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THE EFFECT OF COGNITIVE FUNCTIONS
ON SPIROMETRIC EVALUATION IN ELDERLY
PATIENTS

AsstracT

Introduction: Compliance with spirometry may be disturbed among elderly patients,
leading to difficulties in diagnosis and treatment. Contradicting studies exist concerning the
quality of spirometry measurements, particularly among patients with cognitive disorders. We
studied the effect of cognitive functions on spirometry testing time and pulmonary function
test (PFT) parameters among patients aged >65 years.

Materials and Method: The study was conducted in the Pulmonary Function Laboratory
of our hospital between January and June 2015. A total of 336 subjects aged >45 years who
never underwent PFT were included. Patients were categorized as those aged =65 years (Group
1) and those aged 45-65 years(Group 2). Mini-Mental State Examination (MMSE) scores of >24
were considered normal, whereas those of 18-23 indicated mild cognitive dysfunction.

Results: Groups 1 (132 subjects) and 2 (204 subjects) had similar male-to-female ratios. Six
(1.8%) patients were excluded because their spirometry was not properly performed. Forced
expiratory volume in 1st second (FEV1 % predicted), forced vital capacity (FVC % predicted),
FEV1/FVC %, and MMSE results were significantly lower in Group 1 than in Group 2. No
significant difference was noted between the groups regarding spirometry testing time and
the number of maneuvers. MMSE negatively correlated with age and the number of spirometry
maneuvers and positively with FEV1 % and FVC %. The prevalence of obstructive pulmonary
disorders was higher in Group 1. Logistic regression analysis revealed age, body mass index,
and smoking history as factors affecting obstruction.

Conclusion: Evaluation of cognitive function before performing spirometry testing in
elderly patients is essential for accurate and reliable test results.

Keywords: Spirometry; Cognition; Aged; Mental Status and Dementia Tests

ARASTIRMA

YASLI HASTALARDA KOGNITIF FONKSIYONLARIN
SPIROMETRIK DEGERLENDIRMEYE ETKISi

Girig: Yash hastalarda spirometriye uyum zor olabilmekte bu da tani ve tedavide
yetersizliklere neden olmaktadir. Ozellikle kognitif fonksiyonlardaki bozulmaya bagl spirometri
olctimlerinin kalitesi ile ilgili celiskili yayinlar mevcuttur. Calismada 65 yas lzerindeki kisilerde
kognitif fonksiyonlarin spirometri siiresi ve solunum fonksiyon testi (SFT) parametreleri Gizerine
etkisinin arastirilmasi amaglanmistir.

Gereg ve Yontem: Calismaya Ocak 2015 ile Haziran 2015 tarihleri arasinda hastanemiz
solunum fonksiyon laboratuvarina basvuran daha énce SFT yapilmamis olan 45 yas tGzeri toplam
336 olgu alindi. Olgularin yas, kilo, boy, egitim diizeyi, ge¢mis tibbi dykiileri ve aliskanlklari,
SFT ve standardize mini mental test (MMSE) sonuglari kaydedildi. Olgular 65 yas Ustu (grup 1)
ve 45-65 yas arasi (Grup 2) olacak sekilde siniflandirildi. MMSE’ de 30 puan lizerinden yapilan
degerlendirmede 24 puan ve Uzeri normal, 18-23 puan arasi hafif kognitif bozukluk olarak
kabul edildi.

Bulgular: Olgularin 132'si Grup 1'de, 204'G Grup 2'de idi, her iki grubun erkek ve kadin
oranlari benzerdi (p=0.053). Alti (%1.8) olgunun spirometreleri uygun sekilde yapilmadigindan
degerlendirmeye alinmadi. Grup 1'de postbronkodilatatér FEV1%, FVC %, FEV1/FVC % degerleri
ile MMSE puanlari kontrol grubuna kiyasla anlamli olarak daha dusiik bulundu (p= <0.001,
<0.001). Spirometri siiresi ve manevra sayisi bakimindan 2 grup arasinda fark saptanmadi.
MMSE'nin korelasyon analizinde yas ve spirometri manevra sayisi ile negatif, FEV1 % ve FVC %
degerleriile pozitif korele oldugu bulundu. Grup 1'de obstriiktif solunum fonksiyon bozuklugu
daha fazla idi. Lojistik regresyon analizinde obstriiksiyon icin etkili faktérler; yas, VKI ve sigara
icme 6ykusu idi.

