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ÖZET

ABSTRACT

Amaç: Pulmoner arteriyel hipertansiyon (PAH) hastalarında kas
kuvveti, egzersiz kapasitesi, yaşam kalitesi ve günlük yaşam aktivitelerinin etkilendiği bilinmesine rağmen hastalık şiddetinin ilerlemesi ile birlikte bunların nasıl etkilendiği bilinmemektedir. Bu çalışmada, hastalık şiddetinin PAH'lı bireylerde kas kuvveti, egzersiz
kapasitesi ve üst ekstremite günlük yaşam aktivitelerine etkisinin
incelenmesi amaçlandı. Yöntemler: Çalışmaya fonksiyonel sınıf
düzeyi New York Kalp Cemiyeti (NYHA) sınıf II (n=14) ve III (n=11)
olan 25 hasta alındı, hastalık şiddeti NYHA'ya göre sınıflandırıldı.
Üst ekstremite egzersiz kapasitesini değerlendirmek için Altı Dakika
Pegbo- ard ve Ring Testi (6PBRT) kullanıldı. Üst ekstremite günlük
yaşam aktiviteleri kısıtlamalarını değerlendirmesi Milliken günlük
yaşam aktiviteleri skalası (MAS) ile yapıldı. Omuz fleksiyonu, dirsek
ekstansiyonu, dirsek fleksiyonu kas kuvveti ve el kavrama kuvveti
dinamometreyle değerlendirildi.
Bulgular: Gruplar arasında yaş, cinsiyet, beden kitle indeksi ve
ortalama pulmoner arter basınç özellikleri açısından farklılık bulunmadı (p>0.05). 6PBRT, MAS ve dirsek fleksiyonu (sağ) ve
kavrama kuvvetleri (sağ ve sol) NYHA III'te NYHA II'ye göre anlamlı
olarak düşük bulundu (sırasıyla, p=0.004, p=0.002, p=0.043,
p=0.002 ve p=0.003). Omuz fleksiyonu, dirsek fleksiyonu (sol) ve
dirsek ekstansiyonunda gruplar arasında anlamlı fark bulunmadı
(p>0.05).
Sonuç: Bu çalışmanın sonuçları PAH'lı hastalarda hastalık şiddeti
arttıkça üst ekstremite egzersiz kapasitesi, dirsek fleksiyonu kas
kuvveti (sağ) ve kavrama kuvvetlerinin azaldığını ve üst ekstremite
günlük yaşam aktivitesi kısıtlılıklarının arttığını düşündürmektedir.
PAH hastalarında rehabilitasyon programları planlanırken hastalık
şiddeti göz önünde bulundurulmalıdır ve üst ekstremitelere yönelik
değerlendirmelere ve tedavilere yer verilmelidir.

Objective: Pulmonary arterial hypertension (PAH) is a rare disease.
Although muscle strength, exercise capacity, quality of life, and
activities of daily living of patients with PAH are affected, it is not
known how they are affected by disease severity. The purpose of
the present study was to investigate the effects of disease severity
on upper extremity muscle strength, exercise capacity, and performance of activities of daily living in patients with PAH.
Methods: Twenty-five patients with disease severity classified
according to the New York Heart Association (NYHA) as functional
class II (n=14) or class III (n=11) were included in the study. Upper-extremity exercise capacity and limitations in performing activities of daily living were assessed with the 6-minute Pegboard and
Ring Test (6PBRT) and the Milliken Activities of Daily Living Scale
(MAS), respectively. Shoulder flexion, elbow extension, elbow
flexion muscle strength, and handgrip strength were measured with
dynamometer.
Results: There were no significant differences in age, gender, body
mass index, or mean pulmonary artery pressure between groups
(p>0.05). The 6PBRT, MAS, and elbow flexion (right) and grip
strength (right and left) results were significantly lower in NYHA III
group than in NYHA II group (p=0.004, p=0.002, p=0.043, p=0.002
and p=0.003, respectively). There was no significant difference in
shoulder flexion, elbow flexion (left), or elbow extension between
groups (p>0.05).
Conclusion: Results suggest that upper extremity exercise capacity, elbow flexor muscle strength (right), and handgrip strength
decrease and that limitations in activities of daily liv¬ing grow as
disease severity increases in patients with PAH. When planning
rehabilitation programs, disease severity should be considered and
evaluations and treatments for the upper extremities should be
included.
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ulmonary arterial hypertension (PAH) is a
rarely seen disease considered as a subgroup
of hypertension.[1] PAH is clinically classified in four
categories as idiopathic, heritable, drugs and toxins
induced, and associated with other diseases (connective
tissue disease, HIV infection, portal hypertension, congenital heart disease, and schistosomiasis).[2] PAH causes
right ventricular insufficiency, and cardiopulmonary
dysfunction.[3] In patients with PAH, dyspnea, fatigue,
and chest pain are important symptoms.[34] These
symptoms impair exercise capacity, physical functions,
and quality of life.[3]

