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Lung function impairment is not associated with the severity of 
acute coronary syndrome but is associated with a shorter stay in 
the coronary care unit
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Background: Previous population-based studies have suggested that lung function impairment (LFI) could 
be associated with an increase in the mortality of cardiovascular events. 
Methods: We evaluated the association between LFI and the severity and short-term prognosis of acute 
coronary syndrome (ACS). LFI was established through presence of a forced expiratory volume in one 
second (FEV1) and/or a forced vital capacity (FVC) less than 80% of predicted. 
Results: Seventy-one LFI subjects (61.45±10.70 years, 83.10% males) and 247 non-LFI subjects  
(58.98±11.18 years, 80.57% males) with ACS were included. Subjects with LFI exhibited a higher prevalence 
of systemic hypertension (57.75% vs. 40.89%, P=0.02) and tobacco exposure (28.50±26.67 vs. 18.21±19.83 
pack-years, P=0.007). No significant differences between groups were found regarding the severity of ACS 
(ejection fraction, Killip class, number of affected vessels, and peak plasma troponin). However, in comparison 
to non-LFI subjects, a significantly shorter length of stay in the coronary care unit (CCU) was observed in the 
LFI group (1.83±1.10 vs. 2.24±1.21 days, P=0.01) and this was even shorter in subjects with obstructive LFI  
(1.62±1.17 days, P=0.009). When considering obstructive sleep apnea (OSA), an interaction with length of 
stay was found, revealing that OSA subjects with obstructive LFI had the shortest length of stay in the CCU 
(0.60±0.89 days, P=0.05) also in comparison to non-LFI.
Conclusions: This study indicates a possible association between LFI and a shorter length of stay in the 
CCU but does not show a significant association with ACS severity. 
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Introduction

Lung function impairment (LFI) is common in the general 
population and is often undiagnosed (1). Globally, the 
estimated prevalence of diseases associated with chronic 
airflow obstruction is over 13% in the adult population (2). 
These diseases are primarily chronic obstructive pulmonary 
disease (COPD) and asthma (3). The prevalence of diseases 
associated with a degree of restrictive defect, either due 
to obesity, interstitial lung disease, or abnormalities of the 
thoracic cage, is approximately 6% (3).

A l though the  sever i ty  o f  LFI  i t se l f  confers  a 
poor prognosis due to the appearance of pulmonary 
complications in patients with respiratory disease (4), 
both the forced expiratory volume in one second (FEV1) 
and the forced vital capacity (FVC) are well established as 
predictors of mortality and/or respiratory complications 
in the general population (5). This poor prognosis is 
mainly due to the development of cardiovascular events, 
regardless of other factors such as smoking exposure (6-8). 
Although the specific mechanisms of this association are 
not fully understood, it has been postulated that systemic 
inflammation, an increased sympathetic tone, and arterial 
stiffness in patients with LFI may have a specific role in the 
increased cardiovascular risk (9,10).

Based on this evidence, an observational study was 
conducted to assess the impact of LFI on the severity and 
short-term prognosis of acute coronary syndrome (ACS). 
The aim of this study was to compare the ejection fraction, 
Killip class, number of diseased vessels, peak troponin 
levels, length of hospital admission, complications, and 
mortality in a cohort of subjects with ACS with and without 
previously known LFI.

Methods

Subjects

This was an anci l lary study of  the ISAACC trial 
[NCT01335087, continuous positive airway pressure (CPAP) 
in subjects with ACS and obstructive sleep apnea (OSA)], 
which is a multicenter, open-label, parallel, prospective, 
randomized, controlled trial that evaluates the effect of 
CPAP treatment on the incidence of new cardiovascular 
events in subjects with an episode of ACS and OSA (11). In 
the present study, subjects who were admitted to coronary 
care units (CCUs) and cardiology wards at thirteen teaching 
hospitals in Spain due to ACS (men and women ≥18 years 
old) and in whom spirometry was performed were included. 

Subjects were recruited from April 2011 to September 
2014. Included subjects underwent respiratory polygraphy 
(RP) during the first 48–72 h of admission. Subjects with 
an apnea-hypopnea index (AHI) >15 events per·hour were 
randomized to conservative or CPAP treatment. 

In the current study, the short-term prognosis and 
severity of ACS in subjects with and without LFI who were 
included in the conservative arm and in the control group 
were compared and, additionally, the interaction with OSA 
was evaluated.

ACS was defined as the acute presentation of coronary 
disease with or without ST elevation infarction, unstable 
angina, or type 1 myocardial infarction (MI) (12). The 
exclusion criteria included the following: previous 
treatment with CPAP; psychophysical inability to complete 
questionnaires; the presence of any previously diagnosed 
sleep disorder; subjects with >50% central apnoeas or the 
presence of Cheyne-Stokes respiration; daytime sleepiness 
[Epworth Sleep Scale (ESS) >10]; subjects with chronic 
disease (including COPD with severe airflow limitation 
defined by a FEV1 <50% of predicted) (13), neoplasms, 
renal insufficiency with a glomerular filtration rate (GFR) 
<15 mL/min/1.73 m2, chronic depression, or any other 
limiting chronic disease); a medical history that could 
interfere with the study objectives; any conditions, e.g., 
cardiovascular, that reduced life expectancy to <1 year; and 
subjects in cardiogenic shock. 

