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ORIGINAL ARTICLE

Hypertension and functional capacities in community-dwelling older women:
a cross-sectional study

H�elio Jos�e Coelho Juniora,b, Bruno Rodriguesa, Samuel da Silva Aguiarb,c, Ivan de Oliveira Gonçalvesb,d,
Fl�avio de Oliveira Pirese, Ricardo Yukio Asanob,e and Marco Carlos Uchidaa

aApplied Kinesiology Laboratory–LCA, School of Physical Education, University of Campinas, Cidade Universit�aria “Zeferino Vaz”, Bar~ao
Geraldo, Campinas – SP, Brazil; bCenter of Health Sciences, University of Mogi das Cruzes, Centro C�ıvico, Mogi das Cruzes, Brazil;
cSchool of Physical Education, Catholic University of Bras�ılia, Bras�ılia, Brazil; dCommunity Center for Older People of Po�a, Po�a, Brazil;
eSchool of Arts, Sciences and Humanities, University of S~ao Paulo, Rua Arlindo B�ettio, S~ao Paulo, Brazil

ABSTRACT
Purpose: The present study aimed to investigate the association between hypertension and
physical/functional capacities in community-dwelling older females.
Materials and methods: Older female volunteers were dichotomized in two groups: hyperten-
sive (n¼ 134) and normotensive (n¼ 244). Volunteers had their medical records reviewed and
underwent evaluations of anthropometric data (weight, height and body mass index) and of
physical and functional capacities.
Results: The results showed that hypertensive older females presented higher values for age,
weight, body mass index, and resting diastolic blood pressure than normotensive older females.
Normotensive older females showed a higher performance in the one-leg stand test and six-
minute walk test compared with hypertensive older females. Age, body mass index, maximal
walking speed, performance in the Time Up and Go and six-minute walk test, and diagnosis of
diabetes mellitus type II were factors associated with hypertension using the chi-square test.
However, the multivariate regression analysis indicated that performance in the six-minute walk
test was the only factor associated with hypertension.
Conclusions: The patients with higher scores in the six-minute walk test, which is associated
with aerobic capacity, show less odds to have clinical diagnosis of hypertension. However, hyper-
tension was not associated with poor physical and functional capacity.
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Introduction

Populations of older adults have increased exponen-
tially in the past decades, and the United Nations
(UN) and the World Health Organization (WHO)
have estimated that 1.5 billion people around the
world will be older than 65 years by 2050 [1].

Aging is a continuous process that is character-
ized by alterations of physiological functions, and
these alterations can lead to the development of geri-
atric syndromes such as sarcopenia and frailty;
although there is no consensus on the method of
diagnosis and on the factors associated with the pro-
gression of these syndromes, these syndromes can
decrease the ability of older people to perform the
activities of daily living (ADL) [2–4]. Furthermore,
aging is known to be positively associated with the
development of chronic diseases, considering that the

prevalence of these conditions increases exponentially
during old age.

Hypertension (HTN) is one of the most prevalent
diseases in older people, and more than 70% of the
population of older women have been diagnosed with
HTN [5]. The main concern about this disease is its
poor prognosis because patients with high blood pres-
sure show high risk of stroke (both haemorrhagic and
ischaemic) and myocardial infarction [5,6]. Moreover,
a recent WHO report established that HTN is the
main risk factor for death worldwide [6].

However, although HTN is closely associated with
the risk of death, it does not necessarily allow older
patients to be classified as unhealthy. In fact, the Pan
American Health Organization has reported that the
health status in older adults is determined by the cap-
acity to perform basic ADL (e.g., eating, walking,
taking a bath) and advanced ADL (e.g., managing
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finances, shopping, preparing meals) [7].
Furthermore, the maintenance of physical and func-
tional capacities during old age is necessary to avoid
the loss of functional independence and consequently
to maintain the health status [7].

In contrast to the cardiovascular and cerebrovascu-
lar perspectives on HTN, some studies have reported
a possible association between HTN and low physical
capacity [8,9]. Theoretically, high blood pressure levels
can damage the arteries responsible for transporting
blood to the brain, thereby limiting blood flow to the
brain areas responsible for muscle contraction [8,10].

However, these studies have shown conflicting
results, probably because of random errors (i.e. small
sample size) and systematic errors (i.e. few measure-
ments of physical capacity [gait and balance]) [8,9].

