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Abstract

Alterations of cognitive functions have been described in COPD. Our study aimed to disentangle the relationship
between the degree of cognitive function and COPD characteristics including quality of life (Qol).

Data from 1969 COPD patients of the COSYCONET cohort (GOLD grades 1-4; 1216 male/ 753 female; mean (SD)
age 64.9 + 84 years) were analysed using regression and path analysis. The DemTect screening tool was used to
measure cognitive function, and the St. George's respiratory questionnaire (SGRQ) to assess disease-specific QoL.
DemTect scores were < 9 points in 1.6% of patients and < 13 points in 12% when using the original evaluation
algorithm distinguishing between < 60 or > =60 years of age. For statistical reasons, we used the average of both
algorithms independent of age in all subsequent analyses. The DemTect scores were associated with oxygen
content, 6-min-walking distance (6-MWD), C-reactive protein (CRP), modified Medical Research Council dyspnoea
scale (MMRC) and the SGRQ impact score. Conversely, the SGRQ impact score was independently associated with
6-MWD, FVC, mMRC and DemTect. These results were combined into a path analysis model to account for direct
and indirect effects. The DemTect score had a small, but independent impact on Qol, irrespective of the inclusion
of COPD-specific influencing factors or a diagnosis of cognitive impairment.

We conclude that in patients with stable COPD lower oxygen content of blood as a measure of peripheral oxygen
supply, lower exercise capacity in terms of 6-MWD, and higher CRP levels were associated with reduced cognitive
capacity. Furthermore, a reduction in cognitive capacity was associated with reduced disease-specific quality of life.
As a potential clinical implication of this work, we suggest to screen especially patients with low oxygen content
and low 6-MWD for cognitive impairment.
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Background

Previous investigations showed an association between
cognitive impairment and chronic obstructive pulmon-
ary disease (COPD) with and without hypoxemia [1, 2].
One of the potential links between both disorders is
chronic inflammation, a major characteristic of COPD,
which also plays an important role in the development
and progression of cognitive impairment [3]. There are
also shared risk factors, such as smoking, higher age, re-
duced physical activity and recurrent infections; more-
over COPD patients often suffer from comorbidities, e.g.
diabetes [4], cardiovascular diseases [5], sleep apnoea [6],
hyperlipidemia [7] and depression [8], which may affect
cognitive function.

Regarding cognitive function there is a wide range
from mild impairment to manifest dementia. A higher
prevalence of cognitive impairment has been shown in
COPD compared to non-COPD [3, 9], and a moderate
or severe dysfunction was identified in 61% of hypox-
emic COPD patients [10], whereas the prevalence of se-
vere dysfunction in terms of dementia in the general
population is around 12% [11]. COPD is characterized
by chronic airflow limitation. The link between lung
function and cognition has been investigated in studies
of lung-healthy elderly subjects [2]. Indeed, a reduced
lung function was associated with worse cognitive per-
formance and an increased risk of hospital admission
due to dementia [12].

In line with this, the majority of studies in COPD
observed reduced attention, memory and learning
functions [13]. More severe COPD defined by the use
of long term oxygen therapy or reduced physical ac-
tivity was associated with more pronounced loss of
cognitive capacity [14]. Conversely, decreased cogni-
tive capacity also appears adversely affecting COPD
outcomes, due to an increased hospitalisation rate, re-
duced quality of life and ability of disease manage-
ment [2, 15, 16]. In view of the data elucidating
single aspects, the aim of the study was to provide a
comprehensive analysis of the relationship between
cognitive function and important COPD outcome pa-
rameters and to identify independent risk factors for
cognitive impairment. This is relevant, as the multiple
relationships raise the question of their relative con-
tribution, which can be answered via path analysis, as
demonstrated in previous studies [17-20]. We there-
fore applied this method to quantify the direct and
indirect effects of COPD characteristics on cognitive
function using the screening instrument DemTect for
the evaluation of cognitive impairment. As an integra-
tive outcome measure the SGRQ was included. For
this purpose, we used the data of the large and well-
characterized COPD cohort COSYCONET (COPD
and Systemic Consequences-Comorbidities Network).
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Methods

Study population

The present analysis used the baseline data (visit 1) of
the German COPD cohort COSYCONET (n=2741),
which is a multi-center study focusing on the role of
comorbidities in COPD [21]. From all patients recruited
into COSYCONET, we included only those of GOLD
grades 1-4 and GOLD groups A-D, according to the
modified Medical Research Council dyspnoea scale
(mMRC) [22], with complete data on forced expiratory
volume in 1s (FEV)), forced vital capacity (FVC), age,
gender, body-mass index (BMI), pack years, smoking
status, C-reactive protein (CRP), 6-min walk distance (6-
MWD) and DemTect score. This resulted in a subset of
n=1969 out of n=2741 patients. The COSYCONET
study has been approved by the ethical committees of all
study centers, and all patients gave their written in-
formed consent [21].

