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Abstract: Backgrounds: Despite the significant global health impact of cardiometabolic multimorbid-
ity (CMM), our understanding of potential predictors associated with its development in smokers,
remains limited. Objective: This study aimed to investigate whether a new COPD diagnosis and
the rate of lung function decline serve as predictors for incident CMM (defined as having at least
two of the following comorbidities: cerebro-cardiovascular diseases, hypertension, dyslipidemia,
and diabetes mellitus) in smokers. Methods: An observational longitudinal analysis of prospec-
tively collected data was conducted, including smokers without a previous COPD diagnosis and
any cardiometabolic conditions. Sociodemographic and clinical data (body mass index, smoking
history, respiratory symptoms, and hospital admissions) were collected at baseline. Lung function
tests were performed at baseline and at the end of the follow-up period. The incidence of CMM,
a new positive diagnosis of COPD, and the forced expiratory volume in 1 s (FEV1) annual rate of
decline were prospectively registered. Adjusted Cox proportional hazard models were adopted to
explore risk factors associated with the incidence of CMM. Results: From the 391 smokers included
in the study, 207 (53%) were newly diagnosed with COPD, and 184 had a preserved spirometry at
baseline (non-COPD group). After nearly a decade of follow-up, 34% (n = 133) of smokers developed
CMM. This group was characterized by male predominance, older age, higher BMI and pack-years of
smoking, lower post-FEV1, baseline COPD diagnosis, and a history of hospital admission. A positive
diagnosis of COPD at baseline and a greater rate of lung function decline (∆FEV1 ≥ 40 mL/year)
were independent predictors for developing CMM. Conclusions: A new COPD diagnosis and an
accelerated decline in lung function are significantly associated with the development of CMM
in smokers.

Keywords: COPD; smokers; lung function; cardiometabolic multimorbidity

1. Introduction

Currently, chronic obstructive pulmonary disease (COPD) is the most prevalent
chronic respiratory disease in adults [1], remains a leading cause of disability and death,
and is associated with a substantial economic burden [2]. COPD-attributable costs increase
with disease severity, with hospitalizations, symptom burden, and comorbidities serv-
ing as the primary drivers of these expenses [3,4]. For these reasons, investments in the
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identification of individuals at risk of developing COPD are necessary to implement early
interventions and reduce the economic cost in the future by slowing disease progression [5].

The main risk factor for the development of COPD is the inhalation of toxic particles,
especially tobacco smoke [6]. These factors are also associated with the development of
cancer and metabolic and cardiovascular diseases [7,8]. Therefore, it is not surprising that
many smokers develop several of these diseases simultaneously. We previously demon-
strated in a large population-based cohort that those with COPD had more comorbidities
at a younger age compared to controls [9]. A comparison of COPD and non-COPD cohorts
across five incremental age groups showed that the number of comorbidities, including
cardiometabolic comorbidities, in COPD patients was similar to that of non-COPD patients
15 to 20 years older. The findings persisted after adjusting for smoking [9]. However, this
topic remains controversial since a cross-sectional case–control study reported that the
prevalence of cardiometabolic comorbidities was similar between newly diagnosed COPD
patients and non-COPD smokers [10]. It has been proposed that COPD may be a coexisting
disease of multimorbidity disorders [11]. This hypothesis is of great importance because
it would identify a common pathobiological process with effects at the level of different
tissues and organs and the need for a specific treatment.

Multimorbidity increases the risk of hospitalization and polypharmacy and negatively
impacts survival in COPD [12,13]. Specifically, cardiovascular and metabolic comorbidities
were associated with higher excess costs in this population [4,14]. The coexistence of at least
two cardiometabolic comorbidities (e.g., cerebro-cardiovascular diseases, hypertension,
diabetes, and dyslipidemia) has been described by some authors as “cardiometabolic multi-
morbidity” (CMM), although there is no consensus on this definition [15]. Longitudinal
studies exploring the factors associated with the development of CMM in smokers with or
without COPD remain understudied. More importantly, whether the progression of the
pathological and functional impairment of the respiratory system occurs in parallel with
incident cardiometabolic comorbidities is unknown. This information is essential to finally
identify potential biomarkers of progression of CMM in smokers.

