PWV levels are not corrected accordingly.

Figure 3 and Table 3 show the percentile 97.5 for PWV
obtained using different distances and algorithms. Note that
the differences in PWV among the methods of calculus
varied depending on the subjects’ age (P < 0.05). Differences

between maximum and minimum values were higher in
elderly individuals than in young subjects (P < 0.05).

For a given distance, maximal PWV values were obtained
with the intersecting tangent (tang) algorithm. Additionally,
as was expected, for a given algorithm PWV was higher when
the direct distance was considered (Figure 3). The referred
differences increased with age.

Table 4 shows PWV levels (normal and reference values)
for the whole population and the different methods used,
considering age and blood pressure levels. Subjects with
optimal or normal blood pressure had the lowest PWV levels
(normal population). In general terms, subjects with normal
blood pressure had PWV values higher than those of subjects
with optimal blood pressure (P < 0.05).

4. Discussion

The definition of normal and reference values represents
a critical step in the implementation of PWV as a clinical
tool for detecting subclinical organ damage in routine
patient workup. Reference values have been defined for
European populations [3]. However, given the population-
based differences in the vascular behavior in physiological
and pathological conditions, values obtained in a given pop-
ulation may not be applicable to another one. On the other
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Table 2: PWV levels (reference population).

All
10–19 20–29 30–39 40–49 50–59 60–69

PWV direct/tang

Mean 7.7 8.8a 10.2a,b 10.7a,b 11.1a,b 14.8a,b,c,d,e

SD 1.1 1.5 1.4 1.5 1.5 5.8

P 25 7.2 7.7 9.1 9.6 10.2 12.5

P 50 7.5 8.8 10.4 10.9 10.9 13.2

P 75 8.2 9.7 11.3 11.5 11.7 13.7

P 90 9.0 10.8 11.7 12.5 13.1 15.1

PWV sn-fem/tang

Mean 7.7 7.7 8.6 9.5a,b 9.9a,b,c 13.1a,b,c,d,e

SD 1.1 1.4 1.4 1.7 1.6 4.7

P 25 7.2 6.6 7.7 8.3 8.7 10.8

P 50 7.5 7.6 8.9 9.5 9.5 11.5

P 75 8.2 8.5 9.6 10.3 10.3 13.0

P 90 9.0 9.5 10.0 11.9 12.6 14.4

PWV subtracted/tang

Mean 5.3 6.4a 7.4a,b 8.0a,b 8.3a,b 10.7a,b,c,d

SD 1.2 1.4 1.3 1.6 1.5 4.0

P 25 4.9 5.4 6.2 6.8 7.2 8.9

P 50 5.1 6.3 7.3 7.8 7.9 9.5

P 75 5.6 7.3 8.2 9.0 8.7 10.3

P 90 6.3 8.1 8.7 9.9 10.7 11.1

PWV direct/max.up

Mean 7.3 8.3a 9.3a,b 9.8a,b 10.2a,b,c 12.4a,b,c,d,e

SD 0.9 1.2 1.1 1.3 1.4 2.7

P 25 6.9 7.4 8.3 8.9 9.3 10.9

P 50 7.2 8.3 9.3 9.8 9.8 11.4

P 75 7.7 9.1 10.1 10.3 11.0 12.4

P 90 8.5 9.9 10.5 11.5 12.4 14.4

PWV sn-fem/max.up

Mean 7.2 7.1 7.9b 8.4a,b 8.8a,b,c 10.6a,b,c,d,e

SD 0.9 1.1 0.9 1.2 1.4 2.4

P 25 6.9 6.2 7.0 7.5 7.9 9.3

P 50 7.2 7.1 7.9 8.4 8.5 9.7

P 75 7.6 7.9 8.7 9.0 9.5 10.8

P 90 8.1 8.6 8.9 10.0 10.7 12.3

PWV subtracted/max.up

Mean 5.0 6.0a 6.7a 7.1a,b 7.3a,b 8.8a,b,c,d

SD 1.0 1.1 1.1 1.2 1.4 2.0

P 25 4.6 5.1 5.9 6.2 6.6 7.7

P 50 4.9 5.9 6.7 6.8 7.0 8.2

P 75 5.2 6.6 7.3 7.8 7.7 9.1

P 90 5.9 7.3 7.6 8.5 9.0 10.2

PWV real

Mean 6.1 7.2a 8.2a,b 8.9a,b 9.4a,b,c 12.5a,b,c,d,e

SD 0.9 1.3 1.2 1.6 1.8 4.3

P 25 5.7 6.2 7.3 7.8 8.2 10.3

P 50 6.0 7.1 8.4 8.9 8.9 10.8

P 75 6.5 7.9 9.0 9.5 10.1 12.1

P 90 7.2 9.0 9.6 11.1 12.2 15.1

Statistics: a,b,c,d,e, P < 0.05 with respect to 10–19, 20–29, 30–39, 40–49, and 50–50 years, respectively (ANOVA + Bonferroni).
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Figure 2: PWV nomograms for the reference population with percentiles (p) 97.5, 50, and 2.5. Broken lines indicate mean confidence
interval. The dashed areas illustrate differences between the threshold defined from our population and the fixed unique threshold proposed
in the ESH/ESC Guidelines. For PWVReal the fixed unique threshold proposed by Boutouyrie et al. (9.6 m/s) was included [3]. Note that the
fixed threshold of PWV = 12 m/s or 9.6 m/s determines an underestimation and overestimation to detect preclinical arterial wall damage in
young and old subjects, respectively. Underestimation or overestimation would differ depending on the subjects’ age and the algorithm used
to assess PWV.
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Table 3: PWV thresholds (reference population).

≤19 y. 20–29 y. 30–39 y. 40–49 y. 50–59 y. 60–69 y.

PWV direct/max.up 9.1 10.9 11.0 12.3 13.7 14.7

PWV direct/tang 9.8 11.7 12.5 13.5 14.2 16.5

PWV sn-fem/max.up 8.9 9.1 9.4 10.7 12.2 12.6

PWV sn-fem/tang 9.8 10.5 10.6 12.6 13.7 16.0

PWV subtracted/max.up 7.6 8.7 8.8 10.0 10.4 10.6

PWV subtracted/tang 8.2 9.5 10.1 11.4 11.4 12.0

PWV real 7.9 10.0 10.1 11.8 13.6 15.6

Statistics: regardless the PWV calculus, thresholds differed (P < 0.05) among the different age groups.
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Figure 3: PWV thresholds (percentile 97.5) differences considering different combinations of distances and algorithms used to calculate
PWV.

hand, values previously reported were obtained considering
a single PWV methodological approach, restricting their
applicability to specific measurement protocols or devices.
In this work, PWV values were obtained in a Uruguayan
population considering different path lengths and algorithm
of calculus.

To contribute to overcome limitations in the clinical use
of PWV and other vascular parameters, CUiiDARTE Project
was developed, with financial support from the National
Agency for Research and Innovation (ANII, http://www.anii
.org.uy/). The project aimed at building a National Database

integrating noninvasive vascular parameters considered
markers of subclinical arterial damage [13, 14]. In this work,
we obtained and analyzed data from CUiiDARTE to establish
normal/reference values for PWV.

This work main contribution is the establishment of
normal/reference PWV values for Uruguayans, obtained in a
population-based study and considering age, blood pressure
levels, and different methodological approaches. Our work has
the strength of being the first in Latin America that applies an
integrative approach to characterize age-related changes and
determine normal/reference PWV values. The obtained data
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Table 4: PMV levels considering age and blood pressure.

Blood pressure category

Optimal Normal High normal Grades I/II HTA

PWV direct/max.up

10–19 years 6.9 (5.8–7.9) 7.4 (5.2–9.6)# 7.8 (5.9–9.8)#& (—)

20–29 years 8.0 (5.6–10.4)a 8.1 (5.7–10.6)a# 8.7 (6.8–10.7)a#& 9.1 (6.1–12.0)#&%

30–39 years 8.4 (7.7–9.2)ab 8.7 (5.6–10.5)ab# 9.7(8.9–10.6)ab#& 10.4 (9.6–11.2)b#&%

40–49 years 8.9 (7.2–10.5)abc 9.6 (8.8–10.0)abc# 10.0 (7.6–12.5)abc#& 10.6 (5.6–15.5)b#&%

50–59 years 9.7 (8.0–11.4)abcd 9.9 (7.8–12.0)abcd# 10.4 (6.9–13.9)abcd#& 10.5 (7.6–13.4)b#&

PWV direct/tang

10–19 years 7.2 (5.9–8.5) 7.9 (5.0–10.7)# 8.2 (6.3–10.1)#& (—)

20–29 years 8.6 (5.5–11.7)a 8.7 (5.5–11.9)a# 9.4 (6.8–12.1)a#& 10.0 (5.9–14.1)#&%

30–39 years 9.6 (7.6–11.5)ab 9.7 (3.5–15.9)ab# 10.8 (9.6–12.0)ab#& 11.8 (10.5–13.1)b#&%

40–49 years 9.8 (7.4–12.1)ab 10.9 (9.6–12.2)abc# 11.5 (8.0–15.0)abc#& 12.5 (7.2–17.9)bc#&%

50–59 years 10.7 (8.4–13.0) abcd 11.1 (8.9–13.3)abc# 11.6 (8.4–14.9)abc#& 13.0 (8.2–17.2)bcd#&%

PWV sn-fem/max.up

10–19 years 6.8 (5.8–7.9) 7.2 (5.1–9.3)# 7.4 (6.2–8.6)#& (—)

20–29 years 6.9 (4.8–9.0) 7.2 (5.4–8.9)# 7.6 (6.0–9.2)a#& 7.9 (5.2–10.6)#&%

30–39 years 7.2 (6.4–8.0)ab 7.5 (3.6–11.3)ab# 8.3 (7.5–9.2)ab#& 8.8 (8.2–9.5)b#&%

40–49 years 7.6 (5.8–9.5)abc 8.3 (7.5–9.2)abc# 8.6 (6.4–10.7)abc#& 9.3 (4.4–14.1)bc#&%

50–59 years 8.3 (6.9–9.8)abcd 8.5 (6.5–10.4)abc# 8.9 (5.8–12.0)abcd#& 9.6 (7.6–11.5)bcd#&%

PWV sn-fem/tang

10–19 years 7.2 (5.9–8.5) 7.6 (5.0–10.3)# 7.8 (6.1–9.6 )#& (—)

20–29 years 7.4 (4.6–10.2)a 7.6 (5.1–10.1)# 8.1 (5.7–10.4)a#& 8.7 (5.0–12.4)#&%

30–39 years 7.9 (5.7–10.2)ab 8.7 (7.4–12.8)ab# 9.2 (8.1–10.4)ab#& 10.1 (9.0–11.2)b#&%

40–49 years 8.4 (6.0–10.8)abc 9.4 (8.3–10.5)abc# 9.8 (6.7–12.8)abc#& 10.7 (3.9–17.5)bc#&%

