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ABSTRACT

Background and Purpose: Chronic obstructive pulmonary disease (COPD) is one of the most
common chronic diseases that significantly increases the mortality rate. Air pollution is a known
risk factor for lung diseases, including asthma and COPD. People who have greater exposure to
air pollutants are more likely to develop COPD. This study examined the relationship between
particulate matter (PM) and clinical and laboratory diagnostic markers in patients with COPD.

Materials and Methods: In this cross-sectional analytical study, after obtaining the necessary
permits from the medical records department and the hospital information system (HIS), and
reviewing the files of patients hospitalized in educational hospitals in Abadan and Khorramshahr
cities, Iran, information on 270 patients with COPD was obtained. Information about the amount
of PM, from March 21, 2022, to March 20, 2023, was obtained from the Abadan Environment
Department. To examine the relationships between PM, and PM, . and clinical and laboratory
variables, multiple linear regression analyses were performed. The data were entered into Excel,
and the results were analyzed in SPSS.

Results: The results showed that among laboratory and clinical markers, blood urea nitrogen
22.99+13.99 (mg/dL), blood sugar 148.16+83.04 (mg/dL), prothrombin time 14.18+4.64 (s),
alkaline phosphatase 249.49167.21 (IU/L), and erythrocyte sedimentation rate (ESR) 34.47+24.22
(mm/h) were higher than the normal mean, and oxygen saturation 90.19+8.28% was lower than
the normal mean in COPD patients. Also, significant relationships were found between blood
sugar (P=0.001), alanine transaminase (P=0.016), and ESR (P=0.039) and PM, .

: Conclusion: In patients with COPD, some kidney, liver, and inflammatory laboratory markers were
Article info: : abnormal. A significant association was found between PM and markers such as blood sugar,
Received: 18 Jun 2025 :  alanine transaminase, and ESR. Implementing air pollution control measures is vital for the health
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Introduction

hronic obstructive pulmonary disease

(COPD) is a leading cause of death world-

wide. It is caused by exposure to harmful

respiratory particles, especially tobacco

smoke and pollutants [1]. COPD encom-
passes small airway obstruction, chronic bronchitis,
and emphysema. The primary pathological basis of this
disease involves inflammation, bronchial mucosal epi-
thelial damage, and irreversible airflow limitation [2].
Among the risk factors found for COPD are air pollution,
occupational dust exposure, smoking, low BMI, indoor
biomass burning, diet, and childhood asthma [3]. Vari-
ous natural or human processes create suspended par-
ticles. Artificial sources of suspended particles in urban
areas include various industries such as iron, coal, ce-
ment, smelting, plaster factories, and large lathe work-
shops [4]. Particles with an aerodynamic diameter of
less than 2.5 um (PM, ) pose a significant risk to human
health. PM, _is mostly absorbed through the respiratory
system, where it can penetrate the alveoli of the lungs
and enter the bloodstream [5]. Exposure to air pollution
is one of the main factors in the pathogenesis of COPD
worldwide.

Recent estimates suggest that 50% of all COPD risks
may be attributable to air pollution [6]. The prevalence
of COPD attributed to particulate matter (PM) de-
creased from 2009 to 2013 in Ahvaz City, the capital of
Khuzestan Province in southwestern Iran. As a result, re-
ducing air pollutants, especially PM, , a major risk factor,
can lead to significant reductions in mortality and mor-
bidity, including COPD attributed to PM_ [7]. Abadan is
a city situated in Khuzestan Province, in southwestern
Iran. The region has experienced an increase in dust
storms, largely due to its proximity to vast deserts in
Saudi Arabia and southern Irag, as well as local drought
conditions that have persisted in recent years. Since no
comprehensive study has been conducted to date on
the effects of PM on liver, kidney, and coagulation labo-
ratory markers in patients with COPD, there is a clear
need for such a study. By studying this research, it is pos-
sible to predict future problems in patients with COPD
and prevent their consequences by adopting appropri-
ate strategies.

Materials and Methods

In this study, after obtaining the necessary permits,
information on COPD patients was obtained by refer-
ring to the medical records department, hospital in-
formation system (HIS), and reviewing patients’ files in
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educational hospitals affiliated with Abadan University
of Medical Sciences (Ayatollah Taleghani Educational
Hospital of Abadan, Shahid Beheshti Educational Hospi-
tal of Abadan, and Valiasr Educational Hospital of Khor-
ramshahr). All 270 patients who met the inclusion and
exclusion criteria during the study period (March 21,
2022-March 20, 2023) were included.