In this long-term longitudinal study of a cohort of smokers without baseline comor-
bidities, we evaluated whether the concomitant diagnosis of COPD is a risk predictor for
incident CMM and whether lung function decreases in parallel with the appearance of
these new comorbid conditions.

2. Methods
2.1. Study Design and Participants

This is an observational longitudinal analysis of prospectively collected data from
smokers recruited at the Smoker Clinic in the Hospital Miguel Servet in Zaragoza (Spain)
as part of the BODE International Cohort Study designed to understand the natural history
of COPD and smokers without COPD [16]. Participants who had current or former tobacco
use for longer than 20 pack-years were enrolled between February 1999 and November
2009. For the purpose of this analysis, participants were excluded if they had undergone
previous thoracic surgery or were diagnosed with alpha-1 antitrypsin deficiency, as these
could influence baseline spirometric values and accelerate lung function decline. Patients
with active or suspected cancer prior to recruitment or during the follow-up period were
also excluded due to potential impacts on outcomes. Additionally, those with any con-
comitant chronic morbid condition other than COPD under treatment, including previous
cardiovascular (CVS) events (e.g., myocardial infarction, stroke, or other CVS hospitaliza-
tion) and known major CVS risk factors (e.g., hypertension, dyslipidemia, and diabetes
mellitus) were also excluded to ensure the sample did not present any cardiometabolic
comorbidities or associated risk factors (Figure 1). In-person second visit was performed at
the clinic after at least 5 years of recruitment of each subject (visit 2). The Aragon Institute
of Health Research approved the study (IRB.03/15), and all participants gave written
informed consent.
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Figure 1. Flowchart of participants throughout the study.

2.2. Clinical Measures

At baseline (visit 1), sociodemographic (gender and age) and clinical data (body mass
index (BMI) in kg/m2), smoking history (smoking status and pack-years), and respiratory
symptoms such as chronic cough and dyspnea were initially registered. Dyspnea was
stratified according to the modified Medical Research Council dyspnea scale [17]. Chronic
bronchitis was defined as cough and phlegm for at least 3 months per year for at least
2 consecutive years [18]. Spirometry and diffusing capacity of the lungs for carbon monox-
ide tests were performed in accordance with the American Thoracic Society/European
Respiratory Society (ATS/ERS) guidelines [19,20]. Post-bronchodilator forced expiratory
volume in 1 s (FEV1) was expressed as percentages of predicted values [21]. COPD diagno-
sis was defined as individuals over 40 years of age who exhibited a post-bronchodilator
FEV1/forced vital capacity ratio of less than 0.7. Additionally, the post-bronchodilator FEV1
was also used to classify these patients according to the Global Strategy for the Diagnosis,
Management, and Prevention of COPD, GOLD classification [6]. Participants diagnosed
with new cases of COPD were referred to a specialized clinic to receive appropriate therapy
tailored to their condition. The occurrence of hospital admissions for respiratory problems
prior to recruitment was also recorded.

2.3. Follow-Up and Lung Function Decline

Regardless of the clinical management performed on each participant, all subjects
were scheduled for another in-person evaluation (visit 2) at least 5 years after visit 1.
Between visit 1 and visit 2, a new positive diagnosis of COPD and the development of
cardiometabolic comorbidities (both based on a physician’s diagnosis) were prospectively
recorded by reviewing the electronic medical records every year. All-cause mortality was
recorded, using information obtained from the family, and then confirmed by reviewing
medical records as published previously [16]. At visit 2, all clinical procedures performed
at visit 1 were repeated. At this point, all new health events and new cardiometabolic
morbidities were ascertained. For the purpose of this analysis, CMM was defined as having
at least two of the following comorbidities: cerebro-cardiovascular diseases (including
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primarily stroke, arrhythmia, heart failure, peripheral vascular disease, and coronary artery
disease), hypertension, dyslipidemia, and diabetes mellitus.