50–59 years 9.3 (7.2–11.5)abcd 9.6 (6.8–12.5)abcd# 10.2 (5.6–14.8)abcd#& 11.1 (7.6–14.6)bcd#&%

PWV subtracted/max.up

10–19 years 4.6 (3.8–5.4) 4.8 (3.4–6.3) 5.0 (4.2–5.8)#& (—)

20–29 years 5.7 (3.7–7.7)a 5.9 (3.2–8.5)a 6.3 (4.0–8.6)a#& 6.5 (4.0–9.0)#&%

30–39 years 6.1 (4.9–7.4)ab 6.2 (2.8–9.6)ab 6.9 (6.1–7.8)ab#& 7.3 (5.4–10.3)b#&%

40–49 years 6.1 (5.0–7.2)ab 7.0 (5.9–8.2)abc# 7.3 ( 5.6–9.0 )abc#& 7.7 (3.5–12.0)bc#&%

50–59 years 6.9 (5.7–8.2)abcd 7.0 (5.3–8.8 )abc 7.4 (4.7–10.2)abc#& 8.0 (5.9–9.6)bcd#&%

PWV subtracted/tang

10–19 years 4.8 (3.9–5.8) 5.1 (3.4–6.9)# 5.4 (4.3–6.4)#& (—)

20–29 years 6.3 (3.5–9.0)a 6.3 (3.0–9.6)a 6.8 (3.9–9.7)a#& 7.1 (3.8– 10.4)#&%

30–39 years 6.7 (5.2–8.2)ab 6.9 (2.2–11.6)ab 7.7 (6.6–8.7)ab#& 8.4 (7.6–9.3)b#&%

40–49 years 6.8 (5.2–8.4)ab 7.7 (6.8–8.7)abc# 8.2 (5.7–10.7)abc#& 8.9 (3.0–14.8)bc#&%

50–59 years 7.8 (6.0–9.5)abcd 8.0 (5.5–10.5)abcd# 8.5 (4.5–12.4)abcd#& 8.8 (5.4–12.2)bc#&%

PWV real

10–19 years 5.8 (4.7–6.8) 6.3 (4.0–8.5 )# 6.3 (4.8–7.7) (—)

20–29 years 6.9 (4.4–9.4)a 7.0 (4.4–9.5)a 7.6 (5.4–9.7)a#& 8.0 (4.7–11.2)#&%

30–39 years 7.7 (6.1–9.2)ab 7.8 (2.8–12.7)ab 8.6 (7.7–9.6)ab#& 9.5 (8.4–10.5 )b#&%

40–49 years 7.8 (6.0–9.7)ab 8.7 (7.5–10.1)abc# 9.2 (6.4–12.0)abc#& 9.9 (7.9–15.7)bc#&%

50–59 years 8.9 (6.4–11.5)abcd 9.0 ( 7.6–11.0)abcd# 9.5 (5.3–13.7)abcd#& 10.4 (6.9–13.7)bcd#&%

Statistics: a,b,c,d,e, P < 0.05 with respect to 10–19, 20–29, 30–39, 40–49, and 50–59 years, respectively (ANOVA + Bonferroni).
#,&,%, P < 0.05 with respect to optimal, normal, and high normal blood pressure level, respectively (ANOVA + Bonferroni).
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could be used in the vascular diagnosis to define/differentiate
normal changes (i.e., due to haemodynamic conditions) and
abnormal or disease-related vascular variations. In addition,
they could aid in the individual cardiovascular risk definition.

4.1. PWV Normal and Reference Values: Algorithm and
Path-Length Consideration. As was mentioned, PWV values
depend on the algorithm used to detect the so-called “foot
of the wave” and the path length considered. In real terms
most of the systems used to assess PWV do not detect the
“foot of the wave,” but the pulse transit time is determined
as the time difference between similar singular points in the
carotid and femoral waves (Figure 1). The singular point
chosen depends on the wave considered (flow, pressure, or
diameter) and the algorithm used. The most used algorithms
are the intersecting tangent (i.e., used by the SphygmoCor
system) and the point of maximal upstroke during systole
(i.e., used by the Complior system).

When applying different algorithms to the same waves we
obtained differences in PWV mean values even higher than
20%. The differences varied depending on age, with major
differences in elderly subjects. Then, age-related changes in
PWV could be influenced by the methods used to assess
PWV [17, 18]. To explain the mechanism underlying the
described finding was beyond our work aim. However, at
least in theory, the algorithm-dependent differences in PWV
could be explained by dissimilar effects of wave propagation
changes on the singular points detected by the algorithms.
For instance, the foot of the wave identified by the intersect-
ing tangent method is least likely to be influenced by the wave
distorsion during its propagation. Our finding agrees with
Millasseau et al. who described that the differences in PWV
attributable to the timing algorithm used varied depending
on the stiffness levels [18]. The higher the PWV levels, the
higher the differences. Related with this, it is noteworthy that
PWV increased with aging.

The evaluation of the meaning of a given PWV value
regardless of the algorithm used could lead to mistakes. On
the other hand, and related with that stated above if a PWV
value is used as a cut-off value to define vascular damage, it is
necessary to know the method used to determine it and the
corresponding values for other algorithms. Anyway, the use
of a single cut-off value has limitations (see below).

When considering the different path lengths at the time
of calculating PWV, we found that, for a given algorithm, the
longer the path length considered, the higher the PWV. Then,
as was stated for the algorithms of calculus, an adequate
interpretation of a PWV value requires the knowledge of the
distance used in its determination. In addition, when using a
cut-off value the distance considered to calculate it must be
known.

Our work was not developed to determine which is the
best method for measuring PWV (if there is one). To this end,
it would be useful to compare the different methodological
approaches with a “gold standard” (definitive) method, but
there is no consensus about which would be such method.
There are works that support the use of a given approach.
For instance, it was described that PWV values, measured

using magnetic resonance imaging (MRI), were in agreement
with absolute PWV values noninvasively obtained using the
subtracted distance [5]. Additionally, in a recent invasive
study the same distance (subtracted) was the closest to
the PWV measured during catheter withdrawal from the
ascending aorta to the aortic bifurcation [6]. In addition,
compared with invasive studies the direct distance resulted in
a PWV overestimation of 2-3 m/s [6]. Then, it was proposed
by Weber et al. that for the purpose of standardization
and comparability between different noninvasive systems
(devices), the method that employs the subtracted distance
should be recommended for noninvasive PWV measurement
[7]. The topic remains controversial since the use of the
direct is proposed by other authors [17]. In our opinion,
until there is no consensus as to what constitutes the
definitive method to assess PWV, we must be aware of the
importance of considering the methodological issues for
an adequate interpretation of the PWV evaluation. Tables
including normal/reference PWV values for the different
methods should be constructed.

4.2. PWV Normal and Reference Values: Aging and Blood
Pressure Levels Consideration. Aging is associated with an
increase in vascular stiffness. Accordingly, when using PWV
to evaluate the vascular system (i.e., as target organ damage
indicator) the expected changes (increase) in PWV due to
normal aging should be known. On the other hand, as it
is widely known, the arterial stiffness depends on blood
pressure levels. The higher the pressure levels the stiffer the
artery (higher PWV). Then, if PWV is to be used as target
organ damage marker, the PWV levels explained by haemo-
dynamic conditions should be known. This is not a minor
issue since hypertension associates changes in the vascular
wall that result in stiffening of the vessel. Establishing PWV
reference levels for different blood pressure values would help
to identify individuals in whom an increased PWV represents
the presence of vascular damage or subjects with PWV values
explained by the pressure levels. In this work, and as was
previously described by Boutouyrie and Vermeersch [3], we
defined PWV normal/reference values as a function of age
and blood pressure levels. The contribution of risk factors
other than age and blood pressure to PWV is either small
or nonsignificant. Then standardizations considering other
factors were not necessary [3, 8].

The aging-associated changes in PWV and the pressure
dependence reinforce the referred limitations of using a
single PWV value as cut-off level. About this, as can be
seen in Figure 2 if a single cut-off value (i.e., 12 m/s as
the European Society of Hypertension suggests) is selected
regardless of the subject age, the vascular damage and/or
the cardiovascular risk would be underestimated in young
subjects and overestimated in old subjects. Beyond 60 years
old 50% of the subjects fall at or above the threshold (12 m/s)
when PWVDirect/tang method was employed.

5. Conclusions

Age-related PWV profiles were obtained in the context of
the CUiiDARTE Project for a Uruguayan asymptomatic
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population. Taking into account the importance of the meth-
odological approach, the subject age, and the pressure levels
for an adequate evaluation of the PWV, we defined PWV
normal/reference values for our population considering (a)
the subjects age, (b) the pressure levels, and (c) the algorithm
and (d) the distance used to calculate the PWV.

The work has the strength of being the first in Latin
America that applies an integrative approach to characterize
age-related changes and normal and reference values of
PWV. The obtained data could be used in the vascular diag-
nosis to define/differentiate normal changes and abnormal
or disease-related vascular variations and/or in detecting
increased risk of cardiovascular complications.
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Erectile dysfunction (ED) is a common complaint in hypertensive men and can represent a systemic vascular disease, an adverse
effect of antihypertensive medication or a frequent concern that may impair drug compliance. ED has been considered an early
marker of cardiovascular disease. The connection between both conditions seems to be located in the endothelium, which may
become unable to generate the necessary dilatation in penile vascular bed in response to sexual excitement, producing persistent
impairment in erection. On the other hand, the real influence of antihypertensive drugs in erectile function still deserves discussion.
Therefore, regardless of ED mechanism in hypertension, early diagnosis and correct approach of sexual life represent an important
step of cardiovascular evaluation which certainly contributes for a better choice of hypertension treatment, preventing some
complications and restoring the quality of life.

1. Introduction

Erectile dysfunction (ED) has been defined according to Na-
tional Institute of Health from 1993 as the persistent inability
to reach or maintain and penile rigidity enough for sexual
satisfaction [1]. ED has a high prevalence around the world
and a huge impact on quality of life of men and their part-
ners [2]. With the increment of life expectation and aging
of population, ED burden is supposed to increase in the
upcoming years [3].

Common risk factor categories associated with sexual
dysfunction exist for men and women including individual
general health status, diabetes mellitus, cardiovascular dis-
ease, other genitourinary disease, psychiatric/psychological
disorders, other chronic disease, and sociodemographic con-
ditions. Actually, vasculogenic ED is considered part of a
systemic vasculopathy and has a known relation with cardi-
ovascular risk factors such as hypertension, diabetes, dyslip-
idemia, and smoking. ED has been considered an early mark-
er of cardiovascular risk that could precede traditional clini-
cal manifestations of atherosclerosis, indicating the presence
of vascular disease. In addition, ED could alert clinicians

to the presence of unknown risk factors and an increased
cardiovascular risk. Thus, ED could offer the opportunity to
implement adequate therapeutic efforts to minimize the bur-
den of major cardiovascular disease such as myocardium in-
farction and stroke [4].

