
Introduction

Sarcoidosis is a chronic multisystem granuloma-
tous disease of unknown origin that most commonly af-
fects the lungs but may also involve any other organ [1].

Patients with pulmonary sarcoidosis may have 
symptoms related directly to the chest such as dysp-
nea, chest pain and discomfort, cough, and wheeze. 
Patients may also develop symptoms related to ex-
trapulmonary organ involvement. In addition, sar-
coidosis may cause constitutional symptoms such as 
fatigue, fever, anorexia, weight loss, generalized weak-
ness, and pain that are not related to involvement of 
any specific organ [2, 3]. Both organ-related and 
nonspecific sarcoidosis symptoms may significantly 
adversely influence patients’ qulity of life (QoL).

Nowadays many tools for measurement of 
Patient-Reported Outcomes (PROs) as study end-
points have been developed in sarcoidosis [4]. PROs 
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measure different aspects of a patient’s health status 
that comes directly from the patient, without inter-
pretation of the patient’s responses by a physician 
or anyone else [5]. PROs encompass symptoms and 
signs of disease, treatment satisfaction and QoL of 
patients. This is increasingly observed as the regula-
tory authorities’ requirement due to several limita-
tions of the objective disease outcomes, like pulmo-
nary function tests or radiographic findings.

Numerous studies showed that correlations be-
tween PROs as subjective outcomes and objective 
outcomes are rather mild or moderate or even do not 
exist at all [6]. QoL and ‘functionality’ are two most 
highly-rated outcomes for treatment and care by sar-
coidosis patients [7,8]. The outcomes that are most 
important to patients should be considered to make 
sure that the recommendations in the international 
guidelines take into account aspects of treatment 
which matter to patients. They should participate 
in treatment decision making. For example, physi-
cian might prescribe steroids to improve patient’s 
cough. The patient may choose not to take the ster-
oids because the side effects (possible nausea, sleep 
problems, mood swings etc.) are worse for them than 
the cough.  In that situation, the patients might rate 
what is more important for them.

Recently, more attention has been paid to the 
cough in patients with sarcoidosis. The mechanism 
of cough is unknown but airway inflammation, me-
chanical distortion from pulmonary fibrosis and 
disruption of the vagus nerve from mediastinal lym-
phadenopathy are possible [9]. However, the influ-
ence of cough on sarcoidosis patients’ QoL has not 
been adequately addressed so far. There is a validated 
tool – Leicester Cough Questionnaire (LCQ) for 
measuring this important symptom [10]. The litera-
ture on LCQ use in sarcoidosis is limited – currently 
only a few studies used LCQ for assessing cough in 
sarcoidosis patients [11-13].

The aim of this study was to assess the signifi-
cant predictors of both cough-specific and generic 
Qol in patients with pulmonary sarcoidosis.

Methods

In this prospective observational study in the pe-
riod from April to December 2018 we enrolled 275 
biopsy positive patients with pulmonary sarcoidosis 
diagnosed at the Clinic for Pulmonary Diseases of 

the Clinical Centre of Serbia in Belgrade, Serbia. All 
subjects were ≥ 18 years old and they did not have any 
associated ilnesses that could influence their health 
status (those with significant comorbidity, like car-
diac or respiratory disorders other than sarcoidosis, 
were excluded). These patients were examined dur-
ing regular clinical visits and the patients voluntarily 
completed the self-administered PROs, provided lab 
samples for sACE and performed pulmonary func-
tion testing. This study was approved by the institu-
tion’s ethics committee and all patients consented to 
participation.

Following PROs were administered: 1) dyspnea 
instruments: Modified Medical Research Council 
(MRC) Dyspnea Scale [14] and Borg dyspnea cat-
egory-ratio-10 scale (CR-10) [15], 2) fatigue ques-
tionnaires: Fatigue Assessment Scale (FAS) [16] and 
Daily Activity List (DAL) [17], and 3) QoL scales: 
Leicester Cough Questionnaire (LCQ) [10] and ge-
neric quality of life questionnaire 15D [18].

