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Background: Comorbidities including cardiovascular diseases are very common in chronic
obstructive pulmonary disease (COPD) secondary to tobacco smoking and contribute to the
overall severity of the disease. In non-smoking COPD, which accounts for about 25% of
COPD cases worldwide, current knowledge on the frequency and determinants of comorbid-
ities remains scarce. The aims of the current study were to assess the frequency of major
comorbidities and to evaluate their determinants in a group of non-selected patients with
mild-to-moderate COPD who were exposed to organic dust (dairy farmers), to tobacco
smoking, or to both, and in controls without COPD who were exposed to organic dust
(dairy farmers), or to tobacco smoking, or to both, or who were without exposure.
Patients and Methods: A total of 4665 subjects (2323 dairy farmers and 2342 non-
farmers) including 355 patients with COPD and 4310 controls with normal spirometry
were recruited through a large COPD screening program. Self-reported physician-
diagnosed diseases with plausible links to COPD were recorded in this cross-sectional study.
Results: Whatever the exposure, cardiovascular comorbidities were not more frequent in
patients with COPD than their counterparts without airflow limitation. A higher risk of major
cardiovascular comorbidities was associated with tobacco smoking and a lower risk was
associated with exposure to organic dusts.

Conclusion: Tobacco smoking (but not COPD) is associated with higher frequency of
cardiovascular comorbidities. By contrast, being a dairy farmer exposed to organic dusts is
associated with a lower frequency of the same comorbidities. This reinforces the crucial need
for controlling established cardiovascular risk factors even in patients with mild-to-moderate
COPD.

Keywords: cardiovascular diseases, chronic obstructive pulmonary disease, comorbidity,

diabetes mellitus, tobacco smoking

Introduction

Chronic obstructive pulmonary disease (COPD) is an important cause of morbidity
and mortality worldwide.! Progressive respiratory failure accounts for only one
third of all causes of mortality in patients with COPD, especially in those with
severe disease, suggesting that many patients die from other causes.” COPD
comorbidities are conditions associated with COPD that contribute to the overall
severity of the disease, impairing quality of life and increasing mortality.>* Among
these, coronary artery disease (CAD), diabetes mellitus and hypertension are very
common in COPD.” Screening and developing intervention strategies for these
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major comorbidities in patients with COPD may be of
importance given their impact on prognosis.”

The prevalence of COPD-associated comorbidities var-
ies according to several factors such as gender, age, body
mass index and type of exposure.>*’ Cigarette smoking is
the main risk factor for COPD in developed countries, and
a large majority of the current knowledge on comorbidities
in COPD comes from analyses made in smoking-related
COPD. Nevertheless, about 25% of COPD cases world-
wide can involve other factors, including indoor and out-
door air pollutants as well as occupational hazards.”*
Among occupational causes, exposure to organic dusts
has been associated with accelerated impairment in lung
function and with increased risk of COPD.”™"!

Comorbidities have been rarely studied in mild-to-
moderate COPD. Diagnosing COPD at mild-to-moderate
stages (ie, in patients with preserved or moderately altered
pulmonary function) and, if possible, at early stages (ie, at
the beginning of pulmonary function deterioration) has
however been identified as a priority for secondary
prevention.'” Theoretically, making a diagnosis of COPD
at early and/or mild-to-moderate stages may also trigger
the earlier introduction of medications for comorbidities
associated with COPD."”

COPD screening programs provide unique opportu-
nities to study various aspects of early and mild-to-
moderate COPD. In 2012, a large joint academic and
public health screening program called BALISTIC was
launched to detect and characterize COPD in dairy farmers
compared with smokers in a largely agricultural region of
France (see details below).'

Here, we sought to assess the frequency of comorbid-
ities in a group of non-selected patients with mild-to-
moderate COPD who were exposed to organic dust
(dairy farmers), to tobacco smoking, or to both, and in
controls without COPD who were exposed to organic dust
(dairy farmers), or to tobacco smoking, or to both, or who
were without exposure, all detected by screening through
the BALISTIC program. In addition, we sought to deter-
mine the respective contribution of COPD, tobacco smok-
ing and organic dust exposure to these comorbidities.

Patients and Methods

Study Design and Subjects

Patients with COPD and control subjects without COPD
were consecutively recruited between January 2012 and
November 2015 through a regional COPD screening

program involving general practitioners and occupational
physicians (BALISTIC study; ClinicalTrials.gov Identifier:
NCT02540408). This program was conducted at the
University Hospital of Besangon in collaboration with
the French national social security system for all agricul-
tural workers (Mutualité Sociale Agricole, MSA) and with
the care homes federation of the Franche-Comté region
(Fédération des Maisons de Santé Comtoises,
FéMaSaC).'*'> The study was set up primarily to obtain
data on the prevalence of COPD and on characteristics of
the disease occurring in dairy farmers (ie COPD secondary
to organic dust exposure) by comparison with COPD
patients who were not exposed to organic dusts.'®

Every five years, all persons affiliated to the MSA are
invited to attend a free health check-up, and around 20%
of those invited usually attend.'” Among all persons
aged 40-74 years who attended the health check-up
between January 2012 and November 2015, participation
in the screening phase of the BALISTIC study was
offered to those who had been exposed either to organic
dusts (dairy farmers) and/or to tobacco smoking and also
to those with no identified exposure. Exclusion criteria
were an established diagnosis of asthma, bronchiectasis
with
a documented diagnosis of severe COPD were also

and/or hypersensitivity pneumonitis. Patients
excluded from the screening program. In order to include
subjects with an exposure as homogeneous as possible,
subjects having or having had a history of occupational
exposure other than dairy farming (including farmers
with any other professional activity than dairy farming)
were also excluded.