Sonug:Verilerimizyasli olgularda spirometri dncesi kognitif fonksiyonlari degerlendirmenin
hem spirometri kalitesine hem de spirometri siiresine olumlu katki saglayacagina isaret
etmektedir.

Anahtar sozciikler: Spirometri; Bilissel durum; Yaslanma ve Demans testleri
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INTRODUCTION

The elderly population is increasing in Turkey as
well as worldwide. According to the World Health
Organization, the population aged =65 years is
defined as “old” and that aged =85 years as "very
old” (1). The percentage of the elderly popula-
tion in Turkey was 7.5% in 2012, which increased
to 8.3% in 2016. According to population pro-
jections, the elderly population is predicted to
constitute 10.2% of the total population in 2023,
20.8% in 2050, and 27.7% in 2075 (2).

Various changes in pulmonary functions occur
with increasing age, of which the two most import-
ant are increased residual volume and decreased
vital capacity. Increased functional residual capac-
ity and decreased elastic recoil occur together
with aging. Forced expiratory volumevolume in
1st second (FEV1) and forced vital capacity (FVC)
show a plateau between ages 18-25 and then de-
creases by 30 ml/year. This reduction can reach
100 mL/year in smokers (3). In addition, aging may
be associated with cognitive function disorders,
ranging from mild-to-moderate disorders to de-
mentia. Compared with the younger population,
processing and reaction speeds of the elderly
are slower during the time-based evaluation of
cognitive function. However, this reduction is not
so prominent as to affect daily living (4,5). Cog-
nitive function can be assessed using screening
tests, such as the Mini-Mental State Examination
(MMSE), clock-drawing test, and three-item recall
test. Among these, the MMSE is a comparative-
ly short, simple, and global test that can be used
in clinical practice and research. The MMSE test
is scored over 30 points and measures tendency,
attention, memory, motor abilities, and linguistic
performance. If the test can be standardized ac-
cording to age and the educational level, its sen-
sitivity and specificity can reach 82% and 99%, re-
spectively (6,7).

The increased incidence of pulmonary symp-
toms observed in elderly patients results in an in-
creased requirement of pulmonary function tests
(PFT) to distinguish obstructive diseases. In these
patients, the presence of a cognitive function dis-
order can affect the quality of PFT results, thereby
influencing the prognosis. Further, elderly patients
have difficulties in comprehending spirometry ma-
neuvers and in cooperating with the PFT techni-
cian. Thus, spirometry testing time is increased (8).
In the present study we determined the effects of
cognitive functions on spirometry parameters and
testing time using MMSE.

MATERIALS AND METHOD

The study was conducted between January and
June 2015 at the Pulmonary Function Laboratory
of the Adnan Menderes University Hospital after
obtaining ethical committee approval. Subjects
were chosen among patients admitted to the
laboratory who never underwent spirometry and,
thus, were unfamiliar with the maneuvers. A total
of 336 patients aged >45 years provided written
consent to participate. Patients diagnosed with
chronic obstructive pulmonary disease (COPD),
respiratory failure, severe cardiovascular or neuro-
logic disorders were excluded. Subjects were cat-
egorized as those aged =65 (Group 1) and 45-65
(Group 2, controls) years. For all patients, demo-
graphic data [age, sex, weight, height, body mass
index (BMI), smoking history, socioeconomic and
educational status, professional history, medical
history], PFT, and standardized MMSE results were
recorded.

