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SUMMARY

Pulmonary functional parameters and blood cotinine level in chronic obstructive pulmonary disease

Introduction: Smoking is the leading cause of chronic obstructive pulmonary disease (COPD) and cotinine is reliable marker of
tobacco exposure. We aimed to investigate the relationship between pulmonary function tests (FVC%, FEV,, FEV,/FVC and

FEF 5 ;54,), smoking history and blood cotinine levels in healthy volunteers as a control and patients who have COPD in our studly.

Materials and Methods: One hundred and two COPD patients and 106 healthy volunteers who admitted to our institution were
included. Spirometric investigations of the patients and volunteers were performed. A simple, rapid and reliable gas chromatogra-
phy-mass spectrometry (CC-MS) method was used for determination of cotinine levels in blood samples.

Results: The cut-off value of cotinine was determined as 41.12 ng/mL (97.2% sensitivity and 100% specificity). A significant relation-
ship was observed between average pack-year and cotinine level in current smoker group (p< 0.05). The mean cotinine levels were
6.1, 8.8, and 467.0 ng mL'" in never smokers, ex-smokers and current smokers, respectively. No relationship was observed between
cotinine level and FVC%, FEV ;% and FEV /FVC (p> 0.05). In patient group, there was also no relationship between FEF,; o, and
cotinine level however, in control group-smokers a negative correlation was found (p< 0.05; r=-0.372).

Conclusion: We observed once again with our study that cotinine

is a reliable marker of tobacco exposure. The most obvious result is Yazisma Adresi (Address for Correspondence)

the negative correlation between FEF,s .., value and cotinine

level and this result may be caused by the effect of smoking in the | Dr. Hatice KOZLUCA

peripheral airways at early stages of COPD. Denizli Devlet Hastanesi, Gogiis Hastaliklari Klinigi,
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OZET
Kronik obstriiktif akciger hastaliginda pulmoner fonksiyonel parametreler ve kan kotinin diizeyi

Giris: Sigara, kronik obstriiktif akciger hastaligi (KOAH)’nin en énemli nedenidir ve kotinin tiitiin maruziyetinin giivenilir bir goster-
gesidir. Calismamizda KOAH'li hastalarda ve kontrol grubu olarak saglikli goniillilerde akciger fonksiyon parametreleri (%FVC, FEV,,
FEV,/FVC ve FEF,, ,s ), sigara Oykusi ve kan kotinin diizeyi arasindaki iliskiyi aragtirmayr amagladik.

Materyal ve Metod: Klinigimize bagvuran 102 KOAH’li hasta ve 106 saghkl goniillii calismaya dahil edildi. Hastalarin ve gonilliilerin
spirometrik incelemeleri yapildi. Kan 6rneklerinde kotinin diizeylerinin belirlenmesi icin basit, hizli ve giivenilir bir gaz kromatografi-
kiitle spektrometresi (GC-MS) yontemi kullanild.

Gerec ve Yontem: Kotinin diizeyi cut-off degeri 41.12 ng/ml olarak belirlendi (%97.2 sensitif ve % 100 spesifik). Halen sigara icen
grupta ortalama paket/yil ve kotinin diizeyi arasinda anlamli bir iliski gbzlendi (p< 0.05). Ortalama kotinin diizeyleri; hi¢ sigara
icmeyen, sigarayi birakmis ve sigara icenler icin sirasiyla 6.1, 8.8 ve 467.0 ng mL! idi. Kotinin diizeyi ile %FVC, %FEV, ve FEV,/FVC
arasinda iligki gézlenmedi (p> 0.05). Hasta grubunda FEF,, . . ve kotinin diizeyi arasinda iliski bulunmamakla beraber sigara icen
kontrol grubunda negatif korelasyon bulundu (p< 0.05; r=-0.372).

Bulgular: Calismamizla kotininin tiitiin maruziyetini gosteren giivenilir bir belirte¢ oldugunu bir kez gozlemledik. Elde ettigimiz en belirgin
sonug ise FEF,, , .. degeri ve kotinin dizeyi arasindaki negatif korelasyondur; bu bulgu KOAH'in erken evresinde sigaranin periferik hava
yollarindaki etkisinden kaynaklanabilir.

