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ORIGINAL ARTICLE
Effect of hypertension on muscle strength, balance, and

mobility in older adults

Yasl eriskinlerde hipertansiyonun kas giicti, denge ve mobiliteye etkisi
Farzin HAJEBRAHIMIi1.2, Devrim TARAKCI3, Hanefi 0ZBEK#, Miray BUDAK3, Candan ALGUN!

Abstract Pumpose: Hypertension (HT) can exacerbate impaired blood pressure regulation and thus increase the risk of falls. The higher

0z

incidence of HT and impaired balance in older adults may lead to the hypothesis of an association between HT and physical
function in older individuals. The purpose of this study was to investigate the effects of HT on muscle strength, balance, and
mobility in older adults and the relationship between them.

Methods: Sixty-one older adults were included in the study and individuals with systolic blood pressure 2140 mmHg or diastolic
blood pressure 290 mmHg formed the Hypertensive group (n=31), while the others formed the Normotensive group (n=30).
Quadriceps Femoris (QF) muscle strength was evaluated with a hand-held dynamometer, mobility was evaluated with the Timed
Up and Go Test (TUG), balance performance was evaluated with the Nintendo Wii Fit Balance Board (NWBB), and physiological
age was evaluated with Wii Fit Age (WFA). The systolic and diastolic blood pressure were measured before the balance test.
Results: TUG and NWBB scores between groups were significantly better in the Normotensive group (p<0.05). In both Hypertensive
and Normotensive groups, there was a negative correlation between QF muscle strength and TUG score, and a positive correlation
between QF muscle strength and NWBB score (p<0.05).

Conclusion: HT may worsen mobility and balance in older adults. Further studies are required to better understand HT and
establish better appropriate interventions for older hypertensive adults.

Keywords: Hypertension, Postural balance, Functional status, Frail elderly, Exergaming.

Amag: Hipertansiyon (HT), kan basinci regiilasyonunda bozulma ile siddetlendirerek disme riskini arttirabilmektedir. Yash
eriskinlerde daha yiksek HT insidansr ve bozulmus denge, HT ile fiziksel fonksiyonlar arasinda bir iliski oldugu hipotezine yol
acabilmektedir. Bu calismanin amaci, yasl eriskinlerde hipertansiyonun kas kuwveti, denge ve mobiliteye etkisini ve onlaria
iliskisini incelemekti.

Yontem: Calismaya 61 yasli birey dahil edildi ve sistolik kan basincr 2140 mmHg veya diyastolik kan basinci 290 mmHg olan
bireyler Hipertansif grubu (n=31), digerleri Normotansif grubu (n=30) olusturdu. Quadriceps Femoris (QF) kas giicti dinamometre
ile, mobilite Zamanli Kalk ve Yiiri Testi (ZKYT), denge performansi Nintendo Wii Fit Balance Board (NWBB) ve fizyolojik yas Wii Fit
Age (WFA) ile degerlendirildi. Denge testinden dnce sistolik ve diyastolik kan basinci 6/¢tildi.

Bulgular: Gruplar arasinda ZKYT ve NWBB skorlan, Normotansif grubunda anlamli olarak daha iyiydi (p<0,05). Hem Hipertansif
hem de Normotansif grubunda, QF kas kuwveti ile ZKYT skoru arasinda negatif yonde, QF kas kuweti ile NWBB skoru arasinda
pozitifyonde anlami iliski bulundu (p<0,05).

Sonug: HT, yash eriskinlerde mobiliteyi ve dengeyi kotiilestirebilmektedir. HT'yi daha iyi anlamak ve yash hipertansif yetiskinleri
icin daha uygun miidahaleler olusturmak icin daha fazla calismaya ihtiyac vardir.

Anahtar kelimeler: Hipertansiyon, Postiir dengesi, Fonksiyonel durum, Kinigan yaslilar, Exergaming.
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INTRODUCTION

High blood pressure is a common condition
seen mostly in older adults.! As a result of aging,
a linear increase in systolic blood pressure (SBP)
occurs as a result of increasing stiffness in the
arteries. Similarly, diastolic blood pressure
(DBP) is observed to be plateaued or decreased
gradually by aging.2 Hypertension (HT) is the
detection of SBP>140 mmHg or DBP>90 mmHg
for at least three times, and this definition does
not vary depending on age.3

Mobility is known as a critical feature of the
independent function.4 Although HT has silent
symptoms, it can cause significant symptoms
that increase the likelihood of reduced physical
activity.? Due to the effect of HT on white matter
hyperintensities in the brain, cerebrovascular
dysfunction, general lean muscle mass, and
inflammation or changes in the renin-
angiotensin system, the above symptoms can be
alleviated in patients with HT.6 In particular,
white matter hyperintensities are closely
related to HT and have been associated with
impaired mobility.?

