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RESUMO

DeÞnição de hipertensão: o impacto do 

número de visitas por medição de pressão 

arterial.

Introdução: O diagnóstico de hipertensão deve 
basear-se em múltiplas medições de pressão 
arterial (PA), obtidas em, pelo menos, duas 
visitas diferentes. Pretendemos avaliar e 
quantiÞcar o impacto causado pela utilização 
de diferentes critérios para a deÞnição de 
hipertensão, baseado no número de visitas 
para medição da PA, na estimativa de 
prevalência de hipertensão, no conhecimento, 
tratamento e controlo e na associação da 
hipertensão com duas variáveis com que 
está comprovadamente associada: o índice 
de massa corporal e a hipertroÞa ventricular 
esquerda.Material e Métodos: Os dados da amostra 
foram recolhidos num estudo transversal 
com 739 participantes, com idade   45 anos, 
seleccionados de forma aleatória de uma 
população Portuguesa, não institucionalizada, 
de Janeiro de 2001 a Dezembro de 2003. 
As principais medidas a estudar eram a 
prevalência de hipertensão (PA sistólica  140 
mmHg e/ou PA diastólica  90 mmHg ou 
medicação com fármacos antihipertensores) 
baseada nas medições de PA numa primeira 
visita, numa segunda visita e cumprindo os 
mesmos critérios nas duas visitas. Resultados: A estimativa de prevalência de 
hipertensão era 63.4% (95%CI:59.8-66.9) 
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deÞnition of hypertension, based on number 

of visits for blood pressure measurement, 
on estimates of hypertension prevalence, 
awareness, treatment and control, and on 

its association with two variables deÞnitely 
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implementation of this recommendation is very 
difÞcult in large epidemiological studies, and the 
deÞnition of hypertension relies on only one or 
two readings at a single visit in most population 
surveys(5). This can lead to an overestimation of 
the prevalence of hypertension and consequently 
underestimation of awareness and treatment(3,6-8). 
Many factors can inßuence this overestimation, 
of which the major ones are within-person 

INTRODUCTION

Blood pressure (BP) is characterized by 
considerable variation within and between 

days(1-3). Both the JNC 7 recommendations(4) 
and ESH/ESC guidelines(1) recommend that the 
diagnosis of hypertension (HTN) should be based 
on the mean of two or more properly measured BP 
readings on each of two or more visits. However, 

treatment and control changed from 60.2% to 
64.4%, 53.1% to 59.8% and 24.9% to 22.0%, 
respectively, when using information from the 

Þrst or both visits. All three different estimates 
of hypertension prevalence have a similar 

strong and independent association with body 
mass index (OR=2.71 for body mass index 
 30 with HTN

Final
) and with left ventricular 

hypertrophy (OR=3.21 for HTN
Final

  with left 
ventricular hypertrophy).Discussion and Conclusions: In many 

individuals labeled as hypertensive on a 
single evaluation, hypertension was not 
conÞrmed on reassessment, leading to a 

signiÞcant overestimation of 12.6% of the 
true prevalence. For this reason BP should 

be measured on at least two ofÞce visits both 
for clinical purposes and in epidemiological 

studies. On the other hand, this did not reßect 
on the association between hypertension 
and body mass index or left ventricular 

hypertrophy, suggesting that unconÞrmed cases 
do not necessarily imply misclassiÞcation.

Key words
Hypertension; Blood pressure; Prevalence; Awareness; 

Treatment; Control; Measurement; Estimation; 

Body mass index; Left ventricular hypertrophy.

usando as medições de PA da primeira visita 
(HTA

1
) e era 60.2% (95%CI:56.6-63.8) 

usando as medições de PA da segunda visita 
(HTA

2
). Usando critério das duas visitas a 

estimativa de prevalência de hipertensão 
(HTA

Final
) era 56.3% (95%CI: 52.7-60.0), p 

(McNemar) <0.001, entre HTA
1
 e HTA

Final
  

e entre HTA
2
 e HTA

Final
. O conhecimento, 

tratamento e controlo da hipertensão 
variou de 60.2% para 64.4%, 53.1% para 
59.8% e 24.9% para 22.0%, usando a 
informação de uma visita ou das duas visitas, 
respectivamente. Ambas as estimativas 
tinham uma associação forte e independente 
com o índice de massa corporal (OR=2,71 
para o índice de massa corporal   30 kg/m2 
com HTA

