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Abstract

Objective: We aimed to compare functional exercise capacity, respiratory and peripheral
muscle strength, pulmonary function and quality of life between patients with stable angina and
healthy controls.

Methods: We compared 33 patients with stable angina (55.21 4-6.12 years old, Canada Class
II-11, left ventricular ejection fraction: 61.92 +7.55) and 30 healthy controls (52.70 +4.22 years
old). Functional capacity (6-minute walk test (6-MWT)), respiratory muscle strength (mouth
pressure device), peripheral muscle strength (dynamometer), pulmonary function (spirometer)
and quality of life (Short Form 36 (SF-36)) were evaluated.

Results: 6-MWT distance (499.20 £51.91 m versus 633.05 £ 57.62m), maximal inspiratory
pressure (85.42+20.52cmH,O versus 110.44 £ 32.95cmH,0), maximal expiratory pressure
(83.33 £ 19.05 cmH,O versus 147.96 - 54.80 cmH,O) and peripheral muscle strength, pulmo-
nary function and SF-36 sub-scores were lower in the angina group versus the healthy controls,
respectively.
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Conclusion: Impaired peripheral and respiratory muscle strength, reduction in exercise capacity
and quality of life are obvious in patients with stable angina. Therefore, these parameters should
be considered in stable angina physiotherapy programmes to improve impairments.
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Introduction

Stable angina is a disturbing and life-
restricting condition of coronary heart dis-
ease (CHD). Stable angina may become a
life-threatening aetiology if the patient
develops heart failure. Clinically, stable
angina may manifest as exercise dyspnoea,
fatigue, weakness, heart failure symptoms,
ventricular arrhythmias and other condi-
tions."> There is no significant change in
the frequency, severity or duration of symp-
toms over time in patients with stable
angina pectoris, which arises when myocar-
dial oxygen consumption increases (with
exercise, stress, smoking or after heavy
meals).” During exercise, inspiratory
demands increase in concert with expira-
tion, resulting in the increased recruitment
of inspiratory and expiratory muscles, fur-
ther elevating the need for oxygen uptake
and delivery.  Therefore, ventilatory
demand increases and lung volume and
breathing frequency change.* Franssen
et al.” stated that most patients with ischae-
mic heart disease had airflow limitation,
and this problem was associated with
increased respiratory symptoms, impaired
health status and more frequent emergency
room admissions. Exercise performance,
lower levels of physical activity related to
lifestyle and lower values in multiple
domains of health-related quality of life in

patients with stable angina have been inves-
tigated, but there is still a lack of informa-
tion regarding pulmonary function and
peripheral and respiratory muscle strength
in patients with stable angina.® Reducing
the incidence of acute thrombotic events
and ventricular dysfunction development
form the major core of prevention of myo-
cardial infarction and death in angina
patients.” Recently, it has become obvious
that disease severity should not be estimat-
ed from impaired cardiac function alone.
However, what has not been clearly inves-
tigated is the fact that functional exercise
capacity, pulmonary function and respira-
tory and peripheral muscle strength are
impaired, and activities of daily living in
patients with cardiac disease are also
decreased.®” Hence, in this prospective
study, we aimed to compare the aforemen-
tioned symptoms and findings in patients
with stable angina with those in healthy
controls. We hypothesised that functional
exercise capacity, pulmonary function and
respiratory and peripheral muscle strength
are impaired and reduce the quality of life
of patients with stable angina.

Materials and Methods

This study was approved by our University
Ethics Committee (Protocol number: 2020/
12), and the study was performed in
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accordance with the Declaration of
Helsinki. Written informed consent to par-
ticipate in the study was obtained from all
patients and controls.

Participants

Individuals aged 18 to 65 years diagnosed
with atherosclerotic stable angina and age-
matched healthy individuals were included
in this study.

The inclusion criteria were: patients with
stable angina, Canada Class II-I1I, clinical-
ly stable for at least 8 weeks, with no change
in medications over 3 months and all
comorbid conditions, such as hypertension
and diabetes, controlled.

The healthy controls were invited to par-
ticipate in this study via an announcement,
and all were volunteers with regular routine
medical examinations data and no cardiac
problems.

Neither angina patients nor healthy indi-
viduals engaged in professional sports, and
all performed only irregular moderate phys-
ical activity.

The exclusion criteria for all participants
were:  active  infection;  orthopaedic
problems; rheumatological and neurologi-
cal disease with the potential to affect
functional capacity; comorbidities, such as
asthma, chronic obstructive pulmonary dis-
ease (COPD), acute infections or pneumo-
nia; physician-scheduled revascularisation
within the next 6 months; dilated or hyper-
trophic cardiomyopathy; heart failure symp-
toms; reduced left ventricular ejection
fraction (LVEF) of <40%; left main coro-
nary artery stenosis of >50%; proximal left
anterior descending artery stenosis of >50%
and functional single epicardial vessel.

