A Different Aproach of Chronic Obstructive Pulmonary Disease
Severity and Plastic Medical Devices Used for Oxygenotherapy
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A very common questionnaire, used to evaluate the health status of Chronic Obstructive Pulmonary Disease
(COPD) patients, COPD assessment test (CAT), was applied to finding correlations between the items of
CAT and other tests used in the same category of COPD patients. A sample of 56 male COPD patients, aged
between 51 and 74 years, mean 63.86 (£5.55), half of them receiving long-term oxygen therapy, using
transparent, hypoallergenic plastic masks or nasal cannulas, answered to CAT mostly choosing single
items, statistically significant correlated with the Hospital Anxiety and Depression Scale scores (HADs), like
walking up hills and stairs (r = 0.412, p< 0.01), doing activities at home (r = 0.329, p< 0.01), confidence
leaving my home (r = 0.409, p< 0.001), sleep (r = 0.277, p< 0.01), and energy (r = 0.387, p< 0.01), but CAT
item walking up hills and stairs correlated better to 6 min walking distance (6MWD) (r = -0.581, p< 0.01).
The most significant correlations were found between 3 items of CAT as walking up hills and stairs, limitations
doing activities at home and confidence leaving home in a most powerful and depression scores and

6MWD.
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Quality of life is an important objective in the
management of chronic obstructive pulmonary disease
(COPD) that has been highlighted as a future research need
[1]. Some of the most important systemic and pulmonary
manifestations of COPD can lead to dyspnoea and physical
exertion that eventually aggravate symptoms, can
progressively impair the functional status and the activities
of daily living [2-4]. An important recommendation has
been issued by the Global Initiative of Chronic Obstructive
Lung Disease (GOLD) since 2011. This strategy highlights
that the management and treatment of COPD should
include beside the spirometric values, also the disease
impact on future risk of exacerbations and progression
[2,5,6]. Several questionnaires of the quality of life are
generally used to evaluate self-reported health status in
COPD patients but one of the most known questionnaires
is the COPD assessment test (CAT) [7,8]. This
questionnaire offers an alternative to other complex tools
used for COPD patients such as the St. Georges Respiratory
Questionnaire and the Chronic Respiratory Questionnaire
[7]. With CAT help, the patient state can be easily
understood because of its simple and extensive quality.
Due to its importance, the GOLD strategy considered to
create a new classification of COPD, measuring the risk of
exacerbations [2]. There are still problems concerning the
importance and the evidence in supporting the use of CAT
guestionnaire [8]. Some studies have shown that, when
calculating the entire CAT score, the importance is
distributed to all the single items from the questionnaire.
Other studies are launching the hypothesis that single items
can be more strongly related to different severity categories
of the disease. As an example, phlegm and cough can be
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better related to respiratory related events than others.
Furthermore, patients with chronic hyper-secretion are
more susceptible to have exacerbations thus leading to
more hospitalizations [9]. Taking into account the above
mentioned facts, the objective of the study was to analyze
and find correlations between the items of CAT and other
tests usually used in COPD patients.

Experimental part

A transversal study was assessed among patients
known with severe and very severe GOLD stages of COPD
[1] during periodical routine control during the period 01.06
- 01.12. 2017. An informed consent was signed by all the
patients before entering the study. The research was
approved by the Pulmonology hospital from Constanta
(number 2662-10052017). Because the great majority of
hospitalized COPD cases are males, for statistical reasons,
only male patients have been included. Exclusion criteria
consisted in previous syncope, known cognitive
impairment, postural orthostatic hypotension, severe
cardiovascular disease, and/or transient ischemic attacks.

Several procedures were assessed. Lung function was
evaluated by volumes obtained using MedGhraphics
spirometer and maximal inspiratory/expiratory pressure
(MIP, MEP) values were acquired using Jaeger (Germany)
device. All cases of overlap asthma COPD or asthma COPD-
like, mentioned by literature [10], were excluded. Patients
with respiratory failure received long-term oxygen therapy
through stationary concentrators and oxygen masks or
cannulas. The medical devices used for oxygen delivery
were made from hypoalergenic plastic, using polymer
compounds that have been approved for biocompatibility,
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sterilization, and material physical performance.
Biocompatibility of polymer compounds reffers to the
absence of any adverse reaction of the human body and is
demonstrated using three tests (direct contact, agar
diffusion, and elution) [11].