As ED is highly prevalent and deeply impacts overall
health of sexually active men, sexual function should be part
of anamneses in all hypertensive subjects, especially those
over 50 years. Ideally, such investigation could be held before
starting therapeutic. To stimulate this attitude, the main
objectives of this paper are to review some aspects linking
ED and hypertension, including arterial hypertension as a
risk factor for ED, ED as a marker of cardiovascular risk, ED
and antihypertensive drugs, its possible negative impact in
therapeutic adhesion, and lastly, actual therapeutic approach
of hypertensive men with ED.

2. ED Prevalence and Impact around the World

ED prevalence was surprisingly high at the end of the classic
Massachusetts Male Aging Study (MMAS) reaching almost
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40% among men at theirs 6th decade of life. Those numbers
were similar in more recent publications over the world
[5] and also in developing countries [6], projecting the
assumption that over 30 million American citizens suffer
from some level of sexual dysfunction [5].

Prevalence’s numbers vary according to characteristics
of the population studied and the method used to access
erectile function. Some trials have used a single question
about sexual satisfaction while others have adopted validated
questionnaires like International Index of Erectile Function
(IIEF) that could check all five major domains of sexuality:
sexual desire, erectile function, orgasmic function, inter-
course satisfaction, and overall satisfaction with sexual life
[3].

Besides this high prevalence, before oral therapy with
phosphodiesterase-5 (PDE5) inhibitors, less than 1/4 of men
with ED search for medical help [7]. The most frequent
reasons for such passiveness were belief that lack of complete
erection was part of a normal aging, sexual inactivity caused
by widowhood, lack of perception of ED as a medical disor-
der, ashamed to talk with a doctor about sexuality, lack of an
effective treatment for most cases. Probably the real impact
of ED was even greater with a strong relationship with aging
and some authors estimated that almost half of 70-year-old
men live with some degree of ED [5, 6].

After introduction of sildenafil in therapeutic market in
1998 [8], a revolution shook this scenario and search for
offices increased as well as medical knowledge about ED and
the way physicians treat their patients [9]. From the label
of having an psychological illness to an exhaustive, invasive
and mostly usefulness series of complementary exams, the
evaluation post-PDE5 inhibitors turned to a simple iden-
tification of risk factors [10], their control whenever possible,
and improvement of sexual performance through PDE5 in-
hibitors prescriptions [11] that quickly became one sales
blockbuster.

As a consequence of PDE5 inhibitors basic develop-
ment studies, erectile process was better understood and
several papers from the last decade stressed the association
between ED and vascular disease identified by functional
and structural changes related to atherosclerosis process
[12]. These evidences, in addition to the mechanism of ac-
tion of such drugs—based on dilation of muscular layers
of arteries and cavernous spaces by the blockage of cyclic
GMP degradation—point out ED as part of a generalized
vasculopathy [13].

It seems important to remember the complexity of
erection physiopathology as well as of the hypothetical link
with cardiovascular disease—endothelial dysfunction—since
multiple factors could cause ED and interfere in the delicate
balance of mediators released from endothelium [14]. But
psychological aspects of man sexuality interfere in all steps
of sexual disorders and could complicate diagnostic attempts
or harm therapy efforts. It is really important to individualize
each complain in order to understand the situation and offer
the best medical approach.

New therapeutic strategies and molecular targets will
help to improve quality of erections and sexual satisfaction.
In order to cure ED, if it is really possible, some recent

studies propose regular use of drugs with proved endothelial
action such as statins or PDE 5 inhibitors, taken daily instead
of on demand [15], in order to provide sensation of been
always ready for intercourse. Medical advances apart, the best
treatment for ED remain its prevention. In this sense, men
knowledge about cardiovascular health and the relationship
of ED with traditional risk factors should help physicians to
motivate therapeutic adhesion and adoption of a healthier
way of life [16].

3. ED and Cardiovascular Risk

Several traditional risk factors were related to ED in medical
literature with some evidences coming from well designed
epidemiological trials. Age seems to be the clearest risk factor
with strong association with the presence and severity of
ED [5]. After adjusting for age, the correlation between ED
and modifiable risk factors—hypertension, diabetes, hyper-
lipidemia, obesity, sedentary, and smoking—remained sig-
nificant [17]. The increase of ED’s prevalence with aging is
followed by atherosclerotic lesions in vascular tree [18]. Most
men with hypothetic vasculogenic ED present at least one
traditional cardiovascular risk factor [19]. These evidences
allowed the consideration of ED as a clinical manifestation of
a functional (lack of vasodilation) or structural abnormality
in penile circulation as component of a systemic vasculopa-
thy [20].

Erection is a complex psiconeurovascular process and
involves several system interactions that converge to an
increase in hypogastrian-penian blood flow and subsequent
activation of veno-occlusive mechanism of corpus caver-
nosum [21]. It is well known that the blood increment
towards cavernous tissues necessary for a rigid erection is
huge and even small hemodynamic disturbances could pro-
duce sexual dysfunction [22]. So, traditional risk factors such
as hypertension, diabetes, and hyperlipidemia could con-
tribute for ED development or worsening even in situations
where psychological etiology seems more likely.

In addition, penile erectile tissue’s integrity depends on
oxygen tension fluctuations that occur during physiologic
erections. As a consequence of regular erections, several cy-
tokines, vasoactive, and growth factors keep a suitable envi-
ronment for erectile tissue with a protective effect over stro-
ma and muscular cells of this region [23]. In a pathological
condition causing the absence of stimulated or physiological
erections and abolishing such stimulus, there would be a
structural change in tissue composition with deleterious con-
sequences on erectile capacity [24].

Some trials have shown the presence of vascular disease
in men suffering from vasculogenic ED but without tradi-
tional risk factors, pointing out ED as a clinical early cardi-
ovascular risk marker [25]. Particularly among men less
than 60 years old, ED seems to act as a risk factor inde-
pendent of traditional markers [26]. More recently, laborato-
rial markers such as dimetilarginin asymmetric (ADMA)
[27] and C-reactive protein were reported higher in ED
men when compared with men without ED and similar risk
factors [28].
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Figure 1: Relationship between hypertension and erectile dysfunction. PDE5, phosphodiesterase 5.

On the other hand, as a consequence of its multifacto-
rial aspect, several conditions could promote ED without
systemic vascular involvement such as pelvic surgeries,
depression, Peyronie’s disease, and prostatism. Probably
this aspect is one among others to explain the lack of
additional contribution of ED over traditional risk factors
(Framingham score) during cardiovascular evaluation in
some reports [29]. Other possible explanations were the
characteristics of study population, method of assessing risk
factors and the diagnostic tool used for ED diagnostic.

Other risk factors have been related to ED. Sedentarism,
obesity, and smoking have been implicated in the etiology
of ED, and an approach of these risk factors has been able
to reverse ED and restore normal erectile function [30].
Metabolic syndrome and waist-to-rip ratio have been asso-
ciated to more severe ED among those over 50 years old [31].
Sleep disorders were also more prevalent among ED men and
their treatment could help in recovering sexual satisfaction
[32].

4. Erectile Dysfunction and
Systemic Hypertension

Hypertension is considered one of the most hazardous car-
diovascular risk factors and it is a frequent comorbidity of
men with ED [33]. One of the first studies to ask about sex-
ual function among hypertensives was the classic TOMHS
(The Treatment of Mild Hypertension Study) [34] and its re-
sults contributed to the false belief that ED was rare in this
population since they found only 12.2% of men referring any
degree of sexual dysfunction at inclusion. TOMHS excluded
subjects with comorbidities like diabetes or hyperlipidemia,
older and moderate or severe hypertension. At the end of
TOMHS, ED was more frequent among those with more
antihypertensive drugs or systolic pressure over 140 mm Hg.
Other trials also refuse the high prevalence of ED among
hypertensives [35] probably due to characteristics of the sam-
ple and the method to diagnose ED.

On the other hand, Jensen et al. observed that the main
reason for ED among hypertensive individuals were penile
circulation disability (found in 89%), probably due to athe-
rosclerosis [36]. Burchardt and coworkers using IIEF-5 to
access erectile function among hypertensive men, aging from
34 to 75 years old, found 68.3% of ED prevalence [33].
Feldman et al. stressed the significant association between ED

and traditional risk factors for coronary artery disease, like
hypertension, smoking, overweight and hyperlipidemia [5].
Giuliano et al. performed a survey of 7689 patients (mean
age 59 years) using the Sexual Health Inventory in Men
(SHIM) questionnaire. In 3906 men with hypertension alone
(no diabetes), ED was present in 67% (defined as a SHIM
score of 21) [37]. Doumas et al. studied Greek hypertensive
patients and identified ED in 35.2%, which correlated with
age, duration of hypertension and use of antihypertensive
drugs [38]. Mittawae et al. evaluated the sexual function of
800 Egyptian hypertensive subjects and found ED in 43.2%
and duration of hypertension was the variable with stronger
correlation with ED severity [39]. Recently, Chang et al.
suggested that ED severity was associated with number of
risk factors, including criteria for metabolic syndrome [40].
A retrospective analysis of placebo group of Prostate Cancer
Prevention Trial estimated the 5-year risk of coronary events
among men with ED in 11% which, in terms of preventive
medicine, means that ED could be considered an equivalent
of coronary disease [41].

5. Erectile Dysfunction and
Antihypertensive Drugs

The association of ED and vascular risk factors including
hypertension raises the hypothesis that endothelial dysfunc-
tion is the common link between erectile dysfunction and
cardiovascular disease. But a possible association between
ED and hypertension is much more intricate issue involving
other aspects, such as the hemodynamic interferences caused
by antihypertensive drugs.

There is a complex relationship among arterial hyper-
tension and erectile dysfunction that is explained by the
multifactorial pathophysiological process that take place in
both conditions (Figure 1). So, considering that it is still
matter of discussion if hypertension is cause or consequence
of endothelial dysfunction, it can influence ED severity or
it could appear before ED. Depending on the class of the
antihypertensive drug and its effect over endothelium medi-
ators, the impact on ED could be positive or negative. PDE5
inhibitors, ED’s first line therapy, present a mechanism of
action based on NO bioavailability. Lack of efficacy could
represent a more intense vascular damage. In contrast, con-
tinuous use of PDE5 inhibitors proved to reverse endothelial
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dysfunction with positive impact on sexual function and
even on blood pressure control.

