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Background: Chronic obstructive pulmonary disease (COPD) has been introduced as a
major public health problem. It has been suggested that disruption in function or some
adipokines and serum proteins' signaling could play crucial roles in lung diseases. This
study's purpose was to investigate the association between serum levels of S100A1, ZAG,
and adiponectin with FEV1 in COPD patients.

Methods: In this cross-sectional study, 90 clinically stable outpatient males with age
ranging from 40 to 70 years with COPD diagnosis — FEV1/FVC < 70% — were divided
into two groups: mild-moderate COPD patients; FEV1 > 50 (n=52) VS severe and very
severe COPD patients; FEV1 < 50 (n=38). The serum levels of ZAG, S100A1, and
adiponectin were measured by the use of enzyme-linked immunosorbent assay.

Results: In the present study, lower FEV1 was significantly associated with increased risk of
cachexia (OR = 5.76, 95% CI: 2.28-14.54). The serum level of ZAG was significantly higher
in the mild-moderate COPD patients in comparison with the severe—very severe COPD
patients (p<0.035). However, the resting metabolic rate (RMR) level was significantly higher
in FEV1<50 group compared to FEV1>50 group (p<0.024). Also, strong positive associa-
tions between serum S100A1-ZAG, serum adiponectin-ZAG, and serum adiponectin—
S100A1 ($>0.800, p<0.001) were shown.

Conclusion: In the present study, we found that low FEV1 was associated with increased
risk of cachexia in COPD patients. Additionally, lower serum level of ZAG and higher RMR
were observed in patients with severe—very severe COPD as compared to mild—moderate
COPD. Therefore, it could be claimed that there is a mechanistic chain of causality between
FEV1, serum ZAG, RMR, and cachexia.
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Introduction

Chronic obstructive pulmonary disease (COPD) has been introduced as a major
public health problem and predicted to take the fifth and third place in the
burden of disease and mortality in 2020, respectively'. Despite the increasing
consideration that the medical community has paid to this disease, especially in
recent years, COPD is still relatively unfamiliar to public health authorities,
governments, and societies and has been ignored by them.' Although COPD
could be prevented and treated, it has become a major public health challenge,
because there are millions of people who suffer from COPD for years and
ultimately die as a result of this pulmonary disorder or its complications.
Therefore, COPD has an important contribution to global chronic morbidity
and mortality.”
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COPD’s typical signs include limitation in airflow and
persistent respiratory symptoms that are caused by
abnormalities in airways and/or alveoli. It has been identi-
fied that the major cause of COPD is remarkable exposure
to particles or gases that are poisonous.>

Cachexia has been identified as a result of COPD
progression among approximately a quarter of patients.
This complication can result in a significant reduction in
survival rate of the patients.* Mechanism of cachexia in
COPD has not been completely defined, but it appears that
some related metabolic and inflammatory factors such as
disruption of resting metabolic rate (RMR) and increase in
some inflammatory cytokines' levels may play a crucial
role in this regard.’

Exacerbation and disease severity lead to serious health
effects, and decreases the quality of life.° Also, Forced
expiratory volume 1 (FEV1), Forced vital capacity (FVC),
the spirometric indices, and their ratio are used to define
the presence and severity of COPD.” The rate of decline in
FEV1 has a predictive value for morbidity, mortality, and
rates of hospitalization in COPD. On the other hand, a
rapid decline in FEV1 is associated with specific biomar-
kers in the plasma of COPD patients.’

S100 proteins are members of a cytosolic calcium-binding
protein family, which is composed of 25 members.® These
proteins have wide-spreading intracellular and extracellular
biological functions including regulation of proliferation, dif-
ferentiation, migration, inflammation, apoptosis, etc.” In addi-
tion, S1I00A1, as a member of the S100 family, is the most
highly expressed in striated muscle'® and it is notable that this
subtype of S100 protein family plays just intracellular regula-
tory roles,'" and one of the most important of them is regulat-
ing calcium-induced calcium release (CIRC) cascade in
sarcoplasmic reticulum (SR).” It has been suggested that dys-
regulation of this Ca-related signaling may be contributed to
dysfunction of respiratory and locomotor muscles in COPD.’