In parallel, general practitioners (GPs) working with
the FéMaSaC proposed the participation in the screening
phase of the BALISTIC study to their patients fulfilling
the above inclusion and exclusion criteria. These patients
were invited to attend free screening sessions during which
spirometry was performed by their GPs after adequate
training.

The criteria for retaining a diagnosis of mild-to-
moderate COPD were (i) a history of exposure to risk
factors (tobacco smoking and/or daily exposure to organic
dusts) and (ii) evidence of persistent airflow limitation
defined as a post-bronchodilator forced expiratory volume
in 1 second (FEV;) on forced vital capacity (FVC) ratio
<lower limit of normal (LLN) together with a FEV; >50%
of predicted value according to the GLI-2012 equations.*'®
COPD patients were classified into 3 groups: (i) COPD
secondary organic dust exposure, ie, COPD patients with
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a history of at least 20 years of exposure to organic dust
together with a smoking history of less than 1 pack-year;
(ii)) COPD secondary to tobacco smoking (more than 1
pack-year) with no history of organic dust exposure; and
(iii) COPD secondary to both organic dusts and tobacco
smoking exposures.

Subjects without airflow limitation participating in the
screening program were also included in the current
analysis.

This study was approved by the local ethics committee
(CPP Est; P-2011-119), and written informed consent was
obtained from all subjects. In addition, this trial was con-
ducted in accordance with the Declaration of Helsinki.

Spirometry

Spirometry tests were performed using a pneumotachograph
(MedGraphics; MSE Medical, Strasbourg, France). All spi-
rometers were calibrated at least once daily using
a 3-L syringe. Bronchodilation was performed by adminis-
tering 400 pg of the short-acting P2-agonist salbutamol
(Ventoline®, GlaxoSmithKline, Marly-le-Roi, France) and
spirometry was repeated after a 10- to 15-min interval, as
recommended. Only subjects with valid spirometry at
screening were further included in the study.

Questionnaire

The study focused on self-reported physician-diagnosed
diseases with possible or established links with COPD
and tobacco or organic dust exposure: participants were
asked whether they had been diagnosed with or treated
for the following selected medical conditions (“comor-
bidities”): hypertension, heart disease (including coron-
ary artery disease, chronic heart failure, atrial
fibrillation and valvulopathy), peripheral artery disease
(PAD), cerebrovascular disease, thromboembolic dis-
ease, obstructive sleep apnea syndrome (OSAS), dia-
betes mellitus, dyslipidemia, thyroid disorders,
gastroesophageal reflux, osteoporosis, solid neoplasms
(cancer), leukemia, lymphoma, chronic renal disease,
epilepsy,
anxiety-depression syndrome and connective tissue dis-

liver disease, neurodegenerative disorder,

ease. Responses were dichotomous. The non-age-
adjusted Charlson index and the COTE (COPD specific
comorbidity test) index were calculated for every
patient, as described elsewhere.>!"” Briefly, in the
Charlson index, each condition is assigned a score of
1 point (CAD, chronic heart failure, PAD, dementia,

cerebrovascular disease, chronic lung disease including
COPD, connective tissue disease, ulcer, chronic liver
disease, diabetes), 2 points (hemiplegia, moderate or
severe renal disease, diabetes with end-organ damage,
cancer, leukemia, lymphoma), 3 points (moderate or
severe liver disease) or 6 points (cancer with metasta-
sis, AIDS), depending on the risk of death associated
with each one. In the COTE index, each condition is
assigned a score of 6 points (anxiety (for female only),
lung, esophageal, pancreatic, and breast cancer), 2
points (all other cancers, liver cirrhosis, atrial fibrilla-
tion, diabetes with neuropathy, pulmonary fibrosis) and
1 point (congestive heart failure,
ulcers, CAD).

gastric/duodenal

Statistical Analysis

Bivariate logistic regression analysis and chi-square tests
were performed for categorical data and the #-test for
quantitative data. Data were expressed as means (SD),
numbers (percentages), or z scores, as appropriate.
Continuous variables used for logistic regression were
all categorized to obtain categorical variables. Age and
tobacco habits were divided into three categories each
(namely, age <55 years, 55-64 years, >65 years; and
never smokers, former smokers, current smokers, respec-
tively). Other variables were binary: sex (male versus
female), BMI (<25 versus >25), and presence of comor-
bidity (yes versus no).

Multivariate logistic regressions were performed for
each comorbidity of special interest (CAD, diabetes
mellitus and hypertension) with the diagnosis of the
comorbidity as a dependent variable and variables with
a level of significance <0.20 in the bivariate analyses as
explanatory variables. In addition, variables known to be
usual confounding factors or variable of main interest
were also included as explanatory variables. Multi-
collinearity tests were carried out in the process of
model building to identify correlated variables. When
two variables were significantly correlated, only the
variable most significantly linked to the comorbidity
was included in the multivariate analysis. In order to
obtain the models, a stepwise backward selection of
variables was performed.

All analyses were performed with R version 3.5.0 and
RStudio version 1.1.453 (R Foundation for Statistical
Computing, Vienna, Austria).
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Subjects attending the screening
n = 8106

Failed to meet selection criteria (n = 2985)
Refused to participate (n = 158)

Subjects meeting the selection criteria
n =4963
Uninterpretable spirometry (n = 142)
v Technical problems (n = 33)
Subjects with interpretable spirometry
n =4788
Missing data (n = 123)
\ 4
Subjects with interpretable spirometry
n = 4665
Subjects with COPD Subjects without COPD
n =266 n = 4399
Dairy farmers Non-farmers Dairy farmer Non-farmer
with COPD with COPD controls controls
n =147 n=119 n=2076 n=2323
A\ 4
Organic Tobacco + Tobacco Organic Tobacco + Tobacco No
dusts organic dusts dusts organic dusts exposure
n=72 n=75 n=119 n = 1555 n =521 n = 1246 n=1077

Figure | Flowchart of participants included in the study. Subjects were recruited through a screening program set up by two national health insurance organizations.
Inclusion criteria in the screening programs were men or women aged 40 to 74 years, with no history of chronic respiratory disease including asthma and hypersensitivity

pnheumonitis.
Abbreviation: COPD, chronic obstructive lung disease.

