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THE DOSE INDEX IS RELATED WITH MUSCLE
DYSFUNCTION, ACTIVITIES OF DAILY LIVING,
AND QUALITY OF LIFE IN CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

ORIGINAL ARTICLE

ABSTRACT

Purpose: Composite measures have potential to account for many of the facets of disease in
chronic obstructive pulmonary disease (COPD). The purpose of this study was to investigate the
relationship between the DOSE (Dyspnea, Obstruction, Smoking, Exacerbation) Index which is a
multi-component assessment tool and handgrip and respiratory muscle strength, activities of daily
living (ADL) and health-related quality of life in patients COPD.

Methods: Forty-five patients with COPD (30 males, 15 females, mean FEV,=50.60+16.00%) were
included. The DOSE Index was calculated using the modified Medical Research Council dyspnea
scale, obstruction level, smoking status, and exacerbation rate. Inspiratory and expiratory muscle
strength (MIP and MEP) was measured using a mouth-pressure device. Handgrip strength was
determined using hand dynamometer. Activities of daily living were evaluated using the London
Chest Activity of Daily Living Scale (LCADL), and quality of life was assessed using the disease-
specific COPD Assessment Test (CAT).

Results: The DOSE Index score was related with handgrip strength (r=-0.388, p=0.009), MIP (r=-
0.323, p=0.033), LCADL-physical activity score (r=0.314, p=0.038), LCADL-leisure activities score
(r=0.397, p=0.008), and CAT score (r=0.435, p=0.003).

Conclusion: Increased multi-component disease severity is related to decreased handgrip
and respiratory muscle strength, physical activity and leisure time activities of daily living, and
worse health-related quality of life in COPD patients. The DOSE Index, a simple disease severity
assessment tool, is a convenient and practical tool for assessment in pulmonary rehabilitation
programs.

Key Words: Activities of Daily Living; COPD; DOSE Index; Muscle Strength; Quality of Life.

KRONiK OBSTRUKTIF AKCIGER HASTALIGINDA DOSE
INDEKSi KAS FONKSiIYON BOZUKLUGU, GUNLUK
YASAM AKTIVITELERiI VE YASAM KALITESI ILE
ILISKILIDIR

ARASTIRMA MAKALESI

0z

Amag: Kronik obstriiktif akciger hastaliginda (KOAH) bilesik dlciimler, hastaligin bircok yéniini géz
6niinde bulundurma potansiyeline sahiptir. Bu calismanin amaci, KOAH hastalarinda cok bilesenli
bir degerlendirme araci olan DOSE (Dispne, Obstriiksiyon, Sigara kullanimi, Alevlenme) indeksi ile
el kavrama kuvveti ve solunum kas kuvveti, giinliik yasam aktiviteleri (GYA) ve saglikla iliskili yasam
kalitesi arasindaki iliskinin arastirilmasiyd.

Yontem: Kirk bes KOAH hastasi (30 erkek, 15 kadin, ortalama FEV,=% 50,60+16,00) dahil edildi.
DOSE indeksi, modifiye Medical Research Council dispne skalasi, obstriiksiyon seviyesi, sigara icme
durumu ve alevlenme orani kullanilarak hesaplandi. inspiratuar ve ekspiratuar kas kuvveti (MIP ve
MEP), agiz basinci dl¢iim cihazi ile dlciildi. EI kavrama kuvveti, el dinamometresi ile 6lciildi. Gunliik
yasam aktiviteleri, London Chest Giinlik Yasam Aktiviteleri Olcegi (LCADL) ile degerlendirildi.
Yasam kalitesi, hastaliga 6zgii KOAH Degerlendirme Testi (CAT) ile degerlendirildi.

Sonuclar: DOSE indeksi skoru, el kavrama kuvveti (r=-0,388, p=0,009), MIP (r=-0,323, p=0,033),
LCADL-fiziksel aktivite skoru (r=0,314, p=0,038), LCADL-bos zaman aktiviteleri skoru (r=0,397,
p=0,008) ve CAT skoru (r=0,435, p=0,003) ile iliskiliydi.