Variables such as alcohol intake and smoking were 
evaluated. The accumulative tobacco exposure (packs-year) 
and the smoking status were recorded following definitions 
of the Centers for Disease Control and Prevention (14). 

The ethics committee of each participating center 
approved the study (approval number in the coordinator 
center: 2010-852), and subjects provided written informed 
consent.

Procedures

Spirometry without a bronchodilator test was carried out 
in each university hospital by experienced respiratory 
technicians one to three months after the ACS, following 
Spanish guidelines (15), which are in accordance with the 
quality and standardization criteria proposed by the ATS/ERS 
task force (16). LFI was defined as a FVC and/or FEV1 <80% 
of the predicted value (17), and standardization was carried 
out using validated equations from a reference European 
population, which are also recommended by the national 
consensus (15,18). The presence of obstructive LFI was 
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considered when the FEV1/FVC ratio was <0.70 (13,17,19). 
For statistical purposes and subsequent analysis, subjects 
who did not meet the criteria for LFI and who also had FVC 
>100% of predicted were defined as “supra-normal” (20).  
At the time of examination, none of the subjects had a 
previous history of significant pulmonary disease. 

Echocardiographic evaluation and Killip classification 
were routinely performed during patient admission. 
The Killip classification focuses on physical examination 
and the development of heart failure to predict risk. 
The classification considers four classes (I to IV). Class 
I indicates no evidence of heart failure, and class IV 
represents cardiogenic shock (21). The measurement of the 
left ventricular ejection fraction (LVEF) was performed by 
the modified Simpson’s rule (22). During the hospitalization 
period were evaluated the severity of ACS (LVEF, Killip 
class, number of affected vessels, number of stents 
implanted, and peak troponin level) and the short-term 
prognosis defined by the outcome during the hospitalization 
period: length of stay in the CCU, length of hospitalization, 
complications (cardiogenic shock, heart failure, cardiac 
rupture, acute severe mitral regurgitation, sustained 
ventricular arrhythmias or ventricular fibrillation, and 
cardio-respiratory arrest) and mortality. The cardiologists 
who evaluated the ACS severity were blinded to the OSA 
versus control status.

The diagnosis of OSA was based on the results of the 
sleep test, which is in accordance with the guidelines of 
the Spanish national consensus on the apnea-hypopnea 
syndrome (23). All participant centers used the same 
polygraph model (Embletta; ResMed, Australia) for the 
diagnosis of OSA. Oronasal flow, thoracoabdominal 
movements, an electrocardiogram (ECG), and pulse 
oximetry were recorded. Apnea was defined as an absence 
of airflow lasting ≥10 s. Hypopnea was defined as a 
reduction in airflow lasting ≥10 s that was associated with 
oxygen desaturation. Oxygen desaturation was defined as a 
decrease in oxygen saturation (SaO2) >4%. RP studies were 
performed without supplemental oxygen. The AIH was 
defined as the number of episodes of apnea and hypopnea 
per hour of recording. The degree of self-reported 
sleepiness/drowsiness was analyzed by the Spanish version 
of the ESS test (24). 

Statistical analyses

An anonymized database was generated, and only the 
coordinating center (Hospital Univ. Arnau de Vilanova and 

Santa Maria, IRBLLeida, Lleida, Spain) had access to it. 
Firstly, the means ± SD or frequencies (%) were calculated 
for quantitative and qualitative variables, respectively, to 
evaluate the difference between LFI and non-LFI subjects 
with respect to clinical and anthropometric variables and 
LFI- and ACS-related factors. Statistical significance was 
assessed with the Mann-Whitney or chi-square test as 
appropriate. Second, the association of LFI with variables 
related to ACS severity and short-term prognosis was 
assessed with Mann-Whitney or chi-square tests and 
linear or logistic regression models. The exact binomial 
test was used instead of the chi-square test to assess the 
observed number of cardiovascular complications during 
hospitalization due to their low frequency. Moreover, 
multiple regression models were fitted to adjust for 
potentially confounding variables, including hypertension, 
age, and sex. Third, the interaction of OSA with LFI with 
respect to the length of stay in the CCU or cardiology ward 
was evaluated with linear regression models by considering 
both the main effects of OSA and LFI as well as their 
interaction. Multiple regression models that included the 
effect of potentially confounding variables were utilized as 
well. The significance interaction was statistically assessed 
with the F-test to compare the goodness of fit of the models 
with and without the interaction terms. All analyses were 
performed using the R statistical package (R Core Team: 
www.R-project.org, Accessed February 5, 2014), and the 
threshold for significance was set at 0.05.