P

Loss of strength of peripheral muscles is one of the
important causes of restricted exercise capacity.[5] Important role of peripheral muscles in the restriction of
exercise has been demonstrated in patients with PAH.[6,7]
It has been thought that poor oxygenation as a result of
PAH, strength of peripheral muscles decreases, in parallel with the disease progression, exercise capacity is
restricted in patients with PAH.[8] In patients with PAH,
decrease in cross-sectional area of type 1 fibers, has been
found to induce changes in muscle functions, and decrease in force–producing capacity when compared with
healthy controls.[9] In patients with PAH, decreases in
peak oxygen intake, anaerobic threshold, ventilatory
effectiveness, and 6-Min Walk Distance (6MWD) were
detected.[1011] The severity of these changes increases
with progression in functional New York Heart Association (NYHA) classification which is very frequently used
to classify disease severity. [12,13]
Upper extremities play important roles in performing of many activities of daily living such as eating,
personal hygiene, and vocational tasks.[14] Functional
impairment of upper extremities adversely compromise
level of independence of the individuals, and effect their
quality of life.[14] The results of studies in patients with
chronic obstructive pulmonary disease (COPD) have
indicated that patients are experiencing problems with
activities of daily living, especially due to dyspnea and
fatigue, and that avoidance of these activities over time
occurs in patients. [15] As is known, because of symptoms
of PAH, physical activities, exercise capacities, and
muscle strengths of the individuals decrease.[12,16] According to the results of a large survey study which included 326 patients with PAH and 129 caregivers (total
n=455), 56% of the patients with PAH reported very severe
restriction of their activities of daily living.[17] It was also
shown that with the increase in the functional classes of
patients, a decrease in the perceived performance of activi-

ties of daily living Abbreviations:
occurs.[17] This study 6MWD 6-min Walk Distance
reveals the utmost 6MPRT 6-min Pegboard and Ring Test
importance of daily COPD Chronic Obstructive Pulmonary Disease
MAS
Milliken Activities of Daily Living Scale
living activities both NYHA New York Heart Association
Pulmonary arterial hypertension
for the patients, and PAH
WHO
World Health Organization
their relatives. However with progression
in functional classification, the changes occurring in upper
extremity functions and related performances of activities of
daily living in patients with PAH should be disclosed. Thus,
the impact of disease severity on these findings should be
clearly determined to guide preparation of a treatment
program suitable for the individual patient. In this context,
the aim of this study was to determine the effect of disease
severity on upper extremity muscle strength, exercise capacity and activities of daily living in persons with PAH.