Zinc-02-glycoprotein (ZAG) is a glycosylated protein
that is soluble, and is also secreted by several types of cells
such as secretary epithelial cells in the prostate, breast,
pancreas, liver, skeletal muscle, and bowel. It has been
proposed that expression and secretion of ZAG occurs in
catabolic/cachectic conditions.'? These findings may also
be true for the catabolic disease, COPD, and its severity.

Adiponectin, a 30-kDa protein, is an adipokine and its
most important identified role is associated with home-
ostasis of lipid and glucose metabolism. Dissimilar to
white adipose tissue, adiponectin secretion has been iden-
tified in some other types of cells such as bone marrow,

osteoblasts, myocytes, and cardiomyocytes. This suggests
a complementary autocrine/paracrine role of this adipokine
in various tissues.'’ Some human studies suggested that
increased levels of serum adiponectin in COPD is asso-
ciated with the disease severity,'*'> however, the relation-
ship between adipokine levels and COPD outcomes is still
unidentified.

Based on above-mentioned documents, in the present
study, we hypothesized that serum levels of S100AI,
ZAG, and adiponectin may contribute to FEV1 as indica-
tor of COPD disease severity. To the best of our knowl-
edge, the role of S100A1, ZAG, and adiponectin in
severity of disease in COPD patients has not been inves-
tigated, yet. Moreover, the association between FEV1 and
risk of cachexia was unclear, so we conducted this study to
examine these associations.

Methods
Study Design And Participants

In the current study, we reanalyzed data from our former
work® to allow us to compare the patient cohort across
COPD stages. Ninety clinically stable COPD outpatient
males with ages ranging from 40 to 70 years old, were
enrolled in the study. COPD was defined with respect to
the recommendations of the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) based on FEV1/FVC <
70%. Patients who met the following criteria were
excluded from the study: smoking or using any opioid
drugs and alcohol drinking, heart failure, metabolic syn-
drome, severe endocrine, autoimmune, liver or kidney
disorders, diabetes, following a specific diet or using any
dietary supplements at the study time or during previous
4 months. Based on GOLD executive guideline for the
Diagnosis, Management, and Prevention of COPD, sub-
jects were divided into 4 groups: mild COPD (FEVI1 >
80% predicted), moderate COPD (50% < FEVI< 80%
predicted), severe COPD (30% < FEV1< 50%), and very
severe COPD (FEV1 < 30% predicted). In this study, for
better comparison, subjects were divided into 2 groups:
mild and moderate COPD; mild—moderate COPD patients;
FEV1 > 50 (n=52) VS severe and very severe COPD
patients; FEV1 < 50 (n=38).'° This study was conducted
in accordance with the Declaration of Helsinki and was
approved by the ethics committee (No: IR.TBZMED.
REC.1395.779) of Tabriz University of Medical Sciences

and all participants signed the written informed consent.
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The Measurements

The pulmonary functions, including FVC and FEV1 (%
predicted), were assessed by Spirolab III (Medical
International Research, Rome, Italy) according to the
guidelines of the American Thoracic Society.'” After 15
mins resting, a maximum forced inhalation and then a
powerful forced expiration were done by the participant
without using a nose clip.

The height and weight of the patients were measured
using standard, calibrated scales to the nearest 0.5 cm and
0.1 kg, respectively. Cachexia was defined as unintentional
weight loss > 7.5% of usual body weight in the last 6-12
months, and the patient’s previous weight was acquired from
their medical records. The body mass index (BMI) was
obtained by dividing the weight in kilogram by the square
of the height in meter (kg/m?). By using an ordinary tape
measure, with a nearest 0.5 cm, the waist and arm circum-
ference were measured. The bioelectrical impedance analysis
(BIA) device (BC-418; Tanita Corp., Tokyo, Japan) was used
for analysis of body composition including fat-free mass
(FFM), percent of body fat, and total body water (TBW).
The ratio of FFM to height in meters squared (kg/m?) was
used to calculate the FFM index (FFMI).

