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ORIGINAL ARTICLE

Trends in hypertension prevalence (1990-2005) and mean blood
pressure (1975-2005) in Portugal: a systematic review

MARTA PEREIRA"2, HELENA CARREIRA!2, CATARINA VALES!2, VANIA ROCHA'2,
ANA AZEVEDO!? & NUNO LUNET!?

L Department of Clinical Epidemiology, Predictive Medicine and Public Health, University of Porto Medical School,
Porto, Portugal; and *Institute of Public Health of the University of Porto (ISPUP), Porto, Portugal

Abstract

Aims. We aimed to describe the temporal trends of the mean blood pressure and prevalence of hypertension in studies that
evaluated Portuguese adults. Methods. Pubmed was searched and 42 eligible studies were identified. Reference screening
and data extraction were conducted independently by two researchers. We fitted linear regression models to compute eco-
logical estimates of hypertension prevalence and mean blood pressure, adjusting for sex, age and significant interaction
terms. Results. Between 1990 and 2005, the prevalence of hypertension defined as blood pressure =140/90 mmHg and/or
drug treatment remained approximately constant in young adults and decreased in middle-aged and older adults, whereas
the prevalence of self-reported hypertension increased 0.4% per year (95% confidence interval 0.1-0.7) overall. Between
1975 and 2005, mean systolic and diastolic blood pressures decreased in middle-aged and older adults, reaching a 32-mmHg
decrease in systolic blood pressure among women at average age 70. Conclusion. The trends in the last decades show a
decrease in blood pressure levels, probably attributable to increasing awareness and a higher treatment proportion. Although
this absolute trend in blood pressure parallels the observed in other high income European countries, Portugal maintains
its position above the mean levels in other Western settings.
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Introduction

Worldwide, 7.1 million deaths are attributable to
hypertension each year (1). This modifiable risk fac-
tor is strongly associated with the risk of coronary
heart disease (2), heart failure (3) and stroke (4),
making it a leading cause of cardiovascular morbidity
and mortality. Mortality by coronary and cerebrovas-
cular diseases have been steadily declining in most
developed countries (5) and the decrease in mean
systolic blood pressure (SBP) is estimated to explain
around 20% of the decline in coronary heart disease
in the last quarter of the 20th century (6).

In Portugal, cardiovascular diseases were respon-
sible for approximately one-third of all deaths in
2008 (7), but mortality rates have been decreasing
since the mid 1970s (8). During the past 30 years,
Portugal has been described as one of the countries
with highest median blood pressure levels (9,10),

and in 2003 three million adults (42.1%) had
hypertension (11).

Data on trends of hypertension prevalence are
important to predict the burden of cardiovascular
outcomes as well as to understand the effect of deter-
minants of hypertension and to monitor the impact
of public health measures. The accurate estimation
of the burden of hypertension and distribution of
blood pressure in Portugal requires the best use of
all available resources to obtain detailed information
from different age groups and populations across the
widest possible time span. This requires a compre-
hensive review and a synthesis of the results that
takes into account methodological aspects such as
the sampling strategy, selection and recruitment of
participants, and the methods for assessment of
hypertension, which may compromise the samples’
representativeness and the studies’ validity.
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We conducted a systematic review to critically
summarize the evidence from studies that provide
data on the distribution of blood pressure and hyper-
tension in Portuguese adults, in order to analyze time
trends.

Methods

The present systematic review was conducted as part
of a more comprehensive review that addressed the
distribution of six major cardiovascular risk factors,
including diabetes mellitus, dyslipidemia, hyperten-
sion, obesity, physical inactivity and tobacco consump-
tion, in Portuguese adults. The systematic review
flowchart and a detailed description of the method-
ological characteristics and results of the studies con-
sidered in the systematic review, as well as their
references, are presented in a Supplementary Appen-
dix available online at http://www.informahealthcare.
com/doi/abs/10.3109/08037051.2012.666380.