Maintaining postural balance is one of the
most important capabilities to prevent falls in
the elderly population.®8 However, sensory and
motor control of postural balance is often
affected with aging.® Cho et al.l9 stated that
postural balance control is necessary for
mobility as well as stability during functional
activities. In addition, they noted that lack of
balance depending on loss of muscle strength
may lead to falls in older adults. Therefore, a
better understanding of the relationship
between HT and postural balance control in
older adults may help to better determine the
risk of falls.8 Hausdorff et al.1l evaluated the gait
and balance in hypertensive older adults in their
study, and although they suggested that HT
may increase fall risk by affecting the control of
gait and balance, they did not evaluate the
relationship between HT and gait and balance
in hypertensive and normotensive older adults.

In recent years, video game consoles have
become very popular as a means of evaluation
and intervention.!? Nintendo Wii Fit is one of
the systems used to assess weight-bearing
asymmetry (WBA) in people with impaired
balance.!? The Nintendo Wii Fit Balance Board
(NWBB) can provide clinicians with a new way
to evaluate the WBA. The sensors on the balance
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board measure the center of pressure of the user
and the amount of weight-bearing on each foot.14
To the best of our knowledge, there is no
study evaluating the relationship between
muscle strength, balance, and mobility in
hypertensive and normotensive older adults.
The primary purpose of this study was to
evaluate the effects of HT on muscle strength,
balance, and mobility in older adults, and the
secondary aim was to investigate the
relationship of HT with these parameters.

METHODS

Study sample

The study was conducted with older adults
who followed-up in the internal medicine
outpatient clinic of Istanbul Medipol University
Hospital. An oral and written informed consent
in accordance with the procedures was obtained
from each participant before inclusion in the
study. This study was approved by the Istanbul
Medipol University Non-Invasive Clinical
Research Ethics Committee with the approval
number 108400987-297. This study is a single-
blind (evaluators) cross-sectional study.

Ninety elderly people followed-up in the
internal medicine outpatient clinic of Istanbul
Medipol University Hospital were evaluated for
eligibility for the study. Sixty-one older adults
who met the inclusion criteria were included in
the study and divided into two groups as
Hypertensive Group (n=31) and Normotensive
Group (n=30). The flow diagram of the study is
shown in Figure 1.

Study design

Inclusion criteria were age 65 and older,
scoring 6 points on Katz Basic Activities of Daily
Living Scale;'> and scoring >24 on the Mini-
Mental State Examination (MMSE) Test.16
Individuals with a systolic blood pressure >140
mmHg or diastolic blood pressure >90 mmHg
formed the Hypertensive Group, while the
others formed the Normotensive Group.
Patients with neurological disorders with
continuing disabilities, psychiatric disorders
requiring medication, cardiovascular diseases,
active cancer, kidney or liver disease, acute
diseases, or diabetes requiring insulin or
hypoglycemic drugs were excluded from the
study. 10 subjects who had psychiatric disorders
requiring medication, 12 subjects who had
cardiovascular diseases, and 7 subjects who had
diabetes requiring insulin were excluded from
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the study. The study was completed with 61
participants.

All hypertensive subjects were diagnosed
with HT by a cardiologist and were receiving two
or fewer anti-hypertensive medications for
approximately 5 years under the control of a
cardiologist.

Outcome measurements

Participants were evaluated in terms of
Quadriceps Femoris (QF) muscle strength,
mobility, balance performance, and
physiological age. The SBP and DBP were
measured before the balance test.