Indirect calorimetry (Fitmate MED; COSMED, Rome,
Italy) was used to measure RMR. For this purpose, the
oxygen consumption and production of carbon dioxide of
each participant were measured and converted to energy
expenditure using formulae. Fitmate is a desktop meta-
bolic system which is used to measure resting metabolic
rate during rest and exercise (kcal/day) via oxygen con-
sumption measurement. First, participants sit in a relaxed
supine position. Then a facemask is placed over their face.
The facemask was associated with two parts: turbine flow
meter which measures the ventilation and a galvanic fuel
cell oxygen sensor which analyzes expiration gases in
terms of proportion of oxygen. 10-12 hrs overnight fast-
ing, 24 hr avoidance of exercise, and 12 hrs of abstaining
from caffeine and smoking were necessary before doing
the test.

The 24 hr recall questionnaire was used to assess diet-
ary intake of participants. An expert interviewer inter-
viewed the participants about their food and beverage
consumption during the previous day. The Visual Analog
Scale (VAS) questionnaire was used to assess hunger and
eating habits. By using the VAS questionnaire, appetite
was evaluated by a 10 cm analog scale which rated from
poor appetite to good appetite.'®

For the assessment of the average total physical activ-
ity, the Persian long-form version of the International
Physical Activity Questionnaire (IPAQ) was used for
each participant during the previous 7 days.'® The meta-
bolic equivalent of task (MET) minutes/week was calcu-
Then the
participants were classified into three groups according to

lated for total physical activity scores.
physical activity levels including walking, moderate and
vigorous activities according to [IPAQ guidelines.

For biochemical analysis, fasting blood samples were
obtained from the participants, and the serum was sepa-
rated by centrifugation at 4°C and stored at —70°C until
biochemical analysis. For measurement of serum levels of
S100A1 (cat no CK-E90946), ZAG (cat no CK-E91945),
and adiponectin (cat no CK-E10871), Human ELISA Kkits
(Eastbiopharm, Hangzhou, China) were used. The absor-
bance was read at 450 nm using an Automatic ELISA
Plate Reader (BioTek Instruments, Winooski, VT, USA).

Statistical Analyses

All the statistical analyses were performed using SPSS
19.0 (IBM Corporation, Armonk, NY, USA). To assess
variables’ distribution normality, the Kolmogorov—
Smirnov test was used. The chi-squared test and the inde-
pendent samples’ #-test (normal distribution) were used to
compare categorical variables and quantitative variables
between two groups respectively. Linear regression was
used to assess the associations between variables.

Statistically significant P-value was considered < 0.05.

Results

Demographic parameters of patients are presented in
Table 1. The values of FVC and FEV1/FVC were signifi-
cantly higher in mild-moderate COPD patients compared
to severe—very severe COPD patients (p<0.001). However,
these two groups had no significant differences in terms of
other variables including age, time elapsed from diagnosis
(years), calorie intake, satiety score, physical activity, and
drug therapy.

As displayed in Table 2, BMI levels were found to
be lower in severe—very severe COPD patients in com-
parison with mild—moderate COPD patients (p= 0.047).
Accordingly, there were no statistically significant dif-
ferences in other body composition and anthropometric
variables.

The independent sample #-test analysis demonstrated
that the serum levels of ZAG were significantly higher in
mild-moderate COPD patients compared to severe—very
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Table | Characteristics Of Patients Included In The Study
Variables FEVI <50 (n=38) FEVI > 50 (n=52) P-value
Age (years) 60.03 (7.49) 58.846 (7.37) 0.458*
Time elapsed from diagnosis (years) 6.26 (4.17) 4.96 (3.51) 0.113*
Calorie intake 1559.46 + 344.62 1534.27 + 292.73 0.709*
Satiety score 53.66 + 14.93 54.83 £ 13.52 0.699*
FVC (%predicted) 53.13 £ 13.65 7429 £ 15.07 <0.001*
FEVI (%predicted) 36.68 + 10.05 60.59 + 7.37 <0.001*
FEVI/FVC ratio 46.77 £ 7.49 57.67 £ 6.17 <0.001*
Physical activity Low 25 (65.79) 33 (63.46) 0.82°
Moderate 13 (34.21) 19 (36.54)
Drug therapy Salbutamol 38 (100) 44 (84.61) 0.08°
Prednisolone 33 (86.84) 36 (72) 0.06°
Salmeterol + fluticasone 30 (78.94) 34 (68) 0.14°
Azithromycin 19 (50) 27 (51.92) 0.48°

Notes: Quantitative and qualitative variables are represented as mean * SD and frequency (%), respectively. *P-values are reported based on independent sample’s t-test.