A Pubmed search was conducted, in January
2011, and 2887 publications were identified
(Supplementary Appendix, Figure Al available
online at http://www.informahealthcare.com/doi/abs/
10.3109/08037051.2012.666380). The reference lists
of review articles addressing the distribution of car-
diovascular risk factors were screened to identify
potentially eligible original reports, adding 71 poten-
tially relevant references to the original search. The
current analysis only considers studies with data on
hypertension.

Studies were excluded by a priori defined criteria:
not written in Portuguese, English, Spanish, French
or Italian; not involving humans (e.g. in vitro or ani-
mal research); case reports; editorials or comments;
reports not providing data specifically for Portu-
guese subjects; studies not evaluating adult popula-
tions; studies evaluating samples of participants not
expected to represent the general population regard-
ing the frequency of the cardiovascular risk factors
under study (e.g. subjects with diabetes, athletes,
sedentary elderly); not presenting data on hyperten-
sion, mean SBP and/or diastolic blood pressure
(DBP); not presenting data in an eligible format for
extraction (e.g. studies that had Portuguese data but
only presented it as joint estimates for Southern
Europe); insufficient characterization of the meth-
ods (e.g. lack of information about the criteria for
hypertension definition, not specifying the region
where the sample was assembled). In case of mul-
tiple publications using data from the same sample,
we considered the results provided in the analysis
with the largest sample size or, in case of equal sam-
ple size, the one presenting more strata-specific
information (e.g. sex and age stratification). The
information on the study methods could be obtained
from any of the publications referring to the same
investigation.
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For selection, studies were evaluated in three con-
secutive steps. In step 1, 1892 studies were excluded
based on title and abstract assessment. When the
abstract of a particular article was not available, the
article was further assessed, except when the title
unequivocally presented information for exclusion
(e.g. case report). The full text of studies that were
not excluded in the first step was then evaluated in
step 2, applying the same criteria and 822 studies
were excluded. In the third step, relevant data were
extracted, with 161 further studies in which data were
not presented in an eligible format being excluded.
Of the remaining 88 studies, 46 presented exclusively
data on other risk factors and we included in this
systematic review 42 studies with data concerning
hypertension (Supplementary Appendix, Figure Al
available online at http://www.informahealthcare.
com/doi/abs/10.3109/08037051.2012.666380).

The decisions for studies’ selection were made by
two reviewers independently at all steps and the
disagreements were discussed and resolved by
consensus, involving a third researcher when neces-
sary. The agreement between the reviewers increased
with increasing available information, being 73.0%,
81.7% and 82.0%, in steps 1, 2 and 3, respectively.

Data from each report were extracted indepen-
dently by two investigators and differences were
resolved in consensus. To characterize the studies, we
collected data on first author, year of publication,
period of data collection, geographical coverage, pop-
ulation characteristics (e.g. general, primary health
care users, volunteers, mixed), type of sampling (prob-
ability or non probability) and sample size. In studies
presenting data from two or more regions indepen-
dently, these were extracted separately. We also col-
lected data on participants’ sex and age. We extracted
sex- and age-specific estimates of prevalence of hyper-
tension and mean SBP and DBP, the source of this
information (clinical records, physical measures, self-
reported), the device used for blood pressure mea-
surement, the number of measurements, the time of
rest before the first measurement and between the
measurements, the time of day and the criteria for
hypertension definition. In an article that presented
information about mean SBP and DBP at the first and
third minutes after rest (12), we extracted the second
evaluation. When data were presented only in graph-
ics, we contacted the authors in order to obtain more
reliable information. If no reply was obtained, we
extracted data read from projection to axes, if possible;
otherwise, the article was excluded since data were not
presented in an eligible format. Data on prevalence of
hypertension based on unknown criteria for its defini-
tion were not considered. We obtained age- and sex-
specific estimates directly from the authors of five of
the largest studies representing subjects within a
wide age range (11,13-16).In order to summarize the
evidence, when a study did not present the mean age
of the participants in each stratum, we assumed it as
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the mid-point of the age intervals. When an age
group included subjects both aged less and more
than 18 years (e.g. age group 17-20 years old), we
excluded the data if the mid-point age was lower than
17.5 years old.