Plastic compounds have been traditionally derived from
petroleum products. More often, in the present, some of
the plastic compounds are made using biobased materials,
such as polymers made from renewable resources and,
also, biobased additives. Biobased materials, including
plasticizers, stabilizers, and lubricants, are considered more
durable and environmentally friendly. Regarding the
specific types of polymers, the most used polymer for
medical devices was PVC, because of its many properties,
including versatility, clarity, availability, kink resistance, and
low price. In order to gain other enhanced properties such
asresilience, chemical and abrasion resistance, there were
developed PVC alloys (e.g., with polyurethane, ethylene
vinyl acetate, and polyacrylonitrile) and thermoplastic
elastomer (TPE) compounds, which are more flexible
without containing plasticizers. [12]

Bioelectrical impedance analysis (BIA) was used to
assess body composition by a body composition device,
respecting the established protocol for BIA analysis [13].
Montreal Cognitive Assessment test (MoCA), used to
analyse the cognitive function, evaluated the cognitive
dysfunction using different domains such as memory,
language, executive functions, concentration and other
skills. MoCA is a 30 point test; a score below 26 points
shows a mild cognitive dysfunction [14]. Functional
performance was obtained through the 6 minutes walking
test (6MWT), which measures the distance that a patient
can quickly walk in a period of 6 minutes. It evaluates the
global and integrated responses of all the systems involved
during exercises, such as the pulmonary and
cardiovascular systems and it assesses the sub-maximal
level of functional capacity [15]. Health status was
assessed with the help of the CAT questionnaire, which is
commonly used in the routine practice. CAT is composed
of eight questions, each item having a six point differential
scale and having a maximal score of 40 points. The
questions are: g1- cough, g2- phlegm, g3- chest tightness,
g4- walking up hills and stairs, g5- activities doing at home,
g6- confidence leaving home, q7- sleep, g8- energy. A
higher score means a greater impact of the disease on the
patient’s health status [16]. HADs measure anxiety and
depression in a general medical population of patients,
including 14 items, seven related to anxiety symptoms and
seven to depressive symptoms. The scores can be between
0 and 21 for each subscale: a score of 0-7 indicates a non-
case, 8-10 a possible case, and 11 or higher a probable
case, which may guide referral for psychological support
[17]. Statistical analysis of all collected data, by using the
SPSS v.17 software (SPSS Inc., Chicago, IL, USA) and R
project packages for statistical computing, presented
means and standard deviations for continuous variables
with Gaussian distribution, median and interquartile range
(IQR) for continuous variables without Gaussian
distribution, or percentage (absolute frequency) for
categorical variables. Continuous variable distributions
were tested for normality using the Shapiro-Wilk’s test and
for equality of variances by using Levene’s test. To assess
the differences between groups, the Student’s t-test
(means, Gaussian populations), One-way ANOVA (means,
Gaussian populations), Mann-Whitney U test (medians,
non-Gaussian populations), and Pearson chi-square or
Fisher’s exact test (proportions) were used. The correlation
between studied variables was evaluated using
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Spearman’s rank sum correlation coefficient (non-
Gaussian distributed variables), its statistical significance
being assessed using the t-distribution score test. A P-
value less than 0.05 was considered as the threshold for
statistical significance.

Results and discussions

A sample of 56 male patients with severe and very
severe forms of COPD, mean aged 63.86 (£5.55) years
(limits between 51 and 74 years), had a median CAT score
of 26.00 (range 23.00-30.00). Almost a half of them
(58.93%) had persistent symptoms with a total CAT score
between 20 and 29 points. The median forced vital capacity
(FVC) was 2.52 L (range 2.29 -2.94 L), and the median
FVC [%] was decreased below 70% (64.50%; range,
60.00% -68.55%). Additionally, the median forced expiratory
volume in the 1% second (FEV1) was 0.91 L (range, 0.75 -
1.15 L), and the median FEV1 [%] was 28.95% (range,
22.30 - 32.25%). More than one COPD exacerbation
reported in the last 3 months were noticed among 17.90%
patients. Almost a half of the patients were ex-smokers
(73.20%), and 26.80% were current smokers. Half of the
patients received long-term oxygen therapy through
stationary concentrators and oxygen masks or cannulas,
made from transparent, hypoallergenic plastic. The
patients’ characteristics are presented in table 1.