Therefore, the present study aimed to evaluate the
relationship between HTN and physical and func-
tional capacities in older women. We hypothesized
that hypertensive older women have lower physical
and functional capacity compared with normotensive
women.

Materials and methods

This cross-sectional study was approved by the
Research Ethics Committee of the University of Mogi
das Cruzes (UMC) under protocol number 621-614
and was developed in accordance with the Declaration
of Helsinki and with Resolution 196/96 of the
National Health Council. Once this study was aimed
to investigate the association between HTN and phys-
ical/functional capacities in community-dwelling older
females, volunteers were underwent to physical and
functional evaluations, anthropometric measurements,
as well as evaluation of hemodynamic parameters at
rest. Furthermore, medical records were reviewed
determinate the prevalence of pathologies and con-
sumption of medications. First analysis was performed
based on the diagnosis of HTN. However, a further
analysis was also performed according to the quartiles

of SBP at rest. A representation of the study design
can be observed in Figure 1.

Subjects

The study participants were recruited from two speci-
alized healthcare centres for older adults in a town
located in the metropolitan area of S~ao Paulo, Brazil.
Volunteers were recruited by convenience and asked
verbally by the medical team and researchers about
their participation in the study. All the subjects pro-
vided informed consent before enrolment.

The exclusion criteria were, use of hormone
replacement and/or psychotropic drugs, cerebrovascu-
lar disease (e.g. stroke), pulmonary disease, neuro-
logical or psychiatric disease (e.g. Parkinson’s or
Alzheimer’s disease), musculoskeletal disorders,
comorbidities associated with greater risk of falls and
any kind of dizziness, blurred vision or lightheaded-
ness when rise or remain standing for long, which
could indicate orthostatic hypertension and/or laby-
rinthitis. The inclusion criterion was age �60 years.
After the application of the exclusion and inclusion
criteria, 378 older women were included in the
analyses.

The volunteers were subdivided into normotensive
and hypertensive groups according to previous clinical
diagnosis of HTN. Since both healthcare centres serve
a large number of patients, and the medical team (i.e.
nurse, physician and physical educator) is of limited
size, the pathological conditions were simply recorded
by the head physician and head nurse of each centre.
A specialist (i.e. cardiologist) who was not affiliated to
and was outside the centre then made the diagnosis of
HTN, according to the guidelines [31]. In summary,
before the participants began the activities in the
centres where they were recruited, a medical consult-
ation was conducted and an extensive list of medical
exams were required (e.g. fasting blood glucose, fast-
ing blood insulin). If the patient showed any sign of
HTN, such as high blood pressure levels during the
first visits in the centres, she was invited to measure

Figure 1. The phases that older women underwent before and during the study, from medical diagnosis for the evaluation of
haemodynamic parameters at rest. In summary, before initiating the experimental protocol, older women have been evaluated by
a medical cardiologist to confirm or not the diagnosis of HTN. Once in the study, volunteers underwent to seven physical and
functional evaluations, anthropometric measurements, review of medical records and evaluation of haemodynamic parameters
at rest.
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blood pressure levels, at least, three times, during dif-
ferent periods of the day at home. If her blood pres-
sure evaluations remained elevated, she was referred
to a cardiologist. After they underwent specific med-
ical consultation (i.e. cardiologist) and performed all
the specific exams (i.e. 24-h ambulatory blood pres-
sure monitoring [ABPM], home blood pressure) [31],
the patients returned to the centres with a letter
signed by the specialist confirming or not the
diagnosis of HTN. Final diagnosis was signed by
the head-physician of the centre and a nurse updated
the medical records each of 6 months. The patients
of the present study were recruited one week after the
update of the medical records.

Physical and functional evaluations

Before the performance of the tests, an experienced
researcher detailed the procedures of each test. The
volunteers performed all the tests twice (except the
six-minute walk test), and the higher value recorded
in each test was used in the analysis. During all the
tests, verbal encouragement was provided to assure
that volunteers reached the best performance possible.

Handgrip strength

Maximal voluntary contraction was evaluated using a
handgrip dynamometer (JamarVR , USA) while the sub-
jects remained seated in a chair with the shoulders
abducted, elbows near the trunk and flexed at 90�,
and wrists in a neutral position (thumbs up). The
contralateral arm remained relaxed under the thigh.
To determine handgrip strength, the volunteers per-
formed a maximal contraction during 4 s with the
dominant hand [11].