METHODS
Patients
Twenty-five clinically stable patients with the diagnosis
of PAH, and NYHA class II (n=14), and III (n=11) aged
between 18, and 78 years who were followed up in the
outpatient clinic of Dokuz Eylül University were enrolled in
the study.
The stable NYHA functional Stage II and III patients
who had undergone right heart catheterization, with resting
median pulmonary artery pressure of ≥ 25 mm Hg who
were receiving drug therapy for the last 3 months were
included in the study. Patients with marked restrictive or
obstructive pulmonary disease, orthopedic disease which
will effect exercise tests, severe ischemic heart disease, left
heart failure or acute cor pulmonale were not included in
the study. Approval for the study was obtained from the
Noninvasive Research Ethics Committee of Dokuz Eylül
University. Consent forms were obtained from individuals
enrolled in the study, and they were assured that their
personal rights were protected.
Method
Demographic, physical, and physiologic characteristics
(age, height, weight, body mass index, and pulmonary
arterial pressure) of the patients with PAH were recorded.
Six-Minute - Pegboard and Ring Test (6PBRT): It was
used to evaluate exercise capacity of upper extremities. In
this test 4 iron rods, and a total of 20 rings are placed on a
pegboard. The patients are requested to place with their
both hands to place the rings on the rods firstly from top to
bottom, then vice versa (Figure 1a). At the end of six
minutes, total number of rings placed were counted. Before
and after the test heart rate, blood pressure, respiratory rate,
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and dyspnea, and fatigue were evaluated based on Modified Borg Scale.[18]

be at most 705 points. The validity and reliability of the
MAS for Turkish population have been investigated.[22]

Peripheral Muscle Test: Shoulder flexor, elbow extensor, and elbow flexors were evaluated using digital dyna-

Six-minute Walk Test (6MWT): In this study, the
standard 6MWT protocol recommended by American Thoracic Society guideline was used.[23]

mometer (Commander™ Powertrack II™, JTECH Medical,
Midvale, UT, USA), and handgrip strength with Jamar®
hand dynamometer (Patterson Medical, Warrenville, IL,
USA) . Based on the standards recommended by American
Society of Hand Therapists. The patient is seated with
shoulder in adduction, and neutral rotation, elbow at
90o flexion, forearm at midrotation, and resting on a support, and wrist at neutral position. (Figure 1b).[19] Other
muscle tests were performed while the patient was laid at
supine position Shoulder flexor muscle strength was measured while the shoulder at 90o flexion, and elbow at extension. While elbow extensor muscle strength was measured
with the shoulder, and forearm at neutral position, elbow at
90o flexion. Elbow flexor muscle strength was measured
while the shoulder at neutral position, elbow at 90 o flexion,
and forearm pointing upward (Figure 1c). Muscle tests at
every region were repeated thrice for both sides, and data
obtained were recorded in kg, and the highest value of the
three measurements were used.[20,21]
Milliken Activities of Daily Living Scale (MAS): For the
evaluation of the limitation of the activities, the MAS whihc
is a self-report scale was used. For each item, “ability” and
“necessity” are measured simultaneously. MAS scale consists of a total of 47 items including preparing meals, and
eating (8 items), self-care (9 items), dressing oneself (8
items), manual manipulation of objects (9 items), house
cleaning, and washing clothes (7 items), and other activities
(6 items). For scoring the level of ability to perform each
item, a 5-point scale, and for the level of necessity to perform these items, a 3-point scale were used. Total score can

Statistical Analysis
Statistical analyses were performed using IBM SPSS
Statistics (version 20) program. The variables were assessed
for normality using the Shapiro-Wilk test, and investigating
the histograms and probability graphs. Since the variables
had non-normal distribution, the non-parametric test statistics were used. Continuous variables were expressed as
median (interquartile range), while categorical variables
were indicated as distribution of frequencies.
The significance of intergroup difference as for continuous variables with non-normal distribution was evaluated
using Mann-Whitney U test. Intergroup difference (if any)
was assessed as for gender, and clinical classification of
PAH using Fisher test. Level of statistical significance was
accepted as p<0.05 .[2425]

RESULTS
Median ages (interquartile range) of the study participants were 61.5 (48.75-67.5), and 66.0 (53.0-71.0) years in
groups of NYHA II, and III, respectively. Any intergroup
difference was not found regarding age, gender, height,
body weight, body mass index, mean pulmonary artery
pressure, and characteristics of PAH clinical classification
(p>0.05) (Table 1). Median (interquartile range) pulmonary
artery pressures of the patients in groups of NYHA II, and
III were 75.0 (65.75-103.75) mm Hg, and 90.0 (50.0-115.0)
mm Hg, respectively. Patients in group NYHA II had idiopathic (n=10), and related to congenital heart diseases (n=4).
The patients in the NYHA III group had idiopathic PAH