Study design. This descriptive study was con-
ducted to compare patients with stable
angina with healthy controls. In the first
stage, patients’ and volunteers’ clinical eval-
uations were conducted by the same

cardiologist at the Department of
Cardiology, Faculty of Medicine, Hatay
Mustafa Kemal University. In the second
stage, all participants were assessed by a
physical therapist who specialised in cardio-
pulmonary physiotherapy, using measure-
ments of respiratory and peripheral muscle
strength, pulmonary function, functional
capacity and quality of life.

Procedures. Demographic data and all of the
participants’ analysis results were recorded
from medical records and evaluation forms.

Respiratory muscle strength

Maximal inspiratory and expiratory respi-
ratory muscle strength (MIP and MEP,
respectively) were evaluated with a portable
electronic mouth pressure measuring device
(MicroRPM, Micro Medical, Kent, UK)
according to the American Thoracic
Society (ATS) and European Respiratory
Society (ERS) criteria.® MIP and MEP
measurements were used to evaluate the
respiratory muscles. MIP was measured by
rapid and deep inspiration of residual
volume after maximum expiration. MEP
was evaluated by rapid and deep expiration
of total lung capacity after maximum inspi-
ration. The patients were verbally encour-
aged to perform to the best of their ability.
If there was more than a 5% or 5-cmH,O
difference between the two best measured
values, the measurement was repeated,
and the best measurements were selected
for analysis. The minimal clinically impor-
tant difference (MCID) value for MIP was
considered 11 cmH-O, according to the lit-
erature.” The presence of respiratory muscle
weakness was accepted if the predicted
maximal pressures were <70%."°

Peripheral muscle strength

The muscle strength of the participants’
knee extensors, hip flexors, shoulder
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abductors and elbow flexors was evaluated
using a digital dynamometer (Commander
Powertrack II; JTECH Medical, Midvale,
UT, USA). The test was repeated three
times for the right and left sides. The
obtained values were recorded in Newtons
(N), and the percentage of normal values
determined by age and gender was used
when interpreting the measurements.'!
Hand grip strength was assessed with a
hand-held dynamometer (Jamar®;
Fabrication Enterprises Inc., White Plains,
NY, USA), in accordance with the
American Society of Hand Therapist rec-
ommendations. The participants sat com-
fortably in a standard chair with leg and
back supports and fixed arms and were
asked to rest their forearm on the arm of
the chair with the wrist just over the end of
the arm of the chair and to position the
wrist in a neutral position with the thumb
facing upward. They were then encouraged
to squeeze the device for as long and as
tightly as possible, starting with the right
hand. The measurements were repeated
for the left hand, and further measurements
were performed for each hand to obtain the
best three readings. The values obtained
were recorded in Ibs. The highest result
and the mean value of the three measure-
ments were used for analysis.'*"?

Pulmonary function test

Respiratory function was evaluated using a
portable spirometer (Spirobank  II%;
Medical International Research, Rome,
Italy). All participants’ forced vital capacity
(FVCQO), forced expiratory volume in the first
second (FEV)), ratio of forced expiratory
volume in the first second to forced vital
capacity (FEV,/FVC), peak expiratory
flow rate (PEF) and forced expiratory
medium flow rate (FEF,50, 750,) were mea-
sured in a sitting position, and the data
were recorded. Three technically acceptable

and 95% compatible manoeuvres were
chosen for the statistical analysis.'*

Functional capacity

Functional capacity was evaluated with a
six-minute walk test (6-MWT). Patients
rested for at least 30 minutes before starting
the test, which was performed in accor-
dance with the ATS criteria.'* Oxygen sat-
uration (Sp0O»), heart rate, blood pressure,
respiratory frequency, fatigue and dyspnoca
perception were recorded before and after
the test. The start and end points were
determined in the 30-m straight corridor
where the 6-MWT was performed. The
patients were asked to walk as fast as possible
without running. Standard verbal expressions
were used to encourage the patients during
the test. The 6-MWT distance reached was
recorded in metres (m), and the greatest dis-
tance was chosen for analysis.'”

Quality of life

Quality of life was evaluated with the Short
Form 36 (SF-36) General Health Survey.
The scale, which can be used for different
patient groups and healthy individuals, is
reliable and valid in Turkish.'® Scoring of
the scale consists of three stages. The first
stage involves scoring each question indi-
vidually from lowest to highest (0 to 100).
In the second stage, the averages of the
same subscales (physical function, role lim-
itations due to physical problems, general
health, bodily pain, social function, role
limitations due to emotional problems,
mental health and vitality) are calculated,
and in the third stage, the percentages of
these items are calculated. The lowest per-
centage corresponds to poor quality of life.!”

