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Abstract

Objective: The main aim of the present study is to evaluate the semantic lan-
guage abilities of patients with Chronic Obstructive Pulmonary Disease (COPD)
compared to normal group. Secondly to examine the role of hypoxemia, hyper-
capnia and pulmonary parameters on language scores. Method: We assessed
100 COPD patients with the use of a comprehensive battery of neurocognitive
tests standardized for the Greek population, examining semantic language abil-
ities, namely the Boston Naming Test (BNT), the Picture Peabody Vocabu-
lary Test (PPVT) and the Controlled Oral Word Fluency Test (COWAT).
Results: The results revealed that although the overall performance of our
group of patients was within normal range, it was statistically significant lower
compared to normal distribution on all semantic language tests. Moreover, we
found that the percentile of COPD patients that performed in the deficient
range was significantly higher compared to normal distribution. Further analy-
sis of pulmonary parameters showed that Forced Expiratory Volume in 1 sec
(FEV,, FEV,%), Forced Vital Capacity (FVC, FVC%) and FEV,/FVC were not
correlated with patients’ performance on the language tests. Low Partial Pres-
sure of Oxygen in blood oxygen levels (PaO,) was found to be able to predict
the performance of patients on BNT, PPVT and semantic verbal fluency test.
Abnormally elevated Partial Pressure of Carbon Dioxide (PCaO,) in blood
were not found to be related to language dysfunctions. Conclusions: Our
findings indicate that our group of COPD patients is more prone to present
semantic language impairments compared to normal group while low blood
oxygen levels were associated with reduced performance on BNT, PPVT and
semantic verbal fluency tests.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive disease charac-
terized by the presence of airflow obstruction secondary to emphysema or
chronic bronchitis [1]. COPD causes not a fully reversible airway limitation due
to chronic inflammatory process in the pulmonary tissue that often results in
breathlessness for the patients, cough [2] [3], excessive mucus production [4]
and often hypoxia and hypercapnia. COPD is the fourth leading cause of death
[5], behind heart disease, cancer and stroke [6]. The burden of COPD among
general population is among 2.83% and 6.9% [7] [8]. Most COPD patients are
between the fifth and six decade of life [2]. Tobacco smoking is the major cause
of the disease, although only a minority of smokers develops clinically significant
symptoms [2]. Other factors, such as indoor and outdoor air pollution, infection
in childhood, asthma, genetics factors [1] [9] and occupational dust have been
proposed to contribute to the development of COPD [2].

The diagnosis of COPD is based on a typical history of persistent and progres-
sive symptoms, a risk factor for COPD and an assessment of physiologic meas-
ures of lung function [4]. The stage severity of disease is based on spirometric
criteria measuring the forced expiratory volume in 1 sec (FEV,) and the ratio of
FEV, to forced vital capacity (FVC) after bronchodilator administration [3] [9].

The stage severity of COPD, as noted in the 2010 update of the Global initia-
tive for Obstructive Lung Disease (GOLD) guidelines [10] categorized as mild
COPD which specified when FEV, is > 80%, moderate COPD where FEV, is
among <50 - <80%, severe COPD defined by <30% - 50% FEV, and very severe
COPD where patients present FEV, < 30%. Diagnosis also indicates FEV,/FVC <
0.70 [9]. A useful feature for confirmation of the diagnosis, in contrast to asth-
matic patients, is that patient’s lung functions do not return to normal after
bronchodilator administration [2] [4]. COPD is associated with an increased
mortality and morbidity implications due to extra pulmonary effects, such as
lung cancer, anemia [2], pulmonary hypertension, polycythemia, peripheral oe-
dema, cardiovascular complications, obstructive sleep apnea, chronic infections
and musculoskeletal disorders (e.g. osteopenia and muscle atrophy) [2] [9] [11]
as well as nutritional depletion that is caused by increased metabolism during
breathiness episodes [3] [5]. Patients with COPD are significantly more likely to
report symptoms such as insomnia, and difficulty in initiating and maintaining
sleep [12]. Moreover, COPD patients have a higher rate of depression [13] [14]
[15] and anxiety [13] [16] compared to general population.