The post-bronchodilator FEV1 decline was calculated by subtracting FEV1 at visit 2
from FEV1 at baseline and by dividing by follow-up time in years to obtain the annual
rate of decline expressed in mL/year (∆FEV1). Participants were dichotomized as greater
decliners (∆FEV1 ≥ 40 mL/year) or lesser decliners (∆FEV1 < 40 mL/year), according to
ECLIPSE (Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-Points)
data [22].

2.4. Statistical Analysis

Descriptive statistics were used to summarize demographic and clinical features.
Baseline was taken as the measurement at the initial visit. Differences between patients
based on a positive COPD diagnosis at baseline (COPD group vs. non-COPD group)
and the development of CMM (≥2 cardiometabolic comorbidities vs. ≤1 cardiometabolic
comorbidity) during the follow-up were analyzed using Student’s t-test for independent
samples, as well as Mann–Whitney and chi-squared test or Fisher´s exact test as appropriate.
The risk of incident CMM was analyzed using the Kaplan–Meier survival function per
COPD diagnosis at baseline (COPD group vs. non-COPD group), and the log-rank test
was applied to compare the groups. The association between the baseline diagnosis of
COPD, demographics variables, and FEV1 rate of decline with each incident morbidity of
interest (e.g., cerebro-cardiovascular diseases, hypertension, dyslipidemia, and diabetes
mellitus) or CMM was assessed with Cox proportional hazard regression analyses adjusted
by age, sex, and body mass index (BMI). The results are expressed as hazard ratios (HRs)
with 95% confidence intervals (CIs). The proportionality assumption was checked with
the Schoenfeld test. A threshold of p < 0.05 was considered significant. Statistical analyses
were conducted using Stata version 17 (StataCorp, College Station, TX, USA) and Jamovi
version 2.3.21.0 (The Jamovi Project, 2023).

3. Results

Among the smokers attending our outpatient clinics between February 1999 and
November 2009, 927 met the selection criteria (visit 1). After a median (interquartile range
(IQR)) follow-up of 9.5 (6.75–13.0) years, 391 attended in-person visit 2 at the clinic, while
262 declined to participate in this visit, 182 were untraceable, and 92 died (Figure 1). At
baseline, participants who did not complete visit 2 were older; had more dyspnea, as
quantified by the mMRC score; and had worse lung function (Table S1, Supplementary
Materials). Among those smokers who attended visit 2, 207 were newly diagnosed with
COPD, and 184 had a preserved spirometry (non-COPD) at baseline. Patients with COPD
were older compared to non-COPD participants (mean (SD), 61 (8) vs. 51 (11) years,
p < 0.001), mostly men (91% vs. 71%, <0.001), had a significant history of smoking (47.4
(22.4) vs. 33.9 (18.9) pack-year, p < 0.001), and more participants required at least one
hospital admission the previous year due to respiratory symptoms (40% vs. 27%, p = 0.032)
(Table 1). Most patients with COPD had mild-to-moderate disease severity (n = 168, 81%),
as defined by the GOLD recommendations [6].

Table 1. Characteristics of participants stratified by a positive diagnosis of COPD at baseline (visit 1) *.

All Participants
(n = 391)

COPD
(n = 207)

Non-COPD
(n = 184) p Value

Demographics

Age (year) 56 (10) 61 (8) 51 (11) <0.001

Male, No (%) 321 (82) 189 (91) 131 (71) <0.001

BMI (kg/m2) 28.0 (4.6) 28.2 (4.2) 27.7 (5.1) 0.32
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Table 1. Cont.