Pulmonary Function Testing (PFT)

The test was conducted at our laboratory with
the patient in a sitting position, according to the
2005 ATS/ERS criteria, using a Jaeger Master
Scope spirometer. Subjects were tested eight
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times or until they could not continue the test, and
the three best results were recorded. All measure-
ments were performed by the same Certified Pul-
monary Function Technician. The bronchodilation
test was conducted with an inhaler device. At 15
min after the inhalation of four puffs of salbutamol
(400 pgr), FEV1 (%, It) at 1's, FVC (%, It), and FEV1/
FVC (%) values were recorded. Results that were
not acceptable according to the ATS/ERS 2005
criteria or those not reproduciblewere excluded.
According to these criteria, post-bronchodilator
FEV1/FVC values of <70% indicated obstruction
and FEV1 and FVC values of <80% with a normal
FEV1/FVC ratio indicated restriction. The test
testing time and number of maneuvers were re-

corded (9).
Mini-Mental State Examination (MMSE)

MMSE was developed in 1975 in English lan-
guage. lts standardized form was translated to
Turkish in 1997, and we used this version to eval-
uate cognitive functions (Figure 1), including at-
tention, memory, motor skills, and linguistic abil-
ities. MMSE was scored over 30 points, including
10 for time and space orientation, 6 for memory
(3 for registration and 3 for recall), 5 for attention,
8 for linguistic abilities, and 1 for visual-spatial
functions. Scores of =24 points indicated normal,
those of 18-23 indicated mild, and those of <17
indicated severe cognitive impairment (10).

Statistical analysis

For the statistical analysis of the data, SPSS
(Statistical Package for Social Sciences, for Win-
dows Release 16.0 licensed to University of Cali-
fornia Davis USA) software package was utilized.
Descriptive statistics of categorical measures
(gender, educational status, group, etc.) were ex-
pressed as frequency (percentage).

Kolmogorov-Smirnov test was used to assess
the normality of numeric variables. Mann-Whit-
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ney U test was used to compare the two groups
for all non-normally distributednumeric variables,
and descriptive statistics were presented as me-
dian (interquartile range). x? test was used to an-
alyze categorical data, and descriptive statistics
were represented as frequency (%). Spearman’s
p correlation analysis was used to determine
correlations between numeric variables. Logistic
regression (LR) with a forward stepwise variable
selection was used to determine factors affecting
obstruction. p<0.05 was considered statistically
significant.

RESULTS

Of the 336 subjects [mean age, 62.14+9.32 (range,
45-89) years; 174 (51.8%) males], 273 (81.3%) had
received education for <5 years [62 (18.5%) were
illiterate and 211 (62.8%) were primary school
graduates] and 23 (6.8%) were university grad-
uates. Mean BMI was 29.28+6.29 (17.51-61.73),
and 161 (47.9%) subjects had no smoking history.
Six (1.8%) subjects were eliminated because their
spirometric tests did not match the 2005 ATS/ERS
criteria (three each from groups 1 and 2; p=0.683).

Among the remaining 330 patients, PFT results
indicated obstruction in 145 (43.2%) and restric-
tion in 56 (16.7). The mean number of maneuvers
was 3.60£1.26, and mean PFT testing time was
19.01+5.00 min. Median MMSE was 21.50 (19-24)
points. MMSE results indicated severe dementia
in 18.8% of the subjects, mild dementia in 43.5%,
and normal function in 37.8%.

Mean BMI was statistically significantly low-
er in Group 1 than Group 2 (26.80 versus 30.08,
p<0.001). Median MMSE scores were 19 (17-22)
and 23 (20-25) in groups 1 and 2 and differenc-
es were statistically significant (p<0.001). Educa-
tional level and medical and smoking histories are
shown in Table 1.
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The prevalence of mild and severe cognitive
impairment was 42.4% and 37.9%, respectively,
in Group 1 and 44.6% and 5.9%, respectively, in
Group 2 (p < 0.001). Among subjects who scored
<24 points, 100 (75%) in Group 1 and 97 (47.5%)
in Group 2 were either illiterate or primary edu-
cation graduates. There were no significant differ-
ences in spirometry testing time and the number
of maneuvers between the groups (p=0.352 and
p=0.603). The level of postbronchodilator FEV1/
FVC %, FEV1 % predicted and FVC % predicted
were found significantly lower in group 1(p<0,001).
Obstructive pulmonary dysfunction was noted in
58.1% and 34.8% of patients in groups 1 and 2,
respectively (p<0.001). However, the difference in
the rate of restrictive pulmonary dysfunction be-
tween the groups was not significant (p=0.166;
Table 2).