Higher CAT scores were associated with poor lung
function and more frequent exacerbations in the last 3
months. Anxiety and depression tended to be more severe
at higher CAT scores, statistically significant differences
being observed between score’s categories (One-way
ANOVA test, F(1.54) = 19.89, p < 0.001, and F(1.54) =
15.55, p < 0.001, respectively). A severe decrease of
physical activity capacity was found to be associated with
higher CAT scores, differences between medium, high and
very high CAT score levels being were statistically
significant (One-way ANOVA test, F(1.54) = 6.19, p < 0.05)
(table 2).

Lung function parameters as FVC, FEV1, FEV1/FVC were
poorly correlated with total CAT score, r =-0.105, p = 0.440;
r=0.237,p =0.079; and r =-0.252, p = 0.060, respectively.
This could be explained by the diversity of factors
influencing lung function such as treatment or nutrition
status [16,17]. The MoCA score was also weakly correlated
with the total CAT score (r= -0.174, p= 0.200). On the
contrary, the HADs-anxiety statistically significant
correlated with the total CAT score (r=0.531, p< 0.01), as
well as HADs-depression (r=0.408, p< 0.01). The physical
activity parameter 6MWT was statistically significant
correlated with the total CAT score (r=-0.407, p<0.01). At
the same time, CRP inversely correlated with the total CAT
score (r=-0.286, p< 0.05). The aim of the study was to
identify correlations between single items of the CAT and
the outcome parameters of COPD, such as, spirometry
measures, physical activity, cognitive capacity, and health
related status. So, most of the CAT items correlated alone
significantly with the HAD depression scores, namely, as
walking up hills and stairs (r= 0.412, p< 0.01), doing
activities at home (r=0.329, p < 0.01), confidence leaving
my home (r= 0.409, p< 0.001), item sleep (r= 0.277, p<
0.01), and energy (r = 0.387, p< 0.01). CAT item cough
poorly correlated with all the COPD measured parameters,
as well as the item breathless when walking. CAT item
chest tightness best correlated with FEV1 (r=-0.314, p<
0.05), fibrinogen (r=-0.379, p< 0.01), and 6MWD (r= -
0.339, p< 0.05). CAT item walking up hills and stairs best
correlated with 6MWD (r = -0.581, p< 0.01), HADs-
depression (r = 0.412, p< 0.01), and HADs-anxiety (r=
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Number of patients 36
Age[yearsT 63.86 (15.55)
Height [em[® 17121 (7.64)
Weight [Ez]F 7621 (£20.19)
EMI [kz/mT* 2591 (6.42)
LEM [kg[* STO (T80 - 67.30)
PEF [%]F 310(16.07-30.05)
Smolong statns®
Ex-zmoker AT (7330%%)
Current smoker 15 (26.80%%)
Education Ievel (number of claszez)
17 clazzes 45 (B0 40%%)
11 claszes 3 (8.9%%) Table 1
10 classes 0 (10.7%) PATIENTS BASELINE CHARACTERISTICS
Spirometry measures
FVCILF II(ZI0-304)
FVC TP 6450 (60.00 - 68.35)
FEVILT 017 -115)
FEVI[Pa]F 28085 (2230-32335)
FEVIFVCE WG -I50)
Exacerbation (last 3 months)® 10 (17 HFz)
HADs=
HEDa [Pl 000 (700 - T200) aCo_m‘inuous variables (with Gagssian distribution) are indicated by
+d [ptsl 11.002.00 - 12.00) zgg;tﬂiiﬁsaggnﬁgga(r j/iie/‘;lzrtll?géussian distribution) are indicated
Bazal FOZ [F2]7 O30 (OO0 - 95.00) . S .
by their median (interquartile range).
LTOT 28 (30.00%) °Nominal variables are indicated by their absolute and relative
MoCA [pts]* ILO02000-2500) | frequencies.
BLIWT [ T (18000 — 450,407 | Abbreviations: BMI - Body Mass Index; L:_BM - Lean. Body Mass;
TIF [ IS @TA0=T035) PBF'- Percent Body_ Fat; F\/C - I-'orceo" Vital Capac:ty,: FEV1 - Forced
MEP % STI0 (A T0= 6805 Exp/ratO(y Volume in the first second; HADs - Hospital Anxiety and
il o h E Depression Scale; LTOT - Long-Term Oxygen Therapy;
— tomar e MoCA - Montreal Cognitive Assessment; 6MWD - 6 min Walking
CEF [mgL] 3248 -6.32) Distance; MIP - Maximum Inspiratory Pressure; MEP - Maximum
Fibrinogen® 300(247-337) Expiratory Pressure; CRP - C-Reactive Protein; CAT - COPD
CAT [p&elF 26.00 (23.00 - 30.00} Assessment Test.
P or CAT score category i
10-19 20-29 30-40 p-vaiie
Mumber of patients TI30%%) 33 0E03%) 18 (28375
Lung volumes
FVCIL] 2.66(0.48) 2.66 (0.47) 2.30(0.36) 0211
FEVITL] RER(S ] 101037 0EZ0IT) 0.0%1
FEVLFVC 33.07(4.34) 37.10(11.3%) 32.76 (10.66) 0207 Table 2
Inflammatory biomarkers COPD PARAMETERS BY
Fibrinogen [mg/L] 2.80(0.71) 280900.71) 353329 0.886 DIFFERENT CATEGORIES OF
C-reactive protein 319(233) 319{233) ELTEEEY] 0857 THE CAT SCORE
Physical activity capactty
6RIWD [m] [ 4853710012 T #e70{10414 1 23841704 | 10ls
Tests
HADs-anxiety D36 (3.84) D.12(2.45) 13.69(3.15) =0.001
HADsz-depression N NERY] 30 (53.14) 133802700 =0,001
MoCA 21.43(2.44) 2152217 2063 (2.18) 0.181