The Abadan Environment Department provided in-
formation on air pollutant levels, specifically PM.  and
PM, , from March 21, 2022, to March 20, 2023. These
data were used to investigate the correlation between
PM levels and clinical and laboratory markers in pa-
tients with COPD. The inclusion criteria for patients with
COPD who were admitted to the educational hospitals
of Abadan University of Medical Sciences from March
21, 2022, to March 20, 2023, along with their laboratory
and clinical information, were available. The exclusion
criterion for this study was patients with incomplete
clinical and laboratory information.

The data are organized by admission date, sex, age,
type of disease, clinical and laboratory markers, and
concentration of PM,  and PM, .. Duplicate entries were
removed, the information was entered into Excel, and
the results were analyzed using SPSS software, version
25. The study investigates the relationship between
PM and laboratory and clinical markers in patients with
COPD who were admitted between March 21, 2022,
and March 20, 2023.

The mass concentration of PM was measured using a
Met One Beta Attenuation Meter (BAM-1020) (Hafken-
scheid & Vonk). The air quality monitoring station was
situated on the rooftop of the Abadan Environmental
Protection Agency office, approximately 10 meters
above ground level. Sampling was conducted hourly
over 24 hours each day. The mean annual PM concen-
trations were collected from March 21, 2022, to March
20, 2023, to assess air quality during this timeframe.
Additionally, meteorological parameters were obtained
from the Iran Meteorological Organization (IRIMO) to
analyze the relationship between these variables and
PM concentrations. The meteorological station was lo-
cated at Abadan International Airport.

Before data extraction, we conducted an a priori
power calculation to ensure a sufficient sample size for
detecting an association between PM exposure and bio-
marker levels. We assumed a small effect size (|r|=0.2),
a 2-sided significance level of a=0.05, and a statistical
power (1-B)=0.95, consistent with conventions in obser-
vational epidemiology. The required sample size under
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these assumptions was estimated to be approximately
262 participants. Our final sample included 270 eligible
patients, exceeding the calculated requirement.

After data collection, all analyses were conducted us-
ing IBM SPSS Statistics for Windows, version 25.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were
used to summarize the data: qualitative variables were
expressed as frequencies and percentages, and quan-
titative variables were reported as MeanzSD. The as-
sumption of normality for quantitative variables was
evaluated using the Kolmogorov-Smirnov test. Cat-
egorical variables were compared using the chi-square
test or Fisher exact test when appropriate. Differences
in means between two groups were assessed with in-
dependent-samples t-tests, while comparisons across
more than two groups were performed using one-way
analysis of variance (ANOVA). To examine the relation-
ship between ambient PM concentrations (PM, and
PM, ) and clinical and laboratory variables, multiple lin-
ear regression analyses were performed. Two modeling
strategies were applied: a full model including all candi-
date predictors using the Enter method, and a reduced
model obtained by excluding variables with evidence
of severe multicollinearity and applying the Stepwise
method. In all regression models, unstandardized coef-
ficients (B), standard errors (SE), and P values were re-
ported. Model assumptions were checked by examining
variance inflation factors (VIF) to assess multicollinearity
(with all final VIF values <2) and by using the Durbin—
Watson statistic to confirm independence of residuals.
All statistical tests were 2-sided, and P<0.05 were con-
sidered statistically significant.

Results

In this study, 270 patients with COPD were examined.
Of these, 184(68.15%) were male, and 86(31.85%) were
female, with a higher frequency among males.