Assessments

The study protocol of COSYCONET and the methods
have already been described elsewhere [21]. Assessment
of comorbidities including cognitive impairment was
based on the patients’ reports of a physician-based diag-
nosis. Some comorbidities that were used for sensitivity
analyses were additionally evaluated using a combination
of patients’ reports and disease-specific medication [23];
data on II-6, I1-8 and TNF assessed by standard labora-
tory procedures were also used for sensitivity analyses.
Lung function data comprised FEV;, FVC in percent
predicted, and their ratio, but only FVC was included in
the path analysis, as it was superior to the other parame-
ters. Predicted values of spirometry were taken from the
Global Lung Initiative (GLI) [24]. The values of PaO,,
PaCO,, pH and SaO, were determined from arterialized
capillary blood from the earlobe, following standardised
operating procedures in all study centers [21]. The oxy-
gen content (CaO,) was derived via the formula: CaO, =
(1.34 * Hb * Sa02) + (0.0031 * PaO,) [25].

To quantify the impact of COPD on several dimen-
sions of quality of life, the St. George’s Respiratory
Questionnaire (SGRQ) was used [26, 27]; based on
the regression analyses, only the impact score was in-
cluded in the path analysis model. For the detection
and quantification of early cognitive impairment the
screening test DemTect [28] was used. The DemTect
is carried out in the form of an oral and written
interview and the patient’s performance is recorded
by the examiner on a test sheet. In COSYCONET,
the test was carried out together with the study nurse
during the regular study visits. It contains five tasks
concerning the functions of verbal memory, word flu-
ency, intellectual flexibility and attention. The test
does not take a long time (8—10 min).
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Content:

e Listen and repeat word list

e Convert numbers and numerals

e Supermarket task (listing 30 goods available in a
supermarket)

e Repeat number sequences backwards

e Repeat word list

The raw values of the test are recoded into test values
(separated at the age of 60 years) and then summed up
so that the final test values are expressed regardless of
age. The scale ranges from 0 to 18 points: Values of 13
points and upwards indicate adequate cognitive per-
formance, between 9 and 12 points mild cognitive im-
pairment, and dementia for values equal to or below 8.
According to the design, the test values should not only
be independent of the age-appropriate decline in cogni-
tive abilities, but also independent of the level of educa-
tion [28].

Statistical analysis

Data are presented as numbers and percentages, or mean
values and standard deviations (SD). Comparisons be-
tween GOLD groups A-D were performed by univariate
analysis of variance (ANOVA), or by chi-square-tests in
case of categorical variables; for CRP the Kruskall-Wallis-
H-test was used due to a heavily skewed distribution. The
associations between variables were evaluated by multiple
linear and logistic regression analyses comprising one
dependent and multiple independent variables. CRP was
included after logarithmic transformation to account for
the skewness of the distribution. In these analyses, age,
gender and smoking status were always included as con-
founders; BMI and pack years did not appear to be statisti-
cally relevant.

In the subsequent path analysis, appropriately adjusted
values were used to take into account the dependence
on the common risk factors and avoid trivial associa-
tions. Path analysis is a procedure designed for the
description of complex networks, particularly the quanti-
fication of direct effects of one onto another variable, as
well as indirect effects mediated via another variable
[29]. This differentiation has been found to be inform-
ative for the description of complex associations in
COPD [17-20]. In general, path analysis models require
input from previous regression analyses and patho-
physiological considerations to identify a valid and
plausible structure, excluding models that do not de-
scribe the data adequately [29]. All analyses were per-
formed using SPSS Statistics 23 (IBM Corp., Armonk,
NY, USA) and AMOS (IBM Corp., Armonk, NY, USA).
The criterion of generalized least squares estimation
(GLS) was used, whereby the goodness of fit was
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described by chi-square statistics, comparative fit index
(CFI) and root mean square error of approximation
(RMSEA). CFI values >0.95 and RMSEA values <0.05
indicate a good fit. The chi-square statistics indicate the
deviation from the path analysis model and is acceptable
if p 2 0.05, however, its usefulness is limited in very large
data sets. The level of statistical significance for all
analyses was assumed for p < 0.05.