Final
) e com a hipertroÞa ventricular 

esquerda (OR=3,21 para a HTA
Final 

com a 
hipertroÞa ventricular esquerda). Discussão e Conclusão: Em muitos indivíduos 
considerados hipertensos numa avaliação 
única, a hipertensão não se conÞrmou na 
segunda avaliação, sobrestimando a sua 
prevalência, signiÞcativamente, em 12,6%. 
Por este motivo a medição de PA deve ser feita 
sempre em pelo menos duas visitas diferentes, 
quer com objectivos clínicos, quer em estudos 
epidemiológicos. No entanto, este facto não 
se reßectiu na associação entre hipertensão 
e o índice de massa corporal ou a hipertroÞa 
ventricular esquerda, sugerindo que a não 
conÞrmação da hipertensão numa segunda 
avaliação pode não implicar necessariamente 
uma classiÞcação errada.
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committee approved the study and participants 
provided written informed consent.

Data collection

The participants were evaluated twice, 
Þrst with a general interview and then in a 
speciÞc medical examination, with a median 
(interquartile range) interval between the two 
evaluations of 14 (6-35) days. Blood pressure 
was measured on both occasions.

Trained interviewers (technicians) collected 
data using a structured questionnaire and 
measured BP on the Þrst visit in the morning, 
after the early-morning period and 12-hour 
overnight fast. The interviewers participated in 
repeated special training and retraining sessions 
on the use of a standardized BP measurement 
protocol using a mercury sphygmomanometer. 
Participants were instructed to take their 
medication and not to take alcohol, tea or 
coffee or to smoke or exercise within the 30 
minutes preceding the measurement. Two 
BP measurements, separated by at least 5 
minutes, were taken in an ofÞce, with a mercury 
sphygmomanometer, after a 10-minute rest in a 
quiet room, with no tight clothing, on the right 
upper arm, in a sitting position with the cuff 
at heart level. A standard bladder (12-13 cm 
long and 35 wide) was used but a larger and a 
smaller bladder were available for fat and thin 
arms respectively. The mean was considered and 
when the difference was larger than 5 mmHg for 
systolic or diastolic BP a third measurement was 
taken and the mean of the two closest values 
was registered. Korotkoff sounds were used to 
identify systolic BP, the point at which the Þrst 
of two or more sounds is heard (phase 1) and 
diastolic BP, the point before the disappearance 
of sounds (phase 5). All participants had an 
anthropometric evaluation.

A few days after the Þrst interview a second 
assessment by a physician took place in the 
afternoon (second visit). It consisted of a 
structured clinical interview, a cardiovascular 
physical examination and a transthoracic 
echocardiogram. Blood pressure was measured 
according to the same protocol and physicians 
attended the same training sessions on the use of 
a standardized BP measurement protocol using 
a mercury sphygmomanometer. The devices 
were the same on both occasions and were 
periodically checked for technical problems. 

variability(2,9), regression to the mean(8) and the 
“white-coat” effect(9,10).

In Portugal, the prevalence of hyper tension(11) 
and incidence of stroke are high compared 
with other western European countries(12). 
The incidence of transient ischemic attacks 
in Northern Portugal ranks among the highest 
reported in community-based studies(12). The 
accuracy of hypertension prevalence estimates 
is essential for decisions on intervention policy 
and to evaluate the success of community control 
of hypertension.

Prospective cohort studies as well as 
national surveys have shown that overweight/
obese individuals have an increased risk of 
hypertension(13) and that hypertension is a major 
risk factor for both left ventricular hypertrophy 
(LVH)(14) and cardiovascular disease(15). As the 
association between overweight/obesity and 
hypertension and hypertension and LVH is 
consistently established, we can use this premise 
to evaluate different criteria for a deÞnition of 
hypertension. The best hypertension deÞnition 
should maximize the association with these 
variables.

We aimed to assess the impact of considering 
two criteria for a hypertension deÞnition, based 
on BP measurements on one or two separate 
occasions, in an ofÞce environment, on the 
estimate of hypertension prevalence and on levels 
of awareness, treatment and control. Secondarily, 
we aimed to assess the inßuence of the deÞnition 
of hypertension on its association with body mass 
index (BMI) and LVH, two variables deÞnitely 
related to hypertension.