Anahtar kelimeler: Kotinin; kronik obstriiktif akciger hastaligi (KOAH); sigara; spirometri; gaz kromatografisi kiitle spektrometresi (GC-

MS)

INTRODUCTION

Chronic obstuctive pulmonary disease (COPD) is an
important cause of chronic morbidity rate and mortal-
ity in the world. The most important known risk factor
for development of COPD is smoking (1).

Cotinine as the major metabolite of nicotine can be
determined in particularly blood, urine and other body
fluids including saliva (2).

In our study, we aimed to investigate the relationship
between pulmonary function tests (PFTs), smoking
history and blood cotinine level in COPD patients and
healthy volunteers. For this purpose, a simple and reli-
able gas chromatography-mass spectrometry (GC-MS)
method has been developed to determine in blood
cotinine levels in healthy and COPD patients.

MATERIALS and METHODS

COPD patients (n= 102) and healthy volunteers (n=
106) were included in our study. Between 2010 and
2012, volunteers who applied to the our institution
were included to our prospective randomized con-
trolled study.

Diagnostic Criteria of Global Initiative for Chronic
Obstructive Lung Disease (GOLD) were used for selec-
tion of patients in stable period. Demographic charac-
teristics, symptoms and smoking information of the
volunteers were recorded. Spirometric examination of
the volunteers, which made according to standards,
was recorded.
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COPD patients were classified into three groups
according to smoking history as a current smoker,
ex-smoker and never smoker in our study. For determi-
nation of the total cigarette consumption, the average
pack/year unit was used.

Post-bronchodilator forced vital capacity (FVC%),
forced expiratory volume in the first second (FEV,),
FEV,/FVC ratio and maximum mid-expiratory flow
(FEF25_75% or MMF) values were recorded in the spiro-
metric examination. According to GOLD 2011 crite-
ria, post-bronchodilator FEV,/FVC ratio less than 70%
was the main inclusion criteria for patients in our
study.

Equipment

The blood cotinine analysis was performed on a 5890-
HP gas chromatograph coupled with 5973 MSD
detector and equipped with HP-5MS column. Helium
was used as carrier gas at 1.0 mL min-1 and 1 pL sam-
ple was applied to column.

Sample Preparation

10 pL of diphenylamine (10 pg mL") as an internal
standard and 100 pL NaOH (1 M) to alkalize the plas-
ma were added to 0.5 mL plasma for calibration and
quality control samples. Three mL of ethyl acetate was
added to the mixture and samples were agitate in
shaking bath for 10 min at 200 rpm and centrifuged at
3000 rpm for 10 min. The upper organic layers were
transferred to clean test tubes and they were dried
under nitrogen at 40°C to approximately complete



dryness with constant flow. Before the sample loading
the GC-MS as 1 pL volume on splitless mode, it was
reconstituted in 350 pL n-hexane.

Statistical Analysis

Data were analyzed using SPSS version 23 (IBM Corp.,
Armonk, NY, USA). Evaluation of the data includes
both descriptive statistical methods and the Mann-
Whitney comparisons, ANOVA, Kruskal-Wallis
ANOVA and covariance analysis tests. Nominal
variables were assessed by using Pearson’s Chi-Square
or Fisher’s Exact test. Spearman and Pearson correlation
test were used for correlation analysis. Receiver
Operating Characteristic (ROC) analysis was used for
cotinine used as a new marker for separation of
smokers and nonsmokers.

Chromatographic Conditions

Gas chromatography (GC) conditions which are opti-
mized were as follows: 1 pL injection volume using
splitless mode was programmed from 70 to 230°C (1
min hold) at rate of 25°C/min. Post run was set at
310°C for 6 min. Total run time was 6.9 min. The inter-
face temperature was set at 280°C. Analytes were
quantified at the base peaks of m/z 98, 176 and 352
for cotinine, m/z 169, 168 and 273 for diphenylamine.
The retention times of IS and cotinine were 6.05 and
6.45 min, respectively.

Ethical Approval

This study was approved by the Ethics Committee of
Ankara University School of Medicine. Written
informed consent was obtained from volunteers who
participated in the study.