Modified Medical Research Council (MRC) 
Dyspnea Scale classifies subjects into one of five cat-
egories according to their degree of dyspnea when 
performing certain activities [14]. Scores range from 
the 0 to 4, with the higher scores indicating more se-
vere dyspnea. We previously used it in patients with 
sarcoidosis [19,20].

Borg dyspnea category-ratio-10 scale (CR-10) 
[15] is an 11-point scale on which dyspnea is graded 
from 0 (nothing at all) to 10 (maximum). It is widely 
used in clinical practice and trials in different respira-
tory and cardiovascular diseases.

The Fatigue Assessment Scale (FAS) is a 10-
item self-report fatigue questionnaire. Its five items 
represent physical and other five items indicate men-
tal fatigue domains. The response scale is a 5-point 
Likert scale (1 never to 5 always). Total scores on the 
FAS can range from 10 to 50, with high scores in-
dicating more fatigue. FAS total score < 22 indicates 
no fatigue. The psychometric properties (reliability 
and validity) of the FAS are good, and it was also 
shown in sarcoidosis patients [21,22,23]. The Serbi-
an version proved to be valid in rheumatoid arthritis 
[24] and sarcoidosis [25].

The degree of limitation in daily life activities 
was evaluated with the Daily Activity List (DAL), 
a scale that was originally designed by Stewart and 
coworkers [17]. It has 11 items that are related to 
the usual activities that persons with good health 
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can perform without particular effort. The number 
of positive responses comprises the DAL score and 
indicates the degree of impairment. The scale has 
been used in several studies in patients with chronic 
pulmonary diseases [19,26,27,28].

LCQ is a 19-item validated specific QoL meas-
ure of cough over the period of previous two weeks 
[10]. Its scores can be calculated in 3 domains cover-
ing physical (8 items), psychological (7 items), and 
social (4 items) aspect of chronic cough, in addition 
to the total score. It evaluates the impact of cough on 
patients’ QoL. It takes 5 to 10 minutes to complete. 
Scores are calculated by domain (range from 1 to 7) 
and then added to obtain the total score (range from 
3 to 21), with higher scores indicating a better QoL. 
Our study group recently validated the Serbian ver-
sion of the LCQ in sarcoidosis patients [29].

We measured QoL by standardized generic 
questionnaire – The fifteen-dimensional measure 
scale of health-related quality of life (15D) [18]. 15D 
is a multiatributive instrument for measurement of 
QoL that consists of 15 different and mutually exclu-
sive health dimensions, each represented by one item. 
The total questionnaire score ranges between 0 and 1, 
where 1 signifies the highest level of QoL. 15D was 
used in different diseases in many different countries. 
The Serbian version of 15D was previously used in 
patients with sarcoidosis where it demonstrated good 
psychometric measurement properties [19,30].

On the same day subjects completed the ques-
tionnaires and performed pulmonary function tests 
– spirometry and the transfer factor of the lung for 
carbon monoxide (DLCO). Spirometry parameters 
included pre-bronchodilator forced expiratory vital 
capacity (FVC) and forced expiratory volume in one 
second (FEV1), and it was measured with a pneu-
motachograph (Masterlab, Jaeger, Wurzburg, Ger-
many). DLCO was measured using the single-breath 
method (Masterlab, Jaeger, Wurzburg, Germany). 
The European Respiratory Society criteria for lung 
function impairments was used [31].

