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Abstract

Background: Obesity has multifactorial effects on lung function and exercise capacity. The 

contributions of obesity-related inflammatory pathways to alterations in lung function remain 

unclear.

Research Question: To examine the association of obesity-related inflammatory pathways with 

pulmonary function, exercise capacity, and pulmonary-specific contributors to exercise 

intolerance.

Method: We examined 695 patients who underwent cardiopulmonary exercise testing (CPET) 

with invasive hemodynamic monitoring at Massachusetts General Hospital between December 

2006–June 2017. We investigated the association of adiponectin, leptin, resistin, IL-6, CRP, and 

insulin resistance (HOMA-IR) with pulmonary function and exercise parameters using 

multivariable linear regression.

Results: Obesity-related inflammatory pathways were associated with worse lung function. 

Specifically, higher CRP, IL-6, and HOMA-IR were associated with lower percent predicted FEV1 

and FVC with a preserved FEV1/FVC ratio suggesting a restrictive physiology pattern (P≤0.001 

for all). For example, a 1-SD higher natural-logged CRP level was associated with a nearly 5% 

lower percent predicted FEV1 and FVC (beta −4.8, s.e. 0.9 for FEV1; beta −4.9, s.e. 0.8 for FVC; 

P<0.0001 for both). Obesity-related inflammatory pathways were associated with worse 
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pulmonary vascular distensibility (adiponectin, IL-6, and CRP, P<0.05 for all), as well as lower 

pulmonary artery compliance (IL-6 and CRP, P≤0.01 for both).

Interpretation: Our findings highlight the importance of obesity-related inflammatory pathways 

including inflammation and insulin resistance on pulmonary spirometry and pulmonary vascular 

function. Specifically, systemic inflammation as ascertained by CRP, IL-6 and insulin resistance 

are associated with restrictive pulmonary physiology independent of BMI. In addition, 

inflammatory markers were associated with lower exercise capacity and pulmonary vascular 

dysfunction.

Graphical Abstract

Introduction:

The prevalence of obesity continues to increase on a global scale and is viewed as a risk 

factor for the development of many pulmonary disease processes such as asthma, obstructive 

sleep apnea and pulmonary hypertension.1 Obesity can adversely affect respiratory 

mechanics via direct effects on the diaphragm and chest wall, which can lead to decreased 

compliance, altered ventilation to perfusion ratio, and hypoxemia. Further, increased demand 

for ventilation may uncover respiratory muscle inefficiency and contribute to reduced 

exercise capacity.1 Beyond mechanical effects on lung function, however, other obesity-

related pathways including inflammation may underlie alterations in lung function and 

exercise capacity.2–4

Obesity is associated with multiple systemic derangements that lead to widespread organ 

dysfunction, including systemic inflammation, insulin resistance, and elaboration of 

adipose-derived hormones that have multiple metabolic effects.5 However, previous studies 

examining the effect of obesity-related adipokines on lung function have shown conflicting 

results.2 In this context, we hypothesized that obesity-associated inflammatory pathways 

would be associated with lung dysfunction. Specifically, we sought to examine the 

association of obesity-related pathways including systemic inflammation as ascertained by 

interleukin-6 (IL-6) and C-reactive protein (CRP), insulin resistance as measured by 

homeostatic model assessment of insulin resistance (HOMA-IR), and circulating adipokines 
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including leptin, adiponectin and resistin with pulmonary function. Given that lung disease 

is a significant contributor to exercise intolerance, we additionally sought to examine the 

association of obesity-related markers of inflammation, insulin resistance, and adipokines 

with pulmonary vascular function during cardiopulmonary exercise testing.