Chronic obstructive pulmonary disease has been also found to cause general
cognitive decline [17] [18] [19] especially in the cognitive functions of motor
speed, attention, memory, learning and abstract reasoning [20] [21]. The pres-
ence of language dysfunctions in COPD patients is still controversial.

More specifically, research in severely and mildly hypoxic patients has docu-
mented impairments in language functions measured with semantic fluency test,
namely Boston naming test, aphasia screening test or the vocabulary and simi-
larities subscales of WAIS (Wechsler Adult Intelligence Scale) [22].
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Mildly hypoxemic COPD patients presented mildly impaired language abilities
assessed with tasks that required naming pictures verbally, writing the name of a
picture without saying the name aloud, reading printed material of increasing
length or repeating words [22]. Language decline have been observed even in
non-hypoxemic COPD patients [23]. Other authors have noted that 88% of
COPD patients presented significant decline in the vocabulary and similarities
subscales of WAIS [24]. It has also been shown that 48% of COPD patients
present a specific pattern of cognitive deterioration which includes a dramatic
decline in verbal fluency [25].

However, there is a study which showed that from 134 severe COPD patients
with mild hypoxia, only 10.4% showed sentence construction decline and 7.5%
verbal fluency impairment [26].

Finally, there are studies on severe COPD patients with mild or mild-to-moderate
hypoxia that found scores within normal range in vocabulary, similarities or
verbal fluency tests [1] [27]. Ortapamuk & Naldoken [28] also found that hy-
poxemic and non-hypoxemic COPD patients performed similar to controls in
verbal production (verbal fluency test) and verbal competence (sentence con-
struction test).

Moreover, it has been found that severe COPD patient’s performance on
crystallized intelligence (knowledge and vocabulary) [29] and on language (ver-
bal fluency, sentence construction) was intact [30].

It has been suggested that the cognitive impairments in COPD patients are
caused by several independent factors of lung functions and gas blood. Re-
searches has shown that COPD severity parameters (FEV,, FEV,/FVC), oxygen
partial pressure (PaO,), hypercapnia (PaCO,) [18] and oxygen desaturation
(Sa0,) are related to poor cognitive processing [31].

More specifically, it has been found that Mini Mental State Examination
(MMSE) scores were associated to lung volume impairments defined by FVC,
FEV, [26], FEV,/FVC (%), FEV, (%), FVC (%) [32]. FVC was also found to be a
significant predictor of working memory span [33]. In other words, the degree of
pulmonary decline found to play a crucial role on the level of cognitive impair-
ment especially in attention, psychomotor speed [34], executive functions and
constructional abilities [35]. However, the majority of the researches failed to
demonstrate a significant association between lung parameters and cognitive
impairments [36] [37] [31].

On the other hand, there are plenty of studies that documented a significant
correlation between cognitive functions and the degree of hypoxemia parameters
such as arterial oxygen pressure and oxygen desaturation [38] [39]. More specif-
ically, several studies have found that partial pressure of arterial oxygen (PaQ,) is
related to complex attention, psychomotor speed, executive functions [35], con-
structional abilities [26] as well as immediate and delayed memory [40]. Stuss et
al. found that PaO, were highly correlated with measures of Trail Making Test B
(TMT B), Paced Auditory Serial Addition Test (PASAT), and several of the
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memory that are relative to visual and verbal short-term memory [22].

Additionally, a correlation between memory function, attention, language, ab-
stracting ability, psychomotor function and partial pressure of oxygen even in
mildly hypoxemic COPD patients has been documented [21]. Regarding low
baseline oxygen saturation (<80%), it has been shown that there is strong corre-
lation with cognitive impairment assessed with MMSE [31] and the Bour-
don-Vos test [41]. It has also been found that the risk of cognitive impairment
increased with decreasing oxygen desaturation [31].