In this sense, it is an usual popular belief to blame medi-
cal therapy for hypertension as the main reason of erectile
problems, especially when there is a temporal coincidence
of starting symptoms and use of antihypertensive drugs, in
particular when including the “old” diuretics and beta-
blockers [34]. In almost all trials where this topic was stud-
ied, ED was not the primary objective and was assessed by
patient reports instead of questionnaire evaluation or mea-
surement of penile rigidity. So, there is a lack of definitive evi-
dence even with betablocker and diuretics. Recently, Baum-
häkel et al. performed a systematic analysis of trials eval-
uating erectile function with a validated questionnaire or
direct assessment of penile rigidity and concluded that only
thiazide diuretics and betablockers, not including nebivolol,
may influence erectile function. ACE inhibitors, angiotensin
receptor blockers, and calcium channel antagonists were re-
ported to have no relevant or even a positive effect on erectile
function [42].

Development of erectile dysfunction in connection with
betablockers might be biased by psychological effects derived
from the awareness of being treated with a certain substance.
This is an important point since patient concerns about
the adverse effects of drugs on erectile function might limit
the use of essential medications in cardiovascular high-risk
patients [43].

In the same way, data with diuretics and ED are not con-
clusive. A small number of patients and inadequate eval-
uation of erectile function limit the trials results. On the
other hand, the erectile dysfunction substudy in ONgoing
Telmisartan Alone and in combination with Ramipril Global
Endpoint Trial/Telmisartan Randomized AssessmeNt Study
in ACE iNtolerant subjects with cardiovascular Disease
(ONTARGET/TRANSCEND) did not demonstrate a signifi-
cant association of pretreatment with diuretics with erectile
function in high-risk patients [44].

It is important to consider that drugs used for treat-
ment of cardiovascular diseases have often been accused of
influencing erectile function, and such belief could influence
drug compliance [42]. Some authors do not agree with a
class specific and constant effect over erectile function [45].
Others believe that the hypotensive effect of any drug could
produce ED in susceptible subjects with comorbidities [36].
More recently, Earden et al. showed that the presence of
“nondipper” pattern on ambulatory blood pressure monitor-
ing among treated hypertensive patients were strongly related
to worst erectile function independently of the number or
the class of antihypertensive drugs in use [46]. On the other
hand, small studies suggested that some antihypertensive
drug classes could have less harmful or even beneficial effect
on sexual function like calcium channel antagonists [47],
angiotensin II receptor blockers [44], and nebivolol [45].

There is no clinical trial evaluating the effect of calcium
channel antagonists on erectile function with an adequate
assessment of ED, but they are reported to have no relevant
effect on erectile function [47]. For drugs that act over renin-
angiotensin system, most evidence suggests that there was
no influence on erectile function, and some authors indicate

beneficial effect [42]. However, in 1549 cardiovascular high-
risk patients included in ONTARGET/TRANSCEND trial,
there was neither a beneficial effect of the ACE inhibitor ram-
ipril, the angiotensin receptor blocker telmisartan, nor of the
combination of both on erectile function [48].

Favorable effects on nitric oxide synthase and oxidative
stress have been shown with nebivolol pointing out a mech-
anism for improvement of erectile function. Experimental
studies have demonstrated an enhancement of endothelial
function in aorta and corpus cavernosum with a significant
reduction in penile oxidative stress and collagen content [49],
protected cavernosal tissue against structural changes, and
increased expression of endothelial NO synthase (eNOS)
[50].

Although no class of antihypertensive agents presents a
clearly superior effect over the others in terms of quality of
life, the current impression is that nebivolol, ACE inhibitors,
and angiotensin II receptor antagonists may offer some ad-
vantage, at least in regard to effects on cognitive function and
sexual activity [51].

The presence of comorbidities and concomitant drugs,
a common situation in older hypertensive subjects, and
lack of diagnostic standardization concerning tools to access
erectile function impair a reliable analysis of trials about the
relationship between ED and hypertension as well as any
robust conclusion about deleterious action of antihyperten-
sive drugs on erectile function [52]. In this way, search for
new data on basic mechanism under ED development in
hypertensive individuals is an actual need. In an individual
aspect, sexual activity and erectile function quality should be
part of anamnesis before starting antihypertensive therapy
and seems to play a relevant role in the followup, as it would
allow a scalable monitoring of erectile function, help the
selection of better classes of antihypertensive drugs, turn
easier the identification of adverse sexual events, and even
improve therapeutic compliance [51].

6. Pathophysiology of ED in
Hypertensive Patients

Several hypotheses try to explain the pathophysiology of ED
in hypertensive individuals. Since the pioneering work of
Jeremy et al. [53] who highlighted the role of endothelial
oxidative stress on the genesis of ED, other publications rein-
force this finding [54] even demonstrating that antioxidant
therapy could improve endothelial function with positive
interference on erectile function [55].

Old and more recent experimental studies have pointed
out the role of nitric oxide (NO) and other possible medi-
ators in endothelial dysfunction of hypertensive rats [56].
In spontaneously hypertensive rats, endothelial-mediated
relaxation of corporal cavernosal strips in response to ace-
tylcholine was significantly impaired, suggesting a defect in
endothelium-dependent reactivity and a corresponding re-
duction in NO [57]. Perticone et al. demonstrated that en-
dothelial function of hypertensive patients had an inverse re-
lationship with L-arginin (NO precursor) levels and ADMA,
a competitive inhibitor of eNOS [58]. On the other hand,
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decrease in NO production or bioavailability would take
place in the etiology of hypertension in several clinical sit-
uations [59] where ED is not always present. Thus, one pos-
sible mechanism by which hypertension may cause ED is
likely related to endothelial dysfunction associated with hy-
pertension. Long-standing hypertension may cause oxidative
stress, endothelial cell injury, and its consequences, including
the inability of arteries, arterioles, and sinusoids of the cor-
pus cavernosum to dilate properly [60]. Some authors state
that ED symptoms in hypertensive patients would represent
deterioration in endothelial dysfunction already present and
should alert for a possible progression of a systemic vascu-
lopathy [61].

Corroborating this link among hypertension and ED,
Vlachopoulos et al. identified that hypertensive men had
greater carotid intima-media thickness, lower brachial flow-
mediated dilation, and higher levels of serum inflamma-
tory mediators than normotensive individuals with similar
cardiovascular risk [62]. They suggested NO bioavailability
reduction caused by ADMA accumulation consequent of
high blood pressure as the molecular mechanism for these
findings. This and other authors [63] argue that ED should
represent a clinical sign of a deeper vascular damage in
hypertensive patients and an increased risk of cardiovascular
events. In this way, Prisant et al. showed that ED severity
among hypertensive subjects were associated with age, dura-
tion of hypertension, and presence of peripheral vascular
disease [64].

During COBRA (PolarCath Cryoplasty Versus Conven-
tional Balloon Postdilation of Nitinol Stents for Peripheral
Vascular Interventions) trial, Montorsi et al. evaluated 285
subjects with proved coronary arterial disease and identified
that ED symptoms began 2 to 3 years before clinical man-
ifestation of coronary disease [61]. Robust clinical trials
confirm that ED is a strong cardiovascular event predictor
such as cardiovascular death, myocardial infarction, and
cardiac failure [48]. Chung et al. followed a cohort of ED
men and compared the 5-year encephalic vascular accident
risk with another cohort with similar cardiovascular risk but
normal erectile function. They confirmed ED as a clinical
independent marker of increased cerebral vascular disease
risk [65].

As previously commented, the link between both condi-
tions seems to lie in the endothelium which performs many
functions that contribute to homeostasis and prevention of
atherosclerosis. Endothelial dysfunction is considered one of
the earlier steps of atherosclerosis process, preceding angio-
graphic, ultrasonographic, and clinical evidences of vas-
cular disease [66]. These clinical manifestations rarely are
symmetrical in the same patient, probably due to different
sizes of arterial tree that irrigate territories such as penile,
heart, brain, and legs [20], and different needs of blood
supply and vasodilation of each structure [67]. It has been
suggested that the small cavernosous arteries were more vul-
nerable to atherosclerosis when compared to larger arterial
trees like coronaries [20, 67] explaining why ED precedes
angina in a patient with systemic vasculopathy.

The role of NO as a major mediator of erectile path-
ways such as NO-GPMc and RhoA/Rho-kinase was well

documented [68]. Some experimental studies confirmed
the participation of eNOS during erectile response [69]. In
penile circulation, eNOS activity and NO bioavailability were
regulated by several molecular mechanisms such phosphori-
lation, protein interactions, and oxygen reactive species that
control eNOS activity in physiological conditions and could
explain several situations where NO bioavailability could
decrease and manifest as ED [21].

Clinical evidences seem to confirm this increased vulner-
ability of cavernosous circulation. Kaiser et al. observed that
NO-GMPc pathway was earlier damaged in atherosclerosis
process when they followed ED men without cardiovascular
disease and compared them with men with normal erectile
function. They found that vasodilation of the brachial
artery by both mechanisms, endothelium-dependent and
independent, was significantly compromised in the group
suffering from ED, which illustrates that vascular alterations
involved in ED are a generalized process [67]. Accordingly
to these authors, possible reasons for the precocity of ED
as clinical manifestation of systemic atherosclerosis were the
small size of cavernosous arteries and the need of a huge
dilation, nearly 80%, in penile circulation for an adequate
blood supply for a full erection. This value contrasts with
the percentage of other territories where the dilation varies
from 10 to 20%. In addition, penile vascular tree seems to
be particularly dependent of NO as it participates on arterial
dilation to rapidly increase blood flow but also mediates
cavernosous sinusoids and venous dilation that represents
a crucial step on venoclusive mechanism that assure the
obtaining and maintaining of a rigid erection. In several
other vascular territories, NO participation on venous side
of circulation is minimal or null [67].

Although aging and atherosclerosis are recognized risk
factors for ED development, according to some experimental
studies the mechanism under those situations is distinct [57].
While ED in atherosclerotic rabbit was a consequence of
endothelial and vascular smooth muscle cell dysfunctions in
consequence of ADMA accumulation [70], these were not
found in older animals with ED but without atherosclerosis
where possible pathophysiological mechanism would be the
hyperactivity of Rho/RhoKinase pathway [57].

Due to the lack of large clinical trials with long followup
period designed for ED identification and with cardiovas-
cular morbidity and mortality as endpoints, it is premature
to assure that ED identifies an increased cardiovascular risk
among hypertensive patients that extends beyond the risk
represented by blood pressure elevation [62]. Studies with
larger samples contradict small trials conclusions as they
have not observed any association of ED and antihyperten-
sive drugs, cholesterol levels, and even smoking [44]. New
randomized trials with appropriate design to clarify these
issues are still expected.

7. Therapeutic Approach of Hypertensive
Patients with ED

Firstly, it is important to provide an adequate room to talk
about sexual dysfunction. It is crucial to listen carefully
what patient would like to explain and also to make some
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questions to check what was understood. The usefulness of
standard questionnaires [71] during daily clinical practice is
low but the short form of IIEF (5 questions), for example,
could help to confirm the ED diagnosis and to provide a clear
tool to quantify the pathology and also to follow its evolution
and clinical response to therapy [72].