METHODS

Study Sample

As part of a cross-sectional health survey, a 
representative sample of the non-institutionalized 
adult population of Porto, Portugal, was selected 
by random digit dialing. A detailed description 
of the study has been published(16). Within this 
sample, 739 consecutive participants aged  45 
years, recruited from January 2001 to December 
2003, were included in a speciÞc research 
project, aiming to measure the prevalence of 
heart failure in this population(17).

The investigation conforms to the principles 
in the Declaration of Helsinki. The local ethics 
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normally distributed quantitative variables and 
proportions for categorical variables. Proportions 
in independent samples were compared using 
the chi-square test. Paired proportions were 
compared using the McNemar test.

Multivariate logistic regression was used to 
assess the association between BMI and HTN 
(HTN

1
, HTN

2
 and HTN

Final
) and between HTN 

(HTN
1
, HTN

2
 and HTN

Final
) and LVH, with HTN 

and LVH as dependent variables, respectively. 
Results are presented as odds ratios (OR) and 
95% conÞdence intervals (95% CI). BMI was 
modeled as a categorical variable, using normal 
weight (18.5-24.9 kg/m2) as reference, adjusted 
for gender and education. LVH was modeled as a 
dichotomous variable adjusted for age and BMI.

We also compared the age- and gender-
adjusted prevalence of LVH, stratiÞed by BMI 
class, in three groups: without hypertension on 
either visit (no HTN), with hypertension only 
on the Þrst visit (unconÞrmed HTN) and with 
hypertension on both visits (conÞrmed HTN).

All recorded data were analyzed using 
Statistical Package for Social Sciences version 
14.0 (SPSS Inc, Chicago, Ill).

RESULTS

The sample characteristics are presented in Table I. The sample included 296 men and 443 
women, whose mean (standard deviation) age 
was 63 (11) and 61 (10) years respectively.

Table I. Characteristics of the 739 study sample participants.
Women, n (%) 443 (59.9%)

Age (years), mean (SD) 62 (11)

Education (years), median (IQ) 4 (4 -11)

Body mass index (kg/m2), mean 28.0 (4.4)

Participants under drug treatment 247 (33%)

Left ventricular hypertrophy, n (%) 187 (25.9%)
IQ: interquartile range; SD: standard deviation

The prevalence of hypertension (HTN
1
) was 

63.4% (95% CI: 59.8-66.9) when using BP 
measurements from the Þrst visit and 60.2% 
(56.6-63.8) when using BP measurements from 
the second visit (HTN

2
). If measurements from 

both visits were used (HTN
Final

) the estimated 
hypertension prevalence was 56.3% (52.7-
60.0), p (McNemar test) <0.001 between HTN

1
 

and HTN
Final

, and between HTN
2
 and HTN

Final
 

Echocardiograms were performed by four 
cardiologists using the same equipment (HP 
Sonos 5500). Measurements of wall thickness 
and chamber dimension were obtained according 
to the Penn convention(18).

DeÞnitions

Hypertension was deÞned as systolic BP 
 140 mmHg and/or diastolic BP  90 mmHg 
and/or current antihypertensive drug therapy.

We used different criteria to estimate the 
prevalence of hypertension: one was based on 
the mean of BP measurements on the Þrst visit 
(HTN

1
), another was based on the mean of BP 

measurements on the second visit (HTN
2
), and 

a third estimate was based on fulÞlling the same 
criteria of hypertension on both visits (HTN

Final
). 

Treatment of hypertension, deÞned as current use 
of antihypertensive drug therapy, was determined 
by review of all medication taken. Awareness of 
hypertension was deÞned as answering “yes” 
to the question: “Have you ever been told by 
a doctor that you have high BP?”. Control was 
deÞned as the proportion of subjects under 
antihypertensive drug therapy with systolic BP 
<140 mmHg and diastolic BP <90 mmHg. When 
hypertension was deÞned using the criteria 
based on two evaluations, control was deÞned as 
systolic BP <140 mmHg and diastolic BP < 90 
mmHg in both evaluations.

BMI was calculated as weight (kilograms) 
divided by the square of height (meters) and 
categorized according to the World Health 
Organization criteria(21): underweight: <18.5 kg/
m2; normal weight: 18.5-24.9 kg/m2; overweight; 
25.0-29.9 kg/m2; obese:  30 kg/m2.