Statistical methodology

Continuous variables are described by arithme-
tic mean and standard deviation, while nominal vari-
ables are presented by frequencies and percentages 
per respective outcomes. Chi-square test or the Exact 
probability test were used as univariate methods for 

testing the significance of difference between groups. 
The assessment of the relationship of sACE and 
other subjective characteristics of the health condi-
tion with cough-specific as well as generic QoL has 
been done by multivariate multiple linear regression 
(stepwise method). Stepping method criteria were 
based on the probability of F statistic, where vari-
ables with a probability less than 0.05 were retained, 
while variables with a probability greater than 0.10 
were excluded from the model. The linearity assump-
tion was checked by constructing a scatter plot for 
each independent variable. The diagnosis of collin-
earity between the predictors in the linear regression 
model was done by the arbitrary assessment of the 
conditional index and the variance inflation factor 
(VIF). The absence of the collinearity was defined by 
a conditional index less than 30 and VIF value less 
than 3 [32]. The Durbin-Watson statistic was used 
to arbitrarily evaluate the independence of the re-
siduals. Homoscedasticity was graphically estimated 
based on the layout of the plot of standardized resid-
uals vs. standardized predicted values. In the case of 
heteroscedasticity, a natural logarithm transforma-
tion of predictor variables was performed in order to 
homogenize the variance of the residuals. In order to 
normalize the distribution of residuals, all dependent 
variables were expressed by their squares. The nor-
mality of the distribution of residuals was verified by 
the Kolmogorov-Smirnov test. Outliers were detect-
ed and removed in each case where Cook’s distance 
statistic was greater than 1.

The accepted level of significance was 0.05. The 
statistical analysis was conducted using IBM SPSS 
Statistics 20.

Results

Our study population consists of 275 patients 
with pulmonary sarcoidosis. The majority of them 
were females (65.5%). Tables 1 and 2 contain de-
scriptive statistics for the total study population.

The total time required to complete all PRO 
questionnaires ranged from 30 to 40 minutes.

Multivariate multiple linear regression models 
for predictors of square transformed LCQ – Total and 
Domains Scores are presented in Table 3. There are 
four indipendent predictors of total cough- specific 
QoL. Natural logarithm of Borg and natural loga-
rithm of DAL scores as well as natural logarithm of 
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Table 1. Descriptive statistics for continuous variables for the total 
study population (N = 275)

Mean ± SD Range

Age, years 50.13 ± 11.07 28 – 76

Height (cm) 168.85 ± 10.08 148 – 199

Weight (kg) 82.07 ± 16.46 42 – 145

Body-mass index  
(BMI, kg/m2)

28.79 ± 5.33 16.00 – 55.25

Disease duration, years 15.62 ± 8.56 1 – 40

sACE (8 – 52 U/L) 47.35 ± 28.06 5.0 – 151.0

Dyspnea scores

 MRC 0.89 ± 0.69 0 – 3

 Borg 1.45 ± 1.54 0 – 9

FAS Scores

 Total score 24.55 ± 6.23 15.00 – 42.00

 Physical score 14.75 ± 3.08 8.00 – 22.00

 Mental score 9.80 ± 4.06 5.00 – 23.00

DAL 3.00 ± 2.50 0 – 10

LCQ Scores

 Total score 16.94 ± 3.68 5.48 – 21.00

 Physical domain score 5.48 ± 1.18 1.88 – 7.00

  Psychological domain 
score

5.64 ± 1.29 1.86 – 7.00

 Social domain score 5.82 ± 1.33 1.75 – 7.00

15D 0.85 ± 0.11 0.49 – 1.00

FEV1 (% predicted) 99.60 ± 20.02 34 – 150

FVC (% predicted) 108.52 ± 17.40 41 – 156

FEV1/FVC 76.57 ± 8.51 31.63 – 91.36

DLCO (% predicted) 81.55 ± 17.46 37 – 111

N = Numnber of patients; SD = standard deviation; sACE =  Serum 
Angiotensin Converting Enzyme; MRC = Modified  Medical 
 Research Council Dyspnea Scale; Borg = Borg dyspnea category-
ratio-10 scale; FAS = Fatigue Assessment Scale; DAL = List of 
Daily Activities; LCQ = Leicester Cough Questionnaire; 15D =  
Fifteen-dimensional measure of health-related quality of life; 
FEV1 = Forced expiratory volume in one second; FVC = Forced 
expiratory vital capacity; PEF = Peak Expiratory Flow; DLCO = 
transfer factor of the lung for carbon monoxide