Initial efforts should identify and treat all modifiable risk
factors. Next step is a trial with PDE5 inhibitor for those
hypertensive subjects without contraindications for sexual
activity or for this class of drugs [11]. Thus, knowledge of
cardiovascular risk of men with ED is essential, since it
could help to identify hidden risk factors and also to eval-
uate the existence of any contraindication for ED therapy
as detailed in the second Princeton consensus [73]. In
this way, hypertensive patients would be classified as low,
intermediate, or high risk. In case of high risk, before sex-
ual attempts, a cardiologic evaluation is necessary in order
to improve conditions to support such metabolic demand
[74]. In high risk subjects, cardiologic condition should
be stabilized through medication, surgery, or other means
before sexual rehabilitation. In intermediate risk, a deeper
cardiovascular evaluation is necessary and efforts to improve
clinical condition should precede sexual efforts [73].

To assess the individual risk for cardiovascular diseases,
repeated measurement of blood pressure and biochemical
profile, including fasting serum glucose, creatinine, and lip-
ids, is necessary. Body mass index, according to weight and
height, assessment of lifestyle, actual level of physical activity,
and potential genetic predisposition should also be obtained.
A resting electrocardiogram, should also be documented. If a
patient has three or more atherogenic-risk factors, an exercise
electrocardiogram should be considered as per the Princeton
Consensus Panel. In some high risk patients, a Doppler-
sonographic examination of the carotid arteries and lower
extremity arteries might also be included into the workup
[73].

Cardiovascular disease is not a contraindication to sexual
activity in patients who have been properly assessed and
treated. In well controlled hypertensive subjects who take
one or two antihypertensive drugs and have no other risk
factors, indicating low cardiovascular risk, PDE5 inhibitors
could be tried. However, among those without treatment
or with inadequate blood pressure control or with severe
hypertension, it is recommended the cardiologic approach
and initial cardiovascular therapy before the prescription of
specific drugs to improve erectile function [74].

Patients with diabetes suffering from ED are at special
risk for silent cardiovascular disease [75]. Therefore, some
authors recommend an exercise test for every diabetic patient
presenting with ED, as a significant number of patients with
silent ischemic heart disease will be detected [76]. If the
results suggest an increased risk for cardiovascular disease, a
referral to a cardiologist is reasonable for detailed diagnostic
testing and initiation of therapy [73]. Importantly, the heart
conditions should be carefully clarified before initiation of
medical treatment, as PDE5 inhibitors must not be used
in certain cardiovascular conditions or at least require spe-
cial precaution. In addition, detailed recommendations for
cardiovascular patients, concerned about a potential risk of

sexual intercourse in the light of their underlying cardio-
vascular condition, are available both for further diagnostic
workup and therapeutic interventions according to the first
and second Princeton Consensus Conference [74, 77].

Considering PDE5 inhibitors mechanism of action, it is
reasonable to expect for vascular hemodynamic interferen-
ces, effects on blood pressure and coronary circulation alter-
ations, especially among hypertensive patients or those on
several antihypertensive drugs. However, blood pressure low-
ering effects of the current PDE5 inhibitors are low, although
oral administration of sildenafil was able to reduce systolic
and diastolic blood pressure by 7–10 mmHg in a non-dose-
dependent manner [78]. When PDE5 inhibitors are admin-
istered to patients with hypertension who are taking most
antihypertensive agents (e.g., betablockers, angiotensin-con-
verting enzyme inhibitors, angiotensin receptor blockers,
calcium antagonists, diuretics), there are usually small addi-
tive decreases in blood pressure without a significant in-
crease of adverse events. Similarly, effects of sildenafil on
blood pressure in hypertensive patients on multiple anti-
hypertensive drugs were minimal and well tolerated [79,
80]. Comparable results were obtained with newer PDE5
inhibitors vardenafil and tadalafil [80]. Some patients devel-
op orthostatic hypotension when PDE5 inhibitors are used
in conjunction with an alphablocker (typically for urologic
conditions, such as benign prostatic hypertrophy) but some
studies suggest that the interaction is less clinically relevant
if the patient has been undergoing long-term alpha-blocker
therapy [81]. On the other hand, some beneficial effects on
blood pressure control have been shown with PDE5 use in
hypertensive patients [82].

Although PDE5 inhibitors have been extensively used for
more than one decade, inadequate use is still one major cause
of therapeutic failure. Several studies showed that more than
a half of ED men leave offices with prescription of PDE5
inhibitor but without correct information about its posology
[83]. Most common mistakes include high fat meal near in-
take, lack of sexual stimulation after intake, short time before
sexual intercourse, and low number of attempts [84].

After cardiovascular risk stratification and adequate con-
trol of modifiable risk factors, ED patients should be oriented
about the right way of sexual medication usage. Although it
could sound obvious for doctors, it is prudent to emphasize
basic orientation (Table 1) as improper drug usage is a com-
mon reason for lack of efficacy.

(i) Take PDE5 inhibitor at least one hour before sexual
intercourse (two hours when using tadalafil).

(ii) Do not take PDE5 inhibitor near (less than two
hours) high fat meal or excessive alcohol consump-
tion.

(iii) Sexual stimulation is essential for PDE5 inhibitors
action.

(iv) Try more than once and ideally in different situations
before giving up.

Even when patients return claiming nonresponse to
PDE5 inhibitor, it is recommended to check all steps where
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Table 1: How to adequately orientate during PDE5 inhibitors
prescription.

Make a cardiovascular evaluation that allows you know risk
stratification.

If sexual intercourse is permitted but PDE5 inhibitors not—refer
to urologist.

Use adequate PDE5 inhibitors dosage.

Inform about the time interval to take drug before sexual
intercourse.

Avoid fat meal or alcohol intake near PDE5 inhibitor
consumption.
Alert about the necessity of sexual excitement to reach an erection
under PDE5 inhibitor.

Talk about psychological influence on PDE5 inhibitors
efficacy-believe it.

Try at least four to six times in different situations before giving up.

PDE5, phosphodiesterase-5.

medication were tried and review psychological conditions,
partner collaboration, blood pressure control, glucose and
cholesterol levels [83]. Low total testosterone has been
implicated in PDE5 failure. In countries where men have free
access to sexual drugs, the situation of improper use is even
more dramatic.

When clinical failure with PDE5 inhibitor is confirmed,
urologist should participate and evaluate possible options to
allow an active and satisfactory sexual life. Intracavernosous
self-injection and penile prostheses constitute the most
common path for men refractory to oral therapy [11].
But besides referring to specialist, such lack of efficacy
should be interpreted properly. We recently showed that
hypertensive men with ED who did not respond to 20 mg
of vardenafil had lower flow mediated dilation and greater
intima media thickness, in addition to a higher Framingham
score, pointing to a direct clinical way to identify patients
who deserves special attention and probably more aggressive
cardiovascular therapy [85].

8. Why Asking about Sexual Life before Starting
Antihypertensive Drugs?

Management of hypertension should take into account,
especially in elderly, the possible negative impact of anti-
hypertensive drugs on the patient’s quality of life, the
deterioration of which may reduce treatment compliance
[51]. Although ED has a high prevalence in the hypertensive
population, sexual questions are not frequently asked during
general practitioners consultations [37]. Many hypertensive
men do not recognize that they have ED and only a minority
of GP considers ED or other sexual issues for the treatment
of hypertension as either a possible adverse outcome or as a
factor to consider in treatment decision [86].

Knowledge about sexuality seems important as men and
women increased their life expectance and want to keep
quality of life during aging. Erectile function preservation
is essential for sexually active man while having a lower

Table 2: Reasons to ask about your patient’s sexual life during your
next consultation.

Increase empathy opportunity to improve doctor and patient
relationship.

High prevalence of ED among hypertensive men.
Patients concerns about the adverse effects of drugs on erectile
function.

Meaning of ED as a cardiovascular risk marker.

Therapeutic options for ED easily available and with good efficacy.
Knowledge of PDE5 inhibitor failure and its cardiovascular
implication.

Knowledge of possible sexual adverse effects during
antihypertensive treatment.

Better therapeutic adhesion for drugs and life habits modification.

Positive impact on patients and their partner quality of life.

ED, erectile dysfunction; PDE5, phosphodiesterase-5.

weight for other who has no intercourses. A sexual evaluation
in GP visits could detect ED earlier and also help in risk
factors therapy customization, avoiding certain drug classes
that could disturb sexuality [87]. Besides high prevalence of
ED among hypertensive individuals, possible association to
ED severity and important aspects in therapeutic compliance
improvement justify the relevance of a brief sexual anamnesis
in one of the first visits inside GP or cardiologists offices [88].
Evidences demonstrate that the successful treatment of ED is
associated with significant improvements in overall physical
and emotional well-being [89].

Another interesting aspect of ED knowledge in hyper-
tensive subjects approach is that some evidences point out
to an improvement in blood pressure control maybe as a
consequence of better therapeutic compliance after PDE5
inhibitor therapy [82]. Likewise, Lamina et al. have shown
that hypertensive patients who start better life habits have
got an improvement in erectile function simultaneously
to serum inflammatory markers reduction, like C-reactive
protein [90].

Recent guidelines establish that patients without obvious
etiology for ED, such as anatomical disorders, neurological
disease, or endocrine causes, should be evaluated for car-
diovascular risk factors, arterial hypertension, and arterial
disease [91]. The relatively high probability of detecting
potentially serious diseases warrants further investigations
[75]. In addition, the strong association between cardio-
vascular risk factors and ED should be brought to the
patient’s attention, as this, in some patients, might be a more
convincing motivation to modify these risk factors, change
lifestyle, effectively treat hypertension, quit smoking than
more abstract statistical association between cardiovascular
disease, and risk factors [92]. ED offers a unique chance to
undergo medical examination and, therefore to, improve not
only their sexual but, most importantly, their overall health.
Table 2 highlights main reasons to take time and ask about
sexual life before starting antihypertensive therapy during
next consultation.
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9. Conclusions

Despite high prevalence of ED among hypertensive men, it
is not often matter of discussion during consultation with
general practitioners. An adequate approach to identify
sexual health in primary care is needed to identify sexual
dysfunctions earlier and also to individualize treatment, to
prevent that this situation contributes to a reduction of ther-
apeutic adhesion and even worsens the quality of life among
people who already suffer from AH and other traditional risk
factors.

Sexual function knowledge by general practitioners and
cardiologists is relevant and should be ideally accessed before
starting therapy for hypertension. In addition to the high
prevalence of ED among hypertensive men, its association
with the severity of hypertension, and possible interference
after the introduction of antihypertensive medications justify
the importance of including a brief sexual anamnesis during
clinical consultations.