PP-values are reported based on chi-squared test.

severe COPD patients (p<0.035), also the same trend
could be found for serum S100A1 and adiponectin, but
the differences were not significant (P > 0.05). Whereas,
the RMR level in severe—very severe COPD patients was
significantly higher than in mild—-moderate COPD patients
(p<0.024) (Table 3).

According to Table 4, the result of linear regression
analysis indicated that in the group with FEV1<50, there
was a strong positive association between serum S100A1—

Table 2 Body Composition And Anthropometric Parameters

Variables FEVI <50 FEVI > 50 P-value
(n=38) (n=52)

Height (cm) 169.60 £ 7.47 | 169.42 £ 8.29 | 0915

Current weight (kg) 64.68 + 10.67 | 6837 £7.99 | 0.063

Former weight (kg) 69.72 + 11.56 | 71.01 £9.33 0.561

BMI (kg/m2) 2232 £ 274 23.39 £ 229 | 0.047

Waist circumference 89.96 + 9.56 90.17 + 8.44 0912

(cm)

Arm circumference 29.51 £ 7.51 27.86 + 2.27 0.139

(cm)

Percentage of body fat | 18.15 + 4.70 19.55 + 402 | 0.133

Fat-free mass (kg) 53.18 £7.72 54.97 + 455 0.172

Fat-free mass index 1842 + 1.77 19.29 + 2.93 0.108

(kg/m?)

Total body water (kg) 4191 £7.62 | 4281 £ 451 0.486

Notes: Quantitative and qualitative variables are represented as mean * SD and
frequency (%), respectively. P-values are reported based on independent sample’s
t-test.

Table 3 Comparison Of serum SI00AI, ZAG, Adiponectin, And
RMR Between The Study Groups

Variables FEVI < 50 FEVI > 50 P-value
(n=38) (n=52)

SI00AI (ng/l) | 429.55+ 22488 | 546.69 + 33651 | 0.051

ZAG (ug/ml) | 19923 +80.15 | 244.80 + 121.64 | 0.035

Adiponectin 2438 + 7.26 26.58 + 9.08 0.220

(ug/ml)

RMR (kcal) 1750.84 + 395.85 | 1572.25 + 338.86 | 0.024

Note: P-values are reported based on independent sample’s t-test.

Table 4 Comparison Of Serum SI00AI, ZAG, Adiponectin, And
RMR Between The Study Groups

FEVI <50 (n=38) | FEVI > 50 (n=52)

B P-value B P-value
SI00AI-ZAG 0.836 <0.001 0.891 <0.001
Adiponectin—-ZAG 0.794 <0.001 0.849 <0.001
Adiponectin—SI00Al | 0.815 <0.001 0.889 <0.001

Note: Data analysis was done by linear regression.

ZAG (p=0.836, p<0.001), adiponectin—-ZAG
(B=0.794, p<0.001), and serum adiponectin—-S100A1
(B=0.815, p<0.001). On the other hand, there was a strong
positive association between serum levels of SI00A1-ZAG
(B=0.891 p<0.001), serum adiponectin—ZAG (=0.849,
p<0.001), and serum adiponectin-S100A1 (B=0.889,
p<0.001) in the group with FEV1>50 (Table 4).

serum
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Table 5 Frequency Of Cachexia Between The Patients With
FEVI < 50 And FEVI = 50

Cachectic Non-Cachectic P-value
FEVI < 50 (n=38) 28 (73.7) 10 (26.3) <0.001
FEVI = 50(n=52) 17 (32.7) 35 (67.3)

Notes: Data are presented as frequency (%). P-value is reported based on chi-
squared test.