Isometric muscle strength was assessed in
both QF muscles with the hand-held
dynamometer. The strength of the QF is one of
the intrinsic factors that has been shown to
affect knee joint function. It is clear that lower
extremity strength plays an important role in
knee joint shock attenuation during weight-
bearing activities. So we measured the QF
muscle for lower extremity isometric muscle
strength. Evaluations were made using a
standard seat. The back of the seat was angled
backwards by 105° to allow 75° flex in the body.
The knee was positioned at a 60° angle and
secured with bands around the body, waist, hip,
and ankle. Each participant was asked to hold
the sides of the seat with both hands during the
test, but attention was paid to compensation. QF
isometric muscle strength was measured with
three 10-second maximum isometric
contractions. Rest periods of 3 seconds were
given between each contraction. Verbal
encouragement was given throughout the whole
test to obtain maximum strength from the
participants. The test was performed by
applying force to the lower extremity. The
measurements were repeated three times, and
the mean values were taken.

Mobility was measured with the Timed Up
and Go Test (TUG). The test consists of different
mobility tasks such as walking with a straight
head, turning, sit to stand and stand to sit which
require controlling balance. The participant will
sit on a standard chair, and then he/she will
stand up and walk in the line of 3 meters, then
will turn around and walk back to the chair and
sit down. The test starts when the examiner
says "go" and stops with the participant’s
buttocks touching the seat. The time of this
action was recorded in seconds.!?

The balance performance was assessed
with the NWBB (Figure 2).1718 During the
Nintendo Wii measurement, a general analysis
of the body was performed when the participant
stood relaxed looking forward to the screen with
both arms in a neutral position on the NWBB.
The center of pressure was measured during
this step to detect the percentage of weight-
bearing distributed to each foot. Then, the
participants were asked to stand on one leg to
assess their single-leg standing balance. Since
the dominant leg in all the participants was the
right leg, the single-leg balance test was
performed only on the left leg. The situation and
the duration of the test were explained to the
participants, and all the participants were
instructed to stand with their right leg raised
but not touching their left leg or the balance
board. All the participants were barefoot and
were asked to complete the 30-second test but no
encouragement was given to them. This balance
performance was reported in percentages after
finishing the test and performance score was
assigned to participants who completed all 30
seconds. At the end of the test, the scores for the
“single-leg balance duration (seconds- SLB-S)”,
the “single-leg balance performance (SLB-P)”
and the “Wii Fit Age (WFA)” were obtained.1?
WFA was calculated according to the balance
test results, taking into account the actual age
of the individual.20 Additionally, after all
participants rested for 5 minutes in the lying
position, their blood pressure in sitting position
was measured 3 times consecutively and their
mean values were taken.

Sample size planning

The sample size was determined using the
G*power sample size calculator.2! The required
sample size was 58 with a 85% power and
15.05% confidence interval (a=0.05), considering
the minimal clinically detectable change of 0.96
(0.93-0.98) points in the TUG.22

Statistical analysis

IBM SPSS (Statistical Package for Social
Science) 25.0 for Windows program was used for
statistical analysis.23 The normal distribution of
the wvariables was determined by the
Kolmogorov-Smirnov Test. Parametric tests
were applied because it was determined that
they showed normal distribution. The difference
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Figure 1. STROBE (Strengthening the Reporting of Observational Studies in Epidemiology Statement) Flow Diagram.

between the groups was analyzed by the
Independent Sample t Test. The correlation
between the data was evaluated by Pearson
Correlation Test. As for cut-off values, the -1.0
correlation was considered a perfect negative
correlation, and the 1.0 correlation was
considered a perfect positive correlation.
Significance value for all tests applied to
variables with normal distribution p<0.05. It
was aimed to enroll at least 60 participants
considering the drop-outs.

RESULTS

Sixty-one participants (32 female, 29 male)
were included in this study. There was a
statistically significant difference in terms of
age, SBP, and DBP between groups (p<0.05).
The distribution of demographic and clinical
data was shown in Table 1.

The TUG score, SLB-S time, SLB-P time,
and WFA scores were found statistically
significant in favor of the Normotensive Group
(p<0.05). There was no statistically significant

Figure 2. Wii Fit Balance.
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difference in terms of QF muscle strength
between groups (p>0.05). The differences
between groups were shown in Table 2.