Results

Subject Characteristics

The flowchart of the participating population is displayed
in Figure 1. Of the 4963 subjects who underwent COPD
screening, 4665 (94%) had a spirometry test of acceptable

quality together with a complete report of comorbidities
and were therefore included in the current analysis. Of
these 4665 subjects, 266 patients (5.7%) had mild-to-
moderate COPD and 4399 had normal spirometry (control
subjects).
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Table | Main Characteristics of Patients with COPD and Control Subjects, Separated into Three Subgroups According to Exposure

to Tobacco Smoking, to Organic Dusts or Both

Exposure to P Exposure to P Exposure To P Controls
Organic Dusts Both Tobacco Tobacco with No
and Organic Smoking Exposure
Dusts
COPD Controls COPD Controls COPD Controls
(n=72) (n = 1555) (n=175) (n =521) (n=119) (n = 1246) (n=1077)
Age, years 57097 584 %99 NS 58.1 £93 56599 NS 557 +89 56.0 + 8.8 NS 573+92
Males 52 (72) 877 (56) <0.01 69 (92)* 425 (82) <0.05 67 (56)*° 673 (54) NS 361 (34)
BMI, kg.m™2 260 £ 5.0 272+ 45 NS 274+ 47 27.7 £ 44 NS 249 + 44° 264 £ 49 <0.001 264 £ 5.1
Smoking status NS <0.001 <0.05
Never 72 (100) 1555 (100) - - - - 1077 (100)
Former - - 31 (41) 351 (67) 50 (42) 690 (55) -
Current - - 44 (59) 170 (33) 69 (58) 556 (45) -
Smoking intensity <0.01 <0.0001
<I| pack-year 72 (100) 1555 (100) - - - - 1077 (100)
| < pack-years < 5 - - 8 (1) 112 (22) 3(3) 158 (13) -
5 < pack-years < 10 - - 8 (I 80 (I5) 54 198 (16) -
10 < pack-years < 15 - - 709 83 (16) 26 (22) 203 (l6) -
2|5 pack-years - - 52 (69) 246 (47) 85 (71) 657 (53) -
Number of pack- - - 25.1 £ 189 175+ 153 <0.0001 37.1 £233° 20.6 £ 15.8 <0.0001 -
years
Pre-bronchodilator
spirometry
FVCL 434+ 124 3.90 £ 1.09 <0.01 450+ 1.37 427 £ 093 NS 3.84 £ 1.13*° 3.92 £ 091 NS 3.66 £ 0.99
z-score 024+ 1.10 0.10 £ 1.05 NS 0.06 + 1.43 0.05 + 1.05 NS -0.40 £ 1.29*° | -0.12 + 1.04 | <0.0001 0.00 £ 1.01
FEVI L 2.72 £ 0.87 3.07 £ 0.87 | <0.0001 2.77 £ 093 332+0.74 <0.0001 2.39 £ 0.81*° 3.08 £0.71 <0.0001 293 £0.77
% predicted 8.8+ 168 101.8 £ 15.7 | <0.0001 79.1 £ 19.1 998 £ 155 <0.0001 74.1 £ 17.8*° 983 £ 15.1 <0.0001 102.0 + 14.7
z-score —120+£1.02 | 0.15+1.07 | <0.000l | —1.36 = 1.21 0.0l £ 1.07 <0.0001 | —1.75 % 1.17*> | —0.10 £ 1.05 | <0.0001 0.16 £ 1.02
FEVI/FVC % 620 £59 789 £57 <0.0001 61.0+55 778 £57 <0.0001 61.6 £67 787 £58 <0.0001 80.6 £5.3
z-score —220+0.52 | 0.04 +0.82 <0.0001 | —2.26 +0.49 | —0.10 £ 0.80 | <0.0001 —2.30 + 0.64 —0.01 £ 0.86 | <0.0001 0.23 £0.79
Post-bronchodilator
spirometry
FVC L 436 +1.22 - 4.59 + 1.340 - 3.94 % 1.12*° - -
z-score 0.29 + 1.06 - 0.20 + 1.45 - —-0.24 £ 121> - -
FEVI L 2.75 £ 0.87 - 2.88 £ 0.94 - 2.45 + 0.80*° - -
% predicted 828+ 158 - 820+ 187 763 £ 169 - -
z-score —1.14 £ 1.02 - -l.16 x 1.17 - —1.61 £ 1.12*° - -
FEVI/FVC % 624 + 64 - 62.1 £56 - 619 +7.1 - -
z-score —2.16 £ 0.55 - —2.12 £ 045 - —2.26 £ 0.68 - -

Notes: Data are presented as mean + SD or number (percentage of total). °p < 0.05

correction).

vs organic dust COPD; ®p < 0.05 vs COPD with both exposures (Bonferroni

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV|, forced expiratory volume in | second; FVC, forced vital capacity.