Sample size

This was an observational study, and therefore, a post-
hoc study was conducted to determine the statistical 
power to detect differences between the two groups. The 
sample population included 71 subjects with LFI and 247 
without LFI, which provided a statistical power of 80% 
to detect a minimum increase in mean troponin levels in 
the LFI subjects of 81.27%, a minimum decrease in the 
mean ejection fraction (percentile-scaled) of 21.77%, and 
a minimum decrease of 20.45% in the length of stay in the 
CCU. These calculations were performed based on the 
mean values and standard deviations reported in Tables 1,2  
and using a two-sample t-test to statistically assess the 
differences with a 5% type I error (α=0.05).

Results

We recruited 318 subjects, including 71 with LFI (22.33%) 
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Table 1 Variables related to acute coronary syndrome (ACS) severity in non lung function impairment (non-LFI) and LFI subjects

Variable Total Non-LFI (n=247) LFI (n=71)
P value

(A) (B)  (C)

ACS category (%) 0.48 0.62# 0.50#

Unstable 32 (12.4) 23 (11.92) 9 (13.85)

Non-STEMI 112 (43.41) 88 (45.6) 24 (36.92)

STEMI 114 (44.19) 82 (42.49) 32 (49.23)

Killip classification (%) 0.66 0.53# 0.78#

I 229 (91.97) 178 (92.71) 51 (89.47)

II 17 (6.83) 12 (6.25) 5 (8.77)

III 2 (0.8) 1 (0.52) 1 (1.75)

IV 1 (0.4) 1 (0.52) 0 (0)

Number of diseased vessels (%) 0.22 0.25# 0.48#

0 6 (1.99) 5 (2.12) 1 (1.54)

1 138 (45.85) 109 (46.19) 29 (44.62)

2 73 (24.25) 62 (26.27) 11 (16.92)

≥3 84 (27.91) 60 (25.42) 24 (36.92)

Number of stents implanted 1.44±1.04 1.47±1.10 1.35±0.81 0.72 0.45 0.42

Ejection fraction, % 55.34±9.52 55.85±9.73 53.58±8.61 0.12 0.10 0.13

Peak troponin, ng·L−1 percentile-scaled 50.35±28.91 48.78±27.98 55.69±31.54 0.09 0.12 0.053

Data are presented as the mean ± SD and frequency (%) for quantitative and qualitative variables, respectively. #, ordinal integer values 
considered in the linear model analyses to evaluate the differences in the trend of the ACS category, Killip classification, and number of 
diseased vessels. Peak troponin levels were transformed to a percentile scale (1 to 100), given that numeric values were non-comparable 
due to the variability of tools and measurement types used among hospitals. P values used to evaluate the differences between groups 
were calculated by the following: Mann-Whitney and chi-square tests for quantitative and qualitative variables, respectively (A); linear 
and logistic regression models (B); and regression models adjusted for hypertension, sex, and age (C). STEMI, ST-elevation myocardial  
infarction.

Table 2 Variables related to the short-term prognosis of acute coronary syndrome (ACS) in non lung function impairment (non-LFI) and LFI 
subjects

Variable Total Non-LFI (n=247) LFI (n=71)
P value

(A) (B) (C)

Length of stay in the CCU, days 2.15±1.20 2.24±1.21 1.83±1.10 0.054 0.01 0.01

Length of hospitalization, days 6.81±3.75 6.67±3.66 7.30±4.02 0.25 0.23 0.52

CV complications during hospitalization 23 (62.16%) 20 (64.52%) 3 (50%) 0.83 0.51 0.8

Mortality during the hospital stay 0 (0%) 0 (0%) 0 (0%) – – –

Data are presented as the mean ± SD and frequency (%) for quantitative and qualitative variables, respectively. CCU, coronary care unit; 
CV, cardiovascular. P values used to evaluate the differences between groups were calculated using the following: Mann-Whitney and 
an exact test based on the binomial distribution for quantitative and qualitative variables, respectively (A); linear and logistic regression  
models (B); and regression models adjusted for hypertension, sex, and age (C).
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and 247 without LFI (77.67%) (Figure 1). No differences 
were found in sex, age, or body mass index (BMI) between 
the groups, but the proportion of hypertensive subjects 
was significantly higher in the LFI group and, as expected, 
these subjects had a higher tobacco exposure (Table 3). The 
proportion of subjects treated with lipid-lowering agents, 
and antiplatelet drugs was higher in the LFI group (Table 3).  
With respect to OSA-related variables, some significant 
differences between groups were found. There was a lower 
minimum SaO2 and mean SaO2 and a higher time with 
SaO2 <90% and neck circumference in LFI subjects than 
in non-LFI subjects (Table S1), although these differences 
were not considered clinically relevant. A specific analysis 
performed to compare non-LFI with obstructive subtype 
LFI subjects (247 and 29 subjects, respectively) showed 
similar characteristics (Table S2), with the exception of age 
(obstructive LFI subjects were older) and the use of diuretics 
(a greater proportion of obstructive LFI subjects used 
diuretics).