Results

Study population

Overall, 1969 patients of GOLD grades 1 to 4 had
complete data of all variables used in the regression and
path analyses, as well as GOLD ABCD grouping and
smoking history. Table 1 shows the patients’ characteris-
tics stratified for the GOLD groups A-D and age. For pa-
tients under 60years of age there were significant
differences between groups A-D for all parameters ex-
cept for gender, pack years, DemTect score and the
diagnosis of cognitive impairment. For patients of at
least 60years of age, again most of the parameters
showed significant differences between GOLD groups
except for gender, DemTect score and the diagnosis of
cognitive impairment. Table 2 shows the gender distri-
bution of the different categories of cognitive function-
ing according to DemTect scores.

Dependence of the DemTect score on functional and
clinical parameters

To determine the statistical dependence of the DemTect
score on influencing variables, we performed multiple
linear and logistic regression analyses, including the
functional and clinical variables listed in Tables 3 and 4
and the common risk factors. Oxygen content was su-
perior to the use of PaO,, which was not significantly re-
lated to the DemTect score. FVC, FEV,, residual volume
(RV), total lung capacity (TLC), the ratio RV/TLC and
intrathoracic gas volume (ITGV) were not significantly
related to the DemTect; in Tables 3 and 4, FVC is
shown, as it showed the strongest correlation with the
DemTect among all lung function parameters. This was
also true in the subsequent establishment of the path
analysis model in which FVC was superior to all other
lung function parameters.

The DemTect uses an age-dependent scoring algo-
rithm to transform raw scores for age groups < 60 and >
60 years. We therefore included a categorical variable in-
dicating the two different age groups. The result of the
regression analysis using the original DemTect score is
shown in the Table 3. The categorical variable was
highly statistically significant, indicating an upward step
at the age of 60 years. Since this sudden change seemed
implausible and the inclusion of the categorical variable
might disturb analyses, we defined a revised DemTect
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Table 2 Gender distribution of the different categories of
cognitive functioning according to DemTect scores
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Table 4 Dependence of the modified DemTect score on clinical
and functional parameters

Gender Dementia Mild cognitive Healthy Total
impairment
n=31 n=205 n=1733 n=1969
Male (%) 25 (80.6) 169 (82.4) 1022 (59.0) 1216
Female (%) 6 (194) 36 (17.6) 711 (41.0) 753

The table shows absolute numbers as well as percentages of men and women
in different DemTect categories. The DemTect scale ranges from 0 to 18
points: Values of 13 points and upwards indicate adequate cognitive
performance (healthy), between 9 and 12 points mild cognitive impairment,
and dementia for values equal to or below 8

score by calculating both age-dependent transformed
scores independent of age and averaging the two scores.
The results of the regression analysis using this modified
DemTect score are shown in Table 4. All variables iden-
tified as predictors using the original DemTect score
were also significant predictors of the modified score,
while the categorical value describing the two age groups
was not significant. To avoid the complication from the
categorical variable, we used the modified DemTect
score in all subsequent analyses.

For illustration, Fig. 1a shows the DemTect score eval-
uated by the original algorithm versus age, with an up-
wards step at the age of 60years. Fig. 1b shows the

Table 3 Dependence of DemTect score in original form on
clinical and functional parameters

Unstandardized SEM

95% Confidence p-

regression Interval value
coefficient Lower Upper
limit limit

Age=260y * 1.765 0222 1330 2.199 <0.001
Female 1.243 0.138 0971 1.515 < 0.001
Age ly] -0.079 0012 -0.103 -0.056 <0.001
Current smoker 0-.444 0138 -0.733 -0.156 0.003
Diagnosis of Cl -0.617 0279 -1164 -0069 0.027
mMRC 0.197 0091 0019 0376 0.030
SGRQ impact -0.009 0004 -0017 -0.002 0015
score
6-MWD [m] 0.002 0.001 0.000 0.004 0.010
log;oCRP -0350 0021 -0583 —0.116 0003
[mg/100 mL]
FVC [%predicted]  0.006 0.004 -0.002 0.013 0.135
Ca0, [mL/100mL]  0.090 0039 0014 0.167 0.020

The table shows the results of multivariable linear regression analyses in terms
of the unnormalized regression coefficients as well as 95%-confidence
intervals. The level of significance was set at p < 0.05. *Indicator variable with
values 0 and 1 for ages < and > 60 years of age, respectively. CRP values were
included as logqo-transformed values, therefore the respective coefficient must
be interpreted as change in the respective DemTect score for a tenfold
increase in CRP level (log;o(10) = 1). Cl = cognitive impairment. When repeating
the same analysis while including the activity and symptom scores of the
SGRQ, these turned out to be not statistically significant predictors (p = 0.247
and p =0.127, respectively), while the impact score remained

significant (p =0.0013)