Correlations in the Hypertensive Group
were shown in Table 3. Significant positive
correlations were found between SLB-S time
and Right QF (r=0.435), and between SLB-S
time and Left QF (r=0.466). Significant negative
correlations were found between the Right QF
and TUG score (r=-0.555), and between the Left
QF and TUG score (r=-0.548) and WFA score
(r=-0.372). Correlations in the Normotensive
Group were shown in Table 4. Significant
positive correlations were found between Right
QF and SLB-S time (r=0.459) and SLB-P time
(r=0.545), and between Left QF and SLB-S time
(r=0.434) and SLB-P time (r=0.516). Significant
negative correlations were found between Right
QF and TUG score (r=-0.762) and WFA score
(r=-0.471), and between Left QF and TUG score
(r=-0.676) and WFA score (r=-0.429).

DISCUSSION

In this study, it was aimed to investigate
the effects and relationships of HT on muscle

Table 1. The demographic data of the groups.

strength, balance, and mobility in older adults.
Mobility and balance scores were negatively
affected in hypertensive than normotensive
counterparts. According to our results, it could
be observed that HT may more affect mobility
and balance than normotensives. There was a
negative correlation between muscle strength
and mobility, and a positive correlation between
muscle strength and balance in both groups.
Mobility and balance may be affected by HT in
older adults.

Aging is characterized by an accelerated
decrease in muscle mass and function, including
strength or performance.?¢ In particular, the
progressive decrease in muscle strength of the
lower extremities may affect mobility, causing
fragility and functional disability.25 HT is quite
a common disease in older adults and has many
consequences.?6 Recent studies reported that
high blood pressure is a known risk factor for
mobility and disability will increase in older
adults with hypertensive compared to
normotensives.2”30 HT has also been strongly
associated with rapid decreases in walking
speed, an indicator of functional status for the
elderly.3! In our study, there was a significant

Hypertensive Group Normotensive Group
(n=31) (n=30)
X+SD X+SD t p

Age (year) 76.65+9.24 70.9349.20 2.418 0.019*
Height (m) 1.62+0.10 1.62+0.11 0.053 0.958
Body weight (kg) 76.72+16.33 77.97+13.99 -0.318 0.751
Body mass index (kg/m?) 28.93+4.71 29.63%4.25 -0.608 0.546
Blood pressure

Systolic blood pressure (mmHg) 147.97+19.46 124.17+11.14 5.835 <0.001

Diastolic blood pressure (mmHg) 90.48+14.39 79+16.68 2.881 0.006*

n (%) n (%) X2 p

Gender

Female 14 /45 18/ 60

Male 17 /55 12 /40 1.346 0.246
History of falling

Yes 13/42 7/23

No 18/ 58 23/ 77 2.394 0.122
Balance Problems

Yes 12/ 39 11/ 37

No 19/61 19/63 0.027 0.869

* p<0.05. t: t test. X2: Chi-Square Test.
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Table 2. Muscle strength, mobility balance performance, and physiological age of the groups.
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Hypertensive Group Normotensive Group
(n=31) (n=30)
X+SD X+SD t p

Muscle strength

Right Quadriceps femoris 11.69+3.34 13.29+3.18 -1.919 0.060

Left Quadriceps femoris 11.96+3.26 13.1943.13 -1.499 0.139
Mobility

Timed Up and Go Test 17.37+10.06 12.6216.11 2.220 0.030*
Balance Performance

Single Leg Balance-Seconds 14.13+9.89 22.62+9.93 -3.344 0.001*

Single Leg Balance-Performance 18.30+20.31 42.87+24.60 -4.259 <0.05
Physiological Age

Wii Fit Age 72.97+18.19 58.87+15.98 3.211 0.002*
* p<0.05. t: ttest.

Table 3. Correlation in the Hypertensive Group and the Normotensive Group.
Single Leg Balance-  Single Leg Balance-
Timed Up and Go Seconds Performance Wii Fit Age
r(p) r(p) r(p) r(p)

Hypertensive Group

Right Quadriceps femoris -0.555 (0.001)* 0.435(0.014)* 0.300(0.101) -0.319 (0.080)

Left Quadriceps femoris -0.548 (0.001)* 0.466 (0.008)* 0.343 (0.059) -0.372(0.039)*
Normotensive Group

Right Quadriceps femoris -0.762 (<0.001) 0.459 (0.011)* 0.545(0.002)* -0.471 (0.009)*

Left Quadriceps femoris -0.676 (<0.001) 0.434(0.017)* 0.516 (0.004)* -0.429 (0.018)*