For analysis, because of the high heterogeneity of
definitions of hypertension, we considered SBP/DBP
=139/89mmHg and/or treated for hypertension, SBP/
DBP >140/90 mmHg and/or treated for hyperten-
sion, and SBP/DBP =140/90 mmHg and/or in use of
blood pressure lowering medication to be equivalent.

We fitted linear regression models to assess time
trends in the prevalence of hypertension and mean
blood pressure. Hypertension prevalence was ana-
lyzed using two dependent variables: objectively
defined hypertension, defined as SBP/DBP =140/90
mmHg and/or drug treatment, and self-reported
medical diagnosis of hypertension. In fitting models,
we studied the role of age, sex and first-level interac-
tion terms of survey year with sex and age. For mean
DBP, we also included an interaction term of age as
a continuous variable and age as dichotomous vari-
able (<60 vs =60 years) to account for the fact that
DBP increased with age up to 60 years and then
decreased. The steps in model fitting are presented in
Table I. For each outcome, we selected a final model
including the year of the survey and the participants’
age and sex, as well as the statistically significant inter-
action terms between the year of the survey and the
participants’ age or sex. When the outcome of interest
was DBP, we also tested an interaction term between
age and age group (using the age of 60 years as the
cut-off) to account for the decrease in the mean DBP
among the older subjects that is observed in Figure
2. Studies that did not present data stratified by sex
were excluded from this analysis. As one or more esti-
mates of the outcomes were extracted from each
study, corresponding to different age strata, we ana-
lyzed them as a cluster defined by the identification
of the study and computed robust standard error esti-
mates. Given that the trends were confirmed to be
linear and that the effect of time depends on age and
sex, the most readable way of reporting trends was to
provide an estimate from the adjusted models for two
extreme calendar years in the range in which we found
data for each outcome (1990 and 2005 for prevalence
of hypertension and 1975 and 2005 for mean blood
pressure) and at specific sex and age groups, covering
young, middle-aged and older adults.

Results

We identified 42 studies eligible for the systematic
review, of which 40 presented data on prevalence of
hypertension and 13 on mean SBP and DBP.

The studies were published between 1974 and
2010, mostly covering only one region in the country
(62%) and only seven using representative samples

at national level, of which four were National Health
Surveys. The samples were obtained from the general
population in 14 studies, from primary health care
centers users in 12 and from volunteers in seven.
Data were obtained by physical measurement in 36
studies and self-report in 15. Of those that presented
objectively defined hypertension, blood pressure was
measured most frequently using a standard mercury
sphygmomanometer (14 studies) and there was no
information about the device used in 16 studies.
Only three studies mentioned the time of the day
when blood pressure was measured (two studies in
the “morning” and one “all day”) and 12 did not
describe the number of measurements considered.
Twelve studies did not present the results stratified
by sex and 19 did not stratify the results by age
groups (Supplementary Appendix, Table Al avail-
able online at http://www.informahealthcare.com/
doi/abs/10.3109/08037051.2012.666380).

Prevalence of hypertension

In the 40 eligible studies with data on hypertension
prevalence, 13 different criteria to define hyperten-
sion were reported (Supplementary Appendix, Table
AIl available online at http://www.informahealth-
care.com/doi/abs/10.3109/08037051.2012.666380).
The prevalence of hypertension defined as blood
pressure = 140/90 mmHg and/or drug treatment (10
studies) increased with age, both in men and women
(Figure 1). The age- and year-adjusted prevalence
was 6.8% (95% CI 0.7-12.2%) higher among men
than women. Self-reported hypertension (seven stud-
ies) increased 0.7% (95% CI 0.6-0.9%) per year of
age, independently of survey date and sex (Figure 1).
The adjusted prevalence was 6.2% higher among
women than men (95% CI 3.8-8.9%).