Statistical Analyses. All statistical analyses
were performed using the SPSS 20.0 statis-
tical package (IBM Corp., Armonk, NY,
USA). Normality of the data was tested
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using the Shapiro—Wilk’s test.
Demographic and clinical characteristics
of the groups were compared using the
independent samples test, and differences
between the groups were reported as mean-
=+ standard deviation (mean+SD) or as
mean difference and 95% confidence inter-
vals (95% CI). Nominal data were analysed
using the Chi-square test. Non-normally-
distributed data were expressed as median
(quartiles) and were compared using
the Mann—Whitney U test. Correlations
between 6-MWT distance, pulmonary func-
tion, respiratory muscle strength and clini-
cal characteristics were analysed using
Pearson’s and Spearman’s rank correlation
coefficients, as appropriate.'®

The G*Power package software pro-
gramme (G*Power, version 3.1.9.4; Franz
Faul, Universitat Kiel, Kiel, Germany)
was used to calculate the required sample
size for the study. According to a previous
study (Graetz et al., 2012),"” we calculated
that a sample size constituting 24 subjects
(12 per group) was required to obtain 80%
power with an effect size of 1.074628, type I
error (z) =0.05 and type II error (5) = 0.20.

Stable Angina Patients

Assessed for eligibility (n=40)

Excluded (n=7)

+ Not meeting inclusion
criteria (n=5)
left main coronary artery
stenosis (>50%; n=2)
respiratory disease (n=2)
unstabil angina (n=1)

+ Declined to participate(n=2)

Analysed (n= 33)

Results

Forty patients with stable angina pectoris
were enrolled in the current study. Of
these, five did not meet the inclusion crite-
ria, and two declined to participate. Forty
healthy controls were asked to participate,
five of whom were excluded because they
were not age-matched, and five declined to
participate. In total, 33 patients and 30
controls were recruited and compared
(Figure 1). The demographics, clinical char-
acteristics and physical activity participa-
tion of the stable angina and healthy
control groups were similar (Table 1).
However, cigarette exposure was higher in
patients with stable angina than in healthy
controls (p <0.01, Table 1).

Regarding pulmonary function, mea-
sured and predicted FVC (L) (p=0.040),
FVC (%) (p=0.037), PEF (L) (p=0.030),
PEF (%) (p=0.080) and FEV,/FVC (%)
(p=0.009) values were significantly lower
in the patients with stable angina compared
with healthy controls (Table 2).

We found significant differences in respi-
ratory muscle strength in measured MIP
(p=0.001), and MEP (p < 0.001), predicted

Healthy Controls
Assessed for eligibility (n=40)

Excluded (n= 10)

+ Age not matched (n:5)

+ Declined to participate
(n=5)

A

Analysed (n= 30)

Figure |. Flow diagram of the patients with stable angina and healthy controls.
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Table |I. Demographics, characteristics and physical activity participation of patients with stable angina and

healthy controls.

Patients Controls
X+£SD/ X+SD Mean difference
Variable Median (IQR) Median(IQR) (95% CI)/UIx* p
Age (years) 5521 +£6.12 52.70 +4.22 2.51 [(—0.16)-(—5.18)]  0.06
Weight (kg) 85 (76.5-95.5) 78 (73.5-84.25) 3575 0.05
Height (cm) 170.87 +4.78 169.60 +8.21 1.27 [(—2.27)—(4.83)] 0.47
Body mass index (kg/m?) 28.73 (26.23-31.54)  27.59 (25.91-29.58) 103 0.20
Female/Male, n (%) 3 (9.1%)/30 (90.9%) 5 (16.7%)/25 (83.3%) 0.814 0.46
Smoking exposure (packxyear) 28 (0-50) 0 (0-27) 279* 0.01*
Smoking n (%) 4.53
Current 10 (30.3%) 5 (16.7%) 0.10
Ex-smoker 13 (39.4%) 8 (26.7%)
Non-smoker 10 (30.3%) 17 (56.27%)
Moderate intensity 11 (33%) 6 (20%) 1.41 0.23

physical activity n (%)

Canada Class II/lll, n/% 27/81.8%, 6/18.2%

LVEF, % 61.92+7.55
DM, n (%) 16 (48.5%)
HT, n (%) 21 (63.6%)

Medication, n (%)

Acetylsalicylic acid (ASA), n (%) 26 (78.8%)

ACE-l, n (%) 18 (54.5%)
Beta blockers, n (%) 10 (30.3%)
Calcium-channel blockers, n (%) 3 (9.1%)
Long-acting nitrates, n (%) 2 (6.1%)
Antilipid drugs, n (%) 22 (66.7%)
Antidiabetic medications, n (%) 16 (48.5%)
NSAIDs, n (%) 3 (9.1%)
Antithrombotic drugs, n (%) 24 (72.7%)
Trimetazidine, n (%) 3 (9.1%)
Ranolazine, n (%) 2 (6.1%)

*p < 0.05. Boldfaced values indicate the significance.

