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ORIGINAL ARTICLE

Use of Diuretics is Associated with Higher Risk of Sarcopenia in Older Adults with
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Abstract

Background: Sarcopenia is a disease that involves skeletal muscle mass loss and is highly prevalent in the older adult
population. Moreover, the incidence of sarcopenia is increased in patients with hypertension.

Objective: The study aimed to evaluate the association between the classes of the drugs used for arterial hypertension
treatment and the presence or absence of sarcopenia.

Methods: 129 older adults with hypertension were evaluated by the researchers who registered the participants
medication for arterial hypertension treatment. Sarcopenia level was measured by anthropometric parameters, muscular
strength, and functional capacity. The data were analyzed by one-way ANOVA followed by post-hoc test and Fisher’s
exact test; statistical significance was set at 0.05.

Results: Age was not different between women with different levels of sarcopenia, but significant differences were
observed between men with absent sarcopenia (66.8+4.2 years) and men with probable sarcopenia (77.0+10.2 years).
Individuals with absent sarcopenia showed higher handgrip strength (men: 33.8+7.4, women: 23.2+4.6 Kgf) in comparison
with those with sarcopenia (men with probable sarcopenia: 9.5+3.3 Kgf, women with probable, confirmed, and severe
sarcopenia: 11.7+2.5, 12.2+3.0, 11.8+1.8 Kgf, respectively). The analysis showed an association between the type of
medication and degree of sarcopenia; diuretics were significantly associated with probable sarcopenia, and angiotensin
IT receptor blockers (alone or in combination with diuretics) was associated with absence of sarcopenia.

Conclusions: In conclusion, handgrip strength was a good method to diagnose sarcopenia, and diuretics were associated
with increased risk of sarcopenia in older adults with hypertension.

Keywords: Hypertension; Diuretics/therapeutic use; Sarcopenia/complications; Aging; Angiotensin Receptor Blockers.

Introduction pathogenesis of sarcopenia are not fully understood; the

target in sarcopenia treatment is to improve patient survival
Sarcopenia is defined as a progressive and generalized  and quality of life.

loss of skeletal muscle mass and function (i.e., muscle power, Sarcopenia is highly prevalent in older adults,® and

muscle strength, and physical performance)."® Since 2016,
it has been recognized as a disease.® People aged 50 years
and older lose 1% of skeletal muscle mass, 2% of gait speed,
and 1.9 to 5.0% of handgrip strength per year,”® and these
variables have been used for the assessment of sarcopenia

by renowned organizations.” However, the cause and

the incidence of arterial hypertension is over 70% in this
population. Data from population studies have shown
that the prevalence of hypertension is increased in patients
with sarcopenia.'!

Hypertension pharmacotherapy usually consists of
single therapy or a combination of different medications.
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The most used medication classes are angiotensin II
receptor blockers (ARBs), angiotensin-converting enzyme
inhibitors (ACElIs), diuretics (DIUs), calcium channel
blockers, and beta-blockers.!?

Several researchers have investigated the contribution
of different medications to the treatment of sarcopenia,
including the role of the renin angiotensin system in
skeletal muscle and functional capacity.® The renin-
angiotensin system modulates muscle function, and ARBs
and ACEIs have been shown to remodel the skeletal muscle,
protecting against atrophy by transforming growth factor
beta." ACEIs have been used to improve skeletal muscle
function, as they increase endothelial function, promote
angiogenesis, and have anti-inflammatory effects that
increase mitochondrial content and insulin-like growth
factor values.™"”

Meanwhile, the chronic use of loop DIUs, one of
the classes of medication used in the treatment of
hypertension, has been shown to potentially cause loss
of muscle function by suppressing the sodium-potassium
pump. In patients with renal failure,' heart failure, and
hypertension, treatment with DIUs impairs the sodium-
potassium pump function. Muscle biopsy specimens of
patients have shown decreased intracellular potassium
and increased intracellular sodium concentration.”