Abbreviations: FVC - Forced Vital Capacity; FEV1 - Forced Expiratory Volume in the first second; HADs
- Hospital Anxiety and Depression Scale; MoCA - Montreal Cognitive Assessment; 6MWD - 6 min Walking

Distance; CRP — C-Reactive Protein; CAT - COPD Assessment Test.

0.400, p< 0.01), as well as the vital capacity parameters,
namely, FEV1 (r=-0.428, p< 0.01), FEV1 % predicted (r =
-0.394, p < 0.001), and FEV1/FVC (r= -0.428, p< 0.01).
CAT item have lots of energy was also correlated with
HADs-anxiety (r = 0.359, p < 0.01), HADs-depression (r =
0.387, p < 0.001), and inversely weak but significant
correlations were found with MoCA score (r =-0.254, p <
0.05). CAT item limitations doing activities at home was
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strongly significant correlated with 6MWD (r =-0.631, p <
0.01), HADs-depression (r = 0.329, p < 0.05) and HADs-
anxiety (r = 0.380, p < 0.01). CAT item confident leaving
my home inversely significantly correlated with 6MWD (r
=-0.558, p< 0.01), HADs-depression (r = 0.409, p < 0.01)
and HADs-anxiety (r= 0.495, p< 0.01). Although vital
capacity poorly correlated with the total CAT score, several
items statistically significant correlated, such as walking
up hills and stairs, and doing activities at home (table 3).

http://www.revmaterial eplastice.ro 297



CAT guestions
Parameter - _ _ _
al g g3 g4 43 g6 g7 g8

Vital capacity

FVCIL] 0.049 -0.080 -0.201 -0.143 -0.193 -0.044 0199 0.017

FVC [*] 0.006 0018 0.080 0.066 0.024 0.033 0144 -0.021

FEV1[L] 0.052 -0.026 -0.314* -0.428%* | -0.350%* -0.168 0208 -0.021

FEWV1 [%] 0.168 0.103 -0.161 -0.394%* | _0.287* -0.083 0219 0.022

FEVIEVC 0.064 0.083 -0.186 -0.428%* | 0.275* 0254 0.049 -0.141

Maximal respiratory pressures

. - e , - . Table 3

MIP [%4] -0.007 -0.123 -0.239 -0.118 0297 0221 0134 0.045 CORRELATION

COEFFICIENTS
0 r £ | _nagyEE i R nis BETWEEN SINGLE
MEP [%3] 0.338 0382 0136 -0.03% 0.0%6 0.158 0.003 0108 ITEMS OF CAT AND
; MEASURED