Figure 1. (A) Six-minute Pegboard and Ring Test. (B) Measurement of handgrip strength. (C) Measurement of elbow flexor muscle strength.
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Table 1. Characteristic features of the individuals and their comparative analysis
NYHA II (n=14)

NYHA III (n=11)

p

61.5 (48.75-67.5)

66.0 (53.0-71.0)

0.411

Female

10 (71.4)

10 (90.9)

Male

4 (28.6)

1 (9.1)

1.60 (1.55-1.67)

1.60 (1.55-1.65)

0.691

72.0 (62.25-81.87)

72.0 (59.0-80.0)

0.936

25.51 (22.64-33.29)

23.57 (23.04-23.57)

0.558

Idiopathic PAH

10 (71.4)

6 (54.5)

PAH related with other diseases

4 (28.6)

5 (45.5)

75.0 (65.75-103.75)

90.0 (50.0-115.0)

Age (years)
Gender, n (%)

Height (m)
Body weight (kg)
Body mass index

(kg/m2)

0.341

Clinical classification of PAH, n (%)

Median PAP (mmHg)

0.434
0.966

Continuous variables were expressed as median (interquartile range), and categorical variables as numbers and percentages. NYHA: New York Heart Association;
PAP: Pulmonary artery pressure

Table 2. Clinical characteristics of the individuals and their comparative analysis
NYHA III (n=11)

p

151.0 (136.5–192.5)

115.0 (85–131)

0.004

626.0 (537–670)

429.5 (376.25–527.25)

0.002

Shoulder flexion–right (kg)

11.09 (8.32–12.28)

7.81 (5.15–10.82)

0.069

Shoulder flexion–left (kg)

9.96 (6.85–12.45)

8.15 (6.05–11.08)

0.363

Elbow flexion–right (kg)

11.55 (8.83–15.17

7.36 (5.15–10.64)

0.043

Elbow flexion–left (kg)

11.32 (6.69–14.60)

8.04 (6.28–11.78)

0.265

Elbow extension–right (kg)

8.83 (6.22–10.24)

6.56 (4.92–11.43)

0.538

Elbow extension–left (kg)

9.06 (5.92–10.70)

6.90 (4.86–10.30) 0

0.379

Grip strength–right (kg)

23.0 (21.5–35.5)

14.0 (11.75–18.75)

0.002

Grip strength–left (kg)

21.0 (19.0–37.5)

13.0 (10.0–17.25)

0.003

445 (390–490)

225 (180–280)

<0.001

NYHA II (n=14)
6PBRT
MAS

6MWD (m)

Continuous variables were expressed as median ( interquartile range), and categorical variables as numbers, and percentages. NYHA: New York Heart Association;
6PBRT: 6-Minute Pegboard and Ring Test; MAS: Milliken Activities of Daily Living Scale; 6MWD: 6-min walk Distance.

(n=6), and related to congenital heart diseases (n=3) and

connective tissue diseases (n=2).
Clinical characteristics of PAH patients, and relevant
comparisons according to NYHA II, and NYHA III are
given in Table 2. Upper extremity exercise capacity, and
MAS score were significantly lower in NYHA III group
relative to NYHA II group (p=0.004 and p=0.002, respectively). In the NYHA III group elbow flexion (right),
and handgrip strength (right, and left) were significantly
lower relative to NYHA II group (p=0.043, p=0.002, and
p=0.003, respectively). Besides in the NYHA III group
6MWD was significantly lower relative to NYHA II
group (p<0.001). Strengths of shoulder flexor (right, and
left), elbow flexor (left), and extensor (right, and left)
muscles in NYHA class III were lower than the muscle

strengths of NYHA class II patients, but a statistically
significant intergroup difference was not seen (p>0.05).