Left ventricular mass (LVM) was calculated 
by the equation 1.04 [(interventricular septum 
wall thickness + end-diastolic left ventricular 
internal diameter + posterior wall thickness)3 - 
(end-diastolic left ventricular internal diameter)3] 
- 13.6(18) using wall thickness and chamber 
dimensions measured by echocardiography, 
and normalized to body surface area. LVH was 
considered to exist when the LVM index was 
equal to or exceeded 125 g/m2 in men and 110 g/
m2 in women(1).

Statistical analysis

Data are expressed as means (standard 
deviation) for normally distributed quantitative 
variables, medians (interquartile range) for non-
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portion of awareness and treatment, whereas the 
proportion of control decreased.

There was a positive association between 
HTN and male gender, age, BMI and LVH and 
a negative association with education (Table III). 
BMI was associated with gender and education. 
Therefore, gender and education were considered 
possible confounders of the association between 
BMI and HTN. The magnitude of the associations 
between overweight/obesity and hypertension 
according to different deÞnitions (HTN

1
, HTN

2
 

and HTN
Final

) was similar, and this association 
was independent of gender and education (Table IV).

There was no signiÞcant difference between 
the association of hypertension according to 
different deÞnitions (HTN

1
, HTN

2
 and HTN

Final
) 

and LVH. This association was independent of 
age and BMI (Table V). When treated individuals 
were excluded, this association was unchanged.

 

Figure 2. Comparison of proportion of subjects with confirmed hypertension according to JNC 7 hypertension categories on each individual visit

Table II. Comparison of the estimates of hypertension prevalence, awareness, treatment and control according to the different definitions used (HTN1, HTN2 and HTNFinal).
 

HTN
1

HTN
2

HTN
Final

p* p**

Hypertension 63.4% 60.2% 56.3% <0.001 <0.001

Awareness 60.2% 60.7% 64.4% 0.02 0.02

Treatment 53.1% 55.5% 59.8% 0.05 0.02

Control 24.9% 37.4% 22.0% 0.03 <0.001

*Comparison between HTN1 and HTNFinal using the McNemar test.
**Comparison between HTN2 and HTNFinal using the McNemar test.

(Table II). The relative overestimation on the Þrst 
visit corresponds to 12.6% of the true prevalence 
(taken as HTN

Final
).

Two hundred and forty-seven individuals 
were under antihypertensive drug treatment. 
Excluding subjects under antihypertensive 
drug treatment and estimating hypertension 
prevalence based only on BP measurements, the 
prevalence was 44.9% (40.4-49.4) on the Þrst 
visit, 40.0% (35.9-44.7) on the second visit and 
34.2% (29.9-38.6) if measurements from both 
visits were used (HTN

Final
), with p (McNemar test) 

<0.001 between HTN
1
 and HTN

Final
 and between 

HTN
2
 and HTN

Final
.

 

Figure 1. Comparison of BP categories, according to JNC 7, on the first and second visits, excluding subjects under antihypertensive drug therapy.

Figure 1 presents the distribution by JNC 7 
categories of BP, according to the Þrst evaluation 
and to the second evaluation, excluding subjects 
under antihypertensive drug therapy.

On the Þrst visit, the prevalence of stage 1 
and stage 2 hypertension was higher than on 
the second visit (p<0.001, comparing JNC 7 
categories between the Þrst and second visits). 
Among subjects with stage 1 and stage 2 
hypertension on the Þrst visit, 32.8% and 11.2% 
respectively did not fulÞl criteria for a diagnosis 
of hypertension on reassessment (p<0.001, 
comparing hypertension categories between 
HTN

1
 and HTN

Final
). On the second visit these 

proportions were 19.3% and 6.6% respectively 
(p=0.03, comparing hypertension categories 
between HTN

2
 and HTN

Final
) (Figure 2).Table II also displays the estimated proportion 

of awareness, treatment and control according to 
criteria based on one or two visits. Considering 
data from two evaluations increased the pro-
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 Figure 3. Left ventricular hypertrophy (LVH) prevalence, adjusted for gender and age, by body mass index (BMI) class, in three groups: without hypertension on either visit (no HTN), with hypertension only on the first visit (unconfirmed HTN) and with hypertension on both visits (confirmed HTN).