One-leg stand test

The one-leg stand test was performed with the volun-
teers standing in a unipodal stance with the dominant
lower limb, the contralateral knee remaining flexed at
90�, the arms remaining crossed in front of the chest,
and the head was straight. A stopwatch (Moure JarVR ,
China) was activated when the volunteer raised their
contralateral foot off the floor and was stopped when
the contralateral foot touched the floor again [12].

Sit-to-stand test

Volunteers were requested to rise from a chair five
times as fast as possible with their arms crossed in
front of the body. The stopwatch was activated when

the volunteer raised their buttocks off the chair and
was stopped when the volunteer seated back.

Walking speed test

To measure walking speed, a three-meter walking
speed test was performed. Volunteers were required
to walk a distance of five meters at their usual and
fastest possible cadences (without running). Before the
evaluation, both feet of each volunteer were to remain
on the starting line. Measurement was initiated when
a foot reached the one-meter line and was stopped
when a foot reached the four-meter line. The one-
meter intervals at the beginning and end were used to
avoid early acceleration and/or deceleration [13].

Countermovement jump

The countermovement jump was performed to evalu-
ate leg power. In the initial position, the volunteers
stood on a jump platform (Jump System Pro, Cefise,
Brazil), their feet remained approximately parallel at
shoulder width, and their hands rested on their hips.
When instructed, the volunteers flexed their knees at
approximately 90� and jumped the maximum height
possible [14].

Time up and go (TUG) test

The Time Up and Go (TUG) test involved getting up
from a chair without the help of the arms, walking a
distance of three meters around a marker placed on
the floor, coming back to the same position, and sitting
back on the chair. The test began when a researcher
shouted a “go!” command. The stopwatch was acti-
vated when the volunteers got up from the chair and
was stopped when they were seated again [15].

Six-minute walk test

The six-minute walk test was performed according to
the American Thoracic Society guidelines (2002). The
test was performed indoors on a 30-m track. In sum-
mary, after remaining seated for 15min, the volun-
teers were asked to walk on the track as fast as
possible for six minutes. In the case that the volun-
teers experienced chest pain, intolerable dyspnea, leg
cramps, stagger, diaphoresis, pale or ashen appear-
ance, or any other complaint, the test was interrupted.
The distance walked by the volunteers in meters was
used in the analysis.

Anthropometric measurements

A weight scale with a FilizolaVR (Brazil) stadiometer
was used to measure body mass (kg) and height (cm).
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Body mass index (BMI) was determined by using the
formula body mass (kg)/(height [cm])2.

Determination of the prevalence of pathologies
and use of medications

The prevalence of pathologies and consumption of
medications was determined by reviewing the medical
records of each subject. As aforementioned, the head
physician and the head nurse of the medical centres
recorded the pathological conditions, and a specialist
not affiliated with the centres made the pathologic
diagnoses. These records were reviewed by two
researchers (HJCJ and SSA), and data were compared.

Evaluation of hemodynamic parameters at rest

The procedures for measurement of blood pressure
were adapted from the VII Joint National Committee
on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure (JNC7) [16]. In summary,
older women remained in a sitting position on a com-
fortable chair for 15min in a quiet room. After this
period, an appropriate cuff was placed at approxi-
mately the midpoint of the upper left arm (heart
level). An automatic, noninvasive, and validated [32]
arterial blood pressure monitor (Microlife-BP 3BT0A,
Microlife, Widnau, Switzerland) was used to measure
systolic blood pressure (SBP), diastolic blood pressure
(DBP) and heart rate (HR). During blood pressure
recording, volunteers remained relaxed in the sitting
position, with parallel feet at one shoulder width, both
forearm and hands on the table, supinated hands,
backs against the chair, without move or talk. The
volunteer did not have access to blood pressure values
during the measurement. The evaluation lasted
approximately 80 s and was performed three times
with one minute of rest among the measurements.
The mean of measurements of each volunteer was
used in the final analysis. Mean arterial pressure
(MAP), rate pressure product (RPP), and pulse pres-
sure (PP) were evaluated according to the following
equations: MAP¼ [SBPþ (2 � DBP)]/3, RPP¼ SBP �
HR, and PP¼ SBP – DBP [17]. The size of the arm
cuff was selected after measuring the arm circumfer-
ence of each participant (Sanny, S~ao Paulo, Brazil).
All the volunteers were evaluated within the first two
months after the update of the medical records.