The present study aimed to evaluate the possible
associations between drugs used for hypertension and
the presence or absence of sarcopenia in the older adult.
Handgrip strength, skeletal muscle mass, and physical
performance measure were used to determine the level
of sarcopenia, following the European Working Group
on Sarcopenia in older people criteria.”

Material and methods

Study design and participants

This cross-sectional study was conducted from June 2018
to April 2019 in three public geriatric healthcare centers in
the cities of Ouro Preto and Mariana, Brazil. The sample
was 129 older adults of both sexes, who were recruited by
convenience. The sample size was calculated for an 80%
confidence interval, using a sample size of 15,000 (prevalence
of older adults in the two cities evaluated), anticipated
frequency of 70% and test power of 5%.

Inclusion criteria were patients older than 60 years
taking anti-hypertensive drugs, capable of walking without
assistance, with no history of injury in the lower limbs in

the last six months. Patients taking beta-blockers and those
with comorbidities other than hypertension were excluded
from the study. The study was approved by the ethics
committee of the Federal University of Ouro Preto (approval
number 82376117.3.0000.5150). All participants signed an
informed consent form and received information regarding
participation in the study.

Collection of clinical data

For assessment of the drugs used for the treatment of
hypertension and other comorbidities, we developed a
standard questionnaire with the following information:
name of the medication used, and dosage (dose/frequency/
time) prescribed. Patients were stratified by classes of
antihypertensive drugs.

Anthropometric measurements

The following anthropometric measurements were
assessed —body mass (Kg), height (H; in meter), body mass
index (body mass [Kg]/height squared [m?], and percentage
of body fat and muscle mass. Body fat was estimated using
the tetrapolar bioelectrical impedance method (Biodynamics
TBW 310); four electrodes were used: two electrodes (with
red clips) placed on the posterior surface of the hand (one
onmiddle finger and the other slightly above the wrist joint)
and two (with black clips) placed on the posterior surface of
the foot (one at the base of the middle finger and the other
slightly above the ankle joint line between the malleoli)
on the right side of the participant.?? Skeletal muscle
mass (SMM) was estimated using the formula proposed
by Janssen et al.,” using H (in centimeters), bioimpedance
resistance (R; in ohm), sex (0 = women; 1 = men), and age
parameters: SMM = [(H? / R x 0.401) + (sex x 3.825) + (age x
0.071)] +5.102.

Handgrip strength

Handgrip strength was measured using an analog
handheld dynamometer (Jamar®) to measure handgrip
strength.” Each participant was seated on a standard
armless chair in an uptight trunk position with a 90° knee
angulation, neutrally rotating abduction shoulder, 90° elbow
flexion, slight forearm pronation, and neutral wrist. At the
evaluator’s cue, each participant applied their maximum
strength to the device with the dominant hand; motivational
verbal commands were used to optimize the test.”? The test
was performed three times with five seconds of duration
for each attempt and one minute of rest between attempts
to avoid muscle fatigue during the test.
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Physical performance

The four-meter walking test was used to assess physical
performance. Each participant was asked to walk six
meters on a flat straight course at the fastest speed possible,
and the time required to walk the central four meters was
measured. The highest speed among three measurements
was used in the analyses; the cutoff adopted was <0.8 m/s
for both sexes, as proposed by the European Consensus.’

Diagnosis of sarcopenia

The diagnosis of sarcopenia and analysis of the
degree of sarcopenia were made based on the European
Working Group on sarcopenia in older people criteria,®
which requires the measurement of a combination of
muscle mass, muscle strength, and physical performance.
Diagnosis started with the measurement of muscle
strength (handgrip strength test), with a cut-off point of
27 kilogram-force (Kgf) for men and 16 Kgf for women;’
results lower than these values indicated probable
sarcopenia. The second step was the measurement of
muscle mass, with cutoffs of 8.5 kg/m? for men and 5.75
kg/m? for women.” Participants with low muscle strength
and muscle masses below these values had the diagnosis of
sarcopenia confirmed. The third step was the measurement
of physical performance through gait speed, values
below the cut-off of 0.8 m/s indicated severe sarcopenia.
Then patients were classified into four categories: absent,
probable sarcopenia, sarcopenia, and severe sarcopenia.