DISCUSSION

The estimated hypertension prevalence 
was signiÞcantly different when based on BP 
measurements on the Þrst (HTN

1
) or second 

visit (HTN
2
) than based on fulÞlling the same 

criteria of hypertension on both visits (HTN
Final

). 
This study adds to previous published studies 
a quantitative assessment of the magnitude of 
overestimation, which corresponds to 12.6% 
of the true hypertension prevalence (taken as 
HTN

Final
).

Several studies have been conducted world-
wide to estimate the prevalence of hypertension 
in adult populations(5). In almost all studies 
the BP measurement methods included a 
number of different measurements in just one 
evaluation, despite the universal consensus 
on the limitations of this option. The National 
Health and Nutrition Examination Survey 
(NHANES) III(5), the Canadian Heart Health 
Survey (CHHS)(5), the cohort study Incidence of 
Arterial Hypertension in the Working population 
Antillo-Guyanaise (INHAPAG)(19) and Arterial 
Hypertension in Poland Plus Lipid Disorders 
and Diabetes (NATPOL PLUS)(20) are exceptions. 
Comparing the prevalence of hypertension 
between studies from North America (Canada 
and the USA), in which two visits were used, and 
Europe (UK, Finland, Spain, Germany, Sweden 
and Italy), in which one visit was used(21), the 
mean prevalence in Europe (44.2%) was much 
higher than in North America (27.6%). Ignoring 
the difference in hypertension deÞnition criteria 

Table III. Crude odds ratios (95% CI) quantifying the association between sociodemographic variables, body mass index (BMI) and left ventricular hypertrophy (LVH) with hypertension according to different definitions(HTN1, HTN2 and HTNFinal).
HTN

1
HTN

2
HTN

Final

Male 1.40 
(1.02-1.91)

1.29 
(0.95-1.75)

1.33 
(0.95-1.79)

Age (years) 1.07 
(1.06-1.09)

1.08 
(1.06-1.10)

1.09 
(1.06-1.09)

Education 

(years)

0.92 
(0.89-0.95)

0.92 
(0.89-0.95)

0.92 
(0.89-0.95)

BMI

<25 kg/m2 1 1 1

25-29.9 kg/m2 1.98 
(1.38-2.86)

1.47 
(1.03-2.11)

2.01 
(1.39-2.89)

 30 kg/m2 3.57 
(2.29-5.51)

2.76 
(1.79-4.25)

3.42 
(2.23-5.24)

LVH 4.11 
(2.68-6.29)

3.91 
(2.65-5.86)

4.15 
(2.81-6.14)

Table IV. Odds ratios (95% CI) estimating the association between body mass index (BMI) and hypertension according to different definitions (HTN1, HTN2 and HTNFinal), adjusted for gender and education (years). 
HTN

1
HTN

2
HTN

Final

BMI

<25 kg/m2 1 1 1

25-29.9 kg/m2 1.88 
(1.29-2.74)

1.36 
(0.94-1.97)

1.89 
(1.30-2.75)

 30 kg/m2 3.40 
(2.14-5.40)

2.51 
(1.60-3.93)

3.21 
(2.06-5.01)

Male gender
1.79 

(1.28-2.51)
1.61 

(1.17-2.23)
1.68 

(1.21-2.31)

Education 
0.92 

(0.89-0.96)
0.92 

(0.89-0.95)
0.92 

(0.90-0.98)

Table V. Odds ratios (95% CI) that estimate the association between hypertension by different definitions (HTN1,HTN2 and HTNFinal) and left ventricular hypertrophy (LVH) adjusted for age (years) and body mass index (BMI).
LVH LVH LVH

HTN
1

2.64 
(1.68-4.15)

HTN
2

2.49 
(1.62-3.84)

HTN
Final

2.71 
(1.79-4.11)

BMI
1.06 

(1.01-1.20)
BMI

1.06 
(1.02-1.10)

BMI
1.06 

(1.01-1.10)

Age
1.06 

(1.04-1.07)
Age

1.06 
(1.04-1.07)

Age
1.06 

(1.04-1.07)

Figure 3 depicts the age and gender-adjusted 
prevalence of LVH in nine groups resulting from 
cross-classiÞcation by BMI and no hypertension, 
unconÞrmed hypertension and conÞrmed 
hypertension. LVH was almost nonexistent in 
normal-weight subjects without hypertension. 
On the other hand, in subjects with unconÞrmed 
hypertension, LVH prevalence was closer to that 
of subjects with conÞrmed hypertension.
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estimated based on two BP evaluations, 
hypertension control was deÞned as systolic 
BP <140 mmHg and diastolic BP <90 mmHg 
in both evaluations. The results suggest that 
caution should be used in attributing differences 
in estimates of prevalence and control of 
hypertension to regional variation. The various 
deÞnitions of control in different studies and 
some confusion regarding the criteria used to 
identify an individual with hypertension under 
control make comparisons difÞcult(6).