Unstandardized SEM  95% Confidence  p-value

regression Interval

coefficient

Lower  Upper
limit limit

Age 260y * 0.003 0225 -0438 0445 0.989
Female 1352 0141 1076 1.628 <0.001
Age [yl —0.088 0012 -0.112 -0064 <0.001
Current smoker -0.373 0.149 -0666 —0081 0012
Diagnosis of Cl —0.731 0284 —1.287 -0.175 0010
mMRC 0.183 0.092 0.002 0.364 0.047
SGRQ impact —0.009 0004 -0017 -0002 0017
score
6-MWD [m] 0.002 0.001  0.001 0.004 0.007
log;oCRP -0.317 0121 -0554 -0.079 0.009
[mg/100 mL]
FVC 0.005 0004 -0.003 0013 0.187
[% predicted GLI]
Cao, 0.110 0.039 0.033 0.188 0.005
[ML/100 mL]

The table shows the results of multivariable linear regression analyses in terms
of the unnormalized regression coefficients as well as 95%-confidence
intervals. The level of significance was set at p < 0.05. *Indicator variable with
values 0 and 1 for ages < and > 60 years of age, respectively. CRP values were
included as log;o-transformed values, therefore the respective coefficient must
be interpreted as change in the respective DemTect score for a tenfold
increase in CRP level (logo(10) = 1). Cl = cognitive impairment. When repeating
the same analysis while including the activity and symptom scores of the
SGRQ, the activity score turned out to be not statistically significant (p =0.120),
while the symptom score was only borderline significant (p = 0.048) and the
impact score remained significant (p = 0.000313)

results obtained by averaging the two evaluation algo-
rithms independent of age, indicating the absence of
such a step. When using the original DemTect score, 25
men and 6 women showed values <9 points, and 194
and 42 < 13 points, respectively. When using the modi-
fied score, 42 men and 11 women showed values <9
points, and 286 and 70 < 13 points, respectively. As ex-
pected, the modified score affected the categorization of
abnormalities, but this was irrelevant for the association
analyses.

To illustrate the effect of influencing parameters on
the modified DemTect score, the respective changes as
computed according to Table 3 are shown in Fig. 2.

Dependence of the SGRQ score on functional and clinical
parameters

Regarding the dependence of the total SGRQ score and
its components (activity, impact, symptoms) on influen-
cing variables, we again performed multiple regression
analyses including the variables listed in Table 5. Gen-
der, the diagnosis of cognitive impairment, age, 6-MWD,
FVC %predicted, mMRC score and the modified Dem-
Tect score were significant predictors of the impact
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SGRQ score (p < 0.05, Table 5), whereas for the activity
and symptoms components and total score there were
less associations. To avoid problems from collinearity
and to keep the model parsimonious, we selected the
impact score for the path analysis, excluding the other
two domains and the total domain that was strictly
linearly dependent on the three domains [26].

Path analysis

To understand the role of the DemTect score, we used
path analysis. Age, gender and smoking status turned
out to be correlated with all variables. In the path

analysis we therefore used values adjusted for these pre-
dictors in order to find a parsimonious model not com-
plicated by trivial links. The model was built
consecutively using the results of Tables 3 and 4 as well
as results of additional regression analyses of the vari-
ables on each other. The final model is shown in Fig. 3
and Table 6. It fitted the data well with a CFI of 0.988, a
RMSEA of 0.020 (90%CI: 0.002; 0.033) and a Chi-square
value of 21.28 at 12 degrees of freedom (p = 0.046).

The impact score turned out to be directly dependent
on the DemTect results but also on the diagnosis of cog-
nitive impairment. This diagnosis was associated with
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Fig. 2 Estimated changes in the DemTect score for defined changes in predictors according to the regression coefficients given in table 2b

change of parameter 95% confidence level of significance
interval

+2.5 ml/100ml 0.275 [0.082; 0.469] p =0.005
+10 %pred GLI 0.052 [-0.025; 0.129] p=0.187
+50 m 0.107 [0.029; 0.185] p = 0.004
ie. ’c‘ﬁ:’r‘zzt";’y‘ not) 0.373[0.081; 0.666] p=0.012
- 10 years 0.879 [0.640; 1.118] p < 0.001
female 1.352 [1.076; 1.628] p < 0.001

the DemTect results, indicating the validity of both vari-
ables. As a result, there was a direct and an indirect con-
tribution of the DemTect to the impact score. The
DemTect result itself, was dependent on oxygen content,
CRP and 6-MWD, consistent with the results of the re-
gression analyses. In the path analysis, the mMRC
turned out to be only indirectly associated with the
DemTect, in contrast to the regression analysis,