The crucial impact of blood oxygen level on cognitive dysfunctions can also be
proved by the fact that non-hypoxemic patients show less cognitive deterioration
[28] [42]. In other words, oxygen-depended patients have been found to achieve
worse scores than controls or non-oxygen depended COPD patients on cogni-
tive tests [18] [19] which assess verbal memory, delayed recall, attention [28],
perceptual-constructional abilities and psychomotor speed [42]. Similarly, poor-
er performance than oxygen dependent patients, although not significant, has
been found in verbal-nonverbal intelligence and in short-long term memory
tests [42]. Stuss et al, also found that severely hypoxic patients obtained lower
scores than did the mildly hypoxic patients on TMT B, PASAT, Digit span for-
ward and delayed logical memory [22]. Moreover, Grant et al. showed that the
rate of neuropsychological deficit rose from 27% in mild hypoxemia to 61% in
severe hypoxemia [20].

Another important factor that contributes to cognitive decline is hypercapnia
or hypercapnia-induced hypoventilation [25]. Ozge et al, found that hypercarbia
was correlated with the information-memory-concentration test and the demen-
tia scale of Blessed dementia scale test [32]. There are studies that have found a
significant correlation between high levels of PaCO, and deficits in reaction time
or logical thinking [29], in immediate and delayed memory, in complex atten-
tion, in speed of information processing, in animal-naming of verbal fluency test
[22], as well as in concentration and orientation [32]. Interestingly, Stuss et al.
showed that neuropsychological test scores were generally more highly corre-
lated with PaCO, than PaO, [22].

Moreover, there are studies that have failed to show any association between
gas blood and cognitive functions. For example, it has been found that MMSE
and Blessed Dementia Scale did not correlate to hypoxemia [32]. Vos et al failed
to find any correlation between attention and daytime measures of PaO,, SaO,
mean Sa0, and PaCO, after multiple regression analysis [41]. Measures of lan-
guage abilities (Verbal fluency and aphasia screening test), executive functions
(digit span backward, Wisconsin test) and simple attention (TMT A, digit span
forward) were not generally related to arterial gas pressures [22]. PO, levels were
not correlated with measures of mental speed [36] [41]. Finally, other research
did not note any correlation between arterial gas (PaO,, Sa0O,) or lung functions
(FEV,, FVC) and selective or sustain attention [37], fluid intelligence and psy-
chomotor speed [33].
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The literature is equivocal regarding the presence of semantic language im-
pairments, while there are few studies that assess the role of hypoxemia, hyper-
capnia and pulmonary parameters or the impact of a combination of those fac-
tors on language abilities. Importantly, little is known regarding the contribution
of comorbidities such as hypertension and diabetes, which are known as risk
factors for cognitive decline. The present study addresses this gap in the litera-
ture, by assessing semantic language abilities in a large sample of adults with
COPD and examines the impact of hypoxemia, hypercapnia and pulmonary pa-
rameters on language functions.

We hypothesize that COPD patients will present poor semantic language abil-
ities and that there will be a correlational link between COPD characteristics and

performance on semantic language tasks.

2. Materials and Methods
2.1. Participants

100 COPD patients of 69.47 + 8.07 years of age and 7.12 + 3.28 years of educa-
tion were recruited from the Pulmonary Unit of the university hospital of Laris-
sa, Greece during the 2013-2015. All patients who participated lived in the larger
area of central Greece. The group of patients had moderate-to-severe COPD
with FEV,% = 49.89 + 19.48 and mild hypoxia of PaO, = 72.72 + 14.70. The cri-
teria for recruitment were: 1) diagnosis of COPD according to Gold criteria 2)
no episodes of exacerbation for the last 4 weeks 3) no other diagnosable lung
disorder 4) individuals with cognitive deterioration (Mini Mental test score <
24), history of head injury, cerebral ischemia, encephalitis, psychiatric disorders
including alcohol or drug abuse were excluded from the study. Patients whose
conditions such as high blood pressure, hypercholesterolemia, cardiovascular
diseases and diabetes were well controlled by medications were included.