ACE-I, angiotensin converting enzyme inhibitors; Cl, confidence interval; DM, diabetes mellitus; HT, hypertension;
IQR, interquartile range; Ml, myocardial Infarction; LVEF, left ventricular ejection fraction; NSAIDs, nonsteroidal

anti-inflammatory drugs; SD, standard deviation; X, mean.

MIP (p<0.001) and predicted MEP
(p<0.001) between the groups (Table 2).
The mean difference between the groups
for MIP (25.02cmH,0O) was higher than
MCID (11cmH;0). Thirteen (39.4%)
patients had values lower than 70% of pre-
dicted MIP, and 33 (100%) patients had
values lower than 70% of predicted MEP.

Regarding peripheral muscle strength,
there were no significant differences in mea-
sured hip flexor muscle and left hand grip
strength between the groups (Table 2).

However, the mean difference between the
groups for quadriceps femoris muscle
strength (22 N) was higher than MCID
(17 N). Measured (p=0.002) and % pre-
dicted (p < 0.001) strength in the quadriceps
femoris, measured (p <0.001) and % pre-
dicted (p<0.001) shoulder abductor
strength, measured (p <0.001) and % pre-
dicted (p<0.001) elbow flexor muscle
strength, % predicted hip flexor strength
(p=0.03) and % predicted hand grip
strength (right) (p=0.03) values were
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significantly lower in patients with stable
angina compared with healthy controls
(Table 2). Thirty-three (100%) patients
had values less than 80% of the predicted
quadriceps femoris strength, and 31
(93.9%) patients had values of less than
80% of the predicted shoulder abductor
strength.

The measured and % predicted 6-MWT
distances were significantly (p <0.001)
shorter in the stable angina group com-
pared with the healthy control group
(Table 2). Eleven (33.3%) patients had
values less than 80% of the predicted 6-
MWT distance.

Regarding quality of life, physical func-

tioning (p<0.001), role—physical
(p=0.001), role-emotional (p<0.001),
vitality  (p=0.002), mental  health

(p=0.014), bodily pain (p=10.041) and gen-
eral health (p=0.004) SF-36 subscale
scores were significantly lower in patients
with stable angina compared with healthy
controls (Table 3). There was no significant
difference in social functioning SF-36 sub-
scale scores between patients and controls

(Table 3).
6-MWT was positively correlated with
gender (1’=0.508; p=0.004), MIP

(*=0.405; p=0.024), MEP (r*=0.348;
p=0.047), hip flexors (left) (r>=0.395;

p=0.028), measured FVC (r*=0.417;
p=0.024), predicted PEF (r*=0.519;
p=0.003), measured PEF (1>=0.621;

p=0.001) and SF 36 subscale scores for
role—physical (> =0.313; p =0.046), bodily
pain (r°=0.522; p=0.004) and general
health (r* = 0.449; p=0.014; Table 4).

Discussion

To best of our knowledge, this is the first
study of peripheral and respiratory muscle
strength, functional capacity and quality of
life in patients with stable angina. The most
important findings in the present study are
the impaired functional exercise capacity
and quality-of-life  scores; weakened
muscle strength in the shoulder abductors,
elbow flexors and quadriceps femoris and
decreased hand grip strength and MIP
and MEP values in patients with stable
angina. The mean difference between the
groups for MIP (25.02cmH,0) was higher
than the MCID (11cmH,0).° Pulmonary
function test results were similar between
the groups except for the FVC, FEV,/
FVC and PEF values.

Pharmacological treatment, lifestyle
modifications and coronary revascularisa-
tion procedures are all targeted at reliving
anginal symptoms and increasing quality of

Table 3. Comparison of quality of life in patients with stable angina and healthy controls.