All Participants
(n = 391)

COPD
(n = 207)

Non-COPD
(n = 184) p Value

Active smokers, No (%) 173 (44) 75 (36) 98 (53)
0.002

Former smokers, No (%) 218 (56) 132 (64) 86 (47)

Pack-years 41.0 (21.9) 47.4 (22.4) 33.9 (18.9) <0.001

Lung function

Post FEV1% predicted 80 (23) 66 (19) 96 (14) <0.001

GOLD I (≥80% pred.), No (%) - 46 (22) -

-GOLD II (50–79% pred.), No (%) - 122 (59) -

GOLD III/IV (≤49% pred.), No (%) - 39 (19) -

DLCO % predicted 80 (21) 76 (22) 86 (18) <0.001

Respiratory symptoms

Chronic bronchitis, No (%) 152 (39) 82 (39) 70 (38) 0.55

Dyspnea (mMRC) 1.2 (0.8) 1.3 (0.9) 1.1 (0.8) 0.07

≥1 Hospital admission due to respiratory
problems, No (%) 182 (35) 121 (40) 58 (27) 0.032

Pre-COPD **, No (%) 73 (40)

* Data are expressed as No. (%) or mean (standard deviation, SD). ** Pre-COPD is defined as having normal
spirometry results and either chronic sputum production, cough, or modified Medical Research Council (mMRC)
score ≥ 2 points at baseline. COPD, chronic obstructive pulmonary disease; BMI, body mass index; FEV1, forced
expiratory volume in the first second of forced spirometry; GOLD, the Global Initiative for Chronic Obstructive
Pulmonary Disease; DLCO, diffusing capacity of the lungs for carbon monoxide.

3.1. Rate of Lung Function Annual Decline and New COPD Diagnosis During Follow-Up

From baseline to visit 2, the mean decline in FEV1 was 33 mL/y among smokers
without COPD and 31 mL/y in those with COPD (mean difference: 2.4 mL/year; 95%
CI: −10.5 to 5.72 mL/y, p = 0.556). Overall, almost 41% of participants were considered
greater FEV1 decliners (∆FEV1 ≥ 40 mL/year) with similar proportions of greater decliners
in both groups (Table S2, Supplementary Materials). Greater decliners had higher FEV1
and DLCO values at baseline, but otherwise, the two groups did not show any differences
in demographics, anthropometrics, smoking history, prevalence of respiratory symptoms,
or previous hospital admissions due to respiratory symptoms. In the non-COPD group,
73 (40%) individuals at baseline met the criteria for pre-COPD and after the follow-up, 29
(16%) of them developed COPD (Table S3, Supplementary Materials). After adjusting for
age, sex, BMI, pack-years of smoking, and current smoking status, having one or more
hospital admissions due to respiratory symptoms during the previous year was found to
be an independent risk factor for new COPD diagnosis at visit 2 (HR, 3.92 [95% CI, 1.40 to
10.9], p = 0.002).

3.2. Incident Cardiometabolic Comorbidities

Among those participants who attended visit 2, the mean number of incident comor-
bidities for the total sample was 1.18 ± 1.01, and a third of them (n = 133; 34%) developed
CMM. Figure 2 shows the frequency of incident cardiometabolic comorbidities (cerebro-
cardiovascular diseases, hypertension, dyslipidemia, and diabetes mellitus) and CMM in
the overall cohort and among subjects with COPD or non-COPD at baseline. Compared
to subjects without COPD, patients with COPD at baseline were more likely to develop
cerebro-cardiovascular diseases (40% vs. 18%, p < 0.001), systemic hypertension (42% vs.
28%, p = 0.006), and CMM (39% vs. 28%, p = 0.017).
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Figure 2. Percentage of patients who developed cardiometabolic comorbidities and cardiometabolic
multimorbidity (≥2 cardiometabolic morbidities)) during the follow-up period. The figure shows
percentages for the total sample (dark blue), for the sample grouped according to baseline diagnosis
of COPD (moderate blue) or non-COPD (light blue). Cerebro-CV, cerebro-cardiovascular disease;
DLP, dyslipidemia; DM, diabetes mellitus type II. * COPD vs. non-COPD = p < 0.05.