Table 5 Dependence of the impact score of the SGRQ on
clinical and functional parameters

Unstandardized SEM  95% p-value
regression Confidence
coefficient Interval
Lower Upper
limit limit
Female —1.884 0822 -349% -0.271 0.022
Age [yl —-0.249 0.048 —-0.342 -0.156 <0.001
Current smoker 0.122 0856 —1.556 1801 0.886
Diagnosis of Cl 70.029 1618 3856 10201 <0.001
mMRC 90.996 0478 9.059 10933 <0001
6-MWD [m] -0.044 0.004 —-0.052 —0.035 <0.001
log1oCRP [mg/100 mL] 0.024 0693 —-1335 1383 0973
FVC [% predicted GLI] —0.060 0.022 -0.105 — 0.007
0.016
Ca0, [mL/100 mL] -0.182 0226 —0626 0262 0422
Modified DemTect —-0.309 0.129 -0.562 —-0.055 0.017

score

The table shows the results of multivariable linear regression analyses in terms
of the unnormalized regression coefficients as well as 95%-confidence
intervals. The level of significance was set at p < 0.05. *Indicator variable with
values 0 and 1 for ages < and > 60 years of age, respectively. CRP values were
included as log;o-transformed values, therefore the respective coefficient must
be interpreted as change in the respective DemTect score for a tenfold
increase in CRP level (log;o(10) = 1). CI Cognitive impairment

revealing the differentiation between direct and indirect
links. Still, however, it was directly linked to the SGRQ
impact component, 6-MWD and FVC. FVC was related
to 6-MWD and oxygen content. It is noteworthy that
FVC could not be replaced by FEV;, FEV,/FVC, RV, or
ITGV since this resulted in the loss of statistical signifi-
cance of associations. Regarding RV/TLC, however simi-
lar results as for FVC were obtained, with slightly
weaker relationships to CaO, and the impact score than
for FVC. When the mMRC was replaced by the SGRQ
symptoms score, all single relationships remained signifi-
cant but the overall model fit was inferior (chi-square
36.45, p <0.001) thereby underlining the superiority of
the mMRC within the network of variables analyzed.

Sensitivity analyses

These results indicated that the DemTect score could be
consistently embedded into the network of functional
and clinical measures that were directly or indirectly
linked to it. In order to reveal whether the relationship
between the other variables was robust against the inclu-
sion of the DemTect, the path analysis was repeated
while omitting the DemTect. All associations remained
significant. The chi square was 19.78, with 10 degrees of
freedom (p=0.031). The fact that the structure
remained statistically significant after removing the
DemTect was consistent with the fact that the DemTect
had only a small explanatory value on the impact score,
beyond the effects of the other variables (see Fig. 3).
Moreover, we computed a model omitting the diagnosis
of cognitive impairment as it could be argued that this
diagnosis requires specific expertise from the treating
doctors. Again, the model was virtually unchanged, in
particular the regression coefficient from DemTect to
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Fig. 3 Path analysis model of the major variables evaluated in the
present study

impact score (standardized value — 0.048). Furthermore,
the relationship between cognitive function and cytokine
levels (I1-6, 11-8, TNF) is often discussed, we therefore
assessed their relationship to the DemTect score or
other variables of the model, either including or exclud-
ing CRP. In none of these models the cytokines were sig-
nificantly related to other variables including the
DemTect score.

Discussion

The present analysis had the aim to develop an integra-
tive picture of cognitive function in relation to major
COPD characteristics, taking into account their mutual
relationships. For the quantification of cognitive func-
tion, we used the DemTect score, a sensitive test for
mild changes preceding overt dementia [28]. DemTect
values were in the normal range in most patients. We
confirmed a number of associations identified in previ-
ous studies and in particular found a reduction of oxy-
gen content of peripheral blood to be associated with
cognitive decline in stable COPD. Moreover, COPD-
specific quality of life was independently associated with
a reduction in cognitive function in addition to the im-
pact of COPD-specific predictors. The DemTect score,
when plotted against age, showed a discontinuity at the
age of 60, as a consequence of the different evaluation
algorithms below and above that age. Whereas this may
be adequate for clinical applications, it introduced an
unnecessary complication into statistical analyses, and
consequently we defined a modified, average score that
exhibited a smooth course versus age. The modified
score showed the same or better associations with the
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Table 6 Results of the path analysis model

Regression Estimate SE.  CR Standardized. P

FVC « CRP -4059 799 5078 -.114 p <0.001
Ca0, «— FVC 012 002 6180 139 p < 0.001
6-MWD « FVC 2.564 109 23532 468 p <0.001
6-MWD « Ca0, 3471 1263 2.749 054 006
6-MWDs«—CRP —19386 3845 -5041 -.100 p <0001
DemTect«Ca0, 115 040 2903 065 004
DemTect«—CRP -326 121 =2681  —-061 007
DemTect«— 003 001 4417 101 p <0001
6-MWD