Statistical analysis

To determine the differences in the continuous and
categorical data between the groups (i.e. normotensive

and hypertensive), the Student’s t-test for independent
samples and the chi-square (X2) test were performed,
respectively. An a posteriori X2 test was performed to
investigate the association between the dependent cat-
egorical variable (i.e. hypertensive condition) and the
independent categorical variables (age, handgrip
strength [n¼ 360], adjusted handgrip, one-leg stand
test [n¼ 226], sit-to-stand test [n¼ 377], usual walking
speed [n¼ 375], maximal walking speed [n¼ 376],
countermovement jump [n¼ 358], TUG test [n¼ 374],
six-minute walk test [n¼ 378], BMI, average use of
drugs, diabetes mellitus type I [DMTI], diabetes melli-
tus type II [DMTII], arthritis, and cardiovascular dis-
ease). The median values were chosen as the cutoff
values. Independent variables with a p� .20 in the X2

test were included in a univariate logistic binary ana-
lysis. To be considered as an independent variable
associated with HTN, the results were required to have
a p� .05 and a 95% confidence interval (CI 95%) that
did not include the value of 1. All the analyses were
conducted using the IBM SPSS Statistics, version 20.0,
software (IBM Corp., Armonk, NY).

Results

The study sample included 378 older women (134
normotensive [35.5%] and 244 hypertensive [65.5%]).
Table 1 shows the general characteristics of the study
group according to the HTN status. The hypertensive
subjects were older (68.2 years vs. 66.8 years; p¼ .02)
and presented higher values for weight (70.4 kg vs.
64.6 kg; p¼ .00), BMI (28.6 kg/m2 vs. 26.3 kg/m2;
p¼ .00), and resting DBP (77.9mmHg vs. 74.2mmHg;
p¼ .00) compared with the normotensive older
women. The normotensive older women showed a
better performance in the one-leg stand test (21.8 s vs.
18.4 s; p¼ .02) and in the six-minute walk test (573.6
m vs. 549 m; p¼ .04) compared with the hypertensive
older women. No differences in the prevalence of
chronic degenerative diseases were observed between
the groups.

The associations between the categorical variables
using the chi-square test (X2) are shown in Table 2.
Age (0.06), BMI (0.06), maximal walking speed (0.06),
TUG (0.13), six-minute walk test (0.01), and DMTII
(0.08) showed significant p-values, and these variables
were included in the logistic binary analysis.

Table 3 presents the unadjusted OR and 95% CI
results for HTN. The binary logistic regression ana-
lysis indicated that the only variable significantly
associated with HTN was the six-minute walk
test (unadjusted OR¼ 0.553; CI 95%¼ 1.131–2.671;
p-value¼ .012).
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Since blood pressure is a clinical parameter largely
used to quantify cardiovascular risk and its values can
represent the actual state of the patient – indicating,
for example, if the pharmacological therapy is not
adequate – further analyses were performed dichoto-
mising patients according to the third quartile of SBP
values at rest (144mmHg). Thus, quartiles were div-
ided in higher (�75%) and lower (25%), according to
SBP values.

Table 4 shows the comparison among the groups
regarding continuous and categorical variables in 374
patients (four were excluded due lack of data). There
were no significant differences in anthropometric
characteristics and physical functional tests. On the
other hand, Higher quartile group showed a greater
prevalence of HAS in comparison with Lower quartile
group (86.0% vs. 14.0%; p< .001).

Results from Chi-square test (X2) showed p-values
lower than 0.20 to age (0.11), and maximal walking
speed (0.06). Both variables were added in the binary
logistic regression according to p-value. Results did
not confirm findings of the X2 test, once both varia-
bles were not significantly associated with high SBP

values at rest (Table 5). Lastly, pathological conditions
were also added in the analyses. However, variables
remained not significantly associated.

Discussion

The main findings of the present study are: (a) high-
aerobic capacity, analysed using the six-minute walk
test, seems to be a protective factor against HTN; and
(b) HTN and poor-controlled SBP were not signifi-
cantly associated with low functionality in Brazilian

Table 1. Characteristics of the older women according to
hypertension.