As a comparison group, were used age- and education-adjusted standard (z)
scores based on normative data validated on the Greek population, matched

each COPD participant on gender, age and education level (p > 0.2).

2.2. Measures

2.2.1. Neurocognitive Tests

Neurocognitive testing was conducted between 9:00 am and 14:00 pm. Tests

were administered in the same order to all subjects and by the same examiner,

while participants were allowed to take breaks in order to minimize fatigue.

Since more than one test is typically required for the assessment of lexi-

cal/semantic knowledge, the tests given were: 1) Boston Naming Test (BNT). 2)

Peabody Picture Vocabulary Test-R (PPVT-R) and 3) Controlled Oral Word

fluency test (COWAT).

- BNT test assesses visual confrontation naming of common objects presented
as 45 black and white line drawings. Performance on this test requires recog-
nition of the depicted object, retrieval and verbal production of the lexical ent-
ity associated with it. Access to associated semantic representations is assumed
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to take place automatically although, in principle, it is not required for task
performance. Normative data are provided for healthy Greek speakers of dif-
ferent ages and educational backgrounds (normative sample n = 468 adults
aged 50 - 84 years old) [43] [44].

- The PPVT-R test measures receptive vocabulary and includes a form con-
sisting of 32 items. The examinee is asked to indicate on a stimulus plate
which of the four drawings presented corresponds to a spoken word (noun,
verb, or adjective). Due to the special response requirements of the task it is
reasonable to expect that perceptual organization and decision-making abili-
ty may account for a certain amount of individual variability in performance.
Norms, based on a 468 adult representative sample of Greek population, have
been used on the current study [43] [44].

- The COWAT test includes two-word generation tasks 1) word generation to
letter cues—phonemic task, where the participants are asked to generate
words beginning with each of the following three Greek letters: X (Chi), S
(Sigma), and A (Alpha), 2) word generation to category cues—semantic task,
where the participants asked to generate words belonging to each of the fol-
lowing three semantic categories: animals, fruits and objects. Both fluency
tasks are timed and participants are encouraged to generate words as fast as
they can within the allocated time-limit (60 per category or letter). Norma-
tive data exist for Greek population based on 300 healthy adults aged 18 - 79
years old [45].

Raw score on all language tests were converted to (z) scores (by the compari-
son with normative data according to age and education). Age and education ef-
fects on various vocabulary measures have been reported (decreasing perfor-
mance with increasing age and increasing performance with increasing educa-
tion) [43] [44] [45].

2.2.2. Lung Functions and Covariates

From the spirometry the following pulmonary parameters were measured: FEV,
FEV,%, FVC, FVC%, FEV,/FVC. Blood gas levels of PaO, and PCaO,, as well as
comorbidities like hypertension, hypercholesterolemia, cardiovascular anomalies
and diabetes were also recorded. Illness duration, BMI and smoking intensity

were recorded as well.

2.3. Statistical Analyses

Data were analyzed using IBM SPSS statistics 21 and Minitab 17.0. A probability
value lower than 0.05 (p < 0.005) was accepted as statistically significant. Results
are given as mean + standard deviation (SD). After a descriptive analysis of the
samples’ characteristics (sociodemographic and clinical date) the following ana-
lyses were performed: Raw scores of the neuropsychological tests, for which
normative data were available, were transformed into Z scores (controlling for
gender, age and education). On a typical standard normal population, mean = 0

and standard deviation (S.D) = 1. Higher Z scores indicate better performance. Z
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scores < —1.5 were considered as indicating deficient performance. The two-tailed,
one-sample t-test was used to compare differences in mean values between the
group of patients and the comparison group. Differences between the patient
and comparison group in the percentage of scores in the deficient range was as-
sessed using the X2 test of proportions. Finally, the pulmonary parameters as
well as blood gas levels and comorbidities which were found to present signifi-
cant r Pearson correlation with the scores on language tests were further ana-
lyzed by multiple regression analysis. Age, gender, and education level (in years)

were included as covariates in all models.