History of Cl « —-.005 002 -3075 =070 002
DemTect

MMRC—6-MWD —.004 000 —19576 -428 p <0.001
MMRC—FVC —.008 001 -8072 -176 p < 0.001
SGRQ (impact) «—  —315 129 2450 -044 014
DemTect

SGRQ (impact) «—  —062 022 -2783 -057 005

FVC

SGRQ (impact) «— 7.061 1626 4.341 077 p < 0.001
History of Cl

SGRQ (impact) « 9.988 479 20868 437 p < 0.001
mMRC

SGRQ (impact) «— —-.044 004 -9952 -221 p <0.001
6-MWD

The panel refers to the directed arrows (regression terms) depicted in Fig. 3,
whereby the left part lists the arrows shown in this figure. The right part
shows the results of the corresponding statistical tests. The first column of the
right part shows the non-standardized estimate of the respective regression
coefficient, the second column the standard error (S.E.) of this coefficient, the
third column the ratio of these two values (critical ratio, C.R.) which is used for
significance testing. The fourth column shows the standardized estimates of
the regression coefficients shown in the first column. The last column shows
the significance level based on the generalized least squares (GLS) procedure
of AMOS. In the path analysis model, CRP values were logarithmically
transformed (log10), in order to account for the skewness of data and obtain a
distribution closer to normal. For abbreviations of symbols see text

other variables compared to the original score, while the
number of patients with scores considered as clinically
suspicious was higher, reflecting the fact that the modifi-
cation mainly affected patients with higher age. For the
purpose of association analyses the modified score, how-
ever, appeared to be superior to the original score.
Cognitive impairment is relevant in patients with
COPD, as it can affect the self-management of the
disease, for example by forgetting the recommended vac-
cinations, inadequate intake or non-intake of medica-
tion, reduction of the effectiveness of pneumological
rehabilitation including breathing therapy at home, and
as a result having detrimental effects of the therapeutic
measures forming the basis for COPD therapy. The
prevalence of DemTect results indicative of mild cogni-
tive impairment was lower in our COPD population
than in previous studies using other screening tools [11].
In addition to differences between the tools, the fact
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might contribute, that COSYCONET incorporates a ra-
ther comprehensive assessment program favouring the
underrepresentation of patients with cognitive impair-
ment. The smaller range could reduce the statistical
power, nevertheless we found many associations which
were consistent with those reported in the literature.
This renders it unlikely that our results were signifi-
cantly affected by the low prevalence of suspicious Dem-
Tect findings. The results were also robust against the
exclusion of the reported diagnosis of cognitive impair-
ment, which is likely to refer predominantly to patients
with lower DemTect scores; indeed, the group of pa-
tients with the respective history (1 =104) showed sig-
nificantly lower scores than the group without history.
We found no significant differences in the DemTect
scores across the GOLD groups A-D based on symp-
toms and exacerbations [22]. The fact that the DemTect
scores in path analysis model were not directly linked to
the mMRC scores, is in line with the results from Table
1 showing no differences in the DemTect scores be-
tween GOLD groups A-D. Previous studies showed asso-
ciations between exacerbations and cognitive decline,
but cognitive impairment improved after discharge from
hospital following exacerbation [9, 30]. In COSYC-
ONET, we included patients with stable COPD and did
not expect differences in cognitive impairment across
GOLD groups A-D. The clinical interpretation could be
that particularly in stable COPD, symptoms, respiratory
function and exercise capacity carry different informa-
tion and that the relevant relationships depend on the
specific aspect studied.

Up to now, there is no common agreement on the def-
inition of cognitive impairment in COPD patients, and
the variety of definitions renders comparisons across
studies difficult [9]. The Mini-Mental State Examination
(MMSE) is often applied for screening, but in patients
with executive dysfunctions its sensitivity for mild im-
pairment has been questioned, and in general the test is
rather insensitive to minor cognitive changes [11, 31,
32]. Previous investigations revealed that the Montreal
Cognitive Assessment (MoCa) was more sensitive to de-
tect minor cognitive deficits than the MMSE [33-35],
furthermore it was shown that the MoCa was superior
to MMSE in COPD patients [11]. At the time when
COSYCONET was planned, the DemTect was consid-
ered as the most sensitive test for mild impairment. It
was especially designed to detect mild cognitive impair-
ment (MCI) and dementia in early stages of Alzheimer’s
dementia (AD), being powerful in the detection of Alz-
heimer’s dementia (sensitivity 100%) and mild cognitive
impairment (sensitivity 80%) [28] . A study comparing
the effectiveness of tests for the identification of MCI
and mild dementia, showed that the DemTect achieved
the best results, with a sensitivity of 90% for MCI and
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perfect group discrimination for mild dementia. We
therefore think, that the DemTect was well-suited as a
screening tool for mild cognitive impairment in our
population of patients with stable COPD [36].