There were 132 participants who developed CMM at visit 2. Compared with subjects
who did not develop CMM, those in the subgroup who developed CMM were more likely
to have been diagnosed with COPD and to be male (Table 2). They also had higher BMI
and pack-year cigarette consumption and lower FEV1. There were more CMM developers
who presented ≥ 1 hospital admission for respiratory problems in the year prior to the
recruitment visit compared to non-CMM developers (58% vs. 46%; p = 0.02).

Table 2. Baseline characteristics of participants who had incident cardiometabolic multimorbidity
during the follow-up period *.

Cardiometabolic
Multimorbidity

(n = 133)

No Cardiometabolic
Multimorbidity

(n = 258)
p Value

Spirometry status

Non-COPD, No (%) 51 (28) 133 (51)
0.017

COPD, No (%) 81 (39) 126 (61)

GOLD I (≥80% pred.), No (%) 19 (23) 27 (21)

GOLD II (50–79% pred.), No (%) 48 (59) 74 (58)

GOLD III/IV (≤49% pred.), No (%) 14 (17) 25 (20)

Demographics

Age (year) 59 (9) 55 (11) <0.001

Male, No (%) 125 (94) 195 (75) <0.001

BMI (kg/m2) 29.4 (4.3) 27.1 (4.5) <0.001

Active smokers, No (%) 57 (43) 116 (45)
0.78

Former smokers, No (%) 76 (57) 142 (55)

Pack-years 44.6 (23.1) 39.2 (21.0) 0.02
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Table 2. Cont.

Cardiometabolic
Multimorbidity

(n = 133)

No Cardiometabolic
Multimorbidity

(n = 258)
p Value

Lung function

Post FEV1 % predicted 76 (21) 82 (24) 0.01

DLCO % predicted 80 (20) 82 (20) 0.432

FEV1 rate of decline, mL/yr 37 (36) 33 (44) 0.411

Respiratory symptoms

Chronic bronchitis, No (%) 53 (40) 99 (38) 0.71

Dyspnoea (mMRC) 1.4 (1.0) 1.2 (0.8) 0.13

≥1 Hospital admission due to respiratory problems,
No (%) 77 (58) 119 (46) 0.02

* Data are expressed as No. (%) or mean (standard deviation, SD); COPD, chronic obstructive pulmonary disease;
BMI, body mass index; FEV1, forced expiratory volume in the first second of forced spirometry; DLCO, diffusing
capacity of the lungs for carbon monoxide.; mMRC, modified Medical Research Council.

The cumulative incidence of CMM was 39% among patients with COPD vs. 28%
among those without COPD (Table 2). Figure 3 presents the Kaplan–Meier survival curves
for both COPD and non-COPD groups. The curves demonstrate that the probability of
developing a CMM is significantly higher in the COPD group compared to the non-COPD
group (log-rank test, p < 0.001). During the follow-up period, significant differences were
observed in the incidence of the first episode of stroke (22% vs. 9%; p = 0.002) and peripheral
arterial disease (11% vs. 0%; p = 0.02) between the COPD and non-COPD groups in the
group of participants who developed at least one cerebro-cardiovascular event (Figure S1,
Supplementary Materials).

Figure 3. Cumulative incidence of cardiometabolic multimorbidity (≥2 incidents of cardiometabolic
comorbidities, such as cerebro-cardiovascular events, hypertension, dyslipidemia, or diabetes). The
assessment was a time-to-first-event analysis.