With respect to chi-squared test, frequency of cachexia
was significantly higher in the group with FEV1<50
(73.7%) compared to the group with FEV1>50 (32.7%)
(Table 5).

As shown in Table 6, lower FEV1 was significantly
associated with increased risk of cachexia based on binary
logistic regression test (OR = 5.76, 95% CI: 2.28-14.54).

Discussion

In the present study, the BMI level was significantly higher
in mild—-moderate COPD patients in comparison with the
severe and very severe COPD patients. Also, there were
no statistically significant differences in other body com-
position and anthropometric variables between these two
groups.

In a study by Richard L. et al, the effective and sig-
nificant impact of BMI (especially under 30 kg/m?) on all
of the lung volumes and capacities was indicated.”® They
reported a significant and positive relationship between
lung total and vital capacity and BML?® Celli BR et al
retrospectively examined 400 COPD patients, and reported
the association of low BMI (<25 kg/m?) with a significant
elevation of mortality risk.”! Sajal DE, in his study
reported that, along with COPD severity progression, the
mean BMI reduces significantly.”” Researchers suggested
the routine evaluation of body composition such as body
weight, BMI, fat mass, and fat free mass for assessing
COPD patients for its beneficial properties.”® There is
increasing evidence about this issue that BMI evaluation
is a useful and important parameter for assessing the
functional status in COPD patients.”>** While obesity
results in reduction in lung volumes, low body weight
and low FFMI predict undesirable effects on COPD

Table 6 Risk Of Cachexia In The Study Population

Variable OR Cl P-value
FEVI High Ref. Ref. <0.001
Low 5.76 2.28-14.54

Note: Data analysis was done by binary logistic regression.

patients' health status, exercise capacity, mortality, and
survival.>® Therefore, the result of this study indicated
that patients with better lung function (FEV1>50), have
significantly higher BMIs in comparison with those
patients with lower lung function (FEV1<50). As FEV1
could be an indicator of COPD severity,” these results are
in accordance with previous studies in this field.

Our findings indicated that COPD patients with lower
FEV1 level had higher RMR, also, previous researchers
have demonstrated similar results.”>?® Creutzberg et al
investigated 172 patients with COPD and 92 healthy,
age-matched subjects. They found that RMR was signifi-
cantly higher in COPD patients compared to control
group.>® Energy expenditure in COPD patients increases
because of infection and respiratory impairment.
Breathing, with healthy lungs, requires 36 to 72 kcal/day;
however, this amount increases by 10 fold in patients with
COPD.”’

In the present study, frequency of cachexia was sig-
nificantly higher in severe—very severe COPD patients
(73.7%) compared to the mild—moderate COPD patients
(32.7%). In addition, there was a significant association
between lower FEV1 and increased risk of cachexia.

Based on GOLD, FEV1 is an indicator of COPD stage
and disease severity.” Molen, in his review article, claimed
that decreasing FEV1 is associated with increased malig-
nancy and lung cancer risk in COPD patients.*®

Although there are increasing research and reviews on

+29 there are

the mechanism of cachexia in COPD patients,
some unclear aspects in this regard that still have not been
elucidated. In the present study, there was a significant
difference between these two groups in BMI and cachexia
prevalence — the group with higher FEV1 (FEV1>50) had
the lower prevalence of cachexia. Also, in the present
study, FEV1>50 group had significantly higher BMIs
than the other group (FEV1<50). Accordingly, the body
fat mass index in our population was between normal
ranges and there was no significant difference between
these two groups in terms of this variable, so these results
could support the protective effect of higher FFMI in
preventing COPD exacerbation. Although, we should not
neglect the importance of better functional lungs regarding
cachexia frequency.

In the present study, serum level of ZAG was signifi-
cantly higher in mild—-moderate COPD patients in compar-
ison with severe—very severe COPD patients. Also, there
were strong positive associations between serum levels of
S100A1, ZAG, and adiponectin in both groups.
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Adiponectin is a type of adipokine that has anti-inflam-
matory effects.’® Results from several studies that com-
pared COPD patients with healthy controls, indicated that
serum/plasma adiponectin levels were elevated in patients
compared to controls.'*'>3! In the present study, we
observed that serum adiponectin level was higher in
COPD patients with FEV1>50 compared to FEV1<50,
however, that was not significant. Consistent with our
results, Yoon et al demonstrated that there were no sig-
nificant differences in FEV1 level in comparison to serum
adiponectin quartiles.*?