Inflammatory biomarkers PARAMETERS

Fibrinogen -0.180 -0.193 -0.379%* -0.200 -0.163 -0.194 0.030 0107

CEP 0.107 0.023 -0.044 -0.052 0.013 0.003 0241 0224

Physical activity capacity

ENW T [m] 0.088 0124 -0.339+ -0.581%* | -0.631%* | -0.558** | 0.170 -0.153

Tests

HADs-d 0.012 -0.114 0231 0.412%* 0.329* 0.409%% | 0277#* | D.3I§T+*

HADz-a 0.157 0.043 0.263* 0.400%* 0.380%* | 0.495%* | 0266%* | 0350+

MOCA[pts] 0.033 0076 -0.080 -0.208 -0.123 -0.108 0201 | -0.254%

*Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level (2-tailed)

Abbreviations: FVC - Forced Vital Capacity, FEV1 - Forced Expiratory Volume in the first second;

MIP -Maximum Inspiratory Pressure; MEP -Maximum Expiratory Pressure; HADs - Hospital Anxiety and Depression Scale;
MoCA - Montreal Cognitive Assessment; 6MWD - 6 Minutes Walking Distance; CRP -C-Reactive Protein;

CAT - COPD Assessment Test; g1 -item cough; q2 -item phlegm, q3 -item chest tightness, g4 -item walking up hills and stairs;
g5 -item doing activities at home; g6 - item confidence leaving my home; q7 - item sleep; g8 - item eneryy.

Maximal respiratory pressures were poorly correlated
with CAT score, namely, MIP and CAT score (r =-0.240, p
= 0.075), and MEP and CAT score (r = -0.174, p = 0.200).
On the contrary, MIP was significantly correlated with CAT
item doing activities at home (r = -0.297, p< 0.05) than
MEP which was significantly correlated with items cough
(r =-0.338, p< 0.05) and phlegm (r = -0.382, p< 0.01).
Fibrinogen, as an inflammatory biomarker, was poorly
correlated with the total CAT score (r= 0.286, p= 0.033),
but it was significantly correlated with CAT item chest
tightness (r=-0.379, p< 0.01) (fig. 1). In addition, MoCA
score, poorly correlated with the CAT score (r=-0.174,p =
0.200), revealed a stronger and significant correlation with
individual item energy (r=-0.254, p< 0.05) (fig. 1).
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Recent studies have proved the sustainability of the CAT
guestionnaire presenting it as a reliable instrument that
can measure the COPD patient’s quality of life compared
to other tools usually used in this disease [20]. The main
objective of the study was to analyse if individual CAT items
are better correlated with different tests performed in
COPD patients. Exacerbation in the last three months,
anxiety and depression, decreased physical capacity and
poorer lung function were all found to be significantly
correlated with the total CAT score. Some studies have
demonstrated that CAT score correlates with exacerbation
severity and its impact on the health status [20]. We found
COPD patients with higher CAT total score had
exacerbation in the last three months, results consistent
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q1 q2 g3 g4 q5 qb q7 a8
FVCIL] - ® o & )
FYC[%]) : : + . o]
FEV1[L] ® ® ® © o
FEVI[%] @ o @ @ 6D
FEV1/FVE e & o @
MIP[%] > | @ ® & =
MEP[%5] e © e | i) i
Fibrinogen -] ] .- B L] .
CRP [ = | ® o
suvtiml o @ @ @ @ o =
HADs-d @ @ ® o O
HADs-a | @ e ® ® & ¢ o
MoCA it BN BN