Tabela 2. Descriptive statistics for nominal variables for the total 
study population (N = 275)

Variable F %

Gender

 Men 95 34.5

 Women 180 65.5

Age > 55 years

 Yes 173 62.9

 No 102 37.1

Ro stage of lung disease

 0 68 24.7

 1 148 53.8

 2 47 17.1

 3 12 4.3

Course of the sarcoidosis

 Acute 102 27.1

 Chronic 173 62.9

Extrapulmonary sarcoidosis

 Yes 191 69.5

 No 84 30.5

Treatment

 No treatment 17 6.2

 Prednisone 98 35.6

 Methotrexate 146 53.1

 Chloroquine 5 1.8

 Prednisone + Methotrexate 9 3.3

Smoking status

 Active smoker 25 9.1

 Non-smoker 204 74.2

 Ex-smoker 46 16.8

Total FAS score ≥ 22

 Yes 172 62.5

 No 103 37.5

F = frequency; FAS = Fatigue Assessment Scale.

sACE values showed the strongest correlations with 
all square transformed LCQ scores. It was also the 
case with natural logarithm of Mental score of FAS 
that was not correlated only with LCQ Psychologi-
cal domain score squared. All multivariate regres-
sion models obtained were linear and showed a good 
adequacy with respect to Durbin-Watson statistics 
(all individually were close to value of 2) – Table 3. 

Obtained plots of standardised residuals vs. standard-
ised predicted values showed no obvious signs of fun-
nelling, suggesting the assumption of homoscedastic-
ity has been met (Figure 1). In the mentioned models, 
the Kolmogorov-Smirnov test showed that the values 
of the residuals were normally distributed (p > 0.05).

Parameters of multivariate multiple linear re-
gression for predictors of generic QoL are given in 
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Table 3. Parametres of multivariate multiple linear regressions for predictors of LCQ – Total and Domains Scores

Model 1 – Dependent variable: LCQ - Total Score Square

The total R2 = 0.397
Durbin-Watson = 1.847

Unstandardized 
 Coefficients

Standardized 
 Coefficients

t p Change Statistics

B SE Beta R2 Change p (F Change)

Constant 302.689 7.661 39.508 0.000
0.296 0.000

(78.865)Ln (Borg Scale score) -78.386 8.941 -0.544 -8.767 0.000

Constant 353.819 15.158 23.342 0.000

0.053 0.000
(14.920)Ln (Borg Scale score) -58.229 10.076 -0.404 -5.779 0.000

Ln (DAL score) -47.874 12.394 -0.270 -3.863 0.000

Constant 452.927 36.950 12.258 0.000

0.029 0.004
(8.581)

Ln (Borg Scale score) -57.296 9.877 -0.398 -5.801 0.000

Ln (DAL score) -49.692 12.159 -0.280 -4.087 0.000

Ln (sACE) -26.798 9.148 -0.172 -2.929 0.004

Constant 540.867 52.321 10.337 0.000

0.018 0.020
(5.503)

Ln (Borg Scale score) -53.790 9.871 -0.373 -5.450 0.000

Ln (DAL score) -37.612 13.068 -0.212 -2.878 0.004

Ln (sACE) -25.750 9.048 -0.165 -2.846 0.005

Ln (FAS mental score) -47.073 20.067 -0.159 -2.346 0.020

Model 2 – Dependent  variable: LCQ - Physical Domain Score Square

The total R2 = 0.394
Durbin-Watson = 1.793

Unstandardized 
 Coefficients

Standardized  
Coefficients

t p Change Statistics

B SE Beta R2 Change p (F Change)