Total (n¼ 378)

Normotensive Hypertensive
Variables (n¼ 134) (n¼ 244)

Anthropometric characteristics
Age (years) 66.8 ± 5.4 68.2 ± 5.8�
Weight (kg) 64.6 ± 12.3 70.4 ± 13.7�
Height (m) 1.54 ± 0.2 1.56 ± 0.1
BMI (kg/m2) 26.3 ± 4.7 28.6 ± 4.9�

Physical functional tests
Handgrip strength (kgf) 22.8 ± 4.3 22.9 ± 4.9
Adjusted handgrip (kgf/kg) 35.0 ± 162.0 20.5 ± 90.5
One-leg stand (s) 21.8 ± 9.8 18.4 ± 10.7�
Sit-to-stand (repetitions) 10.9 ± 2.7 10.7 ± 2.2
Usual walking speed (m/s) 1.5 ± 6.2 1.4 ± 4.9
Maximal walking speed (m/s) 0.8 ± 0.5 1.1 ± 4.0
Countermovement jump (cm) 11.3 ± 8.0 11.0 ± 8.8
TUG (s) 7.1 ± 1.6 7.3 ± 1.4
6MWT (m) 573.6 ± 109.7 549.1 ± 115.6�
Average use of drugs 1.3 ± 1.5 1.2 ± 1.2

Hemodynamic parameters
SBP (mmHg) 135.5 ± 11.6 138.2 ± 19.3
DBP (mmHg) 74.2 ± 10.9 77.9 ± 10.8�
MAP (mmHg) 94.6 ± 39.4 98.0 ± 12.0
HR (bpm) 76.0 ± 11.8 78.9 ± 42.3
DP (mmHg.bpm) 10.194 ± 7.2 10.902 ± 5.4
PP (mmHg) 61.1 ± 109.6 60.2 ± 16.1

Disease prevalence
DMTI (%) 28.6 71.4
DMTII (%) 26.2 73.8
Arthritis (%) 34.7 65.3
CVD (%) 37.5 62.5
Osteoporosis (%) 31.2 68.8

BMI: body mass index; TUG: time up and go; SBP: systolic blood pressure;
DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate;
DP: double product; PP: pulse pressure; CVD: cardiovascular disease;
6MWT: 6-minute walk test.�p< .05

Table 2. Frequency (%) of the distribution of older women
according to hypertension.
Variable Normotensive Hypertensive

Age (years)
�75 11 (2.9%) 36 (9.5%)
<75 123 (32.5%) 208 (55.0%)�

BMI (kg/m2)
�27.4 58 (30.9%) 130 (69.1%)
<27.4 76 (40.0%) 114 (60.0%)�

Handgrip strength (kgf)
�22.4 69 (19.2%) 125 (34.7%)
<22.4 56 (15.6%) 110 (30.6%)

Adjusted handgrip (kgf/kg)
�14.5 72 (20.0%) 123 (34.2%)
<14.5 53 (14.7%) 112 (31.1%)

One-leg stand (s)�
�6.0 68 (35.1%) 126 (64.9%)
<6.0 9 (28.1%) 23 (71.9%)

Sit-to-stand (repetitions)
�10.5 69 (18.3%) 123 (32.6%)
<10.5 64 (17.0%) 121 (32.1%)

Usual walking speed (m/s)
�0.90 64 (17.1%) 128 (34.1%)
<0.90 69 (18.4%) 114 (30.4%)

Maximal walking speed (m/s)
�0.80 63 (16.8%) 139 (37.0%)
<0.80 70 (18.6%) 104 (27.7%)�

Countermovement jump (cm)
�10.3 71 (19.8%) 120 (33.5%)
<10.3 56 (15.6%) 111 (31.0%)

TUG (s)
�6.97 60 (15.9%) 130 (34.5%)
<6.97 73 (19.4%) 111 (30.2%)�
6MWT (m)
�576 83 (22.0%) 118 (31.2%)
<576 51 (13.5%) 126 (33.3%)�

DMTI
Yes 2 (0.5%) 5 (1.3%)
No 132 (34.9%) 239 (63.2%)
DMTII
Yes 17 (4.5%) 48 (12.7%)
No 117 (31.0%) 196 (51.9%)�

Arthritis
Yes 43 (11.4%) 81 (21.4%)
No 91 (24.1%) 163 (43.1%)
CVD
Yes 15 (4.0%) 25 (6.6%)
No 119 (31.5%) 219 (57.9%)

Osteoporosis
Yes 34 (9.0%) 75 (19.8%)
No 100 (26.5%) 169 (44.7%)

NC: neck circumference; BMI: body mass index; SBP: systolic blood pres-
sure; DBP diastolic blood pressure; MAP: mean arterial pressure; HR: heart
rate; DP: double product; PP: pulse pressure; DMTI: diabetes mellitus type
I; DMTII: diabetes mellitus type II; CVD: cardiovascular disease; 6MWT:
6-minute walk test.�p� .20
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community-dwelling older women. An illustration
from the analyses based on the clinical diagnosis of
HTN and on the quartiles of SBP levels at rest can be
observed in the Figures 2 and 3.

The six-minute walk test is a convenient, quick,
inexpensive, safe, and well-accepted method used to
evaluate functional and aerobic capacity in patients
with chronic diseases, such as chronic pulmonary

obstructive disease, and older patients [18,19]. To per-
form the six-minute walk test, some physiological sys-
tems (e.g. pulmonary, cardiovascular, metabolic, and
neuromuscular system) must work in an integrated
manner [18,19]. Therefore, a poor performance in the
six-minute walk test can indicate a dysfunction in one
or more of these systems and can lead to a decrease
in the capacity to perform ADL [18,19].

Student’s t-test demonstrated that normotensive
patients performed significantly better in the six-
minute walk test than the hypertensive patients
(573.6 ± 109.7 vs. 549.1 ± 115.6, respectively), and this
result is corroborated by results from the binary logis-
tic regression analysis, which indicated that better per-
formance in the six-minute walk test was a protective
factor against HTN (unadjusted OR¼ 0.553; CI
95%¼ 1.131–2.671; p-value¼ .012). Although some
studies have proposed an association between per-
formance in the six-minute walk test and capacity to
perform ADL [18,19], the results of the present study
do not seem to agree with this assumption.

It is important to mention that all the tests per-
formed by normotensive and hypertensive patients in
the present study were associated with mobility, cap-
acity to perform ADL, and muscular functionality.
Furthermore, the scores obtained in some of these
tests (e.g. the TUG and walking speed) are used in
clinical practice to diagnose syndromes associated
with a decrease in muscular functionality, such as sar-
copenia [2,3], or to evaluate the risk of falls [20].

Table 3. Unadjusted OR and 95% confidence intervals (CI) for
hypertension.

Univariate analysis

Variable Unadjusted OR CI 95%

Age (years)
�75 –0.66 0.254–1.052
<75 Ref.

BMI (kg/m2)
�27.4 –0.402 0.438–1.023
<27.4 Ref.

Maximal walking speed (m/s)
�0.80 –0.395 0.440–1.030
<0.80 Ref.

TUG (s)
�6.97 –0.327 0.472–1.102
<6.97 Ref.
6MWT (m)
�576 0.553 1.131–2.671�
<576 Ref.

DMTII
Yes –0.522 0.326–1.080
No Ref.

BMI: body mass index; DMTII: diabetes mellitus type II; CVD: cardiovascu-
lar disease; Ref: reference; OR: odds ratio; CI: confidence interval; 6MWT:
6-minute walk test.�p� .05

Table 5. Unadjusted OR and 95% confidence intervals (CI) for
SBP values.

Univariate analysis

Variable Adjusted OR CI 95%

Age (years)
�75 �0.40 0.414–1.071
<75 Ref.

Maximal walking speed (m/s)
�0.80 �0.954 0.194–1.764
<0.80 Ref.

DMTI
Yes �0.794 0.075–2.713
No Ref.

DMTII
Yes 0.230 0.714–2.219
No Ref.

Arthritis
Yes 0.248 0.822–1.996
No Ref.
CVD
Yes �0.194 0.420–1.614
No Ref.

Osteoporosis
Yes �0.011 0.626–1.563
No Ref.

BMI: body mass index; DMT: diabetes mellitus type I or II; CVD: cardiovas-
cular disease; Ref: reference; OR: odds ratio; CI: confidence interval;
6MWT: 6-minute walk test; �p� .05

Table 4. Characteristics of older women according to blood
pressure values.