Methods:

Study Sample

We included consecutive patients with chronic dyspnea on exertion who underwent 

clinically indicated pulmonary function testing and cardiopulmonary exercise testing 

(CPET) with invasive hemodynamic monitoring at Massachusetts General Hospital between 

December 2006 and June 2017. Of the 830 patients, we excluded participants with a clinical 

history of heart failure with reduced ejection fraction (<50%, n=74), a history of heart and/or 

lung transplant (n=17), complex adult congenital heart disease (n=17), mitochondrial 

disorder (n=14), or undergoing lung transplant evaluation (n=13), leaving 695 patients for 

analysis. The participants in the study provided informed consent and the study was 

approved by the institutional review board.

Clinical Variables and Biomarkers

Patients underwent comprehensive medical history and assessment of blood pressure and 

body mass index (BMI) at the time of the CPET. Pulmonary function tests were performed 

on the day of the CPET or within a 3-month time interval of the CPET and were performed 

by certified technicians at Massachusetts General Hospital. Pulmonary function tests were 

reviewed to confirm they were in agreement with the American Thoracic Society (ATS) 

definition for acceptability, usability and repeatability.6, 7 The medical history was collected 

from review of the medical chart. Patients were additionally identified as having COPD 

based upon Global Obstructive Lung Disease (GOLD) criteria or COPD within medical 

chart review.8 Restrictive lung disease was defined as FEV1/FVC>70 along percent 

predicted FVC<80% and percent predicted TLC<80% or evidence of interstitial lung disease 

on CT imaging or medical chart review.

Fasting blood samples were obtained and immediately processed and stored at −80C. A 

simple plex assay was utilized for the following biomarkers: adiponectin (ProteinSimple; 

intra-assay coefficient of variation (CV), 6.5%–8.9%), IL-6 (ProteinSimple, intra-assay CV 

2.4%–3.9%), leptin (ProteinSimple; intra-assay CV, 3.3%–9.3%), and resistin 

(ProteinSimple; intra-assay CV, 6.4%–9.9%). For CRP (hsCRP; intra-assay CV, 0.4%–8.4%) 

an immunoturbidimetric (Roche) assay was utilized. Insulin resistance was measured using 

HOMA-IR (calculated by: [insulin (uIU/mL) × glucose (mg/dL)/405]).

Cardiopulmonary Exercise Testing

Patients underwent cardiopulmonary exercise testing with the assistance of trained exercise 

laboratory staff. Patients underwent right heart catheterization with access through the right 

internal jugular vein and performed upright cycle ergometry via a ramp protocol (3 minutes 

of unloaded exercise followed by a 5–20 watt/min continuous ramp).9 Hemodynamic 

variables were measured at rest followed by minute-by-minute of exercise. Breath-to-breath 
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respiratory gas exchange was measured throughout exercise using a metabolic cart as 

previously described.10 Pulmonary artery compliance (PAC) was measured at rest and was 

defined as stroke volume (SV) divided by pulmonary pulse pressure at end expiration 

(PAC=SV/Pulmonary pulse pressure). Pulmonary vascular distensibility was calculated 

using previous described equation (Linehan et al.) with mPAP, PAWP and pulmonary blood 

flow(Q; L/Min) at a minimum of four time points to calculate the pulmonary vascular 

pressure-flow relationship.9, 11, 12

Statistical Analysis

Baseline clinical characteristics were summarized as percentages for dichotomous variables 

and mean (SD) or medians (IQR) for continuous variables. Biomarkers were natural log-

transformed due to right-skewed distributions. We examined the association of each 

biomarker with measures of pulmonary function, including percent predicted FEV1, FVC, 

FEV1/FVC, TLC and DLCO. Models were adjusted for age, sex, BMI, diabetes mellitus, 

prior myocardial infarction, prior heart failure (as defined by medical chart review), and 

smoking status (current or former). Models were standardized to express the change in 

response variable (lung function) per 1-standard deviation change in biomarker.. In 

secondary analyses we examined the association of obesity-related inflammatory pathways 

with pulmonary functions among subgroups of individuals based on the presence or absence 

of lung disease. Analyses using HOMA-IR excluded patients with underlying diabetes 

(n=109). In addition, we performed quartile analysis examining the association of 

biomarkers with lung function in a multivariable adjusted model.