Patients

Controls

Characteristic

Mean difference

SF-36 (0-100) X+ SD/Median (IQR)* X+ SD/Median (IQR)* (95% CI (U statistic*)) p
Physical functioning 75 (65-90) 95 (85-100) 140.5 <0.001*
Role—physical 100 (0-100) 100 (100-100) 189.0 0.001*
Role—emotional 33.3 (0-100) 100 (100-100) 155.0 <0.001%*
Vitality 55.16 +£24.34 7404 £ 13.74 —18.88 (—30.67 to —7.09) 0.002*
Mental health 61.41+17.84 7409 £17.23 —12.67 (—22.66 to —2.68) 0.014*
Social functioning 100 (50-100) 100 (75-100) 275.5 0.309
Bodily pain 77.50 (55-100) 90 (77.50-100) 2185 0.041*
General health 65 (45-70) 85 (65-85) 172.0 0.004*

*significant value: p < 0.05. Boldfaced values indicate the significance.
Cl, confidence interval; IQR, interquartile range; SD, standard deviation; SF-36, Short-Form 36; X, mean.



Huzmeli et al.

Table 4. Correlations between 6-MWT distances
and demographic and clinical characteristics of
patients with stable angina.

6-MWT distance

Characteristic r value  p-value
Age, years 0.083 0.657
Male/female 0.508 0.004*
BMI, kg/m? -0.253 0.170
Smoking, pack-years 0.389 0.030*
LVEF, % -0.015 0939
FEVI, % predicted 0.213  0.251
FVC, L 0417 0.020%
FEVI/FVC, % -0.078 0.677
PEF, L 0.621 0.001*
PEF % predicted 0.519 0.003*
MIP, cmH20 0.405 0.024*
MEP, cmH20 0.348 0.047*
Quadriceps femoris (left), N 0311 0.089
Shoulder abductors (left), N 0.323 0.076
Hip flexors (Left), N 0.395 0.028*
Hand-grip strength (Right) Ibs ~ 0.355  0.050*
Canada Class II/IlI —0.232  0.209
SF-36 Role—physical 0.373  0.046*
SF-36 Bodily pain 0.522  0.004*
SF-36 General health 0.449 0.014*

*significant value: p < 0.05. Boldfaced values indicate the
significance.

BMI, body mass index; FEV|, forced expiratory volume in
one second; FVC, forced vital capacity; LVEF, left ventric-
ular ejection fraction; MEP, maximal expiratory pressure;
MIP: maximal inspiratory pressure; PEF, peak expiratory
flow; r, Pearson’s/Spearman’s correlation coefficients;
SF-36, Short Form 36; 6-MWT, 6-minute walk test.

life. When compared with optimal medical
therapy only, there is no obvious superior-
ity of a combination of optimal medical
therapy and revascularisation procedures
on survival and myocardial infarction.'
However, one study recently demonstrated
and reported an incremental deterioration
in patient survival associated with an
increased degree of anginal severity.
Furthermore, increased angina severity is
associated with increased rates of atrial
fibrillation, hospitalisation and further
acute coronary syndromes.”” Hence,

relieving anginal symptoms and improving
functional status has become more valuable
in patients with stable angina. According to
our findings, 6-MWT and quality-of-life
results in patients with angina are lower
than in healthy controls, and these results
are supported by the literature.

Pulmonary lung function is indirectly
related to CHD and cardiovascular disease
(CVD). Several studies have demonstrated
that pulmonary function abnormalities are
prevalent in patients with ischaemic heart
disease.?! In a recent study, the FEV,,
FVC and FEV,/FVC values were assessed
as predictors of CHD events in 1548 older
community-dwelling adults, who were fol-
lowed for up to 22 years (mean age:
73.6 +9.2 years). The authors of the study
stated that decreased pulmonary function
was a risk factor for CVD in older
community-dwelling adults.”> In contrast,
we assessed younger patients with angina;
aged 55.21 +6.12 years. According to our
results, there were reductions in pulmonary
function, and we consider that age and
smoking status may affect the status of
the coronary arteries.

In an earlier study (1995), Hamilton
et al.?® showed that patients with stable
angina have inspiratory and expiratory
muscle weakness and respiratory muscle
pump insufficiency leading to dyspnoea in
daily living activities; patients with angina
also had reduced respiratory muscle
strength. The authors stated that the
peripheral and respiratory muscle weakness
appeared to be associated with concomitant
pulmonary and cardiac disorders rather
than with the presence of angina, and that
muscular weakness in patients with cardio-
respiratory disorders was not restricted to
the respiratory muscles but was present in
both respiratory and peripheral limb
muscles.?? In contrast, we did not include
patients with respiratory disorders in our
study, to eliminate respiratory problems.
However, similar to other studies, we
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found that 13 (39.4%) patients had values
less than 70% of predicted MIP, and 33
(100%) had values less than 70% of pre-
dicted MEP. We hypothesise that smoking
status associated with lower PEF values
and a history of diabetes or hypertension
may affect respiratory muscle strength in
patients with stable angina.