With respect to ACS severity, no association with LFI 
was found for any of the variables analyzed (Table 1), even 
when considering obstructive LFI (Table S3). However, 
with respect to the short-term prognosis of ACS, the length 
of stay in the CCU was significantly shorter for the LFI 
subjects than the non-LFI subjects (Table 2, Figure 2A). 

In addition, obstructive LFI subjects had an even shorter 
length of stay in the CCU (Table S4, Figure 2A). 

Nevertheless, no significant differences between groups 
were found with respect to the length of hospitalization 
and the number of cardiovascular complications during 
hospitalization.

A further analysis of the differences between non-LFI 
and LFI subjects with respect to length of stay in the CCU 
revealed a significant interaction of LFI with OSA only in 
obstructive LFI subjects (Table 4). Indeed, subjects with 
both obstructive LFI and OSA had the shortest length of 
stay in the CCU (Table 4, Figure 2B) compared with any 
other group. Furthermore, no differences were found 
between subjects with “supra-normal” FVC values (FVC 
>100% of predicted) and subjects with a FVC between 80 
and 100% of predicted (99 vs. 148 subjects in the non-LFI 
group), confirming the finding of a shorter length of stay for 
obstructive LFI subjects (Table S5, Figure S1). 

Discussion

The results of this observational study suggest that LFI 
does not have a significant influence on the severity of ACS 
(determined by the peak plasma troponin level, decreased 
ejection fraction, and number of affected vessels) in this 

Figure 1 Flowchart. CPAP, continuous positive airway pressure; ESS, Epworth sleepiness scale; LFI, lung function impairment; RP, 
respiratory polygraphy.  

Assessed for eligibility 
(n=4,575)

Included patients 
(n=1,486)

Study sample 
(n=318)

Non- LFI 
(n=247)

LFI 
(n=71)

Non- obstructive LFI 
(n=42)

Obstructive LFI 
(n=29)

Not analysed (n=357), allocated to 
CPAP treatment 
Not analysed (n=811), patients with 
spirometry non-available

Patients excluded (n=3,089)
Causes of exclusion:

Any medical, social, or geographical factor that could 
jeopardize patient compliance (n=1,463)
>50% of central apneas or the presence of Cheyne-Stokes 
respiration (n=195)
Refused to participate (n=1,145)
Life-limiting chronic disease (n=454)
RP not performed between 48 h and 72 h after admission 
(n=368)
Patients with an ESS >10 (n=344)
Any previously diagnosed sleep disorder (n=173)
Previous treatment with CPAP (n=233)
Patients in cardiogenic shock (n=170)
Any process that reduces life expectancy to <1 year (n=143)
Others (n=127)

Some patients presented more than one cause of exclusion
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Table 3 Anthropometric and clinical variables and acute coronary syndrome (ACS)-related risk factors in non lung function impairment (non-LFI) 
and LFI subjects

Variable Total Non-LFI (n=247) LFI (n=71) P value

Male 258 (81.13%) 199 (80.57%) 59 (83.10%) 0.76

Age (years) 59.53±11.10 58.98±11.18 61.45±10.70 0.08

FEV1, % 90.29±17.43 96.62±12.88 68.25±12.62 <0.00001

FVC, % 93.30±17.91 98.83±14.98 74.04±13.39 <0.00001

ratio FEV1/FVC 76.02±9.11 77.40±7.45 71.23±12.28 0.0001

BMI (kg·m−2) 27.26±5.41 26.94±5.66 28.38±4.29 0.11

Diabetes mellitus 76 (23.90%) 54 (21.86%) 22 (30.99%) 0.17

Dyslipidemia 156 (49.06%) 116 (46.96%) 40 (56.34%) 0.23

Arterial hypertension 142 (44.65%) 101 (40.89%) 41 (57.75%) 0.02

First episode of ACS 244 (76.73%) 193 (78.14%) 51 (71.83%) 0.13

Cardiomyopathy 66 (20.75%) 47 (19.03%) 19 (26.76%) 0.23

Stroke 10 (3.14%) 6 (2.43%) 4 (5.63%) 0.32

Smoker 0.09

No 93 (29.25%) 78 (31.58%) 15 (21.13%)

Former 84 (26.42%) 59 (23.89%) 25 (35.21%)

Yes 140 (44.03%) 109 (44.13%) 31 (43.66%)

Total tobacco exposure, pack-years 20.55±21.95 18.21±19.83 28.50±26.66 0.007

Alcohol 0.82

No 228 (71.70%) 177 (71.66%) 51 (71.83%)

Former 6 (1.89%) 4 (1.62%) 2 (2.82%)

Yes 78 (24.53%) 60 (24.29%) 18 (25.35%)