Statistical analysis

Continuous variables were described as mean and
standard deviation, and categorical variables as absolute
and relative frequencies. Comparisons of continuous
variables (age, muscle mass index, handgrip strength,
and gait speed), were assessed using GraphPad Prism
(Version 6.0). First, data normality was verified by the
Kolmogorov-Smirnov test. Subsequently, one-way
ANOVA was performed, followed by Tukey’s post hoc
test. Statistical significance was set at p<0.05.

The categorical variables: type of medication and
degree of sarcopenia were displayed in a contingency
table, and Fisher’s exact test * was performed to verify
whether these variables were associated. Subsequently, the
correspondence analysis (a multivariate technique) ¥ was
used to elucidate the nature of this association, particularly
toidentify which combinations of variables that contributed
most to the association. Correspondence analysis was
performed with the “FactoMineR” package® of R language.

Results

Table 1 shows characteristics of participants and
medications used to treat hypertension. Most patients used
ARBs +DIUs (n=119; 70,4%), followed by calcium blockers
(n=22;13.0%), ACEIs (n=14; 8,3%), and beta-blockers (n=13;
7,7%). Table 1 also lists the number of classes of medication
used by the patients.

Figure 1 shows the mean number of patients according
to the level of sarcopenia (absent; probable; confirmed;
and severe) and age (a), handgrip strength (b), muscle
mass index (c), and gait speed (d). The results revealed a
difference between men'’s age in the “probable sarcopenia”
group compared with “absent” group, and none of the
men showed confirmed or severe levels of sarcopenia.
Individuals with sarcopenia reported lower handgrip
strength, and those with severe sarcopenia had lower
muscle mass index and lower gait speed.

Regarding the drugs used to treat hypertension, only
seven individuals did not use ARBs or DIUs. In addition,
of the 31 individuals who were diagnosed with sarcopenia,
25 used ARBs, DIUs, or a combination thereof. We chose
to study the association between sarcopenia and the drugs
used for hypertension treatment in the 53 individuals who
used only ARBs (n=17), DIUs (n=13), or the combination
of ARBs + DIUs (n=23). Distribution of these combinations
is illustrated in Figure 2.

The variables “type of medication” and “degree of
sarcopenia” were then displayed in a two-way contingency
table (Table 2). The Fisher’s exact test indicated that these
two categorical variables were associated (p-value: 0.0466).
As such, correspondence analysis was carried out to
investigate the nature of this association. This multivariate
technique decomposes the chi-squared statistic associated
with a contingency table into orthogonal factors, ordered
by degree of variation in the data set. For instance, if the
first two factors accounted for most (say, 70%) of the
variation, a simple scatter plot of these factors should be
sufficient for identifying the categories of variables that
most contributed to the association. The scatter plot of the
variables “type of medication” and “degree of sarcopenia”
is shown in Figure 3a. Two groups of categories
contributed most to the association: DIUs associated with
probable sarcopenia, and absence of sarcopenia associated
with ARBs and ARBs + DIUs. However, as the first two
factors accounted for only 52% of the variation in the
contingency table, we chose to consider a third factor,
to confirm if this trend would continue. The first three
factors explained 72% of the variation and were then
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Table 1 - Classes of antihypertensive drugs and number of drug classes used by participants

Classes of medication Number of drug classes
calcium
ARB DIU ACEI block 1 2 3 4
blocker B-blocker