RESULTS

In the study there were 102 people in patient group,
which have 85 males (83.3%) and 17 females (16.7%)
and 106 volunteers in healthy control group, which
have 59 males (55.6%) and 47 females (44.4%). The
mean age of the patient group and the control group
were 62.1 = 11.2 (41-87) and 40.9£12.5 (22-78),
respectively.

Patient group was consisted of 14 never smokers, 62
ex-smokers and 26 current smokers and control group
was consisted of 42 never smokers, 19 ex-smokers and
45 current smokers. Pack/year average was founded
38.7 £ 29.1 and 10.4 = 12.1 in patient and control
group, respectively. Mean daily cigarette consumption
of current smokers was 26.5 + 11.6 in patient group
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and 19.5 + 12.5 in control group. Mean pack/year and
daily number of cigarettes were observed significantly
higher in patient group (p< 0.05). In both groups,
mean pack-year were significantly higher in males (p<
0.05). In the patient group a significant correlation was
observed between age and pack-year (p< 0.05),
despite that similar association was not observed in
control group.

One hundred and two patients and 69 healthy volun-
teers who have spirometric data were analyzed. Mean
spirometric values in the patient group and control
group were calculated. All spirometric values were
significantly lower in patient group (p< 0.001).

Mean plasma cotinine level was observed 139.61 ng/
mL (1.33-3313.13 ng/mL) in patient group and 178.9
ng/mL (0.4-1924.5 ng/mL) in control group. No signif-
icant difference was observed in cotinine level
between two groups. When two groups are consid-
ered together, mean cotinine level was 452.39 ng/mL
in smokers and 7.91 ng/mL in non-smokers. Cotinine
level was determined by ROC analysis, can be used as
a reliable indicator to distinguish smokers and
non-smokers according to medical history (p< 0.001).
Cut-off value was calculated as 41.12 ng/mL. Cotinine
level below 41.12 ng/mL indicates “non-smokers” and
above 41.12 ng/mL indicate “smokers”. Cotinine cut-
off value was detected as 100% specific and 97.2%
sensitive. Reliability of smoking history was deter-
mined 96.0% in patients and 91.5% in control group.

Cotinine level was found that significantly higher in
current smokers according to never smokers (p<
0.001) and ex-smokers and also cotinine levels were
found highly in ex-smokers according to never smok-
ers (p< 0.05) (Figure 1). Cotinine levels of groups
according to smoking history are shown in Table 1. A
positive correlation was observed between daily ciga-

500 467

[ TR
8 8 8

Cotinine (ng,/mL)

=

6.1 8.8
G —

never smoker

smoker ex smoker

Figure 1. Graph of blood cotinine distribution levels (ng/mL)
and smoking history (All groups are included).
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Table 1. Cotinine distribution according to smoking history of groups

Cotinine (ng/mL)
Smoking history Mean + SD Median Min-Max
Patient (n= 102)
Never smoker (14) 6.23 (x 3.71)* 5.29 1.83-13.23
Smoker (26) 521.89 (+ 628.59)* 356.05 87.76-3313
Ex-smoker (62) 9.43 (= 6.31)* 8.88 1.33-38.43
Control (n=106)
Never smoker (42) 6.06 (+ 4.42)* 5.11 0.41-19.48
Smoker (45) 412.23 (£ 383.73)* 258.82 11.44-1924.50
Ex-smoker (19) 8.27 (+ 5.97)* 7.61 2.38-29.64
* p< 0.05 (smoker > ex-smoker > never smoker).
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between cotinine and age in patient and control Figure 3. The relationship between cotinine and FEF. .

groups (p= 0.30).

Spirometric results were compared with smoking his-
tory and cotinine level. The values of FEV,%, FVC%
ve FEF,; o, were found significantly lower in
ex-smokers compared to current smokers and never
smokers in patient group (p< 0.05), but a similar rela-
tionship was not observed in control group. Unlike
this case, the value of FEF25_75% was found that signifi-
cantly lower in control group who are never smoker
and ex-smoker (p< 0.001 and p= 0.012 respectively).
While no relationship was detected between pack-
year and spirometric result in patient group, a negative
correlation was detected between pack-year and
FEF,5 50, in control group who are current smoker
and ex-smoker (p< 0.001; r=-0.639 and p= 0.013; r=
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-0623, respectively). Consequently, cotinine and spi-
rometric results were compared with adjusted pack-
year and smoking history. While, no relationship was
found between cotinine and spirometric values in
patient group, a negative correlation was detected
between the value of cotinine and FEF,; ., in con-
trol group who is current smoker (p= 0.047; r=-0.372)
(Figure 3). Cotinine values of the both groups accord-
ing to smoking history and spirometric values are
summarized in Table 2.