After ED diagnosis and for those without contraindica-
tion for sexual activity or PDE5 inhibitors usage, doctors
must take time to adequately inform their patients about the
correct way to take sexual medication. Oral therapy failure
could represent a deeper vascular damage and worst cardio-
vascular risk and generally requires the aid of the urologist in
order to restore hypertensive man sexual life.
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Many factors have been implicated in the pathogenesis of hypertension, including changes in intracellular concentrations of
calcium, sodium, potassium, and magnesium. There is a significant inverse correlation between serum magnesium and incidence
of cardiovascular diseases. Magnesium is a mineral with important functions in the body such as antiarrhythmic effect, actions
in vascular tone, contractility, glucose metabolism, and insulin homeostasis. In addition, lower concentrations of magnesium
are associated with oxidative stress, proinflammatory state, endothelial dysfunction, platelet aggregation, insulin resistance, and
hyperglycemia. The conflicting results of studies evaluating the effects of magnesium supplements on blood pressure and other
cardiovascular outcomes indicate that the action of magnesium in the vascular system is present but not yet established. Therefore,
this mineral supplementation is not indicated as part of antihypertensive treatment, and further studies are needed to better clarify
the role of magnesium in the prevention and treatment of cardiovascular diseases.

1. Introduction

Primary hypertension is the most common form of blood
pressure elevation whose cause remains unknown. However,
many factors have been implicated in its pathogenesis, such
as the renin-angiotensin-aldosterone system and the sympa-
thetic nervous system hyperactivation. In addition, changes
in intracellular ions such as calcium, sodium, potassium, and
magnesium have also been related to high blood pressure.

In the last years, the prevalence of hypertension is around
25–30% in developed countries [1], and several treatments
have been proposed for the BP control and prevention of its
onset. Among the various studies concerning non-pharmac-
ological treatments, there is need for lifestyle change with
the inclusion of regular physical activity and healthy eating
habits.

Observational studies have shown that a diet rich in
potassium, magnesium, and calcium, present mainly in
fruits and vegetables, is associated with lower incidence and
mortality from cardiovascular disease [2]. In particular, mag-
nesium has been the target of many studies [3], considering
that there is a significant inverse correlation between serum

magnesium levels and incidence of cardiovascular diseases
[4]. In addition, hypertensive patients generally exhibit
reduced intracellular concentrations of magnesium, while
the contents of sodium and calcium are often increased com-
pared to normotensive subjects [5, 6].

The dietary recommendation (Recommended Dietary
Allowances/RDA) for magnesium is 400 to 420 mg daily
for adult men and 310 to 320 mg daily for adult women.
However, consumption is far below this recommendation,
and the high prevalence of this deficiency has been associated
to several chronic diseases. Magnesium is found in most
foods, but in varying concentrations. Leafy vegetables, nuts,
whole grains, fruits, and legumes are considered as foods
with high-magnesium concentrations [7].

In order to gather more information about the asso-
ciation of magnesium with cardiovascular diseases, we
performed a narrative review of the literature through the
PubMed database with the following descriptor: magnesium,
intracellular magnesium, hypertension, arterial stiffness,
and endothelial function. We included narrative reviews,
experimental protocols, and controlled studies in the last 15
years (1996–2011), and case reports were excluded.
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2. Physiological Functions and
Pathophysiological Actions of Magnesium

The mineral magnesium is the second most abundant
intracellular cation and is involved in several important
biochemical reactions [8]. It is known that magnesium has
antiarrhythmic effect and can influence blood pressure levels
by modulating vascular tone. Changes in extracellular mag-
nesium content are able to modify the production and release
of nitric oxide (NO), resulting in the alteration of arterial
smooth muscle tone by affecting calcium concentrations.
Magnesium also participates in glucose metabolism and
insulin homeostasis. For these reasons, it has been suggested
that magnesium deficiency or changes in its metabolism are
related to the pathophysiology of hypertension, atherosclero-
sis, insulin resistance, and diabetes (Figure 1) [9].

Increased levels of extracellular magnesium inhibit
calcium influx. Conversely, reduced extracellular magne-
sium activates calcium influx via calcium channels. Low
intracellular magnesium concentrations stimulate inositol-
trisphosphate-(IP3-) mediated mobilization of intracellular
calcium and reduce Ca2+-ATPase activity. Thus, calcium
efflux and sarcoplasmic reticular calcium reuptake are
reduced, leading to cytosolic accumulation of calcium and
increased intracellular calcium concentration, which is a
crucial factor for vasoconstriction. Increased intracellular
levels of magnesium result in decreased intracellular free
calcium concentration promoting vasodilation [10]. The
action of magnesium as a calcium channel blocker may also
help to reduce the release of calcium and thus reducing
vascular resistance. In addition, magnesium also activates
the Na-K ATPase pump that controls the balance of these
minerals contributing to the homeostasis of electrolytes in
cells [11].

Smaller concentrations of magnesium seem to be asso-
ciated with reduced serum HDL-cholesterol along with
increased LDL-cholesterol and triglycerides levels [9]. Addi-
tionally, deficiency of this mineral has been previously related
to oxidative stress, proinflammatory state, endothelial dys-
function, platelet aggregation, insulin resistance, and hyper-
glycemia [12].

High levels of magnesium may increase production
of adenosine triphosphate (ATP) and intracellular glucose
utilization, since magnesium acts as a cofactor of all reactions
involving ATP transfer [13]. Insulin seems to be one of the
most important factors that regulate plasma and intracellular
magnesium concentrations. It has been suggested that an
ATPase-dependent pump is involved in the mechanism by
which insulin regulates the erythrocyte magnesium content
[14]. On the other hand, intracellular magnesium may play
a role in modulating insulin-mediated glucose uptake and
vascular tone. Reduced urinary magnesium losses have been
implicated in better metabolic control [15]. Low plasma and
intracellular magnesium levels may contribute to reducing
insulin sensitivity. In fact, suppression of intracellular free
magnesium concentrations is known to decrease cellular
glucose utilization and thus to promote peripheral insulin
resistance as a postreceptor defect [16].

Concerning insulin homeostasis, there is a hypothesis
that there is increased secretion of insulin and adrenaline
in hypomagnesemia in order to maintain magnesium and
cellular cAMP (3′,5′-cyclic adenosine monophosphate) con-
centration [17]. Furthermore, the intracellular concentration
of magnesium appears to be dependent on the extracellular
level, and its influx through calcium channel is volt-
age dependent. Extracellular magnesium can competitively
inhibit calcium channels and determine reduced secretion
of insulin. This inhibition does not occur when there is no
magnesium in the extracellular space, resulting in higher
insulin secretion [18].

Some studies suggest the possible role of intracellular
magnesium on the activity as a regulator of the main com-
munication channels of the cell membrane, suggesting that
there may be an association between changes in intracellular
content of ions induced by supplementation of magnesium
and its antihypertensive effects [19].

3. Magnesium and Blood Pressure

Experimental models of hypertension have been associated
with reduced serum and tissue levels of magnesium. In
spontaneously hypertensive rats (SHRs), increase of blood
pressure arises from the age of young adults, around 12 to 16
weeks of life, being attributed to a genetic component similar
to human essential hypertension [20]. In SHR, and also in
DOCA-salt model, reduced levels of intracellular magnesium
have been noted in smooth muscle cells and cardiomyocytes.

Magnesium supplementation had little antihypertensive
effect in adult SHR with well-established hypertension.
In fact, the effect of supplementation was only positive
in younger animals, when started in the prehypertensive
phase, preventing or at least attenuating the development
of hypertension [21]. This finding is highly suggestive of a
more protective effect of supplemental magnesium, which
may prevent or slow the rise in blood pressure at an early
stage of hypertension.

In other experimental studies, dietary magnesium defi-
ciency was associated with increased blood pressure in
previous normotensive animals, and magnesium supple-
mentation was able to reverse this condition. However, clin-
ical trials of magnesium supplementation in hypertensive
patients show divergent results. Some studies demonstrate
low serum magnesium levels in hypertensive patients when
compared with normotensive subjects, and blood pressure
levels reduction after magnesium supplementation [3],
although other studies have not confirmed this finding. For
this reason, while adequate intake of magnesium through
diet is recommended, supplementation of this mineral is not
indicated as part of antihypertensive treatment [22, 23].

Experimental, clinical, and epidemiological studies have
observed a close inverse relationship between dietary intake
or supplementation of magnesium and blood pressure level,
indicating the potential role of magnesium deficiency in the
pathogenesis of essential hypertension [24], but the mech-
anism is unclear. The effects of magnesium on the smooth
muscle cells growth and inflammation may be important.
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Figure 1: Role of magnesium and calcium in the pathophysiology of hypertension, diabetes mellitus, and atherosclerosis.

A relationship has also been reported between the
rennin-angiotensin system, magnesium, and blood pressure.
Hypertensive patients with high renin activity have signif-
icantly lower serum magnesium levels than normotensive
subjects, and plasma renin activity is inversely associated
with serum magnesium [25]. Hypertensive patients with-
out blood pressure control may have hypomagnesemia.
Hatzistavri and colleagues have shown that magnesium
supplementation was associated with slight reduction of 24
h blood pressure levels in patients with mild hypertension
[3], which can be evaluated by ambulatory blood pressure
monitoring [26]. On the other hand, a study comparing
the relationship between serum magnesium, vascular dys-
function, hypertension, and atherosclerosis has not shown
enough results to support this association, indicating that
low serum magnesium cannot be considered a risk factor for
development of these conditions [27].

4. Magnesium and Vascular Structure

Hypertension is also associated with unfavorable changes
in elastic properties of large arteries. Some studies have
shown the independent prognostic role of arterial stiffness
in cardiovascular events in hypertensive patients, which can
be assessed by measurements of the pulse wave velocity
(PWV) [33–35]. However, there are a few studies showing
the influence of magnesium in this condition so far. Van
Laecke and colleagues have reported that serum hypomagne-
semia associated with hypertension, endothelial dysfunction,
dyslipidemia, and inflammation may affect vascular stiffness
in patients who underwent kidney transplantation since the
low serum magnesium was independently associated with
PWV assessed by SphygmoCor [36]. In an experimental
study evaluating the structure of the carotid artery in rats,

magnesium deficiency was associated with hypertrophic vas-
cular remodeling, which was attenuated by supplementation
of this ion. These findings suggest that magnesium deficiency
alters the vascular mechanical properties in young animals
and may be a mechanism involved in the pathogenesis
of hypertension, atherosclerosis, and other cardiovascular
diseases [37].

Other possible mechanisms of magnesium action are
anti-inflammation, antioxidion, and modulation of cell
growth properties. In fact, the production of reactive oxygen
species is usually increased in the vasculature of hypertensive
patients, and the involvement of magnesium could occur
through the reduction of inflammation and oxidative stress
[38]. Magnesium has antioxidant properties that could atten-
uate detrimental effects of oxidative stress on the vasculature,
thereby preventing increased vascular tone and contractility
[39].