Multivariable Cox analyses demonstrated that a positive COPD diagnosis at baseline
(HR: 1.59, 95% CI: 1.03 to 2.46) and greater decliners (∆FEV1 ≥ 40 mL/year) over the follow-
up (HR: 1.57, 95% CI: 1.10 to 2.24) were independently associated with the development of
CMM (Table 3). Specifically, COPD diagnosis at baseline (HR: 1.68, 95% CI: 1.08 to 2.62)
and a history of at least one hospital admission due to respiratory symptoms in the year
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before the recruitment (HR: 2.42, 95% CI: 1.63 to 3.60) were associated with an increased
occurrence of cerebro-cardiovascular events during the follow-up period. For incident
systemic hypertension, COPD diagnosis was the only independent predictor (HR: 1.68, 95%
CI: 1.12 to 2.52). While a COPD diagnosis at baseline was associated with a lower likelihood
of developing dyslipidemia (HR: 0.66, 95% CI: 1.46 to 0.97), a more rapid decline in lung
function over time was associated with an increased occurrence of this cardiometabolic
comorbidity (HR: 1.55, 95% CI: 1.12 to 2.14). Regarding diabetes mellitus, a history of
previous hospital admission was the sole predictor identified (HR: 1.97, 95% CI: 1.09 to
3.55) (Table 3).

Table 3. Multivariable Cox proportional hazard model of cardiometabolic multimorbidity and
individuals’ cardiometabolic comorbidities (n = 391).

Univariable Multivariable (Adjusted) #

HR (95% CI) p Value HR (95% CI) p Value

Cardiometabolic multimorbidity (≥2 cardiometabolic comorbidities)

COPD diagnosis 1.76 (1.23 to 2.51) 0.002 1.59 (1.03 to 2.46) 0.036

Pack-years 1.01 (1.00 to 1.01) 0.049 1.00 (0.99 to 1.01) 0.613

Greater decliners (∆FEV1 ≥ 40 mL/year) 1.30 (0.92 to 1.84) 0.131 1.57 (1.10 to 2.24) 0.013

≥1 Hospital admission due to respiratory
problems 1.15 (0.82–1.63) 0.418 1.09 (0.76 to 1.57) 0.629

Cerebro-cardiovascular events

COPD diagnosis 2.39 (1.60 to 3.57) <0.001 1.68 (1.08 to 2.62) 0.021

Pack-years 1.01 (1.01 to 1.02) <0.001 1.00 (1.00 to 1.01) 0.229

Greater decliners (∆FEV1 ≥ 40 mL/year) 0.95 (0.65 to 1.38) 0.772 1.05 (0.72 to 1.55) 0.785

≥1 Hospital admission due to respiratory
problems 2.27 (1.54 to 3.34) <0.001 2.42 (1.63 to 3.60) <0.001

Hypertension

COPD diagnosis 2.40 (1.69 to 3.40) <0.001 1.68 (1.12 to 2.52) 0.012

Pack-years 1.01 (1.00 to 1.01) 0.044 1.00 (0.99 to 1.00) 0.298

Greater decliners (∆FEV1 ≥ 40 mL/year) 0.88 (0.62 to 1.24) 0.462 1.01 (0.71 to 1.44) 0.954

≥1 Hospital admission due to respiratory
problems 0.82 (0.58 to 1.15) 0.248 0.80 (0.57 to 1.14) 0.217

Dyslipidemia

COPD diagnosis 0.67 (0.48 to 0.92) 0.012 0.66 (0.46 to 0.97) 0.035

Pack-years 1.00 (0.99 to 1.01) 0.911 1.00 (1.00 to 1.01) 0.352

Greater decliners (∆FEV1 ≥ 40 mL/year) 1.59 (1.16 to 2.19) 0.004 1.55 (1.12 to 2.14) 0.008

≥1 Hospital admission due to respiratory
problems 0.97 (0.71 to 1.34) 0.871 0.90 (0.65 to 1.25) 0.537