Total (n¼ 374)

Lower quartile Higher quartile
Variables (n¼ 274) (n¼ 100)

Anthropometric characteristics
Age (years) 67.6 ± 5.6 68.1 ± 5.9
Weight (kg) 67.7 ± 13.1 69.5 ± 13.6
Height (m) 1.54 ± 0.17 1.57 ± 0.07
BMI (kg/m2) 27.5 ± 4.9 28.3 ± 4.8

Physical functional tests
Handgrip strength (kgf) 22.8 ± 4.7 22.9 ± 4.6
One-leg stand (s) 20.2 ± 10.4 17.4 ± 10.8
Sit-to-stand (repetitions) 10.8 ± 2.5 10.8 ± 2.2
Usual walking speed (m/s) 1.11 ± 3.8 0.83 ± 0.17
Maximal walking speed (m/s) 1.62 ± 3.81 0.83 ± 0.17
Countermovement jump (cm) 11.5 ± 9.7 10.0 ± 3.9
TUG (s) 7.21 ± 1.47 7.47 ± 1.56
6MWT (m) 559.0 ± 117.8 553.8 ± 104.8
Average use of drugs 1.32 ± 1.4 1.26 ± 1.21

Disease prevalence
HAS (%) 14.0 86.0�
DMTI (%) 85.7 14.3
DMTII (%) 68.8 31.3
Arthritis (%) 73.0 27.0
CVD (%) 75.0 25.0
Osteoporosis (%) 77.1 22.9

BMI: body mass index; TUG: time up and go; 6MWT: 6-minute walk test;
DMT: diabetes mellitus type I or II; CVD: cardiovascular disease.�p< .05 vs. Lower quartile.
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However, the binary logistic regression analysis
revealed that none of the results of these tests were
associated with hypertension, indicating the lack of
association between HTN and poor muscular

functionality in the present sample of hypertensive
subjects. Therefore, the inverse association between
the six-minute walk test and HTN does not seem to
be related to musculoskeletal capacity.

Figure 3. Representation of data from chi-square test (dotted lines) and logistic binary analysis (black lines) based on quartiles of
systolic blood pressure levels at rest.

Figure 2. Representation of chi-square test data (dotted lines) and logistic binary analyses (black lines) based on the diagnosis of
hypertension.
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On the other hand, an association between the six-
minute walk test and aerobic capacity has been
reported [18], and this result seems to better explain
to the negative association between the six-minute
walk test and HTN. In fact, previous studies have
found a strong correlation between aerobic capacity
and the factors associated with HTN, such that a
higher aerobic capacity has been positively associated
with the plasma levels of antioxidant enzymes (e.g.
glutathione peroxidase), endothelial function (e.g.
flow-mediated dilation), low-fat mass, and function
and structure of cardiomyocytes (e.g. stroke volume
and physiological hypertrophy of the left ventricle)
[21,22]. In turn, individuals with a lower aerobic cap-
acity are at a higher risk of having increased levels of
the protein asymmetric dimethylarginine, which
inhibits the synthesis of nitric oxide, triglyceride, glu-
cose, insulin, and markers of oxidative stress (e.g.
malondialdehyde) [23,24]. Therefore, high aerobic
capacity is probably associated with an environment
that is unfavourable for the development of HTN, and
this association was evident in the logistic regression
analysis.

Recent reviews in the literature have described a
possible association between high-blood pressure lev-
els and mobility impairment in older people [25,26].
This topic has been extensively discussed in the areas
of geriatrics and gerontology, and a proposed theory
is that a low and controlled HTN phenotype can cata-
lyse the development of frailty syndrome [25].

However, in contrast to the hypothesis of the pre-
sent study, physical and functional capacities were not
associated with HTN (Tables 1, 2 and 3) or poor SBP
(Tables 4 and 5). In fact, even if the TUG and maximal
walking speed tests had demonstrated an association in
the X2 test, the logistic binary regression analysis indi-
cated that this association was not significant in both
analyses (diagnosis and measurement at rest).

Cross-sectional studies have found an association
between HTN and physical function (primarily gait
and balance); however, the results are conflicting.
Hausdorff et al. [9] observed worse performance in
balance and gait tests in hypertensive patients com-
pared with normotensive patients. On the other hand,
recent results from Acar et al. [8] did not find differ-
ences in the performance of a battery of balance tests
(i.e. clinical tests of sensory interaction and balance)
among hypertensive and normotensive patients.