Myocardial oxygen consumption, which
is a determinant of exercise capacity, is
associated with peripheral muscle weakness
and impaired cardiac function. In a recent
study, researchers showed that cardiorespi-
ratory capacity in patients with coronary
artery disease (CAD) is related to impaired
skeletal muscle function measured by isoki-
netic dynamometry. In particular, decondi-
tioning of peripheral muscles (quadriceps
and hamstring) induced poor adaptation
to exercise,”* while in another study, quad-
riceps muscle strength was similar between
patients with CAD and healthy controls,
but isometric endurance was lower.>> For
both upper and lower extremity evaluation,
one study stated that leg extensor muscle
strength was weaker in patients with cardi-
ac problems (post-myocardial infarction,
CHD, left ventricular hypertrophy, cardio-
myopathy and congestive heart failure)
than in healthy controls. However, arm
flexor muscle strength was similar between
cardiac patients and healthy controls.*® In
our study, 33 (100%) patients had values
less than 80% of predicted quadriceps
femoris strength, and 31 (93.9%) had
values less than 80% of predicted shoulder
abductor strength. To the best of our
knowledge, no studies have reported weak-
ened muscle strength in patients with stable
angina relative to healthy individuals.
Measured and % predicted quadriceps
femoris muscle strength values were also
lower in patients with angina pectoris.
Quadriceps femoris muscle strength was
clinically impaired (22 N) in patients with
angina compared with healthy controls.
The results of both upper- and lower

extremity muscle strength testing in patients
with stable angina are still unclear.
Comprehensive upper-limb muscle assess-
ments should be considered for patients
with angina, and the effects of upper-
extremity training should be investigated
in future studies.

According to our knowledge, grip
strength measurement is a useful tool to
assess overall muscle strength. There is a
linear association between grip strength
and chronic diseases, such as hyperlipidae-
mia, ischaemic heart disease and diabetes,
as described by Cheung et al.?’ Sokrans
et al.?® showed that there are interactions
between hand grip strength and oxygen
consumption before and after surgery in
patients with CAD, and hand grip strength
may be a useful predictor to evaluate
oxygen consumption among cardiac
patients. A recent study showed that the
grip strength of the dominant hand was
lower in patients with myocardial infarction
and angina pectoris than in healthy con-
trols.”” As in these studies, we compared
hand grip strength between patients with
stable angina and healthy individuals, and
we found significantly lower hand grip
strength in patients with stable angina. In
healthy individuals, grip strength and leg
muscle strength are weaker for current
smokers than for nonsmokers.®® In our
study, smoking status was higher in patients
with angina pectoris than in healthy con-
trols. Therefore, in addition to cardiac dys-
function, smoking exposure may affect
hand grip strength. Future studies are
planned to investigate which factors influ-
ence hand grip strength in patients with
stable angina.

Patients with stable angina have lower
exercise capacity, and impaired exercise
capacity is a predictor of mortality.®*>"!
Cardiopulmonary exercise testing (CPET)
provides important information in stable
CHD.?*?*?* However, 6-MWT, which is a
simple field test, is commonly used to
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determine functional exercise capacity.
In addition, 6-MWT results were found to
be similar to CPET.** In one study, exercise
capacity was assessed by 6-MWT, and
patients with stable angina showed shorter
6-MWT distances (449 +£96m) than con-
trols (485+100m).° Ghroubi et al?*
reported that 6-MWT distance was signifi-
cantly shorter in CAD patients (425.93 +
52.77m) than in healthy controls
(551.46 £57.94m). In the current study,
patients with stable angina walked shorter
distances (499.204+51.91m) than did
healthy controls (633.054+57.62m). We
believe that our stable angina patients
walked much further because they were
younger than participants in the other two
studies.®>* Despite our patients being youn-
ger, their exercise capacity was still lower;
33.3% of patients had values less than 80%
of predicted 6-MWT. The positive correla-
tion between gender, MIP, MEP, FVC and
PEF values, SF 36 subscales (general health
and bodily pain), quadriceps femoris and
shoulder abductor muscle strength,
Canada classification and 6-MWT results
suggests that functional capacity may be
negatively affected by angina. Therefore,
patients with angina should be directed to
early rehabilitation programmes.
Quality-of-life impairment in patients
with CAD has been shown in several stud-
ies.®¥3% In addition, health-related quality
of life is related to the severity of CAD.?
One study showed that physical function,
role limitations due to physical problems,
general health and SF-36 vitality subscale
scores were lower in participants with
stable angina.® Another study stated that
health-related quality of life was affected
in CAD patients, especially for older and
female parients.®® In accordance with
other studies,®*® in our study, physical
functioning, role—physical, role—emotional,
vitality, mental health, bodily pain and
SF-36 general health subscale scores were
lower in patients with angina than in

healthy controls. According to our results,
impaired exercise capacity might contribute
to impaired quality of life.