The mean age of the patients with COPD was
63.97+12.96 years. The mean systolic blood pressure in
these patients is 119.5+15.37 mm Hg, and the mean dia-
stolic blood pressure is 77.61+10.24 mm Hg. The blood
sugar (BS) level was 148.16x83.04 (mg/dL), which was
higher than the normal mean. The mean of blood urea
nitrogen (BUN) was reported as 22.99+13.99 (mg/dL),
which is higher than the normal mean, and the mean of
alkaline phosphatase (ALP) was 249.49167.21 (mg/dL),
which is higher than the normal level. The mean pro-
thrombin time (PT) was 14.18%4.64 (s), which is higher
than the normal. The mean of erythrocyte sedimentation
rate (ESR) 34.47+24.22 (mm/h) in this study was higher
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than the normal mean. The mean pCO, was also higher
than normal (49.68+14.68). The HCO, mean (28.6+6.38)
is also higher than the normal. The mean SpO, value is
reported to be 90.19+8.28, which is lower than the nor-
mal mean. The number of breaths per minute was higher
than normal (21.91+2.69). Shortness of breath was com-
monly observed in patients. Also, C-reactive protein
(CRP) was +19%, ++26%, +++13% (Table 1).

In Table 2, we report statistical associations between
PM,, concentrations and laboratory/clinical markers in
COPD patients. In model 1 (enter method), none of the
predictors were significantly associated with PM, lev-
els. In model 2 (stepwise method, collinearity-adjusted),
only arterial oxygen saturation (SpO,) approached sig-
nificance, where each 1% increase in SpO, was associ-
ated with an average increase of 2.10 ug/m?* in PM,
(P=0.063). Although not statistically significant at the
0.05 threshold, this result suggests a possible posi-
tive correlation between higher SpO, and PM, levels.
Higher values of systolic pressure, BUN, and ESR tended
to co-occur with higher PM | levels; specifically, each
1-unit increase in systolic pressure, BUN, and ESR was
associated with mean increases of 0.8 ug/m?3, 1.57 ug/
m?, and 1.17 pg/m?® in PM_, respectively. However,
none of these associations reached statistical signifi-
cance. Other clinical and laboratory parameters showed
no significant relationship with PM_ (Table 2).

In Table 3, in model 1 (enter method), significant as-
sociations were observed for blood sugar, alanine trans-
aminase (ALT), and ESR. Specifically, each 1 mg/dL in-
crease in BS was associated with a 0.17 pg/m3 higher
PM, . concentration (P=0.001). ALT was inversely associ-
ated with PM, ., where each 1 U/L increase in ALT cor-
responded to a 0.78 ug/m? lower PM, . (P=0.016). ESR
was positively associated with PM, ., with each 1 mm/h
increase in ESR corresponding to a 0.40 pg/m? higher
PM, . (P=0.039). In model 2 (stepwise method), these
associations remained robust: BS was again positively
associated with PM, . (B=0.15, P<0.001), ESR remained
positively associated (B=0.53, P=0.002), and ALT re-
tained its negative association (B=—0.78, P=0.016). Ad-
ditionally, respiratory rate (RR) emerged as significant,
with each one-unit increase in RR associated with a 2.25
ug/m? lower PM, , concentration (P=0.041).

Discussion

In the present study, 270 patients with COPD were ex-
amined in educational hospitals of Abadan University
of Medical Sciences. Shortness of breath was the most
common symptom in these patients.
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Table 1. Demographic, laboratory, and clinical characteristics of study participants (n=270)

Variables No. (%)/MeanzSD
Male 184(68.15)
Sex
Female 86(31.85)
Single 42(15.56)
Marriage
Married 228(84.44)
Age (y) 63.97+12.96
Systolic BP (mm Hg) 119.5+15.37
Diastolic BP (mm Hg) 77.61£10.24
BS (mg/dL) 148.16+83.04
BUN (mg/dL) 22.99+13.99
Creatinine (mg/dL) 1.24+0.75
Na (mEqg/L) 139.77+4.07
K (mEaq/L) 4.14+0.6
ALK (1U/L) 249.49+61.27
Total bilirubin (mg/dL) 0.6510.3
Direct bilirubin (mg/dL) 0.23+0.19
AST (U/L) 34.68+55.37
ALT (U/L) 26.44+38.19
PT (s) 14.18+4.64
PTT (s) 36.9+7.73
INR 1.18+0.51
ESR (mm/h) 34.47+24.22
. 39(40.21)
+ 19(19.59)
CRP
4 26(26.8)
+++ 13(13.4)
WBC (10%/uL) 8.48+11.53
MCV (fL/cell) 85.9+7.8
MCH (pg/cell) 28+3.93
MCHC (g/dL) 31.28+3.12
PLT (10°/uL) 251.7+74.79
RR (breaths/min) 21.91+2.69

Nosrati MA, et al. Particulate Matter and Diagnostic Markers in COPD. Iran J Health Sci. 2026; 14(1):75-84.



https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

Iranian Journal of Health Sciences

January 2026, Vol 14, Issue 1

No. (%)/MeantSD

Variables
SpO,%
Positive
Dispense
Negative
Positive
Cough
Negative
pH
pCo,
pO,
HCO

3

PM, , (ug/m?)