The estimated hypertension prevalence was 
signiÞcantly different between deÞnitions but 
this had no impact on the association between 
BMI and hypertension or between hypertension 
and LVH. All the estimates of hypertension 
prevalence had a strong and independent 
association with LVH, and we can conclude that 
a single high BP measurement, although with 
high variability, may be associated with LVH. 
Elevated casual BP can be predictive of later 
hypertension(23) and the positive predictive value 
of BP estimation is highest in older age groups(24). 
LVM and relative wall thickness are more closely 
related to 24-h ambulatory BP than to casual 
BP measurement, but white-coat hypertension 
is also associated with LVM and LVH(25) and 
should not be considered a benign condition. 
So, an abnormal high BP measurement, in an 
individual aged 45 years or older, should be 
subject to careful follow-up, since LVH is an 
independent predictive factor of cardiovascular 
disease and death(26-28).

The combination of obesity and hypertension 
is more consistently associated with LVH than 
either stimulus alone(29). This is clearly de-
monstrated in Figure 3, in which the highest pre-
valence of LVH is observed among over weight/
obese subjects with conÞrmed hypertension.

This study has two main limitations: 
intrasubject and interobserver variations that 
could explain part of the observed difference. 
First, we cannot exclude the possibility that 
some of the observed difference is explained 
simply by the fact that the Þrst visit occurred 
in the morning and the second in the afternoon. 
Blood pressure usually follows a reproducible 
circadian pattern, characterized by low levels 
during sleep and a rapid increase during the 
early-morning period (10), but this has a limited 
reproducibility in the general population as well 
as across different age and gender subgroups(30). 

might have caused overestimation of hypertension 
prevalence in Europe.

In our study, as in others(6-8), the average BP in 
the second clinic evaluation was lower than in the 
Þrst. This decline mainly reßects the statistical 
phenomenon of regression to the mean and the 
so-called “white-coat” effect. When hypertension 
is deÞned as a dichotomous variable, as is usual 
in estimating hypertension prevalence, the 
cut-off point for hypertension is higher than 
the mean BP. Regression to the mean will lead 
to a reduction in the proportion of individuals 
above this point, and therefore a reduction in 
hypertension prevalence. It is unlikely that in 
our study this decrease is explained by changes 
in lifestyles by participating in the study, due to 
the short interval between visits.

Bovet et al.(8), in a study conducted in Dar es 
Salaam, Tanzania, showed that the BP decrease 
was large between the Þrst and the second visit but 
small between additional visits, and concluded 
that the prevalence of high BP based on repeated 
readings at a second visit will estimate the true 
prevalence in the population fairly well. Based 
on this observation, some authors rely on just 
the second visit to calculate hypertension 
prevalence(22) to minimize overestimation. We 
found, as far as we know for the Þrst time, that the 
estimate of hypertension prevalence is even lower 
if the same criteria for a deÞnition of hypertension 
in two different evaluations are combined than if 
data only from the second evaluation are used. For 
a diagnosis of clinically relevant hypertension, as 
in randomized controlled trials, the usual criteria 
for hypertension deÞnition involve demonstration 
that BP elevation persists over several visits, but 
in community studies, with more than one visit, 
the deÞnition hypertension is usually based on 
the mean of the measurements(5,6).

Approximately two thirds of subjects who were 
considered hypertensive in one evaluation but 
not conÞrmed upon reassessment were included 
in JNC 7 stage 1. As expected, the majority of 
individuals misclassiÞed as hypertensive were in 
less severe stages.