Limitations

The main imitation in this study is that
maximal exercise testing should be per-
formed to determine maximal exercise
capacity to clearly detect the presence of
angina symptoms during the test. We did
not perform this test, in this study.

In conclusion, impaired peripheral upper-
and lower-limb muscle strength, decreased
exercise capacity and quality of life, especial-
ly inspiratory and expiratory respiratory
muscle strength, are obvious in patients
with stable angina. Therefore, measurements
of respiratory muscle strength, exercise
capacity, peripheral extremity muscle
strength and quality of life should guide
the planning of appropriate exercise inter-
ventions within cardiac rehabilitation pro-
grammes. In future studies, comparative
investigation of different classes of angina
according to the Canadian Cardiovascular
Society angina classification involving
larger populations is required.

Acknowledgements

The authors would like to thank all participants
and centres participating in this study.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iDs

Irem Huzmeli @ https://orcid.org/0000-0003-
3400-6016

Mine Gulden Polat @ https://orcid.org/0000-
0002-9705-9740


https://orcid.org/0000-0003-3400-6016
https://orcid.org/0000-0003-3400-6016
https://orcid.org/0000-0003-3400-6016
https://orcid.org/0000-0002-9705-9740
https://orcid.org/0000-0002-9705-9740
https://orcid.org/0000-0002-9705-9740

12

Journal of International Medical Research

References

1.

10.

11.

. Malamed SF. Chapter 27.

. American Thoracic

Knuuti J, Wijns W, Saraste A, et al. 2019
ESC Guidelines for the diagnosis and man-
agement of chronic coronary syndromes.
Eur Heart J 2020; 41: 407-477.

. Al-Lamee R, Thompson D, Dehbi HM,

et al. Percutaneous coronary intervention
in stable angina (ORBITA): a double-
blind, randomised controlled trial [published
correction appears in Lancet. 2018 Jan 6;
391(10115): 30]. Lancet 2018; 391: 31-40.
In:  Angina
Pectoris, Medical Emergencies in the Dental
Office. Tth ed. 2015, pp.440-455.

. Giuriato G, Gundersen A, Verma S, et al.

The effects of chest wall loading on percep-
tions of fatigue, exercise performance, pul-
monary function, and muscle perfusion.
Sports (Basel) 2020; 8: 3.

. Franssen FM, Soriano JB, Roche N, et al.

Lung function abnormalities in smokers
with ischemic heart disease. Am J Respir
Crit Care Med 2016; 194: 568-576.

. Gardner AW, Montgomery PS, Ritti-Dias

RM, et al. Exercise performance, physical
activity, and health-related quality of life in
participants with stable angina. Angiology
2011; 62: 461-466.

. Winchester DE and Pepine CJ. Angina

treatments and prevention of cardiac
events: an appraisal of the evidence. Eur
Heart J Suppl 2015; 17: G10-G18. doi:
10.1093 /eurheartj/suv054

Society. ATS/ERS
Statement on respiratory muscle testing.
Am J Respir Crit Care Med 2002; 166:
518-624.

. Troosters T, Gosselink R and Decramer M.

Short-and long-term effects of outpatient
rehabilitation in patients with chronic
obstructive pulmonary disease: A random-
ized trial. Am J Med 2000; 109: 207-212.

Dall’Ago P, Chiappa GR, Guths H, et al.
Inspiratory muscle training in patients with
heart failure and inspiratory muscle weak-

ness: A randomized trial. J Am Coll
Cardiol 2006; 47: 757-763.
Bohannon RW. Reference values for

extremity muscle strength obtained by
hand-held dynamometry from adults aged

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

20 to 79 years. Arch Phys Med Rehabil
1997; 78: 26-32.

Greenwood MJ, Della-Siega AJ, Fretz EB,
et al. Vascular communications of the hand
in patients being considered for transradial
coronary angiography. J Am Coll Cardiol
2005; 46: 2013-2017.

Eksioglu M. Normative static grip strength
of population of Turkey, effects of various
factors and a comparison with international
norms. Appl Ergon 2016; 52: 8-17.

Quanjer PH, Tammeling GJ, Cotes JE, et al.
Lung volumes and forced ventilator flows.
Report Working Party, Standardization of
Lung Function Tests, European Community
for Steel and Coal and European Respiratory
Society. Eur Respir J Suppl 1993; 6: 5-40.
ATS Committee on Proficiency Standards
for Clinical Pulmonary Function
Laboratories. ATS statement: guidelines
for the six-minute walk test. Am J Respir
Crit Care Med 2002; 166: 111-117.
Kocyigit H, Aydemir O, Fisek G, et al.
Validity and reliability of Turkish version
of Short form 36: A study of a patients
with romatoid disorder. Journal of Drug
and Therapy (in Turkish) 1999; 12: 102-106.
Ware JE Jr. SF-36 health survey update.
Spine (Phila Pa 1976) 2000; 25: 3130-3139.
Indrayan A and Malhotra RK. Medical bio-
statistics. CRC Press, 2017.