Diuretics# 54 (16.98%) 36 (14.57%) 18 (25.35%) 0.06

Anticoagulants# 14 (4.40%) 12 (4.86%) 2 (2.82%) 0.65

Hypolipidemics# 116 (36.48%) 79 (31.98%) 37 (52.11%) 0.004

β-blockers# 74 (23.27%) 53 (21.46%) 21 (29.58%) 0.23

Calcium antagonists# 40 (12.58%) 27 (10.93%) 13 (18.31%) 0.15

Antiplatelet# 63 (19.81%) 38 (15.38%) 25 (35.21%) 0.0006

Oral antidiabetics# 58 (18.24%) 39 (15.79%) 19 (26.76%) 0.07

Insulin# 25 (7.86%) 16 (6.48%) 9 (12.68%) 0.16

LDL, mg/dL 110.71±36.84 112.11±36.36 106.10±38.30 0.11

Triglycerides, mg/dL 133.90±72.27 131.26±72.87 142.56±70.10 0.20

Hemoglobin, g/L 64.69±218.91 60.92±228.32 77.68±183.72 0.09

Hematocrit, % 40.13±8.23 40.49±7.88 38.88±9.31 0.11

Data are presented as the mean ± SD or frequency (%) for quantitative or qualitative variables, respectively. #All drugs correspond to  
baseline pharmacological treatment before the ACS. BMI, body mass index; FEV1, forced expiratory volume in the first second of  
predicted value; FVC, forced vital capacity of predicted value; LDL, low density lipoprotein cholesterol; SaO2, arterial oxygen saturation. 
Mann-Whitney and chi-square tests were used to assess the differences in the means or proportions between groups. 
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cohort of subjects and is not related to a worse short-
term prognosis. In contrast, subjects with LFI had a 
shorter length of stay in the CCU (which is considered a 
measurement of short-term prognosis), and this relationship 
was more evident in subjects with obstructive LFI who also 
had OSA.

Data from population-based studies suggest that LFI 
measured by a low FVC and/or FEV1 is associated with 
an increased incidence of cardiovascular events (6,25-28).  
In fact, it has been established that there is a 1.5- to 
5-fold increased risk of coronary artery disease in subjects 
with chronic airflow limitation (29). Oxidative stress, 

Figure 2 Associations of the lung function impairment (LFI) and obstructive sleep apnea (OSA) with the length of stay in the coronary 
care unit (CCU). (A) Mean length of stay in the coronary care unit (CCU) in days for non-lung function impairment (non-LFI) and LFI 
(any alteration and obstructive lung impairment) subjects; (B) length of stay stratified by non-obstructive sleep apnea (non-OSA) and OSA 
subjects. Segments represent one standard deviation. P values assessing the difference between controls and LFI subjects and between 
controls and obstructive LFI subjects (A) (Table 2 and Table S4) and P values assessing the interaction of lung impairment with OSA (B)  
(Table 4) are shown.  
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Table 4 Analysis of the interaction of lung function impairment (LFI) and obstructive sleep apnea (OSA) with respect to the length of stay in the 
coronary care unit (CCU) and hospitalization (days)

Variable Non-LFI (n=247) LFI (n=71)
Obstructive LFI 

(n=29)

P

Non-LFI vs. LFI Non-LFI vs. obstructive LFI

(A) (B) (A) (B)