Tartisma: KOAH hastalarinda artmis cok bilesenli hastalik siddeti, inspiratuar ve periferal kas
kuvveti, fiziksel aktivite ve bos zaman giinlik yasam aktivitelerinde azalma ve daha kéti bir saglikla
iliskili yasam kalitesi ile iliskilidir. Basit bir hastalik siddeti degerlendirme araci olan DOSE indeksi,
pulmoner rehabilitasyon programlarinda kullanish ve pratik bir degerlendirme aracidir.

Anahtar Kelimeler: Ginlik Yasam Aktiviteleri; KOAH; DOSE indeksi; Kas Kuvveti; Yagsam Kalitesi.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is a commonly seen, preventable, and treatable
disease, which usually causes persistent airway
symptoms and airflow limitation due to respiratory
abnormalities (1). Besides inflammation in the
pulmonary system, COPD is a multi-component
disease that affects other bodily systems. Systemic
inflammation induces the disruptive effects on
extrapulmonary features such as skeletal muscle
atrophy and dysfunction, and cardiovascular
disease in patients with COPD (2).

Muscular dysfunction in COPD occurs due to
pathophysiological changes, including altered
bioenergetics, reduced muscle mass, altered
capillarization, and fiber type redistribution. These
changes result in physical manifestations, such as
reduced strength and increased fatigue (3). These
manifestations of COPD worsen the health status
by causing respiratory and peripheral muscle
dysfunction (4), limitations in activities of daily
living (5), and quality of life (6).

There are several indices used in patients with
COPD for assessing the severity of the disease.
These indices are BODE Index (B: body mass index;
O: airflow obstruction; D: dyspnea; and E: exercise
capacity), ADO Index (A-age; D-dyspnea, and O;
obstruction) and DOSE Index (7). Considering the
multi-componential nature of the disease, the DOSE
Index was developed using four simple components
consisting of the modified Medical Research
Council Dyspnea Scale (MMRC) score (D), the
airflow obstruction grade (0), the current smoking
status (S), and the number of exacerbations (E) (8).
The DOSE Index is a simple, valid tool to assess
the disease severity, related to clinically relevant
outcomes, and has guiding components for the
management of COPD (8). Rolink et al. reported
that the DOSE score of =4 identifies patients
with a higher risk of future worsening in COPD-
specific health status in the following two years
(9). However, to our knowledge, no research exists
addressing the relationship between the DOSE O
and muscle dysfunction, daily living activities, and
quality of life in patients with COPD. Therefore, we
aimed to investigate the association between the
DOSE Index and handgrip and respiratory muscle
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strength, activities of daily living, and quality of life
in patients with COPD.

METHODS

The present study was a cross-sectional study.
The patients with COPD were recruited from
Cardiopulmonary Rehabilitation Unit at the
Department of Physical Therapy and Rehabilitation
at Hacettepe University, Ankara, Turkey, between
the years of 2013 and 2014. Patients diagnosed
with COPD, aged between 40-80 years, without
drug change for at least three weeks were
determined as inclusion criteria. Exclusion criteria
were having a musculoskeletal and neurological
disease, symptomatic heart disease, undergoing
previous pulmonary surgery, a malignant disease
that may affect exercise performance, and unable
to cooperate. Hacettepe University, Medical,
Surgical, and Drug Research Ethical Committee
approved this study (Approval Date: 28.08.2012
and Approval Number: LUT 12/56). All subjects
provided written informed consent.

The characteristics of patients, such as age, gender,
height, body weight, and cigarette smoking (pack-
years) were recorded. Spirometry was performed
using a portable spirometer (Spirolab, Medical
International Research, Rome, Italy) following the
criteria from the recommendations of ATS/ERS
(10). The arterial blood gases results were derived
from medical recordings.

The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) categorizes airflow limitation
into stages. In patients with the ratio of forced
expiratory one second (FEV,) / forced vital capacity
(FVC) <70%, GOLD 1-mild is FEV, =80% predicted;
GOLD 2-moderate is FEV, 50-80% predicted,
GOLD 3-severe is FEV, 30-50% predicted, and
GOLD 4-very severe is FEV, <30% predicted (11).

The DOSE Index was calculated using the MMRC
dyspnea scale, predicted of forced expiratory
volume in one second (FEV, %), smoking status, and
exacerbation rate (8). For the exacerbation rate,
the number of exacerbation frequency that they
encounter in the last year was asked and recorded.