* p<0.05. r: Pearson’s Correlation Test.

difference in lower extremity major muscle
strength in hypertensive older adults compared
to normotensives. When the fall history of
elderly individuals with HT was examined, it
can be declared that the decrease in muscle
strength is due to the negative effects on balance
and normal walking patterns. The significant
age difference between the hypertensive and
normotensive groups should also be considered
as a factor affecting muscle strength and thus
other parameters related to muscle strength.
The balance control is a multifactorial
system and is very complex.32 As a result of HT
drug treatment, alterations in blood flow may
occur in conjunction with rapid changes in blood
pressure, possibly compromising the body's

balance control mechanism. Standing balance
problems are common in older people, and
they're linked to falls, hospitalization, poor
quality of life, and high rates of morbidity and
mortality.33 Maintaining postural balance is
another important ability to prevent falls in the
elderly population.® HT can adversely affect
balance by damaging large arteries and
reducing microcirculation in specific functional
areas.3? Furthermore, in HT, rapid fluctuations
in blood pressure followed by rapid decreases in
blood flow may interfere with the mechanisms
that control postural balance. In a study of
Chang et al.!® the validity and reliability of the
NWBB have been investigated whether it can be
used in the assessment of balance in older
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adults. They suggested that while clinical
testing of balance with balance master systems
is relatively expensive, spacious and probably
not affordable for every clinician and researcher,
a somatosensory gaming console named
Nintendo Wii which has gained its popularity in
recent years could be used to assess balance. To
our knowledge, this is the first study to
investigate the relationship between balance
performance and HT with NWBB. In our study,
the evaluation of the NWBB showed that there
was a difference in parameters of SLB-S and
SLB-P in  hypertensives compared to
normotensives. This result may indicate that
the negative physiological change caused by HT
affects balance and mobility. In addition, as a
result of this deterioration in balance, it may be
said that there may be a higher history of falls
especially in older adults with HT.

In the NWBB system, a physiological age
calculation is made based on the functional
capacities of individuals. Each body test
calculates and updates the player's WFA, a
rough estimate of the player's physical strength
in relation to his/her actual age. Although there
was no significant difference between the
hypertensive and normotensive groups for body
mass index, the significant difference for WFA
in favor of individuals in the normotensive
group can be considered as an objective result of
the negative effects of HT. This finding shows
that the interaction of these factors in older
adults with HT can cause problems with
everyday functioning.

Poor physical function and physical
disability are associated with high blood
pressure in older adults.” The capacity to walk
at a moderate pace, which is critical to older
adults' community independence, is essential for
social and functional activities.3* Mobility is a
critical feature of working independently.
Walking speed is regarded as a reliable indicator
of physical fitness for predicting negative health
effects and mortality.3> The decrease in gait
speed can be an early precursor to the decline in
physical function, the development of disability
and the loss of independence.3¢6 Observational
evidence suggests a faster decline in walking
speed in adults with high blood pressure. In the
Cardiovascular Health Study, participants with
a blood pressure of >140/90 mmHg had a faster
rate of decline in gait speed than those without
HT.” Similarly, in the LIFE-Pilot study,

researchers found that wider pulse pressure was
associated with slower gait.3” Interestingly, in a
study of older adults with HT, parameters of
walking function were found to be worse,
although not slower gait speed.l! Hausdorff et
al.ll studied 24 community-dwelling 65 to 90
years old healthy subjects with no report of a
disturbance in their walking. The results of the
TUG test were better in the normotensive group
rather than the hypertensive group. In our
study, it was concluded that mobility
deteriorated in hypertensive group when
compared with normotensives. Furthermore, it
may be said that the negative correlation
between TUG and balance supports these
results. It can be hypothesized that this is due
to the physiological changes caused by HT in
muscle mass and volume and body systems. This
condition highlights the importance of muscular
strengthening and stretching in hypertensive
older adults to prevent loss of balance and falls.

Limitations

The limitation of this study was that
balance was not evaluated with a gold standard
scale.

Conclusion

In conclusion, it was observed that HT
might have a negative effect on balance and
mobility, two crucial indicators and mediators of
physical function and independence in older
adults. Further studies are required to better
understand the biological mechanism that
associates HT with physical disability and to
develop appropriate intervention strategies for
hypertensive older adults.
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