Differences between results of different studies may be
caused by various reasons including: comparing COPD
patients with healthy controls, different disease stages,
study on underweight or obese patients and presence of
other complications such as cancer and cardiovascular
disease which could create confounding and different
results.

We reported in our previous paper that the serum level
of ZAG was higher in cachectic patients with COPD in
comparison with non-cachectic group.” We suggested that
this may be related to the correlation between ZAG and
cachexia development.5 Also, in the current study, at the
time that we categorized the COPD patients based on
FEV1, the serum level of ZAG was significantly higher
in the group with better clinical signs such as FEV1, FVC,
and FEV1/FVC. The fame of ZAG is caused by its cachec-
tic and lipolytic effects.'” Several studies reported low
level of ZAG in obese subjects and also its relationship
with higher levels of inflammatory cytokines such as IL-6,
IL-12, and TNF-0.*° To the best of our knowledge,
there is no published work in literature with the purpose
of comparing serum ZAG levels in COPD stages and
categories. With respect to the characteristics of our
study population, we suggested that the higher levels of
ZAG in the patients with FEV1>50 could be associated
with the inflammatory condition. However, the nature of
this change is still unclear to us, and consequently requires
more detailed studies.

Moreover, the role of SI00A1 in pulmonary diseases
and COPD is less documented. It has been suggested that
various members of S100 family of proteins are overex-
pressed in pulmonary diseases,>® cachexia,” and lung
cancers.’’ However, evidence of A1 member of this family
in pulmonary diseases has not been identified yet.
Accordingly, studies suggested that SI00A1 is a modulator
of muscle excitation-contraction coordination throughout

38

the well-known mechanism. Furthermore, several

indicated that S100A1
would result in delayed myocardial remodeling, improved

research has over-expression
contractile efficiency, and also increment of myocardial
infarction survival.*®

As S100A1 plays a well-known role in modulating
endothelial cells' contraction/relaxation because of Ca+ -
binding characteristics®® and NO production,*’ it appears
that elevation of this protein level in patients with
FEV1>50 could be due to those characteristics of
S100A1 compared to patients with FEV1<50. This
means that more attention should be paid when we know
that patients with higher FEV1 have more functional pul-
monary and alveolar endothelial cells than others.

Positive strong correlation between these serum factors
(ZAG, S100A, and adiponectin) in the present study may
signify a biologic message in this field. It appears that
these three peptides act in a similar physiological path at
least in COPD patients, and this similarity and correlation
reinforce the singular effect of these peptides.

The present study also had some limitations. Firstly, we
did not measure some inflammatory factors such as IL-6,
IL-12, and TNF-a in the study participants. The second
point may be small sample size. As sample size could
affect statistical significance, we may have found more
significant associations if we had a larger sample size.
On the other hand, we measured biochemical variables
only in serum samples. If future studies can measure
local status of alveoli and bronchi in terms of inflamma-
tion in the study population, it could have more informa-
tive data for interpreting the results. In the present study,
we accomplished measurements only on male participants,
because of the small sample size in each group. If the
analysis was performed on females or the two gender
groups were compared, we may have proposed different
results and interpretations. Moreover, having a cross-sec-
tional design may be another limitation of the present
study, which did not allow for the interpretation of the
causal relationships between variables.

Conclusion

In the present study, we found that low FEV1 increased
the risk of cachexia. Additionally, low FEV1 was asso-
ciated with lower serum ZAG and higher RMR in COPD
patients. We also found a strong positive association
between ZAG, S100A, and adiponectin in both study
groups. Therefore, it could be claimed that there is a
mechanistic chain of causality between FEV1, serum
ZAG, RMR, and cachexia. However, more in vitro and

submit your manuscript

2438

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Mokari-Yamchi et al

in

vivo studies and clinical trials are required to further

refine this idea.
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