We next examined the association of each biomarker with exercise parameters and 

pulmonary vascular function using multivariable linear regression. Measures of pulmonary 

distensibility and compliance were natural log-transformed and standardized. In exploratory 

analyses, we examined sex-stratified models and tested for multiplicative interaction terms 

(sex*biomarker) given known sex differences in inflammation and metabolic disease.13, 14 

Primary analyses were considered significant at a Bonferroni-corrected P-value threshold of 

0.05/(6 biomarkers * 3 spirometry measures)=0.003, and suggestive at a P<0.05. Analyses 

were performed using Stata version 15.1 (StataCorp).

Results

We studied a total of 695 patients with mean age 57±16 years and comprising 60% women. 

Clinical characteristics are shown in Table 1. In brief, the average BMI was 29±7 with 40% 

classified as having obesity (BMI>30),16% had diabetes mellitus and 21% had obstructive 

sleep apnea. A total of 3% were current smokers and 38% were past smokers. Most 

individuals had mild abnormalities in spirometry, with mean FEV1 87±20 % predicted, FVC 

91±19%, FEV1/FVC 95±11%, TLC 95±17%, and DLCO 73±21%. In addition, 25% met 

clinical criteria or carried a diagnosis of at least moderate COPD (4% patients had FEV1/

FVC<70 and FEV1<50%), and 14% carried a diagnosis of restrictive lung disease.
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BMI, obesity and lung function

We observed higher BMI was associated with lower lung volumes including FVC and TLC 

(p≤0.007 for both) with but not FEV1/FVC ratio, with little effect on DLCO (beta 0.02, s.e 

0.15, p=0.19). In sensitivity analyses after exclusion of participants with restrictive lung 

disease and COPD, we found that higher BMI remained associated with lower FEV1, FVC, 

FEV1/FVC and TLC (p≤0.03 for all). Similar findings were seen in the whole sample after 

adjusting for lung disease in the multivariable model. We further examined the association 

with obesity with lung function and found similar results with lower FVC and TLC (p≤0.02 

for both). Specifically, obese individuals had 4% lower FVC (beta −3.55, s.e. 1.46, p=0.02) 

and TLC (beta −4.11, s.e.1.61, p=0.01).

Inflammatory markers and lung function

Obesity-related inflammatory pathways including circulating levels of adipokines, 

inflammatory markers, and insulin resistance were associated with worse lung function 

(Table 2). Specifically, CRP, IL-6, and HOMA-IR were associated with lower percent 

predicted FEV1 and FVC with a preserved FEV1/FVC ratio (P≤0.001 for all) consistent with 

restrictive physiology. For example, a 1-SD higher natural logged CRP level was associated 

with a nearly 5% lower percent predicted FEV1 and FVC (beta −4.8, s.e. 0.9 for FEV1; beta 

−4.9, s.e. 0.8 for FVC; P<0.0001 for both). In addition, higher CRP and HOMA-IR were 

significantly associated with worse TLC and DLCO, supporting spirometry findings of a 

restrictive pattern (P≤0.008 for all), with similar suggestive associations for IL-6 and worse 

TLC and DLCO.

Of the adipokines, leptin showed a worse FEV1 and FVC (P=0.02 for both), worse TLC 

(P<0.0001) and DLCO (P=0.01), with no association with FEV1/FVC ratio. By contrast, 

adiponectin had worse FEV1 and FEV1/FVC ratio (P=0.04 for both).

In quartile analyses, we found that participants in the upper quartile of CRP had a 14% 

lower percent predicted FEV1 and FVC compared with individuals in the lowest quartile 

(beta −14.1, s.e. 2.4 for FEV1, and beta −13.8, s.e. 2.2, P<0.0001 for both, Figure 1). In 

addition, TLC and DLCO declined across CRP quartiles while FEV1/FVC did not. 