Groups 1 and 2 were divided into subgroups
based on normal (=24 points) and abnormal
MMSE scores. FEV1 % predicted, FVC % predict-
ed and FEV1/FVC % values were significantly low-
er in Group 1 (p=0.01, 0.001, 0.003, respectively),
whereas there was no significant difference be-
tween PFT testing time and the number of ma-
neuver.

MMSE negatively correlated with age and the
number of spirometry maneuvers and positively
with FEV1 % predicted and FVC % predicted val-
ues (Table 3, Graphs 1 and 2).

Logistic regression analysis, performed to de-
termine factors contributing to obstructive disor-
ders, revealed age, BMI, and smoking history as
factors affecting obstruction (specificity, 77.3%,;
sensitivity, 60.0%; accuracy, 69.7%; Table 4).

Table 1. Demographic data of the case and control groups.

Variable Group 1 (265 years) (n=132) Group 2 (control) (n=204) [¢)
Sex (M/F) % 58.3/41.7 47.5/52.5 0.053
BMI (kg/m?) (% percentile) 26.80 (23.53-31.23) 30.08(25.76-33.74) <0.001
Education

llliterate + Primary Education (%) 114 (86.4) 159 (77.9) 0.074
Secondary + Post-Sec. (%) 18 (13.6) 45 (22.1)

Medical history

With comorbidities (%) 85 (64.4) 122 (59.8) 0.398
Without comorbidities (%) 47 (35.6) 82 (40.2)

Smoking history (%) 72 (54.5) 103 (50.5) 0.467
Evaluable PFT (%) 129 (97.7) 201 (98.5) 0.683
MMSE score (% percentile) 19 (17-22) 23 (20-25) <0.001

Abbreviations: BMI: body mass index, PFT: pulmonary function test
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Table 2. Comparison of MMSE and PFT parameters of the case and control groups.

Variables Group 1 (n=132) Group 2 (n=204) P
MMSE, >24 points (%) 26 (19.7) 101 (49.5)

MMSE, 18-23 points (%) 56 (42.4) 91 (44.6) <0.001
MMSE, <17 points (%) 50 (37.9) 12 (5.9)

PFT testing time (min) 17.5 (16-21) 18 (16-21) 0.352
# PFT maneuvers 3(3-4) 3(3-4) 0.603
Obstruction (%) 75 (58.1) 70 (34.8) <0.001
Restriction (%) 27 (20.9) 29 (14.4) 0.166
FEV1/FVC (%) 67.48 (58.39-75.24) 74.40 (66.51-79.58) <0.001
FEV1 (% predicted) 67.80 (54.15-86.80) 86.50 (72.40-100.15) <0.001
FVC (% predicted) 82.50 (71.65-94.85) 96.10 (83.75-109.85) <0.001

Abbreviations: MMSE: Mini-Mental State Examination, PFT: pulmonary function test, FEV1: forced expiratory volume-1st s, FVC: forced

vital capacity, # PFT maneuvers: number of PFT maneuvers.

Table 3. Relationship of MMSE with age and the number of spirometry maneuvers.

Mental Test
Variable
r P
Age (years) -0.421 <0.001
# spirometry maneuvers -0.160 0.003
Abbreviations: # spirometry maneuvers: number of spirometry maneuvers
Table 4. Results of logistic regression analysis for factors affecting obstruction.
95% Confidence Interval for OR
Risk factor OR Lower Upper P
Age (years) 1.053 1.025 1.082 <0.001
BMI (kg/m?) 0.928 0.887 0.970 0.001
Smokinghistory
(packets/year) 3.251 1.956 5.401 <0.001
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DISCUSSION

Our study indicated that cognitive functions de-
clined with age and as they declined, FEV1 and
FVC values decreased and the number of spirom-
etry maneuvers increased. Age, BMI, and smoking
history were determined to be factors affecting ob-
structive pulmonary dysfunction.

Six (1.8%) of our subjects were excluded because
they did not comply with the 2005 ATS/ERS criteria.
Similarly, in the spirometry study conducted by Cza-
jkowska-Malinowska et al. (8), 29 (2.3%) of 1271 sub-
jects aged 65-94 years were excluded. Bellia et al.
(11) evaluated 1622 subjects aged =65 years and ex-
cluded spirometry results of 103 (6.4%). The reason
why our study had a lower ratio of excluded sub-
jects may be because of the younger subject group
in our study compared with other studies.