Constant 31.252 0.782 39.971 0.000
0.289 0.000

(74.972)Ln (Borg Scale score) -7.887 0.911 -0.538 -8.659 0.000

Constant 37.088 1.528 24.270 0.000

0.067 0.000
(19.146)Ln (Borg Scale score) -5.599 1.014 -0.382 -5.521 0.000

Ln (DAL score) -5.470 1.250 -0.303 -4.376 0.000

Constant 45.370 3.762 12.061 0.000

0.020 0.017
(5.777)

Ln (Borg Scale score) -5.512 1.002 -0.376 -5.502 0.000

Ln (DAL score) -5.630 1.236 -0.312 -4.555 0.000

Ln (sACE) -2.237 0.931 -0.141 -2.404 0.017

Constant 54.106 5.331 10.149 0.000

0.018 0.023
(5.230)

Ln (Borg Scale score) -5.164 1.002 -0.352 -5.154 0.000

Ln (DAL score) -4.429 1.330 -0.245 -3.330 0.001

Ln (sACE) -2.133 0.921 -0.134 -2.316 0.022

Ln (FAS mental score) -4.676 2.045 -0.155 -2.287 0.023

Model 3 – Dependent  variable: LCQ - Psychological Domain Score Square

The total R2 = 0.329
Durbin-Watson = 1.886

Unstandardized 
 Coefficients

Standardized  
Coefficients

t p Change Statistics

B SE Beta R2 Change p (F Change)

Constant 33.967 0.932 36.449 0.000
0.259 0.000

(64.371)Ln(Borg Scale score) -8.710 1.086 -0.509 -8.023 0.000
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Model 3 – Dependent  variable: LCQ - Psychological Domain Score Square

Constant 39.043 1.865 20.930 0.000

0.037 0.002
(9.723)Ln (Borg Scale score) -6.720 1.238 -0.393 -5.428 0.000

Ln (DAL score) -4.758 1.526 -0.226 -3.118 0.002

Constant 51.463 4.555 11.299 0.000

0.033 0.003
(8.861)

Ln (Borg Scale score) -6.590 1.213 -0.385 -5.432 0.000

Ln (DAL score) -4.998 1.496 -0.237 -3.340 0.001

Ln (sACE) -3.354 1.127 -0.181 -2.977 0.003

Model 4 – Dependent  variable: LCQ - Social Domain Score Square

The total R2 = 0.348
Durbin-Watson = 1.854

Unstandardized 
 Coefficients

Standardized  
Coefficients

t p Change Statistics

B SE Beta R2 Change p (F Change)

Constant 36.256 0.998 -0.494 36.324 0.000
0.244 0.000

(59.399)Ln (Borg Scale score) -8.961 1.163 -7.707 0.000

Constant 42.951 1.970 -0.349 21.799 0.000

0.058 0.000
(15.159)Ln (Borg Scale score) -6.337 1.308 -0.281 -4.846 0.000

Ln (DAL score) -6.276 1.612 -3.894 0.000

Constant 56.388 5.533 -0.321 10.191 0.000

0.025 0.010
(6.724)

Ln (Borg Scale score) -5.819 1.303 -0.202 -4.466 0.000

Ln (DAL score) -4.517 1.726 -0.185 -2.617 0.010

Ln (FAS mental score) -6.890 2.657 -2.593 0.010

Constant 66.305 6.846 -0.316 9.685 0.000

0.021 0.017
(5.771)

Ln (Borg Scale score) -5.732 1.287 -0.215 -4.454 0.000

Ln (DAL score) -4.799 1.708 -0.177 -2.810 0.005

Ln (FAS mental score) -6.579 2.626 -0.145 -2.505 0.013

Ln (sACE) -2.842 1.183 -2.402 0.017

Ln = Natural logarithm; sACE = Serum Angiotensin Converting Enzyme; Borg = Borg dyspnea category-ratio-10 scale; FAS = Fatigue 
 Assessment Scale; DAL = List of Daily Activities; LCQ = Leicester Cough Questionnaire; SE = Standard Error