When hypertension was deÞned using BP 
measurements from two visits, the estimated 
proportion of awareness and treatment increased, 
due to the decrease in the denominator. The level 
of control did not increase as in other studies(7,19), 
due to different criteria to deÞne hypertension 
control. When hypertension prevalence was 
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CONCLUSION

In conclusion, the prevalence of hypertension 
based on a single evaluation was overestimated 
by 12.6%, compared with estimates based on 
two evaluations. This strongly corroborates the 
recommendation that BP should be measured in 
at least two ofÞce evaluations both for clinical 
purposes and in epidemiological studies. Despite 
the signiÞcant difference in prevalence when 
using different hypertension deÞnitions, this 
had no impact on the association between BMI 
and hypertension and between hypertension 
and LVH. Both had a strong and independent 
association with hypertension whichever 
deÞnition was used, which suggests that the 
apparent overestimation in prevalence may not 
represent misclassiÞcation in populations older 
than 45 years. A single high BP measurement, in 
an individual older than 45, was associated with 
LVH, even if hypertension was not conÞrmed in 
a second assessment.
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Moreover, no signiÞcant differences have been 
reported between BP measurements during the 
morning (after the early-morning period) and in 
the afternoon. Second, physicians are known to 
record higher BP values than nurses, medical 
assistants or technicians(10). It might be argued 
that the decline in hypertension prevalence on 
the second visit shown in this study could have 
been larger if the same observer had taken 
blood pressure measurements on both visits. 
Third, observer error is a major limitation of 
the auscultatory method. At the time the survey 
was conducted the mercury sphygmomanometer 
was regarded as the gold standard for clinical 
and epidemiological measurement of blood 
pressure, as aneroid and oscillometric devices 
had not been accepted as being as accurate as 
mercury devices. Although the latter have the 
advantage of easy measurement with a simple 
device, the discrimination of Korotkoff sounds 
varies between observers. Other problems with 
this method include the auditory acuity of the 
observer, inappropriately rapid cuff deßation rate 
often seen in busy mass screening and routine 
medical practice, operator bias for BP values, 
and digit preference(9).

Our results have major implications regarding 
study design and the interpretation of estimates 
of prevalence, awareness, treatment and control 
of hypertension. Disregarding the white-coat 
effect, regression to the mean and within-person 
variability of blood pressure, and relying on 
few BP measurements, leads to erroneous 
conclu sions about the prevalence and level of 
awareness, treatment and control of hypertension 
in the population. From a clinical and epidemio-
lo gical perspective, substantial intra-individual 
variability of BP warrants multiple BP readings 
over several visits. To minimize the difÞculties of 
a strategy based on two separate visits, repeated 
BP measurements could be obtained in random 
sub-samples of population under study and 
appropriate adjustments performed accordingly. 
Additionally, for correct interpretation of survey 
results, authors need to provide clearer statements 
of the deÞnitions employed, as different criteria 
for the deÞnition of hypertension give different 
estimates of hypertension prevalence.



783

Daniela Figueiredo et al.

Rev Port Cardiol 2009; 28:775-83

16. Santos AC, Barros H. Prevalence and determinants of 
obesity in an urban sample of Portuguese adults. Public Health 
2003; 117:430-437.

17. Azevedo A, Bettencourt P, Dias P, Abreu-Lima C, Hense 
HW, Barros H. Population based study on the prevalence of the 
stages of heart failure. Heart 2006; 92:1161-1163.

18. Devereux RB, Reichek N. Echocardiographic determination 
of left ventricular mass in man. Anatomic validation of the 
method. Circulation. 1977; 55:613–618.

19. Inamo J, Malfatti S, Lang T, Atallah A, Inamo A, Larabi L 
et al. Hypertension artérielle aux Antilles: différences liées au 
sexe. Arch Mal Cœur Vaiss 2005; 98:845-849.

20. T Zdrojewski, Szpakowski P, Bandosz P, Pajak A, Wiecek A, 
Krupa-Wojciechowska B et al. Arterial hypertension in Poland 
in 2002. J Hum Hypertens 2004; 18:557–562.

21. Wolf-Maier K, Cooper RS, Gampaoci S, Hense HW, Joffers 
M, Banegas JR et al. Hypertension prevalence and blood 
pressure levels in 6 European countries, Canada, and the United 
States. JAMA 2003; 289:2363–2369.

22. Stergiou GS, Thomopoulou GC, Skeva II, Mountokalakis TD. 
Prevalence, awareness, treatment, and control of hypertension in 
Greece: the Didima study. Am J Hyperten 1999; 12:959-965.

23. Reeves, RA. Does this patient have hypertension? JAMA 
1995; 15:1211-1218.

24. Marshall T. When measurements are misleading: modelling 
the effects of blood pressure misclassiÞcation in the English 
population. Br Med J 2004; 328;933.