One of the most important differences between the
present study and the aforementioned studies is
the sensitivity and specificity of the tools. Similar to
the procedure used by Hausdorff et al. (2003) [9], in

the present study, balance was examined on a stable
platform, which resulted in a limited capacity to infer
data. However, Acar et al. [8] evaluated balance using
four conditions, two of which included unstable surfa-
ces. Another important consideration about the
experiments is the age of the study sample. Our study
sample was approximately 10 years younger than the
samples of the aforementioned studies. This seems to
be an important issue to consider because longitudinal
multicentre studies have demonstrated that the associ-
ation between HTN and impairment of functional
mobility is common in older adults or at least adults
more than 75 years [10]. Therefore, it is possible that
this phenomenon is time dependent [25]. However,
the logistic binary analysis did not find any significant
association between age and HTN.

To the best of our knowledge, the present study is
the first to analyse a possible association between
HTN and muscle power (i.e. via the countermove-
ment jump test). Previous evidence has demonstrated
that muscle power is more strongly associated with
muscle functionality than with other physical capaci-
ties (i.e. muscle strength) [27]. Furthermore, muscle
power has been associated with balance [28].

Continuous vascular damage in the arteries respon-
sible for the transport of blood to the brain areas
responsible for mobility (e.g. motor cortex) is one of
the mechanisms proposed to explain the decrease of
muscle functionality caused by HTN [8,10].
Therefore, it is possible to propose that physical
capacities (e.g. muscle power and muscle strength) at
the onset of the vascular damage caused by HTN
could be associated with hypertension, although these
capacities are not, necessarily, associated with muscle
functionality. However, these results were not
observed in the present study.

Mainly two systematic errors clearly limit the abil-
ity to infer conclusions from the data in the present
study. Sarcopenia is a multifactorial syndrome with a
high prevalence among aging adults [2,3]. This syn-
drome is primarily characterized by a decrease in
muscle mass accompanied by dynapenia (i.e. low-
muscle strength) and/or low functionality [2,3]. The
main concern about sarcopenia is its association with
poor prognosis, which can lead to an increased risk of
disability and frailty in older adults [2,3]. Evidence in
the literature has demonstrated an association between
sarcopenia and indicators of arterial stiffness, which is
one of the factors related to the increase in the post-
cardiac load, and consequently blood pressure [17,29].
Furthermore, a recent study with a cohort of approxi-
mately 5000 older Korean adults showed that
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sarcopenic patients have higher odds of hypertension
compared with non-sarcopenic patients [30].

In the present study, muscle mass was not eval-
uated and this is a limitation of the present study,
once an increased number evidences have been indi-
cating a “sarcopenic hypertensive phenotype”. Muscle
mass evaluation could collaborate to understand if
sarcopenia is confounding in the relationship between
HTN and functionality. Another limitation of the pre-
sent study is the lack of information about the time of
diagnosis of HTN. As previously mentioned, Muller
et al. [25] suggested that the association between
HTN and impaired mobility is time-dependent and
that the time of diagnosis can be considered an inde-
pendent variable.

However, even if such evaluations were not carried
out, the present study shows some strengths, such as:
large sample size, several physical and functional eval-
uations, as well as the analyses of older women from
different ages (i.e. <75 and �75). Regarding physical
and functional evaluations, increased the number of
analyses seems to be crucial and collaborate to amp-
lify previous published data, since other studies lim-
ited the physical evaluation to balance. The study of
other physical functions, such as aerobic capacity,
demonstrated to be important, since data of the pre-
sent study indicate that the maintenance of aerobic
capacity can be a protective factor against HTN in
older women. In turn, further analyses with very older
women (�75), allow us to do not support the hypoth-
esis that physical and functional impairment are time-
dependent.

Therefore, future experiments must include the
evaluation of muscle mass and other factors associated
with HTN, such as the time of diagnosis, in the
experimental design, once the knowledge about rela-
tion of both the factors with hypertension and
functionality will collaborate to elucidate this
phenomenon.

In conclusion, higher scores in the six-minute walk
test, which is associated with aerobic capacity, acted
as a protective factor against hypertension. However,
hypertension was not associated with poor physical
and functional capacity.
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