PM,, (ug/m?)

90.19+8.28
270(100)
0(0.0)
126(46.67)
144(53.33)
7.34+0.07
49.68+14.68
39.81+21.13
28.62+6.38
47.6x41.36

235.12+221.75

Abbreviations: BP: Blood pressure; BS: Blood sugar; BUN: Blood urea nitrogen; ALK: Anaplastic lymphoma kinase; AST: Aspartate
aminotransferase; ALT: Alanine transaminase; PT: Prothrombin time; PTT: Partial thromboplastin time; INR: International normalized
ratio; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; WBC: White blood cell: MCV: Mean corpuscular volume; MCH: Mean
corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; PLT: Platelets; RR: Respiratory rate; PM: Particulate matter.

Among the laboratory markers of blood sugar, PT,
BUN, and ALP were higher than the normal mean. ESR
and CRP values were higher than normal. The mean
pCO, was also higher than normal, indicating respira-
tory acidosis, and the mean HCO, was also higher than
the normal mean, indicating metabolic alkalosis. Also,
SpO, has been reported as 90, which is lower than the
normal mean.

No significant changes in laboratory or clinical markers
were observed with increasing PM, levels in COPD pa-
tients. For each unit increase in PM, , significant chang-
es in blood sugar, BUN, ALT, and ESR were observed.

A study by Zhang J et al. showed that BUN levels were
elevated in subjects with COPD [8]. Additionally, Giri et
al. demonstrated that BUN levels were high in people
with COPD, and these high levels were associated with
an increased risk of mortality in COPD patients [9].
Furthermore, Du et al. reported that high BUN levels
(above 40) were associated with longer hospital stays in
patients with COPD [10]. In our study, the BUN level was
higher than the normal mean.

According to a study by Tang et al., long-term expo-
sure to PM, is associated with a higher incidence of
hyperuricemia and increased creatinine [11]. A 2025
meta-analysis by Li et al. found that long-term exposure
to PM, , is associated with increased serum creatinine

(SCr) and uric acid (UA). In contrast, short-term expo-
sure to PM,  is associated with decreased estimated
glomerular filtration rate (eGFR) and increased BUN
[12]. Furthermore, in our study, we observed a signifi-
cant increase in BUN for each unit rise in PM, .

Peng et al. discovered that exposure to PM, , can af-
fect renal function by activating oxidative stress path-
ways [13]. Oxidative stress and inflammatory responses
can accelerate the breakdown of structural proteins and
amino acids, thereby increasing BUN production [14].

Wang L et al.’s study showed that serum ESR levels can
predict the severity of COPD in elderly patients. In indi-
viduals with COPD, ESR levels were found to be higher
than the normal mean [15]. In our study, we also found
that the ESR levels were higher than the normal mean.
Dehe et al indicated that individuals with COPD had
lower SpO, levels than the normal mean [16]. Our study
findings support this conclusion.

Yang et al’s study shows that levels of AST and D-dimer
in people with COPD are higher than the normal mean
[17]. In our study, the AST level was within the normal
range. A study by Wang et al. found that long-term
exposure to PM, . was associated with increased AST
levels [18]. In our study, we did not observe significant
changes in AST levels with increasing PM exposure.

