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Abstract

Aims—Low midlife fitness is associated with higher risk for heart failure (HF). However, it is
unclear to what extent this HF risk is modifiable and mediated by the burden of cardiac and non-
cardiac co-morbidities. We studied the effect of cardiac and non-cardiac co-morbidities on the
association of midlife fitness and fitness change with HF risk.

Methods & Results—L.inking individual subject data from the Cooper Center Longitudinal
Study (CCLS) with Medicare claims files, we studied 19,485 subjects (21.2% women) who
survived to receive Medicare coverage from 1999 to 2009. Fitness estimated by Balke treadmill
time at mean age of 49 years was analyzed as a continuous variable (in metabolic equivalents
[METS]) and according to age- and sex-specific quintiles. Associations of midlife fitness and
fitness change with HF hospitalization after age 65 were assessed by applying a proportional
hazards recurrent events model to the failure time data with each co-morbidity entered as time-
dependent covariates. After 127,110 person-years of Medicare follow up, we observed 1,038 HF
hospitalizations. Higher midlife fitness was associated with a lower risk for HF hospitalization
[HR 0.82 (0.76-0.87) per MET] after adjustment for traditional risk factors. This remained
unchanged after further adjustment for the burden of Medicare-identified cardiac and non-cardiac
co-morbidities [HR 0.83 (0.78-0.89)]. Each 1 MET improvement in midlife fitness was associated
with a 17% lower risk for HF hospitalization in later life [HR 0.83 (0.74-0.93) per MET].

Conclusions—Midlife fitness is an independent and modifiable risk factor for HF
hospitalization at a later age.
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INTRODUCTION

Heart failure (HF) represents an increasingly important health problem due to the aging of
the population and improved survival after acute coronary events. (1) Therefore, a broader
understanding of HF prevention is needed. Recently, several observational studies have
reported that both physical activity and cardiorespiratory fitness in healthy adults are
inversely associated with HF risk. (2-6) The mechanisms through which exercise might
lower HF risk in healthy adults have not been established, and it