Graetz JP, Zamunér AR and Moreno MA.
Evaluation of maximal inspiratory and sniff
nasal inspiratory pressures in pre-and post-
operative myocardial revascularization. Rev
Bras Cir Cardiovasc 2012; 27: 607-613.
Owlia M, Dodson JA, King JB, et al
Angina severity, mortality, and healthcare
utilization among veterans with stable
angina. J Am Heart Assoc 2019; 8: e012811.
Wang B, Zhou Y, Xiao L, et al. Association
of lung function with cardiovascular risk: a
cohort study. Respir Res 2018; 19: 214. doi:
10.1186/s12931-018-0920-y

Lee HM, Liu MA, Barrett-Connor E, et al.
Association of lung function with coronary
heart disease and cardiovascular disease out-
comes in elderly: the Rancho Bernardo
study. Respir Med 2014; 108: 1779-1785.
doi: 10.1016/j.rmed.2014.09.016



Huzmeli et al.

13

23.

24.

25.

26.

217.

28.

29.

Hamilton AL, Killian KJ, Summers E, et al.
Muscle strength, symptom intensity, and
exercise capacity in patients with cardiore-
spiratory disorders. Crit Care Med 1995;
152: 2021-2031.

Ghroubi S1, Chaari M, Elleuch H, et al. The
isokinetic assessment of peripheral muscle
function in patients with coronary artery dis-
ease: correlations with cardiorespiratory
capacity. Ann Readapt Med Phys 2007; 50:
295-301; 287-94.

Gayda M, Choquet D, Temfemo A, et al.
Cardiorespiratory fitness and functional
capacity assessed by the 20-meter shuttle
walking test in patients with coronary
artery disease. Arch Phys Med Rehabil
2003; 84: 1012—-1016.

Baum K, Hildebrandt, U, Edel K, et al.
Comparison of skeletal muscle strength
between cardiac patients and age-matched
healthy controls. Int J Med Sci 2009; 6: 184.
Cheung CL, Nguyen US, Au E, et al
Association of handgrip strength with
chronic diseases and multimorbidity: a
cross-sectional study. Age (Dordr) 2013;
35:929-941. doi: 10.1007/s11357-012-9385-y
Sokran SN, Mohan V, Kamaruddin K, et al.
Hand grip strength and myocardial oxygen
consumption index among coronary artery
bypass grafting patients. fran J Med Sci
2015; 40: 335-340.

Siddique MA, Afzal MW, Ahmad A, et al.
Quantitative comparison of handgrip
strength between cardiac patients and age
matched healthy controls using a handheld

30.

31.

32.

33.

34.

35.

36.

dynamometer. Khyber Medical University
Journal 2018; 10.

Saito T, Miyatake N, Sakano N, et al.
Relationship between cigarette smoking
and muscle strength in Japanese men.
J Prev Med Public Health 2012; 45: 381-386.
Handberg E, Johnson BD, Arant CB, et al.
Impaired coronary vascular reactivity and
functional capacity in women: Results from
the NHLBI Women’s Ischemia Syndrome
Evaluation (WISE) Study. J Am Coll
Cardiol 2006; 47: S44-S49.

Vanhees L, Fagard R, Thijs L, et al.
Prognostic significance of peak exercise
capacity in patients with coronary artery dis-
ease. J Am Coll Cardiol 1994; 23: 358-363.

Myers J, Prakash M, Froelicher V, et al.
Exercise capacity and mortality among
men referred for exercise testing. N Engl J
Med 2002; 346: 793-801.

Beatty AL, Schiller NB and Whooley MA.
Six-minute walk test as a prognostic tool in
stable coronary heart disease: data from the
heart and soul study. Arch Intern Med 2012;
172: 1096-1102.

Ekici B, Ercan EA, Cehreli $, et al. The
effect of emotional status and health-
related quality of life on the severity of cor-
onary artery disease. Kardiol Pol 2014; 72:
617-623.

Unsar S, Sut N and Durna Z. Health-related
quality of life in patients with coronary
artery disease. J Cardiovasc Nurs 2007; 22:
501-507.



	table-fn1-0300060520979211
	table-fn2-0300060520979211
	table-fn3-0300060520979211
	table-fn4-0300060520979211
	table-fn5-0300060520979211
	table-fn6-0300060520979211
	table-fn7-0300060520979211
	table-fn8-0300060520979211