Women 52 53 19 11 11 27 43 18 0
n

Men 8 6 3 3 2 8 4 1 1

Total 60 59 22 14 13 35 47 19 1

Women 69.4+7.0 70.4+7.2 69.3+6.9 68.85.8 70.9+7.8 69.3+6.5 69.1+6.6 70.5+7.8 n/a
Age
(years) Men 66.0+4.5 69.5£3.0 68.7+1.5 69.7+1.5 69.0+1.4 67.3+5.3 67.3+6.3 71 70

Total 68.9+6.8 70.3+6.9 69.2+6.4 69.0+5.2 70.6+7.1 68.9+6.3 68.9+6.3 70.5£7.6 70

Women 28.4+5.2 28.4+4.7 28.0+4.9 26.9+4.5 29.5+6.1 28.4+4.7 28.7+5.2 27.6+5.3 n/a
BMI
(kg/m?) Men 26.8+6.0 30.1+4.4 32.8+6.0 311472 31.4+10.1 26.1+5.5 28.3+3.9 30.4 38.6

Total 28.2+5.3 28.245.0 28.7+5.2 27.8+52 29.8+6.3 27.2+4.8 28.7+4.8 27.8+52 38.6

Women(n=107) 48.60 49.53 17.76 10.28 10.28 25.23 40.19 16.82 0.00
% of

Men (n=22) 36.36 2727 13.64 13.64 9.09 36.36 18.18 455 4.55
users

Total (n=129) 46.51 45.74 17.05 10.85 10.08 27.13 36.43 14.3 0.78

Table 1 — ARB: Angiotensin II receptor blocker; DIU: diuretics; ACEIs: angiotensin-converting enzyme inhibitors; B-blocker: beta-blocker; BMI: body mass index

used to calculate Euclidean distances between categories.
Subsequently, the Ward’s clustering method” was applied
to the categories. The resulting dendrogram is shown in
Figure 3b. Again, it suggested that DIUs were associated
with probable sarcopenia, whereas absent sarcopenia was
associated with ARBs or ARBs + DIUs.

Discussion

Sarcopenia is a disease (ICD-10- M62.84) that affects
over 10,000 older adults worldwide, and 43% of those aged
80 or above. Recently, sarcopenia has become the focus of
intensive studies, and progress has been made toward a
better understanding of its etiology and associated causes.
Considering the consequences of sarcopenia and the aging
of the world’s population, research should continue to

refine strategies for diagnosis and prevention of sarcopenia
in hypertensive older adults. Falls, functional decline, and
fragility are known to cause adverse health effects in the
elderly population.” Only 5.3% of frail persons are not
sarcopenic. Several strategies must be adopted to minimize
this problem, and one of them is to identify possible drugs
involved in this process.”’

Taking into account the aging of the Brazilian
population® — the focus of the present study —researchers
should consider building a consensus regarding the
diagnosis of sarcopenia in Brazil. There are guidelines on
sarcopenia for the Brazilian population; the present study
was based on the European Consensus® and the SMM
index proposed by Janssen et al.

In our study population, although age range was
not different between women with different levels of
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Figure 1 — Distribution of male and female patients according to sarcopenia degree and age (A), handgrip strength (B), muscle
mass index (C) and gait speed (D); Multiple t tests; data expressed as mean * standard deviation. Kgf: kilogram-force; kg/m?:
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Figure 2 — Study design
Table 2 — Number of individuals distributed by sarcopenia level
ARB DIU ARB+DIU Total individuals
Absent sarcopenia 11 7 20 38
Probable 5 6 1 12
Sarcopenia confirmed 0 0 2 2
Severe sarcopenia 1 0 0 1

ARB: Angiotensin 11 receptor blocker; DIU: Diuretics; p-value for Fisher’s Exact Test: 0.04662

sarcopenia, mean age was significantly different between
men with absent and probable sarcopenia. The prevalence
of sarcopenia in older adults aged between 60 and 70 years
varies from 5% to 13%, and in those aged 80 years and
older, from 11% to 50%, according to SMM.*!