Table 4. 15D score square significantly correlated 
with four independent predictors. It negatively cor-
related with the MRC and natural logarithm of FAS 
Total scores. On the other side, it positively correlat-
ed with natural logarithm of LCQ Physical Domain 
Score. This linear model also showed good adequacy 
characteristics (Durbin-Watson statistic = 1.844), the 
variance of the residuals was constant (Figure 1) and 
the values of the residuals were normally distributed 
(Kolmogorov-Smirnov statistic = 0.064; p = 0.058).

We did not notice significant relationship be-
tween pulmonary function parameters (FEV1, FVC, 
FEV1/FVC, DLCO) and QoL scores.

Discussion

Evaluation of PROs is very important in chron-
ic diseases like sarcoidosis where objective outcomes 
cannot fully direct physicians in therapeutic deci-
sion making and follow up of their patients. It was 
previously recognized that potential endpoints in 
sarcoidosis research should include: QoL measures, 
symptoms of cough, dyspnea, and wheeze, the fre-
quency of disease exacerbations (requiring corticos-
teroid bursts or additional anti-sarcoidosis therapy), 
and corticosteroid-sparing effects of interventions 
[33,34]. In addition, Moor and coauthors recently 
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Fig. 1. Scatterplots of standardised residuals vs. standardised predicted values for LCQ – Total and Domains Scores and 15D Score
LCQ = Leicester Cough Questionnaire; 15D = Fifteen-dimensional measure of health-related quality of life
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Table 4. Parameters of multivariate multiple linear regression for predictors of 15D Score

Dependent variable: 15D Score Square

The total R2 = 0.633

Durbin-Watson = 1.808

Unstandardized 
 Coefficients

Standardized 
Coefficients

t p Change Statistics

B SE Beta R2 Change p (F Change)

Constant 0.907 0.013 70.682 0.000
0.512 0.000

(280.233)MRC score -0.191 0.011 -0.716 -16.740 0.000

Constant 1.663 0.102 16.331 0.000

0.085 0.000
(55.820)MRC score -0.146 0.012 -0.546 -12.127 0.000

Ln (FAS total score) -0.251 0.034 -0.337 -7.471 0.000

Constant 1.225 0.130 9.412 0.000

0.036 0.000
(25.866)

MRC score -0.117 0.013 -0.439 -9.156 0.000

Ln (FAS total score) -0.211 0.033 -0.282 -6.363 0.000

Ln (LCQ - Physical Domain 
Score)

0.171 0.034 0.237 5.086 0.000

Ln = Natural logarithm; FAS = Fatigue Assessment Scale; LCQ = Leicester Cough Questionnaire; 15D = Fifteen-dimensional measure of 
health-related quality of life; MRC = Modified Medical Research Council Dyspnea Scale; SE = Standard Error

evaluated the needs and perceptions of patients with 
sarcoidosis and their partners and demonstrated that 
40% of sarcoidosis patients identified fatigue as their 
most disabling symptom, followed by painful joint/
muscles (20%) and dyspnea (15%). Cough and ocular 
symptoms followed by frequency of 10% [35].

In this study we assessed significant predictors 
of both cough-specific and generic Qol in patients 
with pulmonary sarcoidosis.

We noticed that dyspnea was the strongest pre-
dictor of cough-specific and generic QoL in our study 
population. Increased natural logarithm of Borg 
dyspnea scores had the biggest negative influence on 
all almost every cough-specific QoL domains scores 
square and the highest correlation was noticed with 
the total LCQ score square (B = -57.296, p < 0.001). 
On the other side, dyspnea measured by MRC score 
was the strongest predictor of generic QoL score 
square (B = -0.117, p < 0.001). Hinz and coauthors 
showed that dyspnea is an important symptom in the 
prediction of anxiety and depression in sarcoidosis 
patients [36].