On average, dairy farmers were slightly older, were
more frequently men and were less often smokers than

non-dairy farmers (Supplemental Table 1). The main char-

acteristics of the three subgroups of COPD patients and
their counterparts without airway obstruction separated
according to exposure (ie, tobacco smoking, organic
dusts and both exposures), as well as characteristics of

control subjects without airway obstruction and without

any exposure, are given in Table 1. All subgroups (patients
with COPD and control subjects) had the same age. COPD
patients were more frequently men than their counterparts
with normal spirometry, except in the subgroup of subjects
exposed only to tobacco smoking. In subgroups exposed to
tobacco smoking (either exclusively or in association with
organic dust exposure), smoking intensity was higher in
COPD than in controls, and patients with COPD were
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more frequently active smokers (instead of former smo-
kers) than controls. The subgroup of COPD patients with
exclusive exposure to tobacco smoking had a significantly
lower FEV1 compared with the other two exposure-
defined subgroups. Of note, the mean =+ standard deviation
z-scores for FEV1 and FVC for all control subjects with-
out COPD were very close to 0 £ 1, indicating a very good
fit of our control population with the healthy population of
the Global Lung Initiative for spirometry.>

Comorbidities

In the whole study population (patients with and without
COPD), dairy farmers had a lower frequency of comorbid-
ities including cardiovascular diseases (CVD), diabetes
mellitus, anxiety-depression syndrome and cancer than non-

dairy farmers (Supplemental Table 1). By contrast, in each

exposure-defined subgroup, there were very few differences
in reported comorbidities between COPD patients and their
controls with normal spirometry (Table 2). Similarly, in

Table 2 Frequency of Main Comorbidities in the Different Exposure-Defined Subgroups

Exposure to Organic P Exposure to Both p Exposure to Tobacco P Controls
Dusts Tobacco Smoking Without
and Organic Dusts Exposure
COPD Controls COPD Controls COPD Controls
(n=172) (n = 1555) (n=175) (n=521) (n=119) (n = 1246) (n=1077)
Charlson 1.1I3£044 | 0.17 £048 [ <0.0001 | I.I15+042 | 023 £0.56 | <0.0001 | 1.35£0.63* | 031 £0.65 | <0.000l | 0.22 + 0.56
comorbidity index*
COTE index 0.15+0.78 0.28 + 1.08 041 £ 1.15%
Hypertension 6(8) 293 (19) <0.05 16 (21)* 99 (19) NS 18 (I5) 245 (20) NS 194 (18)
Diabetes mellitus 1(l) 54 (4) NS 4(4) 21 (4) NS 10 (8)* 95 (8) NS 52 (5)
Dyslipidemia 4 (6) 157 (10) NS 709) 59 (1) NS 9 (8) 134 (I1) NS 109 (10)
Coronary artery 0 28 (2) NS 3(4) 21 (4) NS 7 (6)* 64 (5) NS 31 (3)
disease
Chronic heart failure 0 2 (0.1) NS 0 2 (0.4) NS 0 2 (0.2) NS 2(0.2)
Valvulopathy 0 14 (1) NS () 1(0.2) NS 2(2) 14 (1) NS 13 (1)
Atrial fibrillation 0 31 (2) NS 3(4) 13 (3) NS 1(l) 23 (2) NS 17 (2)
Pacemaker 0 5(0.3) NS 0 0 NS 1(l) 2(0.2) NS 1 (0.1)
Cerebrovascular 1(I) 20 (1) NS 34 5(1) <0.05 3(03) 17 (1.4) NS (1
disease
Peripheral artery 0 2 (0.1) NS 0 3 (0.6) NS 3(3) 18 (1) NS 1(0.1)
disease
Thromboembolic 0 17 (1) NS 1(1) 5() NS 3(3) 19 (2) NS 17 (2)
disease
Gastroesophageal 1(l) 58 (4) NS | 17 (3) NS 7 (6) 72 (6) NS 58 (5)
reflux
Thyroid disorder 2(3) 61 (4) NS 2(3) 21 (4) NS 9(8) 86 (7) NS 97 (9)
Osteoporosis 2(3) 15 (1) NS 0 0 NS 2(2) 7() NS 17 (2)
Chronic kidney 0 3(02) NS 0 1(0.2) NS 0 2(0.2) NS 1 (0.1)
disease
Liver disease 0 1(0.1) NS 2 (0.4) NS 0 4(0.3) NS 1 (0.1)
Cancer, leukemia or 34 32(2) NS 17 (3) NS 504 47 (4) NS 28 (3)
lymphoma
Connective tissue 0 26 (2) NS 0 15 (3) NS () 10 (1) NS 18 (2)
disease
Anxiety-depression 0 46 (3) NS I (l) 9(2) NS 7 (6)* 69 (6) NS 66 (6)
syndrome
Neurodegenerative 0 5(0.3) NS 0 0 NS 0 3(0.2) NS 9 (1)
disorder
Epilepsy () 6 (0.4) NS () 2 (0.4) NS 2(2) 3(0.2) <0.05 4(04)
OSAS 0 2 (0.1) NS 0 1(0.2) NS 0 1 (0.1) NS 1 (0.1)

Notes: Data are presented as mean + SD or number (percentage of total). *Non-age-adjusted Charlson comorbidity index; *p < 0.05 vs organic dust COPD (Bonferroni

correction).