Higher levels of cotinine were correlated with higher
incidence of cough and sputum in the control group
compared to the patient group (p= 0.001 and
p< 0.001) (Table 3).
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Table 2. Cotinine and spirometric test value of groups, according to smoking history

Cotinine

Smoking history N Age Pack/years (ng/mlL) FVC% FEV, % FEV,/FVC FEF,: -5,
Patient 102 62.10 38.74 139.61 67.21 48.72 59.65 29.27
Never smoker 14 61.23 - 6.23 71.42 58.14 638.4 34.78
Smoker 26 57.23 41.53 521.89 70.69 53.84 60.57 32.65
Ex-smoker 62 64.35 46.32 9.43 59.53* 44.45%* 58.32 26.61*
Control 69 40.96 10.41 178.89 101.51 101.82 83.98 83.17
Never smoker 24 44.33 - 6.06 99.33 101.79 85.66 98.00
Smoker 30 35.24 19.76% 412.23%* 102.73 101.80 83.46 70.68"#
Ex-smoker 15 47.05 17.20* 8.27 102.46 101.93 82.33 83.607

* p< 0.05 (FVC%, FEV, %, FEF,; o values are lower in patient groups who are ex-smoker, according to smoking history).

** p=0.047, r=-0.372 (There are a negative correlation between cotinine and FEF,; -, value, in control group who are smoker).

A p< 0.001 and p= 0.012(FEF,; 5, value is lower in control group who are smoker, according to smoking history).

# p< 0.001, r=-0.639 and p= 0.013, r=-0.623 (There are a negative correlation between pack-year and FEF,; ., in control group who are

smoker and ex-smoker).

Table 3. The relationship between symptom and cotinine

Symptom

Group (%) Cotinine (ng/mL) p

Cough-Sputum  Cough-Sputum

(+) )
Patient 100.0 88 ng mL 320 ng/mL 0.001
Control 39.1 559 ng mL 140 ng/mL < 0.001

DISCUSSION

COPD is an important cause of chronic morbidity rate
and mortality in the world. Characteristic feature of
disease is progressive airflow obstruction. The airflow
limitation is associated with an abnormal inflammato-
ry response of the lungs to harmful particles or gases,
including tobacco smoke.

Tobacco smoking is the most common addiction in the
world and leads to serious illness, which is mainly
COPD, as well as many other diseases. Tobacco expo-
sure is closely associated with reduced lung function
(1-3).

The main component of tobacco is nicotine and
cotinine as the major metabolite of nicotine is consid-
ered a good indicator that reflects the active and also
passive tobacco exposure (2).

Several analytical techniques, including radioimmuno-
assay, enzyme-linked immunosorbent assay, gas chro-
matography-nitrogen phosphorus detection, liquid
chromatography-atmospheric pressure chemical ion-
ization tandem mass spectrometry, high-performance

liquid chromatography and gas chromatography-mass
spectrometry (GC-MS) for the determination of plasma
cotinine are described (4-14).

Chronic shortness of breath, cough and sputum pro-
duction are the main symptoms of COPD. Due to
restriction in airflow, decreased expiratory flow rate is
observed in COPD. Spirometry is the first and most
widely used in PFTs and also is recognized as the most
objective method for determining the airflow limita-
tion (15). PFTs are used to confirm the diagnosis of
COPD in patients who have the risk factors and current
symptoms.

While the annual FEV, decline with age in healthy and
never smoker is an expected case, this decline in
smokers has been increasing about twice as much. The
earliest change of airways due to smoking is narrowing
of small airways. In this period, FEV,, FEV,/FVC ratio
may be in normal range but FEF,; .., reduction,
which is reflects small airways restriction, can be
observed. Smoking cessation slows the loss of lung
function and reduces symptoms (3,16).