Respiratory muscle strength was measured using
a portable mouth pressure device (Micro MPM,
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Micro Medical Ltd, Chatham Kent, UK). Maximal
inspiratory pressure (MIP) and maximal expiratory
pressure (MEP) were measured with the patient
in an upright sitting position, for the evaluation
of respiratory muscles. For the measurement of
MIP, the patient was asked to perform a maximum
inspiration and maintain it for 1-3 seconds after a
maximal expiration with the closed respiratory tract
using a valve. For the measurement of MEP, the
patient was asked to perform maximal expiration
of 1-3 seconds against closed airway after maximal
inspiration. The measurements were repeated
three times. The best of the three measurements
was selected. There should be no more than a 10%
difference between the two best-measured values.

Table 1: Characteristics of Patients.

The MIP and MEP were expressed as predicted
values according to age and gender (12).

Jamar analogue hand dynamometer (PowerTrack
[, JTECH Medical, Midvale, Utah, USA), has high
validity and reliability and is accepted as the
gold standard, was used for the measurement of
handgrip strength (13,14). Measurements were
performed at the shoulder in adduction, and the
elbow was in 90° flexion, the forearm was in the
neutral position while sitting. The measurements
were repeated three times for the right and left
sides. The highest value of both sides was recorded,
and the dominant side values were used for the
analysis (13,14).

COPD
Parameters (n=45)
Mean+SD Min-Max
Age (years) 58.91+9.57 41.00-80.00
Gender (female/male) 15/30
Weight (kg) 74.70+11.05 45.00-100.00
Height (cm) 165.02+8.32 147.00-180.00
BMI (kg/m?) 27.56+4.64 16.28-40.58
Smoking (pack-years) 34.66+28.37 0-100.00
Pulmonary Function Test
FEV, (L) 2.30+0.77 0.45-2.61
FEV, (%) 50.60+16.00 17.00-85.00
FVC (L) 2.30+0.77 0.89-4.01
FVC (%) 66.31+£16.78 27.00-106.00
FEV./FVC (%) 62.91+16.36 30.10-94.40
PEF (L) 4.28+2.18 1.75-15.00
PEF (%) 53.60+£19.68 2.29-100.00
FEF,, ., (L) 2.45+9.32 0.08-62.00
FEF,, .., (%) 53.60+£19.68 0.60-89.00
Median Min-Max
Number of Annual Exacerbations (n) 1.00 0-12.00
DOSE Score (0-6) 2.00 0-5.00
MMRC (0-4) 2.00 0-3.00
Arterial Blood Gases
pH 7.42 7.36-7.47
PaO, (mmHg) 67.80 47.20-130.00
PaCO, (mmHg) 38.50 30.10-51.00
HCO, (mEq/L) 24.40 22.00-90.40
Sa0, (%) 93.50 26.90-99.00

BMI: Body Mass Index, FEV: Forced Expiratory Volume in One Second, FVC: Forced Vital Capacity, PEF: Peak Expiratory Flow, FEF

25-75%"

: Forced Expiratory Flow

from 25-75%, DOSE: Dyspnea, Obstruction, Smoking, Exacerbation, MMRC: Modified Medical Research Council Dyspnea Scale, PaO,: Arterial Oxygen Tension,
PaCO,: Arterial Carbon Dioxide Tension, HCO,: Bicarbonate Concentration in Arterial Blood, Sa0,: Oxygen Saturation.
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Table 2: Descriptive Data of Respiratory Muscle and Hang Grip Strength, Physical Activity, Leisure Time Activities of Daily

Living, and Health-Related Quality of Life.

COPD (n=45)
Parameters
Mean+SD Min-Max
MIP (cmH_0) 92.04+26.11 37.00-142.00
MIP (%) 96.65+31.67 29.92-169.75
MEP (cmH,0) 134.47+40.17 47.00-269.00
MEP (%) 75.37+23.62 20.23-130.24
Hand Grip Strength (kg) 26.96+9.07 7.26-47.63
CAT Score (0-40) 15.29+7.34 2.00-34.00
LCASDeLIf-care 6.03+1.84 4.00-11.00
Domestic 5.68+4.75 0.00-17.00
Phvsical 4.77+1.62 2.00-9.00
Lei{;ure 4.38+1.68 2.00-10.00
0.90+6.93 9.00-38.00
Total

MIP: Maximal Inspiratory Pressure, MEP: Maximal Expiratory Pressure, CAT: COPD Assessment Test, LCADL: London Chest Activity of Daily Living Scale.