Abbreviations: COPD, chronic obstructive pulmonary disease; COTE, COPD specific comorbidity test; OSAS, obstructive sleep apnea syndrome.

submit your manuscript

1550

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2020:15


https://www.dovepress.com/get_supplementary_file.php?f=253417.docx
http://www.dovepress.com
http://www.dovepress.com

Dove

Soumagne et al

25%

20%

15%

10% *
] * *
5%
0%
& & & S @ © S kS 04
) W > & & 3 & >
& 'b@@ & S ,Qo s RCUNPS &
PO EIN & & F& &
QQ« S > & A ) & & A
& R & & $ & & S
&‘Q & S S ¥ &~
N > Q&% ‘bd o&)
3 & $
& & & & &
& o8 (@
&
C}Q V’Q

0OOrganic dust COPD
OBoth tobacco and organic dusts COPD
B Tobacco smoking COPD

& o & o
& & »© ¥ & 4'5& & & &
g q},‘ S & S & » [ »
f & ¢ ¢ & &
R Y o W
N & > & &
& > L ° X
& » <
& &éo Q‘&
X
< < <

Figure 2 Frequency of comorbidities in patients with COPD separated into three subgroups according to exposure to tobacco smoking, to organic dusts or both. *p < 0.05.

each of the three exposure-defined categories, COPD
patients had values of the non-age-adjusted Charlson
comorbidity index that differed by less than 1 compared
with their controls without COPD. As the item “COPD”
1 point in the Charlson comorbidity index,
a difference of less than 1 between COPD and non-COPD
indicates that values are in fact similar.

counts

The non-age-adjusted Charlson comorbidity index and
the COTE index were poorer for COPD patients exposed
to tobacco smoking compared with COPD patients
exposed to organic dust alone, while those exposed to
both organic dusts and tobacco smoking had intermediate
values. Nevertheless, after adjustment for FEV1, these two
indexes were no longer different between these three
exposure-defined subgroups of COPD. Comorbidities in
each subgroups of COPD are is displayed in Figure 2.

Factors Associated with 3 Selected Major

Comorbidities
Tables 3 and 4 and Supplemental Table 2 show the results

of the univariate and multivariate analyses (made in the
entire cohort: n=4665) for the association between three
selected comorbidities (ie, coronary artery disease,
diabetes mellitus and hypertension) and several selected
variables. This analysis shows that COPD (at mild-to-
moderate stages) was not associated with an increased

risk of these three major comorbidities. By contrast, we

found that exposure to organic dusts was associated with
a lower risk of diabetes mellitus and of coronary artery
disease. Conversely, a smoking intensity of more than 15
pack-years was associated with an increased risk of each
of the three selected major comorbidities.

Discussion

The analysis of this large population of subjects compris-
ing 5.7% of patients with mild-to-moderate COPD
related to tobacco smoking and/or exposure to organic
dusts (all identified by screening) reveals that (1) what-
ever the exposure, patients with COPD did not have
a higher frequency of comorbidities than their counter-
parts without airflow limitation but with similar expo-
sure; (2) after adjustment on airflow limitation severity,
comorbidity indexes were similar in COPD secondary to
tobacco smoking and in COPD secondary to organic
dusts exposure; (3) tobacco smoking (but not COPD)
was associated with a higher risk of major comorbidities
and (4) exposure to organic dusts (here, to have been
a dairy farmer for more than 20 years) was associated
with a lower risk of major comorbidities.

Although contrasting with many previous studies that
report an association between major cardiovascular comor-
bidities and COPD, the absence of such a relationship has
also been previously reported in patients with mild-to-
moderate stages of airflow obstruction.*'** As an exam-
ple, Johnston et al observed a crude association between
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Table 3 Univariate and Multivariate Logistic Regression Analyses for Coronary Artery Disease

Variable Univariate P Multivariate P
OR 95% CI OR 95% CI
Male 335 2.29 - v5.04 <0.0001 3.17 2.12 - 4.86 <0.0001
Age, years
40-54 ref
55-64 2.59 1.62 - 4.27 <0.0001 223 1.38 - 3.70 <0.001
65-75 4.88 3.14 - 7.85 <0.0001 4.56 2.89 - 742 <0.0001
BMI
<25 ref
225 1.86 1.30 - 2.71 <0.001
COPD I.15 0.56 - 2.11 0.67 0.85 0.40 - 1.60 0.64
Organic dust exposure 0.55 0.39 - 0.77 <0.001 0.56 0.38 - 0.80 <0.01
Smoking status
Never ref
Former 2.66 1.87 - 3.80 <0.0001
Current 1.38 0.85 - 2.18 0.18
Smoking intensity
<| pack-year ref ref
I1-15 pack-years I.11 0.66 - 1.82 0.67 0.98 0.59 - 1.59 0.94
>15 pack-years 3.20 2.25 - 4.58 <0.0001 2.16 1.45 - 3.23 <0.001
z-score FEVI <0 0.39 1.06 - 2.05 <0.05
z-score FEVI <-1.64 0.48 1.61 - 2.63 0.07
Hypertension 1.84 1.28 - 2.6l <0.001
Dyslipidemia 1.40 0.85 - 2.19 0.16
Diabetes mellitus 5.03 3.25 - 7.58 <0.0001 2.88 1.81 - 4.45 <0.0001

Note: Significant results are in bold.