Cotinine is the best indicator which is reflecting active
or passive tobacco exposure in individuals and cotinine
can be detected in many body fluids which are blood,
urine and saliva until a week later. In the studies,
cotinine level is thought to be an important determi-
nant in predicting the effects of smoking and assessing
the risk of airway obstruction (17,18).

When we look at the data which are belonging to
Turkey for COPD, according to “Global Adult Tobacco
Survey” data which were made with the World Health
Organization (WHO) and the Ministry of Health in
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2008, 31.3% of the population over age 15 is smoker
in Turkey and this ratio was found as 47.9% in men
and 15.2% in women (19). According to Turkey-BOLD
study in the province of Adana, COPD incidence over
age 40 was observed as 19.1%. When these results
were analyzed according to sex, incidence was higher
more than 3-fold in male gender (20). In our study,
majority of volunteers who were ex-smoker and cur-
rent smoker were male and majority of never smokers
(71.4%) were female gender. When we look that the
majority of male sex and the smoking rate of the
patients, we believe that our study is consistent with
the smoking habits and prevalence of male gender in
COPD in Turkey.

Studies show that cotinine level is different in various
body fluids. While blood and saliva cotinine concen-
trations indicates positive correlation, urinary cotinine
level can be detected about five times higher. However,
cotinine concentrations can also vary depending on
measurement method (17). In our study, we deter-
mined a wide range of plasma cotinine levels (1.3 to
3313.1 ng/mL). Cotinine cut-off value, which is used
to determine smoking, shows variety among the stud-
ies. Although a value of 10 ng/mL has been widely
used as cut-off in previous studies, the values between
10 to 100 ng/mL have been reported. Different cut-off
values between the studies are thought to be the effect
of cotinine metabolism, race and age (17). The cut-off
value was determined as 41.12 ng/mL in our study and
this value was100% sensitive and 97.2% specific for
determination of exposure.

In studies high and low exposure cut-off values in
passive smokers are evaluated in serum as 12 ng/mL
and 3 ng/mL respectively. Baltar et al. measured serum
cotinine levels in 859 volunteers who were active and
passive smokers. The result of a one-hour passive
exposure is an increase of 0.45 ng/mL in cotinine
level, and the result of one more cigarette in smokers
is an increase of 3.95 ng/mL in serum level (21). In our
study, there were 137 volunteers who were non-smok-
ers and their cotinine levels were below the 41.12 ng/
mL. 19 non-smoker participants’ cotinine level were
above 12 ng/mL and this situation was considered as
a passive exposure.

In many studies, cotinine measurement is used to indi-
cate the reliability of individual smoking anamnesis.
Hilberink et al. compared 60 COPD patients’ urinary
cotinine levels and smoking history (22). Although 12
patients described themselves as non-smoker, high
cotinine level was observed in their blood samples
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and the study showed that anamnesis reliability was
78.0% (22). In our study, anamnesis is found to be
reliable which in patient group as 96.0% and control
group as 91.5%.

Vineis et al., suggested that, ex-smokers are more sen-
sitive to passive exposure because of they have higher
levels of cotinine, according to never smokers (23).
Similar results were obtained in our study; cotinine
level was significantly greater in ex-smokers than
never smokers. It has been thought that ex-smokers
have still passive or active exposure or sensitive to
passive exposure.

Studies have shown that cotinine level was higher in
males and older ages. The presence of lower cotinine
level in females depends on the faster nicotine metab-
olism influenced by sex hormones (24). Cotinine lev-
els were found also different according to the gender
in our study.

In the literature, there are very few studies investigat-
ing the relationship between PFTs and cotinine. Wu et
al. studied the effect of tobacco exposure on lung
function. Spirometric values of 402 volunteers were
evaluated, FEV, and FEV,/FVC values in smokers and
passive smokers was found significantly lower than
non-smokers (25). Vasankar et al. have investigated the
relationship between serum cotinine levels and bron-
chial obstruction in their study. Significant correlations
were observed between the number of cigarettes and
pack-years and also between age and cotinine.
According to spirometry, FEV, % result is less than 80
indicates bronchial obstruction, FEV,% are less than
70 have been accepted as the severe bronchial
obstruction. These values are compared with the
cotinine level according to smoking history and ele-
vated cotinine level was correlated with the higher risk
of bronchial obstruction (18). In our study, a negative
correlation was found between pack-year and FEV,
similar to research of Clark et al. (26).