DISCUSSION
This study showed that when the patients with PAH
with different disease severity were compared, the patients with the NYHA functional class III had lower
upper extremity exercise capacity, lower muscle strength
of some upper extremities, and higher restrictions in
activities of daily living related with upper extremities
compared to the patients with functional class II. No
significant difference between demographic characteristics of the patients including age, gender, and body mass
index demonstrates that homogenous groups were
compared.
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In this study, it was shown that the upper extremity
exercise capacity decreased as disease severity increased.
Evaluation of exercise capacity of upper extremities, and
activities of daily living in COPD patients are important
for the assessment of the results of pulmonary rehabilitation.[26] In patients who received strengthening exercises of upper extremities, the 6PBRT has been demonstrated to be a test which can display the results of pulmonary rehabilitation program.[27] Besides, as reported
in many studies the 6PBRT reflects the exercise capacity
of upper extremity functions in activities of daily living.[28] However, since lower extremity exercise treatments are used more frequently in patients with PAH,
the 6MWD is frequently used as an outcome measure.[29,30] Two studies evaluating the exercise capacity
using the 6MWD showed that functional status was
worsened as disease severity increased when compared
to the World Health Organization (WHO) and NYHA
classifications. [12,31] The importance of the evaluation of
upper extremities, and its place in pulmonary rehabilitation increase day by day, and in the most updated
current guidelines on pulmonary rehabilitation, the
importance of the evaluation, and treatment of upper
extremities were emphasized. [32] Based on the results of
this study, in patients with PAH, in parallel with increase in the disease severity, decrease in the performance of upper extremity has been suggested. Based on
the outcomes of these studies, in the evaluation, and
treatment of the patients with PAH, upper extremities
should be definitively taken into consideration.
In the NYHA III group, flexors of the right elbow,
and grip strenghts of the right, and left arms, were
demonstrated to be significantly lower when compared
with the NYHA II group. In previous studies, hand grip
strengths of the patients with PAH were demonstrated
to be lower when compared with those of the healthy
controls.[7] Patients with PAH who were categorized
according to the WHO classification, and significantly
decreased hand grip strengths in WHO II and WHO III
groups were reported when compared with healthy
controls.[12] In the only study in the literature where
muscle strengths of upper extremities were compared,
shoulder abductor muscle strengths of the patients in the
groups WHO III, and II were found to be significantly
decreased relative to the healthy group. [12] However, no
significant difference between WHO III, and II as for
shoulder abductor muscle strengths was demonstrated.[12] In our study, shoulder abductor muscle strengths
were not measured, however when shoulder flexor
strengths were compared, any intergroup difference was
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not found as detected in the previous studies. Similarly,
even though any intergroup difference did not exist as
for elbow extensor muscle strengths, it was lower in the
NYHA III group. These results suggest that in patients
with PAH, muscle strengths of especially distal upper
extremities decrease, as the disease severity increases.
In this study, it has been demonstrated that restriction of activities of daily living involving upper
extremities worsens, in parallel with increasing disease
severity in patients with PAH. Similarly, it has been also
reported that patients with COPD were compelled to
decrease activities involving upper extremities as cooking a meal, and brushing teeth because of dyspnea, and
arm fatigue.[33] Refraining from activities of daily living
with increasing disease severity has been thought to be
possibly related to decreased exercise capacity of the
upper extremities.

Limitations
This study has some limitations. This study had a
smaller sample size because of rarity of PAH. Besides, all
groups included in the functional classification could be
compared with each other. Since a homogenous distribution could not be achieved in NYHA I and NYHA IV
classes, other groups were not included in the study.
However comparison of other groups in larger scale
studies will yield useful outcomes. Additionally, lack of
age, and gender-matched healthy controls is one of the
other limitations of the study. Inclusion of healthy individuals might provide more explanatory information
about the extent of impact on the analyzed variables in
the patients with PAH. Although reliability of the 6PBRT
in patients with COPD was reported previously,[27] this
test has not been applied in patients with PAH. However, this test, which is easier to use in the clinical practive,
was preferred because of similar affected muscle
strength and exercise capacity in the patients with PAH
and COPD. The applicability of this test in patients with
PAH should be further investigated.
In conclusion, in PAH patients, as disease severity
increases, exercise capacity of upper extremities,
strength of elbow flexors (right), and hand grip strength
decrease, and restrictions in activities of daily living
related with upper extremities increase. While rehabilitation programs are planning in patients with PAH, the
disease severity should be considered and the evaluations and treatments for the upper extremities should be
included.
Conflict of Interest: None declared
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