Abbreviations: BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FEV|, forced expiratory volume in | second; OR, odds ratio.

mild-to-moderate  COPD and cardiovascular diseases
(CVD), but this association was no longer present after
adjusting for established CVD risk factors.”® By analyzing
the burden of obstructive lung disease (BOLD) study
population, Triest et al very recently demonstrated that
cardiovascular disease and hypertension were more preva-
lent in subjects with airflow obstruction, but this associa-
tion was confounded by known cardiovascular risk factors,
principally aging and smoking.” Our data provide further
evidence that in patients with smoking-related COPD at
mild or moderate stages, the relationship between COPD
and CVD is mediated through established cardiovascular
risk factors such as age and tobacco smoking rather than
through COPD itself. These results are consistent with
previously reported data from our team which demon-
strated that COPD by itself is not sufficient to explain
increased arterial stiffness (a predictor of cardiovascular
events) and that tobacco smoking is a risk factor for

elevated arterial stiffness in COPD.?* These findings are
of importance in order to plan and provide adequate care
for patients. Indeed, in these patients at mild-to-moderate
stages, it will be relevant to deal with the amenable CVD
risk factors (and in particular tobacco smoking) rather than
with COPD itself in order to prevent cardiovascular dis-
eases to occur. This finding does not support the possibility
of beneficial effects of drugs targeting COPD-associated
inflammatory mechanisms on cardiovascular outcomes in
patients with smoking-related mild-to-moderate COPD.
Few studies have investigated the prevalence of
Regarding CVD, in
a study conducted in Ireland, van Doorn et al have

comorbidities among farmers.
reported that livestock farmers were at high risk for
cardiovascular disease because about half had hyperten-
sion and elevated total cholesterol.”> By contrast, in our
cross-sectional study, we found that dairy farmers, all

from the French Franche-Comté region, were at lower
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Table 4 Univariate and Multivariate Logistic Regression Analyses for Diabetes Mellitus

Variable Univariate P Multivariate P
OR 95% ClI OR 95% CI

Male I.19 0.92 - 1.56 0.19 1.02 0.75 - 1.38 0.92
Age, years

40-54

55-64 3.68 2.44 - 5.69 <0.0001 2.46 1.58 - 393 <0.0001

65-75 6.58 4.45 - 10.05 <0.0001 3.48 2.24 - 5.57 <0.0001
BMI, kg.m 2

<25

225 6.72 442 - 10.77 <0.0001 4.63 2.98 - 7.54 <0.0001
COPD 1.12 0.63 - 1.86 0.66 0.93 0.47 - 1.76 0.84
Organic dust exposure 0.54 041 - 0.71 <0.0001 0.50 0.37 - 0.68 <0.0001
Smoking status

Never

Former 1.94 1.44 - 2.60 <0.0001 1.30 0.91 - 1.84 0.14

Current 1.42 0.99 - 2.02 0.053 1.76 .15 - 2.67 <0.01
Smoking intensity

<| pack-year

I1-15 pack-years 1.09 0.74 - 1.59 0.64

>15 pack-years 2.14 1.59 - 2.87 <0.0001
z-score FEVI <0 221 1.68 - 2.94 <0.0001
z-score FEVI <-1.64 2.34 1.58 - 3.38 <0.0001 2.02 1.27 - 3.13 <0.01
Dyslipidemia 4.82 3.59 - 6.42 <0.0001 2.56 1.85 - 3.52 <0.0001
Hypertension 6.52 4.99 - 8.54 <0.0001 3.46 2.58 - 4.64 <0.0001
Ischemic heart disease 5.03 3.25 - 7.58 <0.0001 3.18 1.94 - 5.08 <0.0001
Peripheral vascular disease 4.32 1.44 - 10.64 <0.01
OSAS 4.69 0.24 - 31.83 0.17

Note: Significant results are in bold.

Abbreviations: BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FEV, forced expiratory volume in | second; OR, odds ratio;

OSAS, obstructive sleep apnea syndrome.

risk for CVD compared with non-dairy farmers (all from
Franche-Comté). Although intriguing, these different
results may be explained by different types of exposure
and/or lifestyle behaviors from one region/country to
another. As an example, we recently reported that
dairy farmers working in the Brittany region of France
were not at higher risk for COPD while dairy farmers
from Franche-Comté were, suggesting that meaningful
differences in exposure and/or lifestyle behaviors and/or
other uncontrolled factors exist between dairy farmers

countries.!’

working in different regions and/or
Identifying such factors would help to understand the
lower frequency of CVD among our group of dairy
farmers.

The finding that patients with COPD secondary to

other causes than tobacco smoking may be at lower risk

of comorbidities has been recently suggested elsewhere.
By comparing the prevalence of comorbidities between
subjects with COPD secondary to smoke of biomass
combustion and COPD secondary to tobacco smoking,
Golpe et al found that the prevalence of CVD was lower
in the group of COPD exposed to biomass combustion.®
In addition, the protective role of farming on comorbid-
ities such as lung cancer has also been previously
reported.’® A survival bias is however not excluded in
this population.

Strengths and Limitations

All subjects included in the current analysis came from the
same region in a high-income country, and all data were
collected in a relatively short period of time (between
January 2012 and November 2015). In addition, the size
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of the analyzed population is large and its homogeneity
can be regarded as a strength because it decreases the risk
of uncontrolled parameters that could have influenced the
results. Moreover, the fact that the control population had
perfectly normal spirometry (ie, a mean + standard devia-
tion z-scores equal to 0 + 1) further reduces the risk of
bias.

Some limitations must be pointed out. First, as this
is a cross-sectional study of disease frequency rather
than incidence, there is uncertainty in the degree to
which exposure preceded the outcomes observed.
Second, as our population of interest results from
a COPD screening program, there is an imbalance
between cases and controls in the current study.
Third, we did not quantify the level of organic dust
exposure of all subjects included in the current analy-
sis. However, this was assessed in a subset of our
population, showing that exposure to molds and acti-
nomycetes was higher in dairy farmers than in non-
dairy farmers and was similar among dairy farmers
with COPD and in those without.'® Fourth, as the
study was based on self-reported assessment of comor-
bidities and health-related variables, there may be mis-
classification in the outcome and covariate data.
Undiagnosed and untreated cases may not have been
reported, and there may have been misreporting of
diagnoses or sensitive health-related characteristics
such as weight, level of physical activity and alcohol
use. Fourth, the cross-sectional design raises the possi-
bility of survivor bias, subjects with more comorbid-
ities being less likely to survive. Nevertheless, it is
unlikely that such bias could account for the absence
of relationship between COPD and comorbidities, as
most previous studies reporting an association were
also cross-sectional.