Similarly, individuals in the upper quartile of IL-6 had a 9% lower percent predicted FEV1 

and 6% lower FVC compared with individuals in the lowest quartile (beta −8.53, s.e. 2.28, 

p<0.0001 for FEV1, and beta −5.96, s.e. 2.12, p=0.0005 for FVC).

When restrictive lung disease was used as a dichotomous trait, patients with higher levels of 

CRP had a 66% higher likelihood for restrictive lung disease (OR 1.66, 95% CI 1.29–2.25, 

p<0.001). When COPD was used as a dichotomous trait, patients with higher levels of IL-6 

had a 28% higher likelihood for COPD (OR 1.28, 95% CI 1.05–2.56, p=0.01). In secondary 

analyses we evaluated the association of obesity-related inflammatory pathways with lung 

function among individuals with lung disease (Table 3). In individuals without lung disease, 

findings were similar to primary results with attenuated effect estimates. Among n=174 

patients with COPD, we found that IL-6 and CRP remain associated with FEV1 and FVC 

whereas previous association of HOMA-IR and lung function were attenuated. Among n=98 
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with restrictive lung disease, we find that the association of obesity-related biomarkers with 

lung function was attenuated.

Inflammatory markers and pulmonary vascular responses to exercise

When examining the pulmonary vascular response to exercise, pulmonary distensibility was 

lower in patients with higher adiponectin, IL-6 and CRP levels (Table 4). In addition, 

patients with higher IL-6 and CRP had lower PAC.

Higher levels of leptin, resistin, IL-6, CRP and HOMA-IR were associated with lower peak 

VO2 and percent predicted VO2 (Table 4). In addition, patients with higher levels of leptin, 

resistin, IL-6 and CRP achieved lower total work during exercise (p<0.005 for all).

Sex differences and lung function

We examined the association of biomarkers with lung function and exercise parameters 

stratified by sex and adjusted for BMI in secondary analyses. When testing multiplicative 

interaction terms, we did not find that sex was a significant effect modifier of biomarker 

effects on lung function (P>0.05 for all interaction terms, Supplemental Table 2a). While we 

may have been underpowered to detect a statistical interaction, it is notable that effect sizes 

were higher among women. For example, higher CRP was associated with a 6.5% lower 

percent predicted FEV1 among women, and 3.2% lower FEV1 among men (FEV1: women 

beta −6.47, s.e. 1.16, p<0.0001 vs. men beta −3.18, s.e. 1.29 p=0.01) with similar findings 

for FVC and DLCO in stratified analyses (Figure 2, Supplemental Table 2a). These 

observations extended to IL6 as well. Lastly, women with higher levels of CRP and IL-6 had 

worse pulmonary vascular responses to exercise as demonstrated by lower pulmonary artery 

distensibility and compliance (Supplemental Table 3a).

Discussion

While obesity may have considerable effects on lung and chest wall mechanics, other 

biological pathways dysregulated in obesity may also have detrimental effects on lung 

function, including systemic inflammation, adipokines, and metabolic dysfunction. We 

leveraged a rigorously-phenotyped sample with comprehensive cardiopulmonary 

assessment, in order to investigate the association ofmarkers of inflammation, insulin 

resistance, and adiposity with pulmonary spirometry and pulmonary vascular function. Our 

principal findings are as follows: First, systemic inflammation as ascertained by circulating 

CRP and IL-6 levels, and insulin resistance as measured by HOMA-IR, were associated with 

worse lung function primarily marked by restrictive physiology, including lower FEV1, FVC 

and DLCO, with preserved FEV1/FVC ratio. By contrast, adipokines were less clearly 

related to lung function, with suggestive associations of leptin demonstrating a with 

restrictive physiology (lower FEV1, FVC, TLC and DLCO), and adiponectin (lower FEV1 

and FEV1/FVC) with obstructive physiology. Second, we found obesity-related 

inflammatory pathways were broadly associated with worse pulmonary vascular function. 