Between 1990 and 2005, the prevalence of objec-
tively defined hypertension remained approximately
constant in the younger adults, and decreased in
middle-aged and older adults, reaching a decrease of
22% in 15 years, at average age 70 years. In the same
period, the prevalence of self-reported hypertension
increased 0.4% per year (95% CI 0.1-0.7%), adding
up to a cumulative increase of 6.2% over the 15-year
period (Table II).

Mean blood pressure

The variation of mean blood pressure with age is
presented in Figure 2 (10 studies). While SBP
increased linearly with age, DBP increased with age
up to 60 years and then decreased.

Between 1975 and 2005, mean SBP decreased in
men after middle-aged and in women at all ages
(Table I), adding up to a cumulative decrease of 22
and 32 mmHg in SBP at average age 70 years, in
men and women, respectivelyy DBP remained
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Figure 1. Prevalence of hypertension according to age, in men and women, by national or regional coverage.

approximately constant in young adults and decreased
in middle-aged and older participants, up to 15
mmHg over the 30-year period, in older adults of
both sexes (Table II).

Discussion

In Portugal, over the last 15 years, the prevalence of
hypertension, defined as blood pressure =140/90
mmHg and/or drug treatment, remained stable in
younger adults and decreased in middle-aged and
older adults, whereas self-reported hypertension
increased 6.2% in both sexes and all age groups.
From 1975 to 2005, mean SBP decreased in men
after middle-aged and women at all ages, reaching
32 mmHg at the average age of 70 years. DBP
remained constant in younger adults and decreased
in middle-aged and older adults, more strongly with
advancing age.

Our results are consistent with studies of blood
pressure trends in most developed countries, that
observed a decrease in average SBP (17,18). A recent
pooled analysis reported that average SBP decreased
since 1980 in the world population, but trends varied
significantly across regions and countries (9). Despite
the heterogeneity of reported average annual trends
in SBP among different populations, our estimate of
the absolute change over time is within the range of
most estimates from Western European countries
(19). The increase in self-reported hypertension was

already reported in other countries, both in men and
women (19,20), and reflects higher awareness.

This review is to the best of our knowledge the
most comprehensive analysis of estimates on hyper-
tension prevalence and mean blood pressure in
Portugal to date. The strengths of this study are the
analysis of long-term trends of both prevalence
(objectively measured and self-reported) and SBP
and DBP, including as detailed description of the
studies included as possible.

In general, the quality of the reporting options
adopted in the primary sources of evidence was poor.
The lack of important methodological information in
many reports precluded an appropriate characteriza-
tion of all studies (Supplementary Appendix, Table
Al available online at http:/www.informahealthcare.
com/doi/abs/10.3109/08037051.2012.666380).
Overall, we observed a considerable heterogeneity
across the investigations, especially in methods for
sample selection, target populations, methods for
determining blood pressure and criteria for defining
hypertension. For quantitative synthesis of data, we
only included studies with estimates on hypertension
defined as SBP/DBP =140/90 mmHg and/or drug
treatment or self-reported, and that presented data
stratified by sex. In most studies, hypertension was
defined on the basis of blood pressure measurements
taken in one visit, and thus the prevalence may have
been overestimated, whereas in some others protocol
details were not documented. We hypothesized that
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Table II. Prevalence of hypertension and mean systolic (SBP) and diastolic blood pressure (DBP), estimated by linear regression models
of individual stratum-specific estimates on sex, age and year of survey.