25. Muscholl MW, Hense HW, Bröckel U, Döring A, Riegger G, 
Schunkert H. Changes in left ventricular structure and function 
in patients with white coat hypertension: cross sectional survey. 
Br Med J 1998; 317:565-70.

26. Levy G, Anderson KM, Savage DD, Kannel WB, Castelli WP. 
Prognostic implications of echocardiographically determined 
left ventricular mass in the Framingham Heart Study. N Engl J 
Med 1990; 322:1561–1566.

27. Verdecchia P, Angeli F, Gattobigio R, Sardone M, Pede S, 
Reboldi GP. Regression of left ventricular hypertrophy and 
prevention of stroke in hypertensive subjects.  Am J Hypertens 
2006; 19:493-9.

28. Conen D, Ridker PM, Buring JE, Glynn RJ. Risk of 
cardiovascular events among women with high normal blood 
pressure or blood pressure progression: prospective cohort 
study. Br Med J 2007;335;432-434.

29. Simone G, Devereux RB, Roman MJ, Alderman MH, Laragh 
JH. Relation of obesity and gender to left ventricular hypertrophy 
in normotensive and hypertensive adults. Hypertension 1994; 
23;600-606.

30. Cuspidia C, Meanic S, Valerio C, Sala C, Fusi V, Masaidi M 
et al. Reproducibility of dipping/nondipping pattern in untreated 
essential hypertensive patients: impact of sex and age. Blood 
Press Monit. 2007; 12:101-106.

1. 2007 Guidelines for the management of arterial hypertension. 
European Society of Hypertension and European Society of 
Cardiology Guidelines. J Hypertens 2007; 25:1105-1187.

2. Armitage P, Fox W, Rose GA, Tinker CM. The variability of 
measurements of casual blood pressure II: survey experience. 
Clin Sci 1966; 30:335–337.

3. Klungel OH, Boer A, Paes AHP, Nagelkerke N, Seidell JC, 
Bakker A. Inßuence of Correction for Within-Person Variability 
in Blood Pressure on the Prevalence, Awareness, Treatment, and 
Control of Hypertension. Am J Hypertens 2000; 13:88-91.

4. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green 
LA, Izzo JL Jr, et al. The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure: the JNC 7 report. JAMA 2003; 289:2560-
2572.

5. Kearnet PM, Whelton M, Reynolds K, Whelton PK, He J. 
Worldwide prevalence of hypertension: a systematic review. J 
Hypertens 2004; 22:11-19.

6. Birkett NJ. The effect of alternative criteria for hypertension 
on estimates of prevalence and control. J Hypertens 1997; 
15:237–244.

7. Lang T, Gaudemaris R, Chatellier G, Hamici L, Diène E. 
Prevalence and therapeutic control of hypertension. Hypertension 
2001; 38:449-454.

8. Bovet P, Gervasoni JP, Ross AG, Mkaba M, Mtasiwa DM, 
Lengeler C et al. Assessing the prevalence of hypertension in 
populations: Are we doing it right? J Hypertens 2003; 21:509–
517.

9. O’Brien E, Asmar R, Beilin L, Imai Y, Mallion JM, Mancia 
G et al. European Society of Hypertension recommendations for 
conventional, ambulatory and home blood pressure measurement. 
J Hypertens 2003; 2:821–848.

10. Pickering TG, Gerin W, Schwartz AR. What is the white-coat 
effect and how should it be measured? Blood Press Monit 2002; 
7:293–300.

11. Macedo ME, Lima MJ, Silva AO, Alcantara P, Ramalhinho 
V, Carmona J. Prevalence, awareness, treatment and control 
of hypertension in Portugal: the PAP study. J Hypertens 2005; 
23:1661-1666. 

12. Correia M. Silva M, Magalhães R, Guimarães L, Silva 
C. Transient Ischemic Attacks in Rural and Urban Northern 
Portugal. Stroke 2006; 37:50-55.

13. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, 
Bales VS et al. Prevalence of obesity, diabetes, and obesity-
related health risk factors, 2001. JAMA 2003;289:76 –79.

14. Schmieder RE, Messerli FH. Hypertension and the heart. J 
Hum Hypertens 2000; 14:597–604.

15. Kannel WB. Blood pressure as a cardiovascular risk factor. 
JAMA 1996;275:1571–1576.

REFERENCES