Conclusion

In conclusion, we found that tobacco smoking (but not
COPD) was associated with higher frequency of cardi-
ovascular comorbidities. By contrast, being a dairy
farmer exposed to organic dusts was associated with
a lower frequency of the same comorbidities. These
results suggest that the systemic effects of organic dust
exposure may be different from those of tobacco.
However, these findings must be taken with caution as
other factors such as lifestyle behavior could be poten-
tial confounders. Further studies are needed to confirm
these results.

Abbreviations

BMI, body mass index; BOLD, burden of obstructive lung
disease; CAD, coronary artery disease; CI, confidence
interval, COPD, chronic obstructive pulmonary disease;
COTE, COPD specific comorbidity test; CVD, cardiovas-
cular diseases; FéMaSaC, Fédération des Maisons de
Santé Comtoises; FEV1, forced expiratory volume in
1 second; FVC, forced vital capacity; GPs, general practi-
tioners; LLN, lower limit of normal; MSA, Mutualité
Sociale Agricole; OSAS, obstructive sleep apnea syn-
drome; PAD, peripheral artery disease.

Data Sharing Statement

Data underlying the findings described in this manuscript
could not be shared as analysis and scientific promotion of
these data have not been completed.

Acknowledgments

We would like to express our appreciation to the patients
who participated in the study. We also thank the clinical
staff who contributed to the measurements. We are
indebted to Antonin Grisey, Fanny Petitcuenot, Pauline
Roux and Marc Laplante who performed most of the
spirometric tests of the screening program. The authors

thank Nina Crowte for editorial assistance.

Author Contributions

All authors made substantial contributions to conception
and design, acquisition of data, or analysis and interpreta-
tion of data; took part in drafting the article or revising it
critically for important intellectual content; gave final
approval of the version to be published; and agree to be
accountable for all aspects of the work.

Funding
The COPD screening program (BALISTIC) was supported
by a grant from Novartis Pharma.

Disclosure

N. R. reports grants and personal fees from Boehringer
Ingelheim, Pfizer, and Novartis; and personal fees
GlaxoSmithKline, Chiesi,
Mundipharma, Cipla, Sano, Sandoz, 3M, Trudell, and

from Teva, AstraZeneca,
Zambon, outside the submitted work. S. J. received fees,
funding or reimbursement for national and international
conferences, boards, expert or opinion groups, and

research projects over the past 5 years from Actelion,

submit your manuscript

1554

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2020:15


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

Dove

Soumagne et al

AIRB, Astra Zeneca, BMS, Boehringer, Chiesi, Gilead,

GSK, LVL, Mundipharma,

Novartis, Pfizer, Roche,

Savara-Serendex. J.-C. D. reports grants, personal fees,

and nonfinancial support from Novartis Pharma; personal

fees and nonfinancial support from GlaxoSmithKline,

Chiesi,

InterMune, AstraZeneca, and Boehringer

Ingelheim; and nonfinancial support from Stallergenes,

outside the submitted work. The authors report no other

conflicts of interest in this work.

References

—_

w

(%

10.

. Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global strategy for the

diagnosis, management, and prevention of chronic obstructive lung
disease 2017 Report. GOLD executive summary. 4m J Respir Crit
Care Med. 2017;195(5):557-582. doi:10.1164/rccm.201701-0218PP

. Zielinski J, MacNee W, Wedzicha J, et al. Causes of death in patients

with COPD and chronic respiratory failure. Monaldi Arch Chest Dis.
1997;52(1):43-47.

.Divo M, Cote C, de Torres JP, et al. Comorbidities and risk of

mortality in patients with chronic obstructive pulmonary disease.
Am J Respir Crit Care Med. 2012;186(2):155-161. doi:10.1164/
reem.201201-00340C

. Feary JR, Rodrigues LC, Smith CJ, Hubbard RB, Gibson JE.

Prevalence of major comorbidities in subjects with COPD and inci-
dence of myocardial infarction and stroke: a comprehensive analysis
using data from primary care. 2010;65(11):956-962.
doi:10.1136/thx.2009.128082

Thorax.

. Chen W, Thomas J, Sadatsafavi M, FitzGerald JM. Risk of cardio-

vascular comorbidity in patients with chronic obstructive pulmonary
disease: a systematic review and meta-analysis. Lancet Respir Med.
2015;3(8):631-639. doi:10.1016/S2213-2600(15)00241-6

Golpe R, Martin-Robles I, Sanjuan-Lopez P, et al. Prevalence of
major comorbidities in chronic obstructive pulmonary disease caused
by biomass smoke or tobacco. Respiration. 2017;94(1):38-44.
doi:10.1159/000472718

. Triest FJJ, Studnicka M, Franssen FME, et al. Airflow obstruction

and cardio-metabolic comorbidities. COPD. 2019;1-9.

. Salvi SS, Barnes PJ. Chronic obstructive pulmonary disease in

non-smokers. Lancet. 2009;374(9691):733-743. doi:10.1016/S0140-
6736(09)61303-9

. Matheson MC, Benke G, Raven J, et al. Biological dust exposure in

the workplace is a risk factor for chronic obstructive pulmonary
disease. Thorax. 2005;60(8):645-651. doi:10.1136/thx.2004.035170
Guillien A, Puyraveau M, Soumagne T, et al. Prevalence and risk
factors for COPD in farmers: a cross-sectional controlled study. Eur
Respir J. 2015.