Length of stay in the CCU, days 0.40 0.40 0.01 0.02

Non-OSA 2.15±1.01 1.90±1.06 2.00±1.12

OSA 2.34±1.39 1.81±1.17 0.60±0.89

Length of hospitalization, days 0.54 0.40 0.52 0.46

Non-OSA 6.74±3.48 7.12±4.09 6.61±2.85

OSA 6.60±3.86 7.64±4.06 5.33±2.50

Data are presented as the mean ± SD for each subgroup. To evaluate the interaction of OSA with LFI, linear regression models (A) and  
regression models adjusted for hypertension, age, and sex (B) were computed. The F-test was used to compare the models with and 
without the interaction to calculate the non-adjusted (A) and adjusted (B) P values. 
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systemic inflammation, endothelial dysfunction, loss of 
extracellular matrix components such as elastin (mainly 
in emphysema cases), a hypercoagulable state, and an 
increase in sympathetic tone have been proposed as the 
underlying mechanisms responsible for the increase in 
cardiovascular events in subjects with COPD (30,31). 
Additionally, Sabater-Lleal et al. (32) demonstrated an 
association between common variations in certain genes 
related to abnormal lung physiology with those associated 
with powerful markers of cardiovascular disease, supporting 
a hypothesis of a strong relationship at all levels. However, 
only a few studies have directly measured the impact 
of reduced lung function on short-term prognosis and 
fatality rate from cardiovascular events. In a Swedish 
population-based cohort, Engström et al. (33) showed that 
the probability of dying during the first 24 h after an acute 
coronary event were almost doubled in subjects with LFI 
compared with those with normal lung function. Supporting 
these findings, there is evidence that changes in pulmonary 
function are associated with an increased mortality due 
to ventricular arrhythmias, which are a common cause of 
short-term fatality after an acute coronary event (34,35). 
Our results do not confirm the association between LFI 
and ACS severity, but they actually show a paradoxical 
effect in relation to one of the markers of short-term 
prognosis; specifically, subjects with LFI had a statistically 
significantly shorter stay in the CCU, and this association 
was stronger in subjects with obstructive LFI. Interestingly, 
when data from subjects with other subclinical respiratory 
comorbidities, such as OSA, were taken into account, the 
length of stay in the CCU of subjects with obstructive LFI 
was even lower. Although we do not provide any evidence of 
the reproducibility of this finding in other clinical settings, 
the magnitude of this difference in the length of stay in 
the CCU between groups in our study appears clinically 
relevant. To justify these findings that LFI could confer a 
certain cardioprotective role after an ACS, the hypothesis of 
ischemic preconditioning may be used in the same manner 
that it has in the past regarding patients with OSA. This 
hypothesis posits that certain adaptive mechanisms may 
be present after a sustained mild or moderate exposure to 
chronic hypoxia, which could also occur in subjects with 
subclinical and chronic LFI (36). Similarly, a phenomenon 
termed “the smoker’s paradox” has been postulated, namely, 
smokers have a higher incidence of acute MI but improved 
survival after reperfusion. There are several hypotheses to 
support this fact, but it has been observed in previous studies 

that less extensive angiographic coronary disease is found 
in smokers than in their non-smoking counterparts (37).  
In our cohort of subjects, there was significantly higher 
tobacco exposure among those with LFI and ACS compared 
with that among the non-LFI subjects, but there were no 
significant differences in the global smoking status. 

The strengths of our study include its multicenter 
design with a relatively large number of subjects. However, 
clear potential limitations are evident. Firstly, due to the 
design of the ISAACC Study, subjects with more severe 
ACS, and therefore with a worse prognosis at the time of 
presentation, were excluded, as were those with a history 
of known severe respiratory disease; therefore, most 
subjects had only mild or moderate LFI. These are the 
main reasons why it is not possible to generalize these 
results to other subgroups of subjects. Second, spirometry 
was performed at least one month after the ACS, when 
certain changes in lifestyle (e.g., weight, smoking status) 
or medical treatment could have caused improvement or 
worsening of the spirometry values compared with lung 
function measurements prior to the event. However, the 
fact that we were unable to identify relevant differences 
in either the anthropometric features or in the degree 
of drug exposure between LFI and non-LFI subjects 
strengthens the results of this study. Third, the fact of not 
having a specific protocol within the ISAACC study for the 
performance of spirometry (e.g., single and standardized 
equipment) is a potential limitation that must be recognized 
when interpreting the results. However, all participating 
hospitals are academic centers with specific pulmonary 
function laboratories where spirometry measurements are 
well standardized, so the results are fully valid in terms of 
quality of the spirometric values. Finally, the most relevant 
potential limitation has to do with the definition used to 
establish the presence of LFI, “supra-normal” values and 
airflow limitation from fixed cut-off points and not using 
the lower or upper limit of normality (LIN or ULN) or 
z-scores, which are recommended by current guidelines in 
the field of epidemiological research and also in the clinical 
setting due to the risk of misclassification, especially in 
young subjects and in the elderly (38). Unfortunately, in 
our study these values were not available directly from each 
recruitment center and calculation, although possible a 
posteriori could be a source of error. In any case, we believe 
that due to the characteristics of the included subjects (e.g., 
mean age) it is feasible to consider that the cut-off points 
used do not overestimate or underestimate the presence of 
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LFI or airflow limitation in a significant way.

Conclusions

The results of this observational study suggest that there 
is a clinical phenotype of subjects with ACS in whom 
the presence of LFI and other respiratory comorbidities 
(e.g., OSA) may be associated with a better short-term 
prognosis (determined by a shorter stay in the CCU) that is 
independent of the severity of the underlying event.
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Supplementary

Table S1 Obstructive sleep apnea (OSA) related variables in non lung function impairment (non-LFI) and LFI subjects

Variable Total Non-LFI  (n=247) LFI  (n=71) P value

Obstructive Sleep apnea 164 (51.57%) 127 (51.42%) 37 (52.11%) 1.0

Apnea-hypopnea index , h−1 18.75±16.59 19.22±16.86 17.15±15.61 0.30

Oxygen desaturation index 19.46±32.63 19.70±32.16 18.65±34.40 0.61

Minimum SaO2, % 83.48±9.99 83.74±10.45 82.57±8.21 0.047

Mean SaO2, % 91.18±12.21 90.85±13.81 92.33±2.09 0.02

Time with SaO2 <90%, % 11.64±56.26 11.79±63.08 11.12±20.89 0.047

Epworth sleep scale 4.75±2.58 4.66±2.50 5.06±2.87 0.36

Neck circumference, cm 40.25±3.62 40.04±3.68 40.88±3.39 0.049

Data are presented as mean ± SD or frequency (%) for quantitative or qualitative variables, respectively. Mann-Whitney and Chi-squared 
tests were used to assess the differences in the means or proportions between groups. SaO2, arterial oxygen saturation.