Diabetes mellitus

COPD diagnosis 0.81 (0.47 to 1.38) 0.432 0.82 (0.45 to 1.49) 0.505

Pack-years 1.00 (0.99 to 1.02) 0.507 1.00 (0.99 to 1.01) 0.868

Greater decliners (∆FEV1 ≥ 40 mL/year) 1.33 (0.78 to 2.28) 0.291 1.41 (0.82 to 2.43) 0.211

≥1 Hospital admission due to respiratory
problems 2.27 (1.28 to 4.02) 0.005 1.97 (1.09 to 3.55) 0.024

Clinically significant results are highlighted in bold. COPD, chronic obstructive pulmonary disease; FEV1, forced
expiratory volume in the first second; HR, hazard ratio; CI, confidence interval. # Adjusted by age, sex, and body
mass index.
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4. Discussion

This long-term longitudinal study provides a comprehensive overview of the inci-
dence of cardiometabolic conditions in smokers without any concomitant chronic morbid
condition other than COPD. Our data indicated for the first time that, after nearly a
decade of follow-up, the development of CMM was more frequent in smokers with a
spirometry-based diagnosis of COPD at baseline and accelerated deterioration of lung
function (≥40 mL/year in FEV1) than among smokers with no airway obstruction or slow
pulmonary function decline.

Airway and systemic inflammation are closely linked to both the development of
cardiometabolic comorbidities and accelerated lung function decline in COPD [23]. In
smokers, persistent low-grade systemic inflammation resulting from ongoing exposure to
cigarette irritants is associated with a cardiometabolic imbalance and increases the likeli-
hood of cardiovascular events due to impaired endothelial function [24,25]. Additionally,
chronic airway inflammation, also driven by the inhalation of cigarette irritants, is related
to accelerated lung function decline [23]. Therefore, it is reasonable that both COPD and a
more rapid decline in lung function are significant determinants of CMM in smokers with-
out prior evidence of comorbidities. Future research should aim to better understand the
underlying mechanisms of airway and systemic inflammation that lead to both accelerated
lung function decline and the concurrent development of CMM in this population. Our
results confirm previous studies that found an association between poorer lung function
and a higher risk of developing several components of CMM. It has been reported that
smokers with COPD have a 2- to 5-fold higher risk of incident coronary heart disease
compared to non-COPD smokers [26]. In our study, this risk was determined to be twice
as high after adjustment for shared risk factors such as sex, age, and BMI. A previous
cross-sectional study has demonstrated a significant association between hypertension
and COPD among adults aged less than 60 years [27]; however, this is the first report
to show that the presence of COPD in smokers without additional comorbid conditions
is also associated with a higher incidence of developing high blood pressure. Incident
diabetes was not associated with baseline lung function in our cohort but with previous
respiratory hospitalizations, a finding also reported in the COPDGene cohort [28]. These
findings suggest that smokers newly diagnosed with COPD should be closely monitored
for the potential development of cardiometabolic comorbidities, even if they initially do not
present associated conditions. Future studies should prioritize the evaluation of preventive
interventions for cardiometabolic comorbidities in newly diagnosed COPD patients, with
particular emphasis on their effectiveness in reducing long-term adverse health outcomes.

The occurrence of incident CMM was observed in over one-third of the non-COPD
smokers (28%) and in 39% of smokers with COPD. Furthermore, by performing lung
function tests during the follow-up visit, we were able to demonstrate that smokers who
experienced a greater decline in FEV1 over time showed a higher risk of developing CMM.
While we only conducted two lung function assessments, which limits our understanding
of lung function trends, this original finding is relevant and indicates the need to monitor
the lung function of all smokers over time, especially those with COPD and without
previous comorbidities. Data from the UK Biobank, a large cohort followed prospectively,
showed that better lung function was associated with a lower risk for the development of
CMM [29]. However, this study did not specifically evaluate the role of the presence or
absence of a new COPD diagnosis, nor was there a longitudinal assessment of the decline
in lung function [29]. Consequently, future studies should include more frequent lung
function tests in smokers to validate our findings and better understand the relationship
between lung function decline and CMM development.