5. Magnesium and Vascular Function

Endothelial dysfunction refers to an imbalance in the
endothelial production of mediators that regulate vascular
tone, platelet aggregation, coagulation, and fibrinolysis.
There is a worsening in the endothelium-dependent relax-
ation, which can be caused by both loss of NO bioavailability
as changes in the production of other endothelium-derived
vasoactive substances mainly endothelin-1 and angiotensin
II.

The role of magnesium in the endothelial dysfunction
has been discussed elsewhere. Indeed, it has been reported
that magnesium modifies the vascular tone by regulating
endothelium and smooth muscle cell functions along with
an important role in the classical pathway of NO release.
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Experiments in animals have also showed increased pro-
duction of prostacyclin and NO by magnesium, promot-
ing endothelium-independent and endothelium-dependent
vasodilation [40].

The peripheral vascular resistance may be modified by
magnesium, also through the regulation of responses to
vasoactive agents, particularly angiotensin II, endothelin,
and prostacyclin. Animals deficient in magnesium have
presented high levels of endothelin-1, whose values have
been reduced after supplementation of this mineral [41].

A study that followed more than 90,000 postmenopausal
women showed that dietary magnesium intake was inversely
associated with plasma concentrations of inflammatory
markers such as interleukin-6, C-reactive protein (CRP), and
tumor necrosis factor-α [7]. This same study emphasized
that magnesium intake could improve endothelial dysfunc-
tion and inflammation and might play a role in preventing
metabolic syndrome.

There are a few studies demonstrating the relationship
between magnesium supplementation, endothelial function,
arterial stiffness, and carotid intima-media thickness. Some
reports point out beneficial effects of magnesium supple-
mentation in improving endothelial function in the brachial
artery in patients with coronary artery disease [42], heart
failure [43], and diabetes mellitus [44], while others show
favorable outcome of magnesium supplementation through
improvement of insulin sensitivity [45, 46].

6. Magnesium Supplementation

Magnesium can be supplemented in different ways, such as
oxide, hydroxide, chelate, sulfate, and citrate. Magnesium
sulfate, for example, can be used as anticonvulsant therapy in
preeclampsia due to its neuroprotective action and a possible
role in regulating vascular tone [47].

Some studies have shown blood pressure lowering after
magnesium supplementation. The administration of mag-
nesium oxide (400 mg daily) for eight weeks in patients
with hypertension can reduce blood pressure levels, and this
reduction has already been detected in office measurements
and by ambulatory blood pressure monitoring [29]. A study
of 48 subjects has demonstrated that 600 mg of magnesium
pidolate per day was able to reduce blood pressure levels in
the supplemented patients when compared to the group with
no supplementation [3]. This same dosage of supplement
was also associated with reduction of serum total cholesterol,
LDL-cholesterol, and triglycerides and improvement of
insulin resistance.

Haenni and colleagues reported positive effects of mag-
nesium supplementation in order to confirm the relationship
between the metabolism of this mineral and alteration of
endothelial function by showing increased endothelium-
dependent vasodilatation after magnesium infusion [48].
Furthermore, another study showed that chronic magnesium
supplementation was able to improve endothelial function
in patients with coronary artery disease [42]. Some positive
and negative results after magnesium supplementation are
shown in Table 1. A meta-analysis evidenced a weak causal
correlation between magnesium supplementation and blood

pressure reduction, and double-blind placebo controlled
trials are needed to determine the effect of magnesium
supplementation on cardiovascular outcomes [49].

7. Conclusions

Magnesium is a mineral with important functions in the
body, and it is important that their levels are adequate.
The conflicting results of studies evaluating the effects of
magnesium supplements on blood pressure and other car-
diovascular outcomes indicate that the action of magnesium
in the vascular system is present but not yet established.
Certainly, the lack of definitive conclusions due to hetero-
geneity of study populations with different clinical profiles
and severity of illness, lack of standardization of the type
of supplement and the dose, and, finally, very short time of
treatment, most often between one and three months, are
factors that contribute to the difficulty to achieve the primary
objectives. Based on recent studies, although we cannot make
categorical statements, it appears that magnesium is more
involved in the functional vascular changes, and also on
local metabolic stability with no influence on the vascular
structure. Therefore, further studies are needed to evaluate
the risk of magnesium deficiency and the effects to be
considered in this mineral supplementation.

Possibly the most important point is to define a more
homogeneous study population, considering the same gen-
der and age range, dosage, and type of supplement, as well
as a longer period for supplementation. After resolving these
concerns, it will be possible to clarify the role of magnesium
in the prevention and treatment of cardiovascular diseases.
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Endothelial dysfunction is one of the main characteristics of chronic hypertension and it is characterized by impaired nitric oxide
(NO) bioactivity determined by increased levels of reactive oxygen species. Endothelial function is usually evaluated by measuring
the vasodilation induced by the local NO production stimulated by external mechanical or pharmacological agent. These vascular
reactivity tests may be carried out in different models of experimental hypertension such as NO-deficient rats, spontaneously
hypertensive rats, salt-sensitive rats, and many others. Wire myograph and pressurized myograph are the principal methods used
for vascular studies. Usually, increasing concentrations of the vasodilator acetylcholine are added in cumulative manner to perform
endothelium-dependent concentration-response curves. Analysis of vascular mechanics is relevant to identify arterial stiffness.
Both endothelial dysfunction and vascular stiffness have been shown to be associated with increased cardiovascular risk.

1. Introduction

Hypertension contributes significantly to global cardiovascu-
lar morbidity and mortality. It appears to have a multifaceted
connection with endothelial dysfunction that arises before
the development of adverse cardiovascular events [1]. Hyper-
tension is associated with endothelial dysfunction in the
peripheral, coronary, and renal circulations in the majority
of studies, indicating an important mechanism whereby hy-
pertension promotes the development of vascular disease [1–
4].

The endothelium is currently recognized to be essential
for the regulation of the vascular tone and structure [5].
Functional and structural vascular changes can develop in
the presence of cardiovascular risk factors, enhancing the
process of atherosclerosis. In this situation, there is a im-
balance between endothelium-derived nitric oxide (NO) and
other vasoprotective factors. Moreover, an excessive pro-
duction of proinflammatory and vasoconstrictors substances
such as angiotensin II, endothelin 1 (ET-1), and reactive oxy-
gen species (ROS) may contribute to impairment of endothe-
lial function, increasing the peripheral vascular resistance

which contributes to blood pressure raise and cardiovascular
remodeling [6]. In fact, endothelial dysfunction is one of
the main characteristics of chronic hypertension, and it is
characterized by impaired NO bioactivity determined by
increased levels of ROS [7]. Other systems contribute to this
imbalance such as renin-angiotensin and ET-1 which may
participate in the pathogenesis of endothelial dysfunction.
Indeed, ET-1 activity is increased along with reduced bioa-
vailability of NO [8].

Endothelial dysfunction is not specific to primary hyper-
tension since it may be associated with other risk factors
and cardiovascular diseases. Furthermore, there is no cor-
relation between the severity of endothelial dysfunction and
blood pressure levels. These two considerations indicate that
blood pressure raise is not determined by impairment of
endothelial function. On the other side, it has been reported
that an impaired response to acetylcholine correlates with
carotid intima-media thickening in patients with essential
hypertension [9]. The presence of coronary endothelial dys-
function has also been associated with cardiovascular events
in longitudinal studies [10]. Therefore, further studies are
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required to ascertain a direct relationship between endothe-
lial dysfunction and cardiovascular events in patients with
essential hypertension.

2. Vascular Changes Induced by Hypertension

Primary hypertension is characterized by an increase in pe-
ripheral vascular resistance. In animal models of hyper-
tension small arteries (lumen diameter between 100 and
400 μm) develop lesions induced by hypertension, and can be
subjected to ex vivo studies [11]. The main determinant of
an increase in peripheral vascular resistance is the reduction
in lumen diameter. According to Poiseuille’s law, resistance
varies inversely with the fourth power of the blood vessel
radius. As a consequence, small reductions in vascular lumen
increase arterial resistance into a considerable extent [12].

Three important vascular components are affected by hy-
pertension: vascular structure, vascular mechanics (stiff-
ness), and vascular function [13]. Structural modifications
involve the reduction of lumen diameter and the thickening
of the vascular media, causing an increase in the media/
lumen ratio. The increase in media/lumen ratio can result
from a reduction of external diameter, causing a narrowing
of the lumen without an increase in total diameter (eutrophic
remodelling) or can occur due to media thickening (hyper-
trophic remodeling) [14].

Hypertension can also determine modifications in the
mechanical properties of an artery, promoting an increase
in vascular stiffness. These modifications can involve the ex-
pression and localization of extracellular matrix compo-
nents, such as collagen and integrins [15]. The hyperactivity
of the renin-angiotensin system is the main trigger for these
alterations. In addition, it has been previously demonstrated
that angiotensin II-induced vascular changes were at least
partially prevented by aldosterone antagonism, indicating
that some vascular actions of angiotensin II may be mediated
by aldosterone [16]. On the other hand, functional im-
pairment reflects a reduction in vasodilation induced by
nitric oxide, also called endothelium-dependent response,
measured by the acetylcholine response curve [17].

3. Pathophysiology of Endothelial Dysfunction

NO is one of the most important vasodilating substances
released by the endothelium, acting as a vasodilator and in-
hibiting growth and inflammation. Impaired endothelial
function has been directly associated with decreased bioavail-
ability of NO which can be originated mainly from oxidative
stress and inflammation [18]. In fact, C-reactive protein has
been shown to diminish endothelial NO synthase (eNOS)
[19], the enzyme that produces NO using L-arginine as sub-
strate. Moreover, both processes are connected since reactive
oxygen species (ROS) are able to upregulate intercellular
adhesion molecule1 (ICAM-1), vascular adhesion molecule1
(VCAM-1), and macrophage chemoattractant peptide1
(MCP-1) [20]. In human hypertension and in animal models
of hypertension, NAD(P)H oxidase has been demonstrated
to be the main source for oxidative excess, although other

sources, such as xanthine oxidase and mitochondria, have
also been described [21, 22]. In experimental models of
hypertension with hyperactivity of renin-angiotensin sys-
tem, such as angiotensin II-infused rats, increased ROS
are stimulated by NAD(P)H oxidase, resulting in vascular
inflammation [23]. Animal models of hyperhomocysteine-
mia have been associated with endothelial dysfunction even
with no elevation of blood pressure [24]. Mild hyperho-
mocysteinemia has also been linked to stiffer small arteries
with increased collagen deposition in the vascular wall.
These alterations may be stressed by angiotensin II-induced
hypertension [25]. This finding may explain the increased
cardiovascular risk linked to hyperhomocysteinemia.

It is well known that NO is a volatile substance, with a
very short half-life. Therefore, its bioavailability is usually
evaluated by measuring the vasodilation induced by the local
NO production stimulated by specific external mechanical
and pharmacological agent, that is, through vascular reactiv-
ity tests [26].