When examining cardiopulmonary contributions to exercise physiology, we found that both 

CRP and IL-6 were associated with worse pulmonary artery compliance and distensibility. 

Lastly, in sex-stratified analyses, we found that inflammatory markers appeared to have 
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more pronounced effects on lung function among women although no significant effect 

modification by sex was detected upon formal testing.

The role of inflammation in various lung diseases is well known, and further evidenced by 

the use of anti-inflammatory medications to treat a spectrum of pulmonary diseases and 

prevent further decline in lung function. In addition, obesity and specifically visceral 

adiposity are thought to incite systemic inflammation, and have been previously associated 

with a decline in lung function.15 However, prior studies examining CRP and IL-6 as 

markers of inflammation have yielded conflicting results.16 For example, Fogarty et al. 

demonstrated no association between longitudinal measurements of FEV1 and FVC and 

CRP in individuals aged 17–80 years old while in contrast Ahmadi-Abhari et al. 

demonstrated higher CRP levels were associated with a baseline lower FEV1 and FVC as 

well as a decrease in FEV1 and FVC at 13 year follow-up in a multivariable analysis that 

included BMI.16, 17 In an adult asthma cohort, higher IL-6 was associated with higher needs 

for inhaled corticosteroid (ICS) use and reduced lung function, while the same was not 

found with CRP.18 In our study, we found that both IL-6 and CRP were associated with a 

restrictive physiology pattern. These findings are in agreement with a prior study 

demonstrating associations of higher IL-6 and CRP with lower FEV1 and FVC in a healthy 

cohort.19 We now extend these findings by demonstrating congruous effects of IL-6 and 

CRP on TLC and DLCO to substantiate a restrictive pattern. Further, we show that these 

findings are observed across a broad spectrum of cardiopulmonary disease.

Obesity and associated chronic low grade inflammation is thought to lead to insulin 

resistance with prior evidence of higher CRP and IL-6 as risk factors for insulin resistance.20 

Furthermore, diabetes has previously been associated with worse lung function as 

demonstrated by lower FEV1 and FVC as well as a higher likelihood for a restrictive 

ventilatory defect.21, 22 In addition, pulmonary function is known to decrease prior to the 

diagnosis of diabetes, suggesting that early detection of insulin resistance may predict future 

pulmonary decline.23 Our findings substantiate the association of insulin resistance as 

measured by HOMA-IR with worse FEV1, FVC, TLC and DLCO among non-diabetic 

individuals. These results are in agreement with a prior study examining HOMA-IR in a 

young Korean cohort, where individuals in the highest quartile of HOMA-IR had a greater 

reduction in FEV1 and FVC (p<0.0001) with little effect on FEV1/FVC (p=0.71) as well as 

an obese female cohort in which individuals with high HOMA-IR> 3.8 had lower FEV1 and 

FVC in comparison to controls.24, 25 Whether targeting insulin resistance may have salutary 

benefits on lung function remains to be studied.26

In addition, adipose tissue is known to have widespread metabolic effects by secreting 

adipokines. These adipokines have been studied in asthma and COPD cohorts with mixed 

results.2 In our study we found that leptin was associated with a lower FEV1, FVC, TLC, 

and DLCO, suggesting a restrictive physiology while in contrast adiponectin was associated 

with a lower FEV1 and FEV1/FVC, suggesting obstructive physiology. These results are in 

agreement with prior data demonstrating patients with higher leptin levels had a reduced 

FEV1 independent of weight, and adiponectin levels were higher in COPD patients in 

comparison to controls.2 Prior evidence has suggested leptin could play a role in pulmonary 

fibrosis through increasing the activity of transforming growth factor (TGF) beta-1 and 
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decreasing the activity of anti-fibrotic activity of PPAR-gamma.27 It is notable that we find 

greater associations of inflammatory markers and insulin resistance with restrictive 

physiology, suggesting that adipokines may not be the primary drivers of lung dysfunction 

associated with obesity among a diverse sample with a spectrum of cardiopulmonary 

disease.