Cognitive functions decline because of age-de-
pendent reductions in cerebral blood flow and ox-
ygen and glucose consumptions. Also, educational
level, comorbidities, and/or age-related decrease
in physical activity are influential factors (12). MMSE
scores were found lower in the elderly than in the
controls, although levels of education, comorbidi-
ty, and smoking history were found similar between
the groups, suggesting that age affects cognitive
functions regardless of the educational level or co-
morbidities.

Studies evaluating pulmonary and cognitive
functions in the elderly, without any obstructive lung
disease such as asthma or COPD, are limited in the
medical literature. Carvalhaes-Neto et al. (6) stud-
ied 208 subjects aged >65 years measuring cogni-
tive functions using MMSE and found that 60.5%
had severe, 17.3% mild dementia, and 22.1% had
normal function. In our study, 18.8% of subjects had
severe and 43.5% had mild dementia and 37.8%
had normal function. One of the factors affecting
cognitive functions is the educational level andit
should be taken into consideration. However, Car-
valhaes-Neto et al. (6) did not mention educational
levels of their subjects. In our study, 62 (18.5%) sub-
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jects were illiterate and MMSE scores were lower
among subjects with <5 years of education.

Feng et al. (13) studied 2450 patients aged >55
years and evaluated spirometry parameters togeth-
er with cognitive functions using MMSE, taking
educational level into consideration. Mean MMSE
scores were 27.00+3.45, and 1167 (47.6%) subjects
had =7 years of education. In our study, mean
MMSE score for the entire sample was 21.36+3.86
and 273 (81.3%) subjects were educated for <5
years [62 (18.5%) were illiterate]. This finding sug-
gested that the difference in MMSE scores between
the two studies was related to educational level. II-
literate subjects were evaluated using standardized
MMSE for literate adults because no standardized
MMSE for illiterate adults was available in Turkey at
the time our study was conducted. We suggest fur-
ther studies using standardized MMSE studies for
illiterate individuals.

Bellia et al. (11) evaluated 638 patients with ob-
structive diseases and 984 control subjects, all with
similar age, sex, and educational levels. MMSE
scores were significantly lower in the case group.
Similarly, in our study, although educational levels
were not significantly different, the elderly group
had lower MMSE scores, suggesting that age af-
fects cognitive functions.

Pulmonary functions decline with age (3). Most
elderly subjects (particularly subjects aged >75
years) have difficulty in performing forced spirome-
try maneuvers (FEV1 and FVC), which becomes even
more difficult when cognitive function is affected
(14-16). Haynes (15) evaluated spirometry and diffu-
sion capacity (DLCO) performances in 150 subjects
aged =80 years, together with 178 control subjects
aged 40-50 years, and determined that FEV1/FVC
lower limits of normal were similar in the elderly
and control groups. However, DLCO (% predicted)
was significantly lower (15). In our study, we found
higher rates of obstructive PFT results in the elderly
group compared to the controls, whereas the rates
of restrictive PFT results were found similar in both
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groups.There was no significant difference between
the groups regarding spirometry testing time and
the number of maneuvers. Factors associated with
obstructive PFT results were smoking history [odds
ratio (OR)=3.25], age (OR=1.05), and BMI (OR=0.92).
Luoto et al. (17) studied 2025 subjects aged 65-100
years for the incidence of airway obstruction and
found that age, active smoking (OR=1.75), smok-
ing history (OR=1.36), and male sex (OR=0.95) were
affecting factors and that ages 70-79 years were
1.90-fold effective and ages 80-89 and 90-100 years
were 3.15- and 2.84-fold effective, respectively, for
obstructive pulmonary dysfunction.

Although we found no difference between the
groups regarding spirometry testing time and the
number of maneuvers, correlation analysis revealed
that older age is associated with impaired cognitive
functions. Impaired cognitive function in individuals
of advanced age can lead to more spirometry ma-
neuvers, suggesting that the technician will have to
spend more time for spirometric tests.Further, FEV1
and FVC values decreased with the deterioration
of cognitive functions. The literature indicates that
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