The quality of life was assessed using the disease-
specific COPD Assessment Test (CAT). The CAT
consists of eight questions questioning the
symptoms such as shortness of breath, cough,
sputum, wheezing, fatigue, and sleep status.
Patients give a score of 0-5 for each question. The
total CAT score is obtained by summing the scores
given to all items. The total score ranged from O
to 40 points. Higher scores indicate more severe
health status impairment or less successful control
of COPD (15). The Turkish validity and reliability
study of the questionnaire was conducted (16). The
permission for CAT was provided.

Activities of daily living were evaluated using
the London Chest Activity of Daily Living Scale
(LCADL). The LCADL was developed by Garrod et al.
to assess the dyspnea during daily living activities
in patients with COPD (17). The LCADL consists
of 15 items: personal care (4 items), housework
(6 items), physical (2 items), and leisure time (3
items). Each item is given a score ranging from O
to 5. High scores indicate that activities of daily
living are more limited. The validity and reliability
study of the scale was conducted for the Turkish
population (18). Permission to use the scale was
provided.

Statistical Analysis

The Statistical Package for the Social Sciences
version 20.0 (SPSS Statistics, IBM Corp,
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Armonk, New York, USA) was used to analyze the
data. Descriptive data were used to represent
participant characteristics and expressed as the
meanzstandard deviation unless stated otherwise.
All variables were tested visually (histograms/
probability plots) and using Shapiro-Wilk test for
normality. The minimum required sample size for
the study was calculated using G*Power Software
(G*Power Software version 3.1.9.3, Heinrich
Heine University, Disseldorf, Germany). For the
significance assumed at 0.05 and the statistical
power level as 80%, the minimum required sample
size for the study was calculated as 45. The formula
for calculation is based on two-tailed calculations.
The relationships between the DOSE Index and hand
grip and respiratory muscle strength, activities
of daily living, and quality of life were assessed
using Spearman’s rank correlation coefficients.
Correlations were classed as “strong” (r>0.70),
“‘moderate” (r=0.50-0.69), “weak” (r=0.26-0.49),
and “very weak or no correlation” (r=0.00-0.25)
(19). A p-value <0.05 was considered statistically
significant (20).

RESULTS

Forty-five patients with COPD (30 males, 15
females, mean FEV,=50.60+16.00%) participated.
The flow diagram of the patients was shown in
Figure 1. The characteristics of the patients were
demonstrated in Table 1. According to the GOLD
classification, 21 (46.70%) of the patients had
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Table 3: Correlations between the Handgrip and Respiratory Muscle Strength and, Physical Activity, Leisure Time Activities

of Daily Living, and Health-Related Quality of Life.

Handgrip LCADL-Physical | LCADL-Leisure
Parameter Strength MIP Activity Activities CAT Score
DOSE Index r -0.388 -0.323 0.314 0.397 0.435
Score p 0.009* 0.033* 0.038* 0.008** 0.003**

*p<0.05. DOSE: Dyspnea, Obstruction, Smoking, Exacerbation, MIP: Maximal Inspiratory Pressure, LACDL: London Chest Activity of Daily Living Scale, CAT:

COPD Assessment Test.

moderate COPD, and 24 (53.30%) had severe
COPD. The descriptive data of respiratory muscle
strength, hand grip strength, and activities of daily
living, and health-related quality of life are given
in Table 2.

There was a weak correlation between the DOSE
Index score and MIP values of patients with COPD
(r=-0.323, p=0.033). The correlation between
the DOSE Index score and hand grip strength
was r=0.388 (p=0.009). The DOSE Index score
was significantly correlated with LCADL-physical
activity score (r=0.314, p=0.038) and LCADL-
leisure activities score (r=0.397, p=0.008). There
was a weak relationship between the DOSE Index
and CAT score (r=0.435, p=0.003).