Meanwhile, mean values of the handgrip test, muscle
mass, and gait speed results confirmed that handgrip
strength is a good parameter for classifying sarcopenia.
Studies have used the handgrip strength test for
diagnosing sarcopenia,>*® and showed it has good intra-

and inter-observer reliability and can be used in clinical

practice.*** Our data revealed that muscle mass index and
gait speed seemed to act as confounding factors, as the
absent and probable sarcopenia groups showed different
values. Thus, both parameters may be best used after a

tirst screening with handgrip strength.

Coelho-Junior et al.,** also reported an increased
prevalence of hypertension in individuals with sarcopenia.
In our study, most patients (122 out of 129) used ARBs
or DIUs. A possible contributing factor to this that these
medications are provided for free by the public health

services in Brazil.
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Figure 3 — a: Scatter plot of the first two orthogonal factors of the correspondence analysis of the variables: medications (DIU: diuretics;
ARB: angiotensin-receptor blocker; combination: DIU+ARB) and level of sarcopenia (AS: absent sarcopenia; PS: probable sarcopenia;
CS: confirmed sarcopenia; SS: severe sarcopenia). b: Dendrogram of cluster analysis with the first three factors of the correspondence
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The scatter plot showed the association between
the type of medication and degree of sarcopenia, and
two associations seemed to contribute most to this, the
association between DIUs and probable sarcopenia,
and the association between absence of sarcopenia and
ARBs and ARBs + DIUs. This result was confirmed by
the Ward’s clustering algorithm.

Treatment with ARBs can have protective effects
against muscle loss, since angiotensin II increases
superoxide production,®® reduces the autocrine
insulin-like growth factor-1 signaling,* decreases
mitochondprial function,® and increases apoptosis® in
skeletal muscles, leading to muscle loss. In humans
(cardiovascular patients) and in a rat model for heart
failure associated with muscle atrophy and with
increase in fatigability, ARBs provided protective
effects by reversing most of the molecular markers
of skeletal muscle loss.® Brown et al.,* reported that
the use of ARBs instead of ACEIs for the treatment
of hypertension could prevent mobility disability in
older adults, especially in those at risk for decreased
mobility and loss of physical independence. Further
studies are necessary to investigate if the molecular
and biochemical effects are reflected in worse physical
performance and reduction in muscle mass.

Regarding the use of DIUs, the present study
showed a significant association between DIUs and
sarcopenia. A study* has shown that in patients
with renal failure, heart failure, and hypertension,
treatment with DIUs impaired the sodium-potassium
pump function. Indeed, muscle biopsy specimens of
patients demonstrated a reduction in intracellular
potassium concentration and increase in intracellular
sodium.” In vitro studies using skeletal muscle cells
have shown that loop DIUs block the Na+-K+-2Cl-
cotransporter activity, thereby suppressing skeletal
muscle differentiation.’® Hanai et al.,*" also reported
that the use of a higher dose of loop DIUs was
associated with a faster decrease in SMM in patients
with liver cirrhosis, independent of the severity of liver
disease, suggesting that loop DIUs are one of the risk
factors of sarcopenia.

Our study has some limitations that need to
be considered. First, there was a small number
of individuals that used only DIUs. Second, the
frequency and time of use of drugs were not
evaluated with respect to sarcopenia level. Third,
the diagnosis of sarcopenia was made based on the
European Consensus. It is necessary to confirm the

reproducibility of this consensus in the Brazilian
population.

Conclusion

In conclusion, age of elderly women with sarcopenia
was not different from that of elderly women without
sarcopenia. The handgrip strength test was a good method
for diagnosing sarcopenia. The use of DIUs was associated
with increased risk of sarcopenia in hypertensive older
adults. Results of the present study is a starting point for
health professionals to carefully consider antihypertensive
prescription to elderly patients.
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