Pulmonary function decline has been associated with a reduction in cardiorespiratory fitness.
28, 29 We thus interrogated obesity-associated pathways in relation to functional capacity as 

well as pulmonary-specific contributors to exercise intolerance. We found that IL-6 and CRP 

were associated both with worse peak VO2 and pulmonary vascular dysfunction as measured 

by worse PAC and pulmonary distensibility. PAC and pulmonary vascular distensibility have 

emerged as early diagnostic clues to the development of reduced exercise capacity as well as 

pulmonary hypertension, as PAC and pulmonary distensibility decrease prior to increases in 

PVR.30, 31 Both lower PAC and worse pulmonary distensibility have also been associated 

with worse clinical outcomes including cardiovascular mortality among patients with 

pulmonary hypertension and heart failure.32–34 While prior studies show that IL-6 and CRP 

are markers of reduced cardiorespiratory fitness independent of BMI, and predict disease 

severity, outcomes and response to therapy in pulmonary arterial hypertension (PAH) 

patients, we now extend these findings to show that IL-6 and CRP are also associated with 

early indicators of pulmonary vascular function among a broad spectrum of individuals.
3, 4, 35, 36

Lastly, given prior studies demonstrating important sex differences in obesity-related 

inflammatory pathways and their relationship to lung function as well as pulmonary vascular 

disease, we examined sex-stratified analyses.37 We found that the association of 

inflammatory markers and insulin resistance with restrictive lung physiology, lower 

functional capacity, and pulmonary vascular dysfunction was more pronounced among 

women compared with men, though formal interaction tests were not significant. These 

findings are in agreement with a prior study demonstrating women with higher CRP 

regardless of body fat composition demonstrated a greater degree of restrictive lung disease 

in comparison to men, and are also in keeping with female-predominant prevalence of PAH.
38, 39 Women may also be more susceptible to exercise induced arterial hypertension in 

comparison to men placing a larger strain on the pulmonary vasculature.40

Our study has several limitations. The study sample included patients who were referred to a 

tertiary center for underlying dyspnea who met clinical criteria to undergo a CPET and may 

be subject to referral bias. Although these patients may have been symptomatic, they overall 

had a low clinical burden of comorbidities and had baseline preserved pulmonary function. 

We acknowledge further that inflammatory biomarkers studied are not specific to obesity 

and other underlying factors may have contributed to our findings. While sex-stratified 

analyses indicate differences in effect estimates, multiplicative sex interaction terms were 

not significant. The study was likely underpowered to identify a true sex related cause; 

however, the trend was suggestive of sex related differences. Additional information on the 

effect of gender related hormones, for example estrogen and progesterone, on pulmonary 

function and vasculature should be explored. Finally, we did not have information on 

specific adipose depots; therefore, we are not able to comment on the degree of visceral vs. 
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subcutaneous adipose tissue. Future studies examining adipose tissue composition and the 

effect on the relationship of adipokines and inflammatory biomarkers to lung function and 

pulmonary vascular response would be interesting, as visceral adipose tissue is known 

specifically to be associated with elevations in IL-6 and CRP.38

Conclusion

Our findings highlight the importance of obesity-related pathways including inflammation 

and insulin resistance on lung function, cardiorespiratory fitness and the pulmonary vascular 

system. Specifically, systemic inflammation as ascertained by CRP, IL-6 and insulin 

resistance as measured by HOMA-IR are associated with restrictive pulmonary physiology 

independent of BMI. In addition, inflammatory markers were associated with lower exercise 

capacity and pulmonary vascular dysfunction. Whether targeting specific obesity-related 

inflammatory pathways may improve lung function will need further study.
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IL-6 interleukin-6