3. Results

The group of COPD patients consisted of 100 obese COPD patients, mainly men of
69.47 + 8.07 years of age and 7.12 * 3.28 years of education. Most of the patients
suffered from conditions such as high blood pressure, hypercholesterolemia, cardi-
ovascular diseases and diabetes. The socio-demographic characteristics of the par-
ticipants are summarized below in Table 1.

The group of COPD patients performed statistically significant lower com-
pared to the normative group in all neurolinguistics tests, namely in the seman-
tic verbal fluency (z = —0.94, p < 0.001), phonemic verbal fluency (z = —0.86, p <
0.001), BNT (z = —0.87, p < 0.001) and PPVT (z = —-1.01, p < 0.001) (see Table 2).
However, these Z scores were among the normal average (z > —1.5).

A statistically significant difference was found between the patients and com-
parison normative group that performed in the deficient range in semantic ver-
bal fluency (p < 0.001), phonemic verbal fluency (p < 0.001), BNT (p < 0.001)
and PPVT (p < 0.001). More specifically, 40% of patients performed below the
normal average in the semantic verbal fluency test, 22% in the phonemic verbal
fluency, 34% in BNT and 34% in PPVT. Differences in mean values between the
group of patients and comparison normative group are presented in Table 3.

Table 1. The socio-demographic characteristics of COPD patients.

Socio-demographic characteristics Patients (n = 100)
Men 91 (91%)
Women 9 (9%)
Age 69.47 + 8.07 (52 - 85)
Education in years 7.12+3.28 (1-17)
Body Mass Index (BMI) 28.78 +5.75 (15 - 46)
Hypertension 59 (59%)
Hypercholesterolemia 33 (33%)
Cardiovascular diseases 34 (34%)
Diabetes 19 (19%)
Current smokers 15 (15%)
PYS 70.19 + 34.53 (0 - 150)
Disease duration in years 5.69 +4.11 (1 - 20)
DOI: 10.4236/jbbs.2019.93011 136 Journal of Behavioral and Brain Science
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Table 2. Performance of COPD patients on language tests compared to Greek normative
data.

Language tests Raw Scores Z scores
Semantic verbal fluency 34.47 + 8.86 (19 - 61) —0.94 +0.94"
Phonemic verbal fluency 19.19 £9.04 (2 - 43) -0.86 + 0.831

BNT* 25.79 £9.12 (9 - 44) —0.87 +1.27
PPVT® 14.39 + 8.56 (0 - 32) -1.01 + 1.17°

p < 0.0001 for the difference between the average performance of COPD patients and the performance of
the normative group (two-tailed, one-sample t-test). “Boston Naming Test. *Picture Peabody Vocabulary
Test.

Table 3. COPD patients’ percentile scores in the deficient range on language tests com-
pared to Greek normative data.

Language tests COPD patients Comparison group
Semantic verbal fluency 40%" 6.4%
Phonemic verbal fluency 22%" 5.3%

BNT* 34%" 7.5%
PPVT® 34%' 7.2%

p < 0.0001 for the rate of scores in the deficient range among patients as compared to the gender-, age-,
and education level-matched normative group (Chi-Square test for proportions). *‘Boston Naming Test.
"Picture Peabody Vocabulary Test.

Our research did not reveal any significant correlations between pulmonary
parameters and the performance of patients in the language tests. We also failed
to find any significant correlation between measured comorbidities and the lan-
guage scores (see Table 4). However, we found that blood gases such as PaO,
levels were significantly correlated with the patients’ performance in BTN (r =
0.331, p = 0.001), PPVT (r = 0.299, p = 0.003), and the semantic verbal fluency
test (r = 0.201, p = 0.048). No correlation was found for the phonemic verbal
fluency test (r = 0.173, p = 0.091). Oxygen desaturation index was found to be
correlated only with the patients’ performance in BTN (r = 0.230, p = 0.023),
PPVT (r = 0.259, p = 0.011). On the other hand, high levels of carbon dioxide in
blood was not found to be correlated with the performance in the language tests
(see Table 5).