Figure S1 Associations of lung function categories and obstructive sleep apnea (OSA) with the length of stay in the coronary care unit 
(CCU). (A) Mean length of stay in the coronary care unit (CCU) (days) in subjects with supra-normal lung function, normal lung function 
and lung function impairment (LFI) defined as any alteration and obstructive lung impairment. (B) stratified by non-obstructive sleep apnea 
(non-OSA) and OSA subjects. Segments represent one standard deviation. P values to assess the pair wise differences among supra-normal, 
normal and LFI or obstructive LFI subjects (A) (using Mann-Whitney tests, not shown in Tables) and P value to assess the interaction of 
lung impairment with OSA (B) (Table S5) are shown.
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Table S2 Anthropometric and clinical variables and acute coronary syndrome (ACS) related risk factors in non lung function impairment (non-LFI) 
and obstructive LFI subjects

Variable Total Non-LFI (n=247) Obstructive LFI (n=29) P value

Male 224 (81.16%) 199 (80.57%) 25 (86.21%) 0.63

Age, years 59.60±11.16 58.98±11.18 64.90±9.64 0.004

FEV1, % 92.97±16.67 96.62±12.88 61.86±12.35 <0.00001

FVC, % 96.78±16.08 98.83±14.98 79.24±14.52 <0.00001

ratio FEV1/FVC 75.52±9.36 77.40±7.45 59.55±8.76 <0.00001

BMI, kg·m−2 27.01±5.57 26.94±5.66 27.54±4.75 0.77

Diabetes mellitus 62 (22.71%) 54 (22.13%) 8 (27.59%) 0.67

Dyslipidemia 132 (48.18%) 116 (47.35%) 16 (55.17%) 0.55

Arterial hypertension 119 (43.43%) 101 (41.22%) 18 (62.07%) 0.052

First episode of ACS 214 (83.27%) 193 (83.91%) 21 (77.78%) 0.59

Cardiomyopathy 54 (19.78%) 47 (19.26%) 7 (24.14%) 0.71

Stroke 6 (2.2%) 6 (2.46%) 0 (0%) 0.85

Smoker 0.03

No 82 (29.82%) 78 (31.71%) 4 (13.79%)

Former 72 (26.18%) 59 (23.98%) 13 (44.83%)

Yes 121 (44%) 109 (44.31%) 12 (41.38%)

Total tobacco exposure, pack-years 20.50±22.17 18.21±19.83 39.90±30.67 0.0004

Alcohol 0.23

No 194 (71.85%) 177 (73.44%) 17 (58.62%)

Former 5 (1.85%) 4 (1.66%) 1 (3.45%)

Yes 71 (26.3%) 60 (24.9%) 11 (37.93%)

Diuretics 47 (17.34%) 36 (14.88%) 11 (37.93%) 0.005

Anticoagulants 13 (4.81%) 12 (4.98%) 1 (3.45%) 1.0

Lipid lowering agents 94 (34.69%) 79 (32.64%) 15 (51.72%) 0.07

β-blockers 61 (22.68%) 53 (22.08%) 8 (27.59%) 0.66

Calcium antagonists 33 (12.18%) 27 (11.16%) 6 (20.69%) 0.24

Antiplatelet 47 (17.34%) 38 (15.7%) 9 (31.03%) 0.07

Oral antidiabetics 46 (17.04%) 39 (16.18%) 7 (24.14%) 0.41

Insulin 20 (7.38%) 16 (6.61%) 4 (13.79%) 0.31

LDL, mg/dL 109.98±36.39 112.11±36.36 92.85±32.42 0.003

Triglycerides, mg/dL 132.80±73.36 131.26±72.87 145.01±77.45 0.41

Hemoglobin, g/L 65.82±234.23 60.92±228.32 108.03±281.35 0.23

Haematocrit, % 40.61±7.60 40.49±7.88 41.63±4.49 0.79

Obstructive sleep apnea 149 (53.99%) 127 (51.42%) 22 (75.86%) 0.02

Apnea-hypopnea index, h−1 18.45±16.72 19.22±16.86 11.94±14.17 0.004

Oxygen desaturation index 18.72±30.90 19.70±32.16 10.16±13.83 0.008

Minimum SaO2, % 83.54±10.45 83.74±10.45 81.86±10.45 0.30

Mean SaO2, % 91.00±13.08 90.85±13.81 92.30±1.85 0.051

Time with SaO2 <90%, % 11.49±59.81 11.79±63.08 9.12±19.21 0.37

Epworth sleep scale 4.66±2.53 4.66±2.50 4.66±2.89 0.91

Neck circumference, cm 40.04±3.68 40.04±3.68 40.06±3.70 0.69

Data are presented as mean (SD) or frequency (%) for quantitative or qualitative variables, respectively. Mann-Whitney and Chi-squared 
tests were used to assess the differences in the means or proportions between groups. ACS, acute coronary syndrome; BMI, body mass 
index; FEV1, forced expiratory volume in the first second of predicted value; FVC, forced vital capacity of predicted value; LDL, low 
density lipoprotein cholesterol; SaO2, arterial oxygen saturation. 