To the best of our knowledge there are no studies
comparing the DemTect with MMSE and MoCa in
COPD, but there are data in patients without COPD
showing comparable sensitivity of DemTect and MoCa
in the detection of minor cognitive change [37, 38].

Former investigations found that more severe COPD
was associated with a higher prevalence of cognitive im-
pairment [39, 40]. COPD patients with hypoxemia showed
a prevalence of up to 77% [10], whereas mild hypoxemia
was associated with impairments comparable to healthy
subjects [41]. Moreover, neuroimaging studies identified
associations between decreased perfusion and increased
cognitive impairment in hypoxemic COPD patients [42].
Many of these studies had limitations, e.g. methodological
problems such as diagnostic uncertainty in the classifica-
tion of COPD, or uncertainties in the detection of mild
cognitive impairment by the use of MMSE, or small sam-
ple size [40]. The use of the DemTect as a very sensitive
tool also for mild cognitive impairment, and the broad
panel of validated lung function data available in COSYC-
ONET are therefore superior to these investigations.
Nevertheless, these findings are in accordance with our re-
sult that higher CaO, was associated with higher DemTect
scores (see Tables 3 and 4). The path analysis revealed
that this association was not explained by confounding
from other variables such as lung function or risk factors,
such as age and gender. Furthermore, our investigations
revealed that the oxygen content was a much stronger
predictor of DemTect scores than oxygen partial pressure
and oxygen saturation. The oxygen supply of the organs is
restricted by the number of oxygen molecules and by per-
fusion of the peripheral arteries. The use of oxygen con-
tent is superior to PaO, or oxygen saturation as it takes
into account compensation mechanisms to avoid organ
hypoxemia like polycythemia, changes in 2,3-diphospho-
glycerateconcentration and increase in oxygen-resistant
isoenzymes of the respiratory chain [43]. The higher im-
portance of CaO, compared to PaO, has specifically been
shown for cerebral perfusion [44].

The magnitude of the dependence on CaO, was re-
markable. An increase by 2.5 ml per 100 ml of blood cor-
responded to an increase of the modified DemTect score
by nearly 0.3 points. Among the functional parameters,
this appeared to have the strongest effect although the
dependence on age and gender was even stronger as il-
lustrated in Fig. 2. This observation also underlined the
importance of adjusting for age, gender and smoking
status in the path analysis model.

In line with our results, the risk of dementia and phys-
ical activity have been found to be inversely correlated
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[45, 46]. The observed association between better 6-
MWD and better memory function in a small geriatric
population without COPD [47] also supports our results.
Moreover, the association with CRP is consistent with
previous findings regarding elevated CRP levels [47]. It
should be noted that COSYCONET patients are studied
in a stable condition [21] and that therefore an elevated
CRP may be caused by a chronic systemic inflammation.
Again, in the path analysis model the association with
CRP was robust in the presence of several confounders.
CRP might be related to cytokine activation and chronic
inflammation, which are known to play a role in the pro-
gression of neurodegenerative diseases. In our study
however, neither IL-6, nor IL-8, nor TNF showed a sig-
nificant association with the DemTect score or any other
variable. This might reflect the fact that we used values
adjusted for major risk factors (age, gender, smoking sta-
tus) but also the fact that systemic inflammation was
dominated by the lung disease and potential contribu-
tion from neurodegenerative disease played a minor role.
In our large population of patients, the DemTect score
showed a clear-cut discontinuity at the age of 60 years
corresponding to the switch in the evaluation in patients
of age > 60 years. We do not question that this switch is
sensible for diagnostic purposes, however its magnitude
was fairly large compared to the mean range of the
DemTect over age (see Fig. la, Table 3). It is unlikely
that the discontinuity is specific for patients with COPD,
and we therefore used a modified, averaged score, to
avoid statistical complications and a loss of statistical
power. These disadvantages became apparent when
comparing the regression results (Tables 3 and 4).
Importantly, the associations found in the path ana-
lysis were consistent with previous data on cognitive
function in COPD but allowed to identify direct and in-
direct effects, taking into account all major single deter-
minants described previously. The DemTect was directly
influenced by COPD severity, especially oxygen content
and 6-MWD, and had an independent direct effect on
the impact domain of the SGRQ, i.e. a lower DemTect
score was associated with lower disease-specific quality
of life. The three dimensions of the SGRQ are not
equivalent. For example, in the recent analysis on car-
diac comorbidities only the activity dimension turned
out to be relevant [48]. In the present study, only the im-
pact score showed significant and consistent associations
with cognitive function, but not the total score compris-
ing the two other dimensions. The unstandardized
regression coefficient from DemTect to the impact do-
main of SGRQ indicating an increase in this domain by
0.315 score points for an increase in cognitive function
by 1 point (please note that the scales are opposite).
Regarding the SGRQ impact domain, the standardized
coefficients show that the direct effect of DemTect (-
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0.044, Fig. 3 and Table 6) was about ten-fold stronger than
the indirect effect mediated by a history of cognitive
impairment (implying the product of standardized coeffi-
cients — 0.070*0.077 = - 0.005). Conversely, the link via 6-
MWD (-0.221*0.101 = - 0.022) was about half as strong
as the direct link from DemTect. This shows that the dir-
ect association between cognitive impairment and disease-
specific quality of life was relatively strong. The impact
score covers a range of disturbances of psycho-social func-
tion, is related to respiratory symptoms, exercise capacity,
breathlessness in daily life and disturbances of mood and
is therefore suitable to describe broad panel of distur-
bances in the life of respiratory patients [26, 27].