It has been previously demonstrated that im-
paired exercise tolerance, fatigue and muscle weak-
ness appeared to have a negative influence on the 
QoL of patients with sarcoidosis [37,38]. In our 
study we obtained similar results regarding the influ-
ence of fatigue, as common symptom of sarcoidosis, 
on both cough-specific and generic QoL. Mental 

aspect of patients’ fatigue significantly correlated 
with all LCQ domains except with psychological 
QoL domain, while total FAS score was significant 
predictor of generic QoL. It is very important to 
stress here that the LCQ is not synonymous with 
cough but rather it is a cough QoL PRO. So, the 
fatigue itself may not worsen cough but worsen the 
effect of cough on the patient’s QoL.

Physical activity offers great health benefits for 
a wide range of conditions. Hendriks at al recently 
evaluated the self-reported experiences with physi-
cal activity among 233 patients with sarcoidosis [39]. 
Most patients emphasized that exercise and physical 
activity was beneficial to them. In our study limita-
tion of daily activities, as assessed by DAL, signifi-
cantly influenced all domains of cough-specific QoL 
but it did not predict the generic QoL.

Among the spectrum of subjective QoL predic-
tors, sACE was the only objective disease outcome 
that significantly influenced all domains of cough-
specific QoL. Serum ACE has been the most fre-
quently used laboratory test in sarcoidosis. It is 
produced by epithelioid cells derived from recently-
acti vated macrophages in granulomas and it is a well-
known marker for sarcoidosis activity. The enzyme is 
also supposed to give indication of total body granu-
loma burden (not ones found in the lungs only) [40] 
and dis ease severity [41], although the clinical value of 
this marker is still under debate as results of different 
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studies are conflicting [42]. Yasar and coauthors 
showed that serum ACE was a predictor of extratho-
racic involvement of sarcoidosis [43]. We have recently 
demonstrated that severity of cough in sarcoidosis 
correlated with the disease activity as measured by 
the concentration of sACE [44]. In our study natural 
logarithm of sACE was independent predictor of all 
cough-specific QoL domains in a negative direction, 
i.e. its lower values indicated reduced cough percep-
tion and a better QoL. The degree of these correla-
tions is generally low and the most prominent impact 
sACE had on the total LCQ scores (B = -25.750,  
p = 0.005, Table 3). According to the available infor-
mation, we are the first who demonstrated the im-
pact of disease activity, as measured by sACE, on the 
cough-specific and generic QoL in sarcoidosis pa-
tients, together with other subjective outcomes like 
dyspnea, fatigue and limitation of daily activities.

Regarding the generic QoL, measured by 15D, 
we obtained its different predictors. Dyspnea meas-
ured by MRC scale, overall fatigue (as assessed by 
total FAS score) and physical domain of LCQ were 
significant predictors of patients’ generic QoL. We 
showed that dyspnea determines generic QoL (R2 
change = 0.512) significantly more than physical do-
main of LCQ (R2 change = 0.036) and fatigue (R2 
change = 0.085) – Table 4. This might indicate that 
psychological and social domains of LCQ measure 
QoL aspects which are not covered by the 15D in-
strument emphasizing the importance not only to 
use the generic QoL questionnaire, but also the LCQ 
in sarcoidosis patients. Although the disease activity 
measured by the sACE was not a significant predic-
tor of generic QoL in our study group, it still can 
indirectly affect it in sarcoidosis patients by influenc-
ing physical domain of cough-specific QoL that was 
significant predictor of generic QoL. Therefore, we 
suggest that antitussives should be considered in the 
treatment of chronic cough in sarcoidosis since it can 
influence improvement of overall QoL without safe-
ty risks of masking the symptomatology caused by 
increasing of disease activity, since we demonstrated 
a weak correlation between the cough-specific QoL 
and disease activity.