with those of Sang-Do Lee et al, who evaluated the
relationship between the higher CAT score and shorter time
to the first exacerbation or risk of exacerbations [21].
Different studies have shown that anxiety and depression
are co-morbidities of COPD independently associated with
an increased risk of exacerbation even in stable COPD
forms. Burgel et al. found depression as the mostimportant
contributor to the Saint Georges Respiratory Questionnaire
total score in patients with COPD [22]. Masaki Miyazaki et
al. observed depression has a more important impact on
increasing the CAT score than anxiety thus highlighting the
psychiatric co-morbidities of COPD [23]. Consistent with
these findings, we observed that HAD depression score
was significantly correlated with several CAT items as
walking up hills and stairs, doing activities at home,
confidence leaving home and energy compare to the score
of HAD anxiety, which was significantly correlated only
with the total CAT score. Consistent with Young Seok Lee
et al., who found that depression was associated better
with the chest tightness, confidence leaving home, activity
limitation at home, energy and sleep [24], we observed a
significant association and presented good discrimination
power of energy item. Thus, energy item can be a better
indicator of depression compared to other COPD
symptoms such as phlegm and cough in patients with
COPD. The most important symptoms that limit the daily
living activities among COPD patients, reducing gradually
the functional status, are fatigue and dyspnoea [25]. One
of the highest predictors of mortality in these patients is
the level of physical activity and a decline in functional
status can have a worse impact on the health status of the
patients [26]. We noticed a drastic decrease of the
functional capacity at higher CAT scores. Differences
between medium, high and very high CAT score levels were
statistically significant. The most significant correlation
between CAT item and 6MWD was limitation doing
activities at home. Carlos H. Martinez et al. found similar
results reporting that patients who had an increased CAT
score and a reduced quality of life presented a shorter
walking distance [27]. Interestingly, compared to our
study, a link between dyspnoea and reduced physical
capacity was described related to the first four CAT
questions. Similar to our results, Martinez found significant
correlation between higher CAT score and depression,
leading to reduced physical activity, fatigue and poor sleep
[27]. CAT score is well correlated with the functional status
when it is evaluated with the help of the 6MWD test [28].
We found the same correlation between lower CAT score
and increased functional status. Reduced physical activity
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Fig. 1. Correlation coefficients between items

004 of CAT and measured parameters

Abbreviations: FVC - Forced Vital Capacity;
FEV1 - Forced Expiratory Volume in the first

B second; MIP — Maximum Inspiratory Pressure;

MEP - Maximum Expiratory Pressure; CRP - C-
-0.29 Reactive Protein; 6MWD - 6 Minutes Walking
Distance; HADs - Hospital Anxiety and
Depression Scale; MoCA - Montreal Cognitive
-0.52 Assessment;.

-0.41

-0.63

can explain the significant correlation between MIP and
CAT item doing activities at home. It is well known that the
weakness of the respiratory musculature with reduced
muscular resistance and strength can have important
clinical consequences for patients with COPD, explaining
partially common symptoms such as effort dyspnoea and
reduced tolerance to physical exercise [29]. Patients with
COPD comprise multiple comorbidities, including cognitive
impairment and a greater risk of developing cognitive
impairment than patients without COPD [30,31]. MOCA
guestionnaire is capable to detect minor cognitive
impairment found that all patients with severe COPD
suffered of minor cognitive impairment regardless of
hypoxemia [31]. We also found cognitive impairment in
COPD patients (MoCA score less than 26 points) without
significant correlation between this test and total score of
CAT, the only significant correlation being noticed for energy
item. Relationship between systemic inflammation and
CAT score is not very well studied with inconclusive and
contradictory data about the correlation between CRP and
CAT [32-34]. Compared to these studies, in our study CRP
is inversely correlated with total score of CAT and the only
significant correlation is between fibrinogen and CAT item
chest tightness. One of the limitations of our study was
that it had a small sample size although other studies that
used COPD measurement instruments had also reduced
number of patients.

Conclusions

This study demonstrated an independent association
between different CAT items and other tools used in the
assessment of patients with COPD. The most significant
link was between CAT components related to walking up
hills and stairs, limitations doing activities at home and
confidence leaving home. The most powerful correlation
was observed between these three questions and
depression and 6MWD.
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