A linear multiple regression analysis of the previous parameters showed that
the association between the low PaO, levels and patients’ performance reached
significance in BNT (R* = 0.402, p = 0.001), PPVT (R* = 0.492, p = 0.003) and
the semantic verbal fluency test (R*> = 0.322, p = 0.048). SaO, was also found that
it could predict the patients’ score on BNT (R* = 0.364, p = 0.023) and PPVT
(R? = 0.479, p = 0.011). The association between the levels of PCO, and patients’
performance in the language tests did not reach significance. The results of the
regression analysis are presented in Table 6.

4. Discussion

In the present study we evaluated the semantic language abilities of COPD patients

DOI: 10.4236/jbbs.2019.93011

137 Journal of Behavioral and Brain Science


https://doi.org/10.4236/jbbs.2019.93011

K. Makanikas et al.

Table 4. Correlation analysis between COPD lung parameters, comorbidities and per-
formance on language tests.

BTN® PPVT® Semantic test Phonemic test

r  pValue r p Value r p Value r  pValue

Disease duration 0.022 0.834 -0.062 0.547 0.048 0.644 0.013 0.897

FEV1 0.172  0.092 0.114 0.267 0.135 0.186 0.194 0.057
FEV1% 0.103  0.317 0.044 0.669 0.084 0.415 0.172  0.092
FvC 0.189  0.063 0.113 0.271 0.163 0.110 0.142 0.164
FVC% 0.137  0.181 0.031 0.763 0.120 0.240  0.117  0.252
FEV,/FVC -0.001 0.992 0.022 0.829 0.003 0.980 0.170  0.096
Hypertension 0.010 0.919 0.020 0.845 -0.070 0.496 -0.061 0.551
Diabetes 0.077 0456 -0.006 0953 -0.020 0.844 -0.019 0.852

Cardiovascular Disease 0.140  0.170 0.183 0.072 0.101 0.327 0.111 0.278
Hypercholesterolemia —0.135 0.186  0.043  0.678  0.042  0.684 0.027 0.793
PYS 0.089 0.386 0.029 0.775 -0.072 0.486 -0.002 0.984
BMI 0.023  0.823 -0.013  0.897 0.149 0.144 0.119 0.244

“Boston Naming Test. "Picture Peabody Vocabulary Test. “Forced Expiratory Volume in 1 sec. ‘Forced Vital
Capacity.

Table 5. Correlation analysis between gas blood and scores on language tests.

BNT* PPVT® Semantic verbal ~ Phonemic verbal
fluency fluency

r p Value r p Value r p Value r p Value
Daytime SO, 0.230* 0.023 0.259* 0.011 0.167 0.102 0.042 0.681
PO, 0.331** 0.001 0.299** 0.003 0.201* 0.048 0.173 0.091
PCO, -0.136 0.184 -0.128 0.212 -0.044 0.665 -0.067  0.517

Bold entries in the table indicate a significant statistical correlation. *Significant Statistical correlation with
p-value of <0.05. **Significant Statistical correlation with p-value of <0.01. *Boston Naming Test. *Picture
Peabody Vocabulary Test. *Boston Naming Test. *Picture Peabody Vocabulary Test. “Daytime desaturation
index. *Partial pressure of oxygen. ‘Partial pressure of carbon dioxide.

Table 6. Linear multiple regression analysis between oxygen desaturation index, blood
gas level, pulmonary parameters and language tests.