CRP C- reactive protein

HOMA-IR homeostatic model assessment of insulin resistance

CPET cardiopulmonary exercise test

FEV1 Forced Expiratory volume in one second

FVC Forced Vital Capacity

TLC Total Lung Capacity

DLCO Diffusion capacity of the lungs for carbon monoxide

PAC pulmonary artery compliance
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Highlights

Obesity has multifactorial effects on lung function and exercise capacity

Higher CRP, IL-6, and insulin resistance were associated with worse lung function

Higher CRP and IL-6 were associated with lower pulmonary artery compliance

Higher levels of CRP, IL-6, leptin, HOMA-IR were associated with lower peak VO2
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Figure 1: 
Lung function by CRP quartiles. Patients in the highest CRP quartile had lower FEV1, FVC, 

TLC and DLCO in comparison to the lowest quartile. * denotes p<0.05
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Figure 2: 
Sex-specific effects of IL-6 and CRP on lung function. Women with higher levels of CRP 

and IL-6 had greater reduction in FEV1, FVC, TLC and DLCO in comparison to men.
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Table 1:

Baseline Clinical Characteristics

Characteristic Total N=695

Age, mean years 57 (16)

Female sex, n (%) 414 (60)

Past smoking, n (%) 262 (38)

Current Smoking, n (%) 22 (3)

Total cholesterol, mg/dl 177 (45)

Prevalent MI, n (%) 28 (4)

Hypertension, n (%) 364 (52)

BMI, mean (SD) 29 (7)

Diabetes Mellitus, n (%) 109 (16)

Atrial Fibrillation, n (%) 101 (15)

Obstructive Sleep Apnea, n (%) 146 (21)

Restrictive lung disease, n (%) 98 (14)

COPD, n (%) 174 (25)

Connective tissue disease, n (%) 60 (9)

Obese, n (%) 278 (40)

Obesity related inflammatory Biomarkers

Adiponectin, ng/mL 6556 (4232–9485)

Leptin, pg/mL 17128 (7291–32249)

Resistin, pg/mL 11575 (9075–15294)

IL-6, pg/mL 4.5 (2.9–7.7)

CRP, mg/L 1.9 (0.8–4.6)

HOMA-IR, mg·IU/dL·mL 2.1 (1.1–3.7)

Pulmonary Parameters

FEV1, % predicted 87 (20)

FVC, % predicted 91 (19)

FEV1/FVC, % predicted 95 (11)

TLC, % predicted 95 (17)

DLCO, % predicted 73 (21)

Gas Exchange Parameters

Peak VO2, ml/kg/min 16 (13–20)

% predicted peak VO2, wasserman 73 (62–86)

Work, watts 98 (73–127)

Peak RER 1.17 (1.09–1.24)

PETCO2 at AT, mmHg 35 (31–38)

Breathing reserve, % 37 (22–48)

PV Parameters

PAP/CO slope, mm Hg/L/min 2.60 (1.8–4.0)

PAC, mL/mmHg 0.004 (0.003–0.006)
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Characteristic Total N=695

Pulm distensibility, % per mmHg 0.01 (0.008–.002)

RVEF(peak exercise), % 53 (47–59)

Values are means (standard deviations) or medians (inter-quartile ranges) unless otherwise noted. Abbreviations: MI, myocardial infarction; BMI, 
body mass index; CRP, C-reactive protein; IL-6, interleukin-6; HOMA-IR, homeostatic model assessment of insulin resistance; FEV1, forced 
expiratory volume in one second; FVC, forced vital capacity; TLC, total lung capacity; DLCO, diffusion capacity of lungs for carbon monoxide; 
VO2, maximum oxygen consumption; VE/VCO2 slope, minute ventilation/carbon dioxide production; RER, respiratory exchange ratio; PETCO2 
at AT, Postapneic End-Tidal Carbon Dioxide Pressure at Anaerobic Threshold; PAP/CO; pulmonary artery pressure/cardiac output; PAC, 
pulmonary artery compliance; RVEF, Right ventricular ejection fraction
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