Nosrati MA, et al. Particulate Matter and Diagnostic Markers in COPD. Iran J Health Sci. 2026; 14(1):75-84.
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Table 2. Regression analysis of factors influencing PM,  levels
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Model 1 Model 2
Variables

B (SE) P B (SE) P

Constant -1261.58 (3155.26) 0.690 45.72 (183.12) 0.0803
Sex (female) -25.31(34.19) 0.460 - -
Marriage (married) 18.19 (43.99) 0.680 - -
Age -1.06 (1.23) 0.392 - -
Systolic BP 0.08 (2.17) 0.971 - -
Diastolic BP 1.01 (2.36) 0.667 - -
BS 0.08 (0.27) 0.761 - -
BUN 1.57 (2.27) 0.490 - =
Creatinine -21.54 (47.91) 0.653 - -
Na 5.81(4.16) 0.164 - -
K -20.67 (26.97) 0.444 - -
ALP 0.2 (0.46) 0.672 - -
Total bilirubin -43.19 (160.66) 0.788 - -
Direct bilirubin 188.5 (249.03) 0.450 - -
AST 0.59 (1.25) 0.635 - -
ALT -1.55 (1.86) 0.406 - -
PT -23.2(19.67) 0.239 - -
PTT 1.33(3.11) 0.669 - -
INR 179.59 (181.57) 0.324 - -
ESR 1.17 (1.11) 0.294 - -
WBC 0(0) 0.754 - -
MCV -1.78 (3.1) 0.566 - -
MCH 5.07 (5.77) 0.381 - -
MCHC -0.6 (5.69) 0.916 - -
PLT 0.07 (0.23) 0.758 - -
RR -2.28(9.62) 0.813 - -

SpO, 2.67 (3.53) 0.450 2.1(2.02) 0.063
Cough (positive) 1.11 (29.4) 0.970 - -
PH 74.74 (418.9) 0.859 - -
PCO 0.71(2.52) 0.779 - -
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Model 1 Model 2
Variables
B (SE) P B (SE) P
PO, 1.05(1.15) 0.365 - -
HCO -3.44 (4.89) 0.482 = =

2

SE: Standard error.

Abbreviations: BP: Blood pressure; BS: Blood sugar; BUN: Blood urea nitrogen; ALK: Anaplastic lymphoma kinase; AST: Aspartate amino-
transferase; ALT: Alanine transaminase; PT: Prothrombin Time; PTT: Partial thromboplastin time; INR: International normalized ratio; ESR:
erythrocyte sedimentation rate; CRP: C-reactive protein; WBC: White blood cell: MCV: Mean corpuscular volume; MCH: Mean corpuscular
hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; PLT: Platelets; RR: Respiratory rate; PM: Particulate matter.

Note: In model 1 (enter method), all predictors were included, whereas in model 2 (backward method), variables with severe multicol-
linearity were excluded. Both models report unstandardized coefficients, and the Durbin—Watson statistic (1.925) confirmed indepen-
dence of residuals, and all variance inflation factors (VIFs) were below 1, indicating acceptable multicollinearity levels.

Table 3. Regression analysis of factors influencing PM, ; levels

Model 1 Model 2
Variables
B (SE) P B (SE) P
Constant -498.47 (549.63) 0.365 56.72 (26.43) 0.033
Sex (female) -1.51 (5.96) 0.801 - -
Marriage (married) -1.1(7.66) 0.886 - -
Age -0.18 (0.22) 0.408 = =
Systolic BP -0.23 (0.38) 0.538 - -
Diastolic BP -0.06 (0.41) 0.891 = =
BS 0.17 (0.05) 0.001 0.15 (0.04) <0.001
BUN 0.06 (0.4) 0.890 = =
Creatinine 5.2 (8.35) 0.534 - -
Na -0.53 (0.73) 0.463 = =
K 5.67 (4.7) 0.229 - -
ALP 0.11 (0.08) 0.168 = =
Total bilirubin 41.67 (27.99) 0.138 - -
Direct bilirubin -64.84 (43.38) 0.136 = =
AST 0.32(0.22) 0.143 - -
ALT -0.78 (0.32) 0.016 = =
PT -0.17 (3.43) 0.962 - -
PTT 0.52 (0.54) 0.341 = .
INR -8.78 (31.63) 0.782 - -
ESR 0.4 (0.19) 0.039 0.53 (0.17) 0.002

Nosrati MA, et al. Particulate Matter and Diagnostic Markers in COPD. Iran J Health Sci. 2026; 14(1):75-84.
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Model 1 Model 2
Variables

B (SE) P B (SE) P
WBC 0(0) 0.791 - -
MCV 0.11 (0.54) 0.839 = =
MCH 0.26 (1.01) 0.800 - -
MCHC -1.15 (0.99) 0.249 = =
PLT 0(0.04) 0.964 - -

RR -2.05 (1.68) 0.223 -2.25 (1.09) 0.041
SpO, 0.36 (0.62) 0.560 - -
Cough (positive) 2.18 (5.12) 0.671 - -
PH 79.1(72.97) 0.279 - -
PCO, 0.35 (0.44) 0.430 = =
PO, 0.21(0.2) 0.298 - -
HCo -0.37 (0.85) 0.662 = =

3

SE: Standard error.