The lung function parameter showing the highest ex-
planatory power was not FEV; but FVC, but its effect on
the DemTect result was only indirect and mediated via
6-MWD. FVC as a measure of available lung volume is a
marker of a restrictive lung function pattern, and more
closely related to a more advanced age, which is also as-
sociated with cognitive supply. Possibly, FVC better re-
flects a more severe chronic lung function impairment
than FEV; because FVC will decrease with more marked
obstruction. This was also underlined by its strong link
with the oxygen content as parameter of organ oxygen
supply. A different interpretation could be that the abil-
ity to perform spirometry is reduced in patients with
cognitive impairment. RV/TLC, which in some respect is
a complement of FVC, showed similar relations as FVC,
although the relationships were not as strong. The find-
ings obtained by omission of the DemTect score from
the model in the sensitivity analysis underlined that it
fitted very well into the robust relationships between the
other measures. The presence of a physician-based diag-
nosis of cognitive impairment had an independent im-
pact on the SGRQ impact score probably additionally
reflecting the severity of the impairment, as the Dem-
Tect was still relevant upon its inclusion.

Limitations

One of the limitations of the study is its cross-sectional,
non-interventional design. Moreover, we did not have a
control cohort in terms of patients without COPD. In
addition, the number of patients with clinically suspi-
cious DemTect results was low and the mean age was
65 years, i.e. lower than typical ages in patients with se-
vere cognitive impairment. Irrespective of this, we found
statistically robust associations, all of which were con-
sistent with those described in the literature for patients
with more severe cognitive impairment. As we included
a variety of influencing factors, we were able to compare
the relative contributions of several determinants on
both the DemTect results and the social impact compo-
nent of the SGRQ as major outcome variable. Comor-
bidities other than the diagnosis of cognitive impairment
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were not directly linked to the DemTect results but only
to factors related to the DemTect, such as lung function
oxygen content, physical activity and COPD symptoms.
We therefore omitted their inclusion into the model.
The presence of comorbidities was on the one hand
based on the patients’ report, representing conditions
known, memorized and openly reported by the patients
[23]. On the other hand, we also applied a strategy to
confirm self-reported diagnoses via medication as previ-
ously described by us, in order to increase the reliability
of the data [23].

Conclusions

In patients with stable COPD, cognitive capacity in
terms of the DemTect score was related to major char-
acteristics of COPD severity. Especially lower oxygen
content of blood as a measure of peripheral oxygen sup-
ply, lower exercise capacity in terms of 6-MWD, and
higher CRP levels were associated with reduced scores.
On the other hand, respiratory symptoms and lung func-
tion, specifically FVC and RV/TLC, both of which were
related to oxygen content, and cognitive capacity were
determinants of quality of life, specifically the SGRQ im-
pact score. Path analysis revealed cognitive capacity af-
fecting quality of life, but quality of life not affecting
cognitive capacity. As a potential clinical implication of
this work, we suggest to screen especially patients with
low oxygen content and low 6-MWD for cognitive im-
pairment. These patients could be supported by nursing
services for medication administration and a closer con-
tact with the treating physician. As a technical observa-
tion, our results also suggest that for quantitative
analyses the evaluation of the DemTect should be
modified.
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