Dependent Variables
Independent
Variables BNT* PPVT® Semantic verbal Phonemic verbal
fluency fluency

R?*=0.364, R*=0.479,

Sa0, R2=0.313, p = 0.102 R? = 0.320, p = 0.681
p=0.023 p=0.011
R? = 0.402, R? = 0.492, R? =0.322, N

PaO, R*=10.339, p = 0.091
p = 0.001 p = 0.003 p=0.048

PCaO, R2=0.341,p=0.184 R>=0.451, p = 0.212 R* = 0.295, p = 0.665 R* = 0.322, p = 0.517
FEV, R*>=0.348,p=0.092 R*=0.449, p = 0.267 R> = 0.307, p = 0.186 R? = 0.344, p = 0.057
FVC  R2=0.353,p =0.063 R2 = 0.449, p = 0.271 R2=0.312, p = 0.110 R? = 0.333, p = 0.164

Bold entries in the table indicate a significant statistical correlation. *Significant Statistical correlation with
p-value of <0.05. **Significant Statistical correlation with p-value of <0.01. *Boston Naming Test. *Picture
Peabody Vocabulary Test. *Boston Naming Test. *Picture Peabody Vocabulary Test. “Daytime desaturation
index. “Partial pressure of oxygen. “Partial pressure of carbon dioxide. ‘Forced Expiratory Volume in 1 sec.
¢Forced Vital Capacity.
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and we analyzed the impact of pulmonary parameters, comorbidities as well as
blood gas levels on the patients’ language abilities. It has been found that the
group of COPD patients scored significantly lower compared to the normative
group on language tasks assessing availability and efficiency of access/retrieval of
lexical/semantic representations. This finding extends previous reports focusing
on verbal fluency tasks [46] [47] [48], and suggests that performance in untimed
lexical/semantic tasks may also be affected in COPD. Notably, the percentage of
patients scoring in the deficient range in verbal fluency tasks (22% - 40%) was
close to that reported in a previous study [25]. However, another research has
found that 88% of COPD patients presented low scores on tests such as the vo-
cabulary and similarities subscales of WAIS [24].

Furthermore, we assessed the association between COPD severity, as indexed
by FEV1 pulmonary parameter and FEV1/FVC, and language scores. We found
that pulmonary parameters such as the FEV, and the FEV,/FVC do not correlate
with the patient’s performance on language tests, a result which has also been
found by previous researches [22] [31] [36] [37]. On the other hand, we found
some correlational link between oxygen blood gas levels and language perfor-
mance on BNT, PPVT and semantic verbal fluency test. These tests assess the
semantic/lexical representations while the phonemic verbal fluency test evaluates
more the executive functions and less the semantic language abilities. Our results
support earlier findings that hypoxemia affects negatively the cognitive abilities
of COPD patients [20] [28] [39]. On the other hand, in contrast to many studies
[22] [29] our findings failed to demonstrate direct associations between perfor-
mance in semantic language tests and high levels of PaCO,. Moreover, illness
duration, BMI and smoking intensity was not found to be related with semantic
language impairments in our group of patients.

However, there are some limitations in our study. Smoking history has been
assessed only by asking the participants retrospectively which means that there
may be some kind of inaccuracy concerning this data. Moreover, the partici-
pants of the normative group were not assessed for their lung function and ar-
terial blood gas and therefore latent COPD patients might have erroneously been
included in the normative group. However, this misclassification would have led
to smaller differences rather than significant false results.

It should be noted that the precise mechanisms that were responsible for the
neurocognitive impairments displayed by COPD patients remain unknown, since
several factors may have contributed to these findings. In particular, the present
study was not designed to address the pathophysiological substrate of language
impairment, which may involve a wide range of potentially interrelated processes
such as microvascular cerebral pathology [49], and changes in systemic hemo-
dynamics and inflammation [50].

In terms of clinical relevance, since language impairments are not easily ob-
served by patients and their partners, it seems to be important to inform patients

on the possible cognitive dysfunctions associated with COPD.
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5. Conclusion

The present study reveals that COPD may affect language functions, and espe-
cially those that involve efficient retrieval of lexical/semantic representations.
Overall oxygen blood gas levels emerged as the most important factor that af-
fected semantic language test performance. For that reason, the effects of early
diagnosis and medical treatment of COPD on semantic language performance
should be further studied.
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