Abbreviations: BP: Blood pressure; BS: Blood sugar; BUN: Blood urea nitrogen; ALK: Anaplastic lymphoma kinase; AST: Aspartate amino-
transferase; ALT: Alanine transaminase; PT: Prothrombin Time; PTT: Partial thromboplastin time; INR: International normalized ratio; ESR:
Erythrocyte sedimentation rate; CRP: C-reactive protein; WBC: White blood cell: MCV: Mean corpuscular volume; MCH: Mean corpuscular
hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; PLT: Platelets; RR: Respiratory rate; PM: Particulate matter.

Note: In model 1 (enter method), all predictors were included, whereas in model 2 (stepwise method), variables with severe multicollinear-
ity were excluded. Both models report unstandardized coefficients, and the Durbin—Watson statistic (2.069) confirmed independence of
residuals, and all variance inflation factors (VIFs) were below 2, indicating acceptable multicollinearity levels.

Zhang et al. found that long-term exposure to PM, , is
associated with higher ALT and AST levels [19]. Similarly,
Kim et al. demonstrated that an increase in PM concen-
tration is associated with a 2.3% increase in ALT and a
3% increase in AST [20]. Our study also found a signifi-
cant increase in ALT with each unit rise in PM, ..

Direct effects of PM on hepatocytes include induction
of oxidative stress, DNA strand breaks, alterations in
lipid metabolism, and promotion of a pro-inflammatory
milieu [21]. In a study by Choi et al., low ALT levels are
found to be a risk factor for the development of COPD.
The study suggests that individuals with low ALT should
be screened for COPD [22]. Additionally, Lasman et al
found that ALT levels are low in people with COPD [23].
However, in our study, ALT levels were normal.

Bermudez et al. revealed that individuals with COPD
have elevated blood sugar levels [24]. In our research,
we observed higher-than-normal mean blood sugar lev-
els. Boetal’s 2021 study demonstrated that lower PM,

levels are associated with lower blood sugar, while high-
er levels are associated with higher blood sugar [25].
Lee et al. found that exposure to PM,  was linked to an
increased risk of diabetes and higher blood sugar levels
[26]. Shen et al. study demonstrated that exposure to
PM, , particles exceeding 5 pg/m?® is associated with el-
evated FBS levels and an increased risk of diabetes [27].
In our research, for each unit increase in PM._ ., we ob-
served a significant increase in blood sugar.

2.5’

Oxidative stress is recognized as a risk factor for meta-
bolic syndrome and is also a consequence of exposure
to air pollution. This condition provides a plausible ex-
planation for the observed connections between air
pollution and diabetes [28].

Due to the absence of a control group in the current
study, it is suggested that case-control studies with large
sample sizes be conducted to compare laboratory, liver,
kidney, etc. indicators in patients with COPD. To com-
pare these Indicators, the independent risk factors af-
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fecting the death of this patient group should also be
identified. Also, future research should involve a larger
sample size and encompass a broader range of loca-
tions. Furthermore, the impact of other air pollutants
should be explored.

Conclusion

In patients with COPD, some renal, hepatic, and in-
flammatory laboratory markers were abnormal. A sig-
nificant association was identified between PM and sev-
eral of these laboratory markers, including blood sugar,
ALT, and ESR. However, further extensive studies are
necessary to explore this area more thoroughly. Imple-
menting air pollution control strategies is crucial for the
health of these patients, and it is essential to provide
appropriate care for COPD patients on days with high
pollution levels.

Study limitations

This study has several limitations, including its retro-
spective design, which may have introduced selection
bias due to reliance on hospital records. In addition, im-
portant confounding variables such as smoking habits,
comorbidities, medication use, and duration or severity
of COPD were not available in the medical records. They
were not controlled for in the analysis. These factors
could have influenced the observed associations be-
tween PM exposure and laboratory markers.
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