We confirmed that the LCQ provides a signifi-
cant contribution in measurement and understanding 
of complex relationships between the disease activity, 
dyspnea, limitation of daily activities, fatigue, cough-
specific and overall QoL of sarcoidosis patients. In 

other published studies [45-48] correlations between 
LCQ scores and different PROs (mainly generic 
QoL instruments) were mostly moderate as it was 
also the case with the original LCQ validation [10]. 
In the process of validation of the German version of 
the LCQ (among 200 sarcoidosis patients), Schupp 
and coauthors demonstrated only a moderate cor-
relation of LCQ scores with generic and respirato-
ry-specific QoL questionnaires (SF-36, Borg, VAS 
Dyspnea) [12]. The Physical Component Summary 
Score of the SF-36 showed a quite high correlation 
with the LCQ, while the Mental Component Sum-
mary Score did not.

Altlhough our patients were fatigued, had sig-
nificant dyspnea, perceived limitations in their physi-
cal activities, and had a poor QoL, they had normal 
pulmonary function. This is in line with results of pre-
vious studies demonstrating that pulmonary function 
testing cannot function as a surrogate for these other 
parameters and cannot be used to assess the overall 
health of sarcoidosis patients [49-50]. All pulmonary 
function parameters in our study have not been sig-
nificantly correlated with both LCQ and 15D scores. 
Judson et al found that cough was not statistically 
significantly different in terms of spirometric meas-
ures (FEV1%, FVC% and FEV1/FVC) [11].

A major limitation of this study is that the 
data were collected in a tertiary health-care setting, 
i.e. a specialised referral clinic for sarcoidosis patients. 
This means that our patients had predominantly se-
vere forms of the disease and the scores for all pa-
tient reported outcomes were probably more severe 
than for the average sarcoidosis patient. Therefore, 
our results may not be generalizable to patients in 
primary care settings. In addition, 40% of our study 
patients were receiving oral corticosteroid therapy, 
and this may have had a postive or negative impact 
upon their health status and other measured vari-
ables like sACE. Namely, corticosteroid medications 
may reduce sACE levels [51] and indirectly influ-
ence cough-specific QoL. Moreover, corticosteroids 
should improve cough and therefore improve QoL 
on that basis. However, corticosteroids may worsen 
QoL on the basis of their numerous side effects. 
Besides that, we did not measure the frequency of 
coughing in our study group and sarcoidosis patients 
were included regardless of the presence of cough. 
Overrall, the predictors evaluated suit general QOL 
better and therefore only a limited assessment of 
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cough was possible. Finally, important limitation of 
our study is that we did not record the use of ACE 
inhibitors in our study population, which may have 
reduced sACE levels [52] or cause a dry, debilitating 
cough [53]. On the other hand, several nominal or 
ordinal variables that could potentially affect cough 
[gender, smoking, radiology variables (extent, fibro-
sis, consolidation, PET active), multiorgan disease, 
immunosuppressive drugs, reflux, rhinitis], could not 
be used in our linear regression models. Nominal or 
ordinal variables (even if they prove significant) im-
pair the linearity of the regression model and make 
it inadequate, as well as lead to the failure to fulfill 
other assumptions for accepting it (normality of re-
sidual distribution and constant residual variance).

We conclude that increase of disease activity as 
measured by sACE, together with increased dyspnea 
and mental fatigue component as well as limited daily 
activities, significantly influences deterioration of the 
cough-specific QoL in sarcoidosis patients. In addi-
tion, disease activity indirectly impacts overall QoL 
by decreasing physical domain of cough- specific 
QoL that is correlated to generic QoL. In order to 
improve overall QoL, we suggest that chronic cough 
in sarcoidosis should be treated with antitussives 
without safety risks of masking the symptomatology 
caused by increased disease activity. It is important 
to measure both cough-specific and generic QoL 
in sarcoidosis patients since they measure different 
health aspects and their predictors can be different.
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