.Bolund AC, Miller MR, Sigsgaard T, Schlunssen V. The effect of

organic dust exposure on long-term change in lung function:
a systematic review and meta-analysis. Occup Environ Med.
2017;74(7):531-542. doi:10.1136/0emed-2016-103963

International Journal of Chronic Obstructive Pulmonary Disease

Publish your work in this journal

The International Journal of COPD is an international, peer-reviewed
journal of therapeutics and pharmacology focusing on concise rapid
reporting of clinical studies and reviews in COPD. Special focus is
given to the pathophysiological processes underlying the disease, inter-
vention programs, patient focused education, and self management

20.

21.

22.

23.

24.

25.

26.

. Soriano JB, Zielinski J, Price D. Screening for and early detection of

chronic obstructive pulmonary disease. Lancet. 2009;374(9691):7
21-732. doi:10.1016/S0140-6736(09)61290-3

. Kaplan A, Thomas M. Screening for COPD: the gap between logic

and evidence. Eur Respir Rev. 2017;26:143. doi:10.1183/16000
617.0113-2016

. Degano B, Bouhaddi M, Laplante JJ, et al. [COPD in dairy farmers:

screening, characterization and constitution of a cohort. The
BALISTIC study]. Rev Mal Respir. 2012;29(9):1149—-1156. doi:10.10
16/j.rmr.2012.08.007

. Soumagne T, Guillien A, Roux P, et al. Quantitative and qualitative

evaluation of spirometry for COPD screening in general practice.
Respir Med Res. 2019;77:31-36. doi:10.1016/j.resmer.2019.07.004

. Barrera C, Rocchi S, Degano B, et al. Microbial exposure to dairy

farmers’ dwellings and COPD occurrence. Int J Environ Health Res.
2018;1-13.

. Guillien A, Puyraveau M, Soumagne T, et al. Prevalence and risk

factors for COPD in farmers: a cross-sectional controlled study. Eur
Respir J. 2016;47(1):95-103. doi:10.1183/13993003.00153-2015

. Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference

values for spirometry for the 3-95-yr age range: the global lung
function 2012 equations. Eur Respir J. 2012;40(6):1324-1343.
doi:10.1183/09031936.00080312

. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of

classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis. 1987;40(5):373-383. doi:10.10
16/0021-9681(87)90171-8

Stanojevic S, Graham BL, Cooper BG, et al. Official ERS technical
standards: global lung function initiative reference values for the
carbon monoxide transfer factor for Caucasians. Eur Respir J.
2017;50:3. doi:10.1183/13993003.00010-2017

Baty F, Putora PM, Isenring B, Blum T, Brutsche M. Comorbidities
and burden of COPD: a population based case-control study. PLoS
One. 2013;8(5):63285. doi:10.1371/journal.pone.0063285

Lange P, Mogelvang R, Marott JL, Vestbo J, Jensen JS.
Cardiovascular morbidity in COPD: a study of the general
population. COPD. 2010;7(1):5-10. doi:10.3109/1541255090349
9506

Johnston AK, Mannino DM, Hagan GW, Davis KJ, Kiri VA.
Relationship between lung function impairment and incidence or
recurrence of cardiovascular events in a middle-aged cohort.
Thorax. 2008;63(7):599-605. doi:10.1136/thx.2007.088112
Soumagne T, Roche N, Guillien A, et al. Cardiovascular risk in
COPD: deciphering the contribution of tobacco smoking. Chest.
2019.

van Doorn D, Richardson N, Osborne A. Farmers have hearts: the
prevalence of risk factors for cardiovascular disease among
a subgroup of irish livestock farmers. J Agromedicine. 2017;22
(3):264-274. doi:10.1080/1059924X.2017.1318728

Ben Khedher S, Neri M, Guida F, et al. Occupational exposure to
endotoxins and lung cancer risk: results of the ICARE study. Occup
Environ Med. 2017;74(9):667-679. doi:10.1136/0oemed-2016-104117

Dove

protocols. This journal is indexed on PubMed Central, MedLine
and CAS. The manuscript management system is completely online
and includes a very quick and fair peer-review system, which is
all easy to use. Visit http://www.dovepress.com/testimonials.php to
read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

International Journal of Chronic Obstructive Pulmonary Disease 2020:15

submit your manuscript

1555

Dove


https://doi.org/10.1164/rccm.201701-0218PP
https://doi.org/10.1164/rccm.201201-0034OC
https://doi.org/10.1164/rccm.201201-0034OC
https://doi.org/10.1136/thx.2009.128082
https://doi.org/10.1016/S2213-2600(15)00241-6
https://doi.org/10.1159/000472718
https://doi.org/10.1016/S0140-6736(09)61303-9
https://doi.org/10.1016/S0140-6736(09)61303-9
https://doi.org/10.1136/thx.2004.035170
https://doi.org/10.1136/oemed-2016-103963
https://doi.org/10.1016/S0140-6736(09)61290-3
https://doi.org/10.1183/16000617.0113-2016
https://doi.org/10.1183/16000617.0113-2016
https://doi.org/10.1016/j.rmr.2012.08.007
https://doi.org/10.1016/j.rmr.2012.08.007
https://doi.org/10.1016/j.resmer.2019.07.004
https://doi.org/10.1183/13993003.00153-2015
https://doi.org/10.1183/09031936.00080312
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1183/13993003.00010-2017
https://doi.org/10.1371/journal.pone.0063285
https://doi.org/10.3109/15412550903499506
https://doi.org/10.3109/15412550903499506
https://doi.org/10.1136/thx.2007.088112
https://doi.org/10.1080/1059924X.2017.1318728
https://doi.org/10.1136/oemed-2016-104117
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