Table S3 Variables related to acute coronary syndrome (ACS) severity in non-lung function impairment (non-LFI) and obstructive LFI subjects

Variable Total Non-LFI (n=247) Obstructive LFI (n=29)
P value

(A) (B) (C)

ACS category 0.74 0.45# 0.39#

Unstable 25 (11.52%) 23 (11.92%) 2 (8.33%)

Non-STEMI 98 (45.16%) 88 (45.6%) 10 (41.67%)

STEMI 94 (43.32%) 82 (42.49%) 12 (50.00%)

Killip classification 0.94 0.94# 0.60#

I 200 (92.59%) 178 (92.71%) 22 (91.67%)

II 14 (6.48%) 12 (6.25%) 2 (8.33%)

III 1 (0.46%) 1 (0.52%) 0 (0%)

IV 1 (0.46%) 1 (0.52%) 0 (0%)

Number of diseased vessels 0.72 0.70 0.36

0 5 (1.92%) 5 (2.12%) 0 (0%)

1 123 (47.13%) 109 (46.19%) 14 (56.00%)

2 67 (25.67%) 62 (26.27%) 5 (20.00%)

≥3 66 (25.29%) 60 (25.42%) 6 (24.00%)

Number of stents implanted 1.46±1.08 1.47±1.10 1.38±0.92 0.62 0.69 0.65

Ejection fraction, % 55.55±9.72 55.85±9.73 52.83±9.38 0.30 0.16 0.24

Peak troponin, ng·L−1 percentile-scaled 50.40±28.92 49.88±28.54 54.84±32.26 0.41 0.46 0.41

Data are presented as mean ± SD or frequency (%) for quantitative or qualitative variables, respectively. #, ordinal integer values 
considered in the linear model analyses to evaluate the differences in the trend for the ACS category, Killip classification and number 
of diseased vessels. P values to evaluate the differences between groups were calculated using: Mann-Whitney and Chi-squared tests 
for quantitative and qualitative variables respectively (A); linear and logistic regression models (B); and regression models adjusted for 
hypertension, sex and age (C). STEMI, ST-elevation myocardial infarction. 

Table S4 Variables related to the short-term prognosis of acute coronary syndrome (ACS) in non lung function impairment (non-LFI) and 
obstructive LFI subjects

Variable Total Non-LFI (n=247) Obstructive LFI (n=29)
P value

(A) (B) (C)

Length of stay in the CCU, days 2.18±1.22 2.24±1.21 1.62±1.17 0.01 0.02 0.009

Length of hospitalization, days 6.62±3.58 6.67±3.66 6.15±2.71 0.64 0.49 0.16

CV complications during hospitalization 20 (62.5%) 20 (64.52%) 0 (0%) 0.18 0.99 0.99

Data are presented as mean ± SD or frequency (%) for quantitative or qualitative variables, respectively. CCU: coronary care unit; CV: 
cardiovascular. P-values to evaluate the differences between groups were calculated using: Mann-Whitney and an exact test based on 
the binomial distribution for quantitative and qualitative variables respectively (A); linear and logistic regression models (B); and regression 
models adjusted for hypertension, sex and age (C).

Table S5 Analysis of the interaction of lung function impairment (LFI) and obstructive sleep apnea (OSA) on the length of stay in the coronary 
care unit (CCU) and hospitalization (days)

Variable
Non-LFI

LFI (n=69)
Obstructive 
LFI (n=27)

P (non-LFI vs. LFI)
P (non-LFI vs.  

obstructive LFI)

Supra-normal (n=99) Normal (n=148) (A) (B) (A) (B)

Length of stay in the CCU, days 0.72 0.71 0.045 0.057

Non-OSA 2.04±0.92 2.24±1.09 1.90±1.06 2.00±1.12

OSA 2.21±1.42 2.43±1.36 1.81±1.17 0.60±0.89

Length of hospitalization, days 0.41 0.34 0.4 0.35

Non-OSA 6.57±3.48 6.86±3.51 7.12±4.09 6.61±2.85

OSA 5.70±2.13 7.16±4.54 7.64±4.06 5.33±2.50

Data are presented as mean ± SD for each subgroup. To evaluate the interaction of OSA with LFI linear regression models (A) and  
regression models adjusted for hypertension, age and sex (B) were computed. A F-test to compare the models with and without the  
interaction was used to calculate the non-adjusted (A) and adjusted (B) P values. Two analyses evaluating the interaction between LFI and 
OSA are presented separately to compare non-LFI vs. LFI and non-LFI vs. obstructive LFI.