Our study cohort, recruited entirely from a Smokers Clinic, may have a higher per-
centage of individuals with at least one respiratory-related hospital admission in the year
prior to recruitment. Despite this selection bias, it is important to emphasize a key finding:
having such a hospital admission for a respiratory condition is an independent risk factor
for developing two cardiometabolic comorbidities, hypertension, and diabetes. These
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results align with previous studies that have emphasized the negative impact of having a
history of respiratory events prior to a COPD diagnosis, which is associated with worse
clinical outcomes [30,31]. This underscores the importance of establishing close monitoring
protocols in clinical practice for these patients to identify and prevent the development of
these comorbidities.

Worldwide, CMM has significant implications. CMM substantially increases the risk
of death, reduces life expectancy in the general population [32], negatively impacts health
outcomes, and increases the economic burden in people with COPD [4,14]. Given these
serious consequences, the early identification of smokers at risk of developing CMM is a
priority. This approach would allow for effective monitoring of future disease burden and
emphasize the need for holistic management in this population.

Our study presents several key strengths. We followed a cohort of smokers for nearly
a decade, all of whom started without any cardiometabolic chronic conditions. This long-
term approach gave us a unique opportunity to explore lung function changes using
spirometry tests and to prospectively record the incidence of CMM. Additionally, the study
groups were well balanced in size, facilitating meaningful comparisons between them.
Furthermore, all participants were treated in pulmonary clinics (COPD or smoker clinics)
and therefore underwent treatments based on national and international consensus.

However, this study also has some limitations. First, although all participants with a
new diagnosis of COPD were monitored in consultations and treated according to their
clinical status, we do not have specific data on the therapy received during the follow-up
period. Therefore, we did not fully adjust for medication use. However, there is no evidence
that the available medications during the observed period meaningfully alter lung function
decline or inhibit the development of cardiometabolic morbidities. Second, the lack of
a standardized definition for CMM presents a challenge in comparing findings across
different studies. For this reason, our analysis adopted an inclusive approach to CMM, in-
corporating not only the widely accepted core components—cerebro-cardiovascular events
and diabetes—but also extending to include hypertension and dyslipidemia. However, it is
relevant to note that some potential confounders (e.g., total cholesterol or LDL cholesterol)
might also contribute to the incidence of cardiometabolic conditions in smokers. Since these
lipid parameters are not typically included in current definitions of CMM, they were not
explored in this study. Third, significant participant attrition occurred during the follow-up
period, which may have impacted the results. The participants lost to follow-up were gen-
erally older and had greater lung function impairment at the initial visit. Consequently, the
incidence of cardiometabolic conditions might have been higher in this group, potentially
leading to an underestimation of the real frequency of the events. Finally, socioeconomic sta-
tus and lifestyle-related habits (e.g., physical activity level or exercise) were not registered,
despite their significant impact on the risk of developing chronic conditions.

In conclusion, our study shows that among smokers without concomitant comorbid
conditions, the presence of COPD and an accelerated decline in lung function are associated
with CMM. Future studies are required to explore whether the early identification of the
development of CMM and its subsequent treatment delays the development of its major
cardiometabolic consequences such as coronary heart disease and stroke.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm13247627/s1, Figure S1: Frequency of types of cerebro-
cardiovascular events in the group of patients who developed at least one cerebro-cardiovascular
event during the follow-up period (n = 122). COPD, chronic obstructive pulmonary disease; Cerebo-
CV, cerebro-cardiovascular diseases. * COPD vs. non-COPD = p < 0.05; Table S1: Baseline characteris-
tics of participants who attended or not attended visit 2; Table S2: Baseline characteristics of partic-
ipants defined as greater decliner (∆FEV1 ≥ 40 mL/year) or lesser decliner (∆FEV1 < 40 mL/year)
during follow-up *; Table S3: Baseline characteristics of Non-COPD participants at baseline who had
COPD at visit 2 *.
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