DISCUSSION

Hand grip strength and respiratory muscle strength,
physical activity, leisure time activities of daily
living, and health-related quality of life decrease
as the multi-component disease severity increases
in COPD patients. The results revealed the DOSE
Index, a simple disease severity assessment tool
is convenient and practical assessment tool and
may reflect the impact of COPD severity on the
handgrip and respiratory muscle strength, physical
activity, leisure time activities of daily living, and
health-related quality of life.

While there were studies investigated the
association between the BODE Index and hand
grip strength, there were no studies investigating
the relationship between the DOSE Index and
hand grip strength in the literature (21,22). A
strong correlation between the BODE Index and
hand grip strength was reported the in moderate-
severe patients with COPD in the limited number of
studies (21,23). According to the study of Marino et
al., there was any association correlation between
the BODE Index and hand grip strength, upper and
lower limb strength (22). Ozsoy et al. found that

hand grip and inspiratory muscle strength were not
different between GOLD B (high symptom level/low
exacerbation risk) and GOLD C (low symptom level/
high exacerbation risk) patients with COPD (24).
Inspiratory muscle strength was demonstrated to
be decreased as the severity of COPD increases
that were evaluated by the BODE multidimensional
index in several studies (25-27). The results
showed that the DOSE Index score is related to a
handgrip and inspiratory muscle strength following
literature findings. This shows that the dyspnea,
obstruction level, exacerbation rate, and smoking
exposure burden increase are related to higher
disease severity, and as the disease progresses,
muscle dysfunction becomes apparent. The weak
association between multidimensional disease
severity and other parameters may be due to no
inclusion of GOLD IV COPD patients.

Patients with COPD experience, a progressive
decline in the ability to perform activities of daily
living during their disease and most problematic
activities of daily living were reported as walking,
stair climbing, and cycling (28). In our previous
study with 42 moderate and severe COPD
patients, we showed that the ADO Index score was
significantly correlated with the LCADL-physical
activity score, performance-based Glittre activities
of daily living test duration, change in heart rate,
oxygen saturation, and dyspnea perception during
the Glittre activities of daily living test (29). In
the limited number of studies, BODE Index score
was strongly related to activities of daily living
limitation (21,30). Our findings supported the
literature that higher multidimensional disease
severity is related to the higher impact of dyspnea
on physical activities and leisure time activities.

Jones et al. reported that the BODE Index is not
available to use, the ADO Index is a better predictor
of mortality than DOSE Index; however, the DOSE
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Index showed a better correlation with symptoms
measures and exacerbations and hospitalizations
risk in future (7). The same study reported that the
DOSE Index had a stronger association than the
ADO Index with health status, which was assessed
using St George Respiratory Questionnaire and
healthcare consumption outcomes (7). Ozsoy et
al. showed that GOLD group B patients have poor
CAT scores compared to group C patients (24). The
present study unveiled the association between
the DOSE Index and health-related quality of life
that evaluated using CAT. As the disease severity
increase, decreased pulmonary function, increased
symptom perceptions, and exacerbation rates
adversely affect the quality of life.

The present study was the first study investigating
the association between the DOSE Index and
peripheral and respiratory muscle strength. The
study revealed the correlation between DOSE Index
and CAT score which reflects the functional status
of patients with COPD (31). Therefore, we may
infer that the DOSE Index can be indirectly related
to functional status in patients with COPD. On the
other hand, one of the limitations of our study was
that we did not assess the exercise capacity; for
this reason, we could not analyze its correlation
with the DOSE Index. The other limitation was that
we did not evaluate COPD patients from all stages,
and this limits the generalizability of our findings.

In conclusion, hand grip strength, inspiratory
muscle strength, physical activity and leisure time
activities limitation, and quality of life have an
association with the DOSE Index in patients with
moderate and severe COPD. This result suggests
that these assessments may be used as an adjunct
to the DOSE Index and may be useful to predict
functional capacity for better reflecting of the
deteriorating effects of COPD. The DOSE Index
used as complementary for the assessments by
researchers, and it may offer a comprehensive
understanding of the disease and may be guiding
for the researchers to decide individually tailored
pulmonary rehabilitation program. The comparison
of these multi-component indices regarding their
association with other objective assessment
parameters needs to be investigated to clarify
which index is more useful in clinical practice.
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