Spirometric values were detected significantly lower
as expected in patient group. The ex-smokers had sig-
nificantly lower FVC%, FEV, and FEF,5 50, values
compared to never smokers and current smokers.
Similar relationship was not observed in control
group, distinctly FEF, .., were detected significantly
lower in current smokers than ex-smokers and never
smokers. Although, there were no relationship detect-
ed between pack-year and spirometric results in
patient group, negative correlation was observed
between pack-year and FEF,; ., value.



Cotinine levels and spirometric results were com-
pared in both groups. Although there was no rela-
tionship in patient groups, a negative correlation was
observed between cotinine levels and FEF
control groups (p= 0.047; r=-0.372).

25-75% M

Flouris et al. studied, urine and serum cotinine levels,
PFTs, and various inflammatory cytokines of 16 never
smoker volunteers and measured these parameters
initially, on 1%t hour and 3 hour (27). Most of those
parameters were found that they returned to basal
levels on the 3" hour however a significant increase
in cotinine and some cytokine levels was monitored.
This study showed that acute effects of smoking are
observed immediately after exposure on lung func-
tion tests and then cotinine level reaches the peak
value. According to obtained results, it can explain
the failure to find any relationship with the other
spirometric parameters except for FEF in our
study.

25-75%

Niewoehner et al. firstly drew attention to inflamma-
tion and epithelial changes in respiratory and termi-
nal bronchioles and the term of “peripheral airway
disease” was used in first time (28). This situation,
was considered as a pioneer of COPD, and if it is
detected early mechanisms can be reversible so pro-
gression of disease can be prevented. The practical
value of the small airway function tests is doubtful. In
spirometric screening, while the FEV, and FEV,/FVC
ratio are normal range, FEV3 and FEF25_75% is abnor-
mally low. FEF,: oo, is the simplest and most com-
monly used parameter, in the functional assessment
of small airways but significant disadvantages are
weak reproducibility and variability depending on
expiration volume and expiration time (16). In our
study, only relationship between cotinine level and
smoking history was a negative correlation between
FEF, 5 .5, and cotinine level and pack-year. This
result indicates the small airway disease. We suggest
that, the decline in FEF, 5 S50, values is associated
with peripheral airway obstruction caused by smok-
ing. In the literature, there are no study that examine

the relationship between cotinine and FEF ¢ _c,, .

Clark et al. observed that patients with productive
cough have higher serum cotinine level in their study
(26). We also investigated the relationship between
the level of cotinine, smoking history and symptoms
in patients and control group. While cough, sputum
was seen less frequent in patient group, in the control
group cough and sputum were found significantly

Kozluca H, Dural E, Karabiyikoglu G, Séylemezoglu T.

higher with high cotinine level and more pack -years.
(p= 0.001 and p< 0.001, respectively). These results
in control group could be explained with respiratory
symptoms caused by smoking. But, the group of
patients with high levels of cotinine had less symp-
toms. This situation can be explained by the loss of
the driving force that allows the extraction of mucus
with cough reflex due to loss of cilia that occurs with
chronic irritation caused by smoking in the airway in
patients.

Our study results also showed that cotinine is a reli-
able marker to reveal the tobacco exposure Smoking
can influence pathophysiology of COPD in many
aspects. A negative correlation between the value of
FEF, 50, and cotinine level suggests an early effect
of smoking on the peripheral airways, in healthy
smoker individuals. However, no significant differ-
ence in other flow rate parameters especially in
COPD patients can be explained with different ways.
An inflammatory process unrelated to smoking might
be one of these ways. On the other hand, in our study
the time elapsed between the last cigarette smoking
and taking blood sample for cotinine level, and the
time for Spirometric measurements have not been
evaluated. As a result, we believe that further
designed studies are needed to reveal the real effect
of cotinine.
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