Men Women
Year 30 years 50 years 70 years 30 years 50 years 70 years

Prevalence of 1990 20.2 (15.2-25.2) 58.3 (55.0-61.6) 96.4 (87.0-105.9) 13.4 (7.2-19.6) 51.5 (45.9-57.1) 89.6 (78.8-100.5)
objectively 2005 23.7 (19.6-27.8) 49.1 (46.5-51.6) 74.5 (72.3-76.6) 16.7 (11.7-22.0) 42.3 (37.9-46.7) 67.6 (63.1-72.2)
defined
hypertension?,

% (95% CI)

Prevalence of 1990 0.8 (—3.2-4.9) 15.6 (10.9-20.2) 30.3 (24.0-36.7) 7.0 (5.0-8.9) 21.7 (18.4-25.1) 36.5 (30.9-42.1)
self-reported 2005 6.9 (5.5-8.3) 21.7 (19.4-24.0) 36.5 (31.8-41.2) 13.1 (10.5-15.7) 27.8 (24.4-31.3) 42.6 (37.0-48.2)
hypertension,

% (95% CI)

Mean SBP, 1975 122 (118-125) 145 (140-150) 168 (157-179) 127 (124-130) 151 (146-155) 174 (163-185)
mmHg 2005 126 (121-130) 136 (132-140) 146 (141-152) 121 (118-125) 132 (130-134) 142 (138-146)
95% CI)

Mean DBP, 1975 76 (72-80) 88 (86-89) 95 (91-98) 75 (70-80) 87 (85-89) 94 (91-97)
mmHg 2005 77 (75-79) 81 (79-83) 80 (79-82) 76 (74-78) 80 (78-82) 80 (77-82)
95% CI)

Defined as SBP/DBP =140/90 mmHg or under drug treatment.
95% CI, 95% confidence interval.

studies on regional populations were more likely to
have smaller samples and mostly from urban areas,
and these factors would contribute to both random
and systematic error. However, we found no differ-
ences between the estimates obtained from regional
or national samples. We identified only one cross-
sectional study reporting the prevalence of objectively
defined hypertension in a representative sample of the
Portuguese population, in 2003 (11). Given the high
mortality from cerebrovascular disease in Portugal
and being hypertension one of the main risk factors,
good quality studies in representative samples of the
country population should be performed over time.
The reliance on electronic literature search alone
and utilization of one single search engine is an addi-
tional limitation of this study. However, publication

bias should not be a major issue, because there was
no analytical dimension in the hypothesis and suc-
cessful publication likely does not depend on actual
prevalence. We assumed that studies including larger
samples and more thorough methods were more
likely to be published in more highly ranked journals
that are indexed in Medline. Additionally, inclusion
of relevant studies identified in the bibliographic ref-
erences of the review articles was important to
identify older and non-Pubmed indexed publications.

Hypertension is involved in a complex web of
causation, in which some factors are both its cause
and consequence. Moreover, many of these risk fac-
tors interact with hypertension in the influence on
cardiovascular risk. The lifestyle measures that are
widely agreed to lower blood pressure are weight
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Figure 2. Mean values of systolic and diastolic blood pressure according to age, in men and women, by national or regional coverage.
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reduction in the overweight or obese, moderation in
alcohol consumption, physical activity, reduction of
salt intake and increase in fruit and vegetables con-
sumption (20). Despite the increasing awareness of
the population to the problems caused by hyperten-
sion, this does not necessarily translate into healthier
lifestyles. For instance, the mean body mass index
increased approximately 0.5 kg/m? per decade in
Western Europe, between 1980 and 2008, and spe-
cific data from Portugal followed the same trend
(21). A report on food consumption in Porto, Portu-
gal, reported that the adult population intakes about
9.2 g of salt per day (22), almost double the amount
recommended by the World Health Organization
(23). In 2009, a new public health law restricted the
salt level in bread (24), but this law has not been
implemented for long enough to be reflected in the
overall levels of mean blood pressure in Portugal.

The trends in the last 15 years suggest that
increasing awareness translates into a higher treat-
ment proportion, resulting in a decrease in blood
pressure level. Although Portugal is following the
trends observed in other high-income European
countries, further effort is needed because the paral-
lel absolute trend in mean blood pressure results in
Portugal maintaining its position above the mean
levels in other Western European countries.
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