4. Relationship between
Macro- and Microcirculation

The main purpose of large arteries is to transport a satis-
factory blood supply from the heart to peripheral tissues. In
addition to conduit function, large arteries have a cushioning
function that consists to transform the pulsatile flow of arte-
rial vessels into the steady flow required for oxygen supply.
Interactions between macro- and microvascular changes
seem to contribute to end-organ damage in hypertension.
The properties of conduit arteries are affected by hyper-
tension resulting in reduced arterial compliance and dis-
tensibility. At the microvascular level, hypertensive disease
is characterized by eutrophic or hypertrophic remodeling
and capillary rarefaction [27]. Central pulse pressure may be
transmitted to microcirculation in circumstances where the
autoregulatory mechanisms normally protecting vital organs
are offset. In fact, a microvascular disease is commonly
observed in association with end-organ damage [28].

After ventricular ejection, blood pressure propagates
along the arterial tree as a wave. Mainly at arteriolar branch-
ing, this wave may be reflected and then becomes retrograde.
In young individuals, the wave summation takes place in
early diastole, thus improving the diastolic coronary per-
fusion without disturbing cardiac afterload. A stiffer aorta
implicates in greater pulse wave velocity, causing the reflec-
tions to occur in late systole rather than in diastole as in
healthy subjects. Under this condition, coronary perfusion is
impaired, leading to myocardial ischemia [29].

It has been hypothesized that increased arterial stiffness
of the large arteries may lead to microvascular changes due
to increased pulsatile flow. Pulse pressure and mean arterial
pressure (MAP) have been considered risk factors for car-
diovascular disease. MAP is the steady component of the
blood pressure curve and it is determined by cardiac output
and microvascular resistance. On the other hand, pulse
pressure is the pulsatile component that is determined by left
ventricular ejection, the compliance of the large arteries, and
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the intensity of wave reflections from the microcirculation
[30].

The relationship between endothelial function and vas-
cular stiffness is still controversial. Witte et al. showed that
forearm flow-mediated dilation (FMD) responses were af-
fected by arterial stiffness [31]. In addition, Parvathaneni
et al. showed a linear correlation between FMD responses
and both small and large arterial stiffness [32]. On the other
hand, neither large nor small arterial stiffness was considered
viable indicators of endothelial or microcirculatory reactivity
in healthy young males [33].

5. Principal Models of
Experimental Hypertension

Chronic inhibition of NO synthase by NG-nitro-L-arginine
methyl ester (L-NAME) in adult rats produces endothelial
dysfunction with increase of vascular responsiveness to
adrenergic stimuli associated with perivascular inflammation
[27]. Vascular remodeling, renin-angiotensin system, sympa-
thetic nervous system, and endothelium-derived constricting
factors (EDCF) also play a role in L-NAME-induced hyper-
tension [28, 29]. Obviously, reduced NO synthesis is the
main mechanism for the blood pressure elevation induced
by L-NAME. Interestingly, continuation of L-NAME admin-
istration from 4 to 8 weeks further increases blood pres-
sure, but not enhancing the impairment of endothelium-
dependent relaxation. It has been recently reported that, after
4 weeks of L-NAME treatment, endothelial NO synthase
(eNOS) expression in the heart was significantly increased
and this increase was amplified after 7 weeks of treat-
ment [30]. This finding suggests that the upregulation of
eNOS protein expression represents one of counterregula-
tory mechanisms activated to compensate the blood pressure
raise. Impairment of NO signaling has been improved after
the cessation of L-NAME administration. However, persist-
ing arterial structural alterations and enhanced EDCF forma-
tion may decelerate blood pressure reduction even after the
restoration of NO synthase activity [29].

Spontaneously hypertensive rats (SHR) seem to be the
experimental model most similar to the human primary
hypertension. The involvement of NO for blood pres-
sure elevation in these animals is still controversial. Notably,
endothelium-dependent dilation is preserved in the prehy-
pertensive and early hypertensive stages of SHR [31]. More-
over, impaired endothelium-dependent relaxation was not
found in rats with borderline hypertension. This has been
supported by the finding that their aortic NO production was
even elevated in comparison with normotensive rats [32].

The increased sympathetic activity contributes to endo-
thelial dysfunction and blood pressure elevation in SHR. It
has been shown that NO counterbalances angiotensin II
effects on sympathetic stimulation [33]. It has been recently
demonstrated that inhibition of angiotensin converting
enzyme lowers blood pressure in SHR by attenuating sym-
pathetic tone [34].

The cause for impairment of endothelial function in hy-
pertension is not completely elucidated. When compar-
ing SHR with NO-deficient rats, it has been shown that

alterations in the vascular wall in both groups of animals
but the endothelium-dependent dilation in aorta is clearly
reduced in NO-deficient rats while relatively preserved in
SHR [35]. This finding indicates that endothelial dysfunction
in hypertension is not related to vascular structural changes.

In salt-dependent hypertension, the reduction of NO
bioavailability caused by increased ROS levels seems to play
a significant role in the pathogenesis of blood pressure eleva-
tion and endothelial dysfunction [36]. Renal hemodynamics
may be changed by local oxidative stress resulting in sodium
retention [37]. Particularly, renin-angiotensin system does
not contribute to hypertension in this experimental model.
On the other hand, sympathetic hyperactivity has been
shown in salt-hypertensive Dahl rats leading to vasoconstric-
tion which becomes superior to NO-dependent vasodilation
[38].

6. Vascular Reactivity by Wire Myograph

In some experimental studies, an artery can be dissected,
immediately immersed in cold physiological salt solution
(PSS), and cleaned of adipose or connective tissue to be
mounted as ring-shaped preparations in the small vessel wire
myograph. Two 40 μm stainless steel wires are passed through
the lumen of the vessel, and mounted in the jaws of the
wire myograph. After 30 min equilibration in oxygenated
(5% CO2, 95% O2 mixture) PSS, a standardized computer-
assisted normalization procedure is performed to set the pre-
tension of the arteries. This defines the lumen diameter that
the artery would have had in vivo when relaxed and under
a transmural pressure of 100 mmHg. The arteries were then
set to the lumen diameter of 90% of the normalized inner
diameter when active force development was maximal [39].

Before the start of measurements, the vessels are allowed
to stabilize in PSS for 30 minutes. After preconstriction
with noradrenaline addition, the arterial contraction reaches
a steady state. Thus, increasing concentrations of the va-
sodilator acetylcholine are added in cumulative manner
to perform endothelium-dependent concentration-response
curves [40]. There are many agents, such as histamine, brad-
ykinin, ATP, and serotonin, which produce arterial relaxation
either by direct action on the smooth muscle cell or by
indirect action mediated by activation of endothelial recep-
tors. However, acetylcholine is the more commonly used
substance to activate endothelial receptors in this setting.

7. Vascular Studies Using
Pressurized Myography

7.1. Preparing Vessels for Functional Studies. A technique that
provides important information about structural, mechani-
cal, and functional properties in small vessels is the pressur-
ized myography (Figure 1). This method offers advantages
for the analysis of structural features compared to conven-
tional histology techniques, because it observes the vessel in
ex vivo preparation, without the artefacts induced by tissue
fixation [41]. In the pressurized myograph, the vessel is
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3rd branch

45 mmHg

Figure 1: The third branch of mesenteric vessels to be dissected
and mounted in a pressurized myograph in rat studies. The vessel
is attached to micropipettes, connected to transducers keeping
45 mmHg as a fixed intraluminal pressure for functional studies.

dissected and cannulated in both ends with micropippetes
that are connected to intraluminal pressure transducers,
allowing pressure control. The perfusion chamber where the
vessel is immersed is supplied with a perfusion system that
keeps changing a physiological solution continuously. This
allows the infusion of pharmaceuticals with different concen-
trations for the evaluation of vascular diameter, indicating
its functional properties. The vessel image is obtained with
the aid of optic microscopy, recorded by a video camera
and exposed in a video monitor. This image is analysed for
the determination of wall thickness and vascular diameter
[42, 43].

7.2. Evaluation of Structural Changes. From data obtained
with the pressurized myograph, we can gather information
about arterial structure, employing formulas that take into
account the cylindrical geometry of the vessel [44]. As a
result, when we apply to the vessel a constant intraluminal
pressure of 45 mmHg, the media cross-sectional area (CSA)
is obtained subtracting the external from the internal vascu-
lar transversal area:

CSA =
[(

π

4

)(
D2

e − D2
i

)]
, (1)

where De and Di are the external and internal diameters,
respectively. It is also possible to adjust intraluminal pressure,
in order to observe the variations in the external diameter of
the vessel, which correspond to the extent of vascular stiff-
ness.

7.3. Vascular Mechanics. In vascular mechanics evaluation,
resistance arteries must be previously deactivated by extra-
luminal perfusion with calcium-free PSS for 30 min in order
to eliminate any myogenic tone. Intraluminal pressure is then
increased to 140 mmHg three times, and the cannula must be

adjusted until the artery walls are straight and parallel to each
other. A servo-controlled pump is used to increase intralu-
minal pressure in increments of 10 mmHg until a pressure
of 40 mmHg is achieved, and then in 20 mmHg increments
until a pressure of 140 mmHg is reached. Media thickness
and lumen diameter must be assessed at each pressure level
at different points along the vessel, and the average is used
in subsequent calculations. The initial diameter is measured
at 3 mmHg unless the vessel collapses. In these cases, lumen
diameter has to be estimated by fitting the intraluminal
pressure-lumen diameter data with a third-order polynomial
equation. The incremental distensibility is the percentage of
change in lumen diameter (ΔD/D) for a given change in
intraluminal pressure (ΔP):

Incremental distensibility =
(

1
ΔP

)
×
(
ΔD

D

)
× 100. (2)

Circunferencial strain (ε) is calculated as ε = (D − D0)/
D0, where D is the lumen diameter observed in a given intra-
luminal pressure andD0 corresponds to the original diameter
or estimated with intraluminal pressure of 3 mmHg. The cir-
cumferential stress (σ) is calculated as σ = (PD)/2M, where
P is intraluminal pressure, D and M are luminal diameter
and media thickness, respectively. Pressure is converted from
mmHg to dyn/cm2 (1 mmHg = 1,334 × 103 dyn/cm2).

8. Conclusions

In conclusion, although not specific to hypertension, en-
dothelial dysfunction frequently develops in hypertensive
animals. The reduction of NO bioavailability caused by in-
creased ROS is the main mechanism involved in the patho-
genesis of endothelial dysfunction. Nevertheless, hyperac-
tivity of renin-angiotensin system, endothelin, sympathetic
activation, and inflammation may also contribute to oxida-
tive stress and endothelial dysfunction. The participation of
these systems may vary in different animal models of hyper-
tension. Wire myograph and pressurized myograph are the
key methods for vascular evaluation in the experimental
setting. Along with endothelial function evaluation, analysis
of vascular mechanics is relevant to identify arterial stiffness
which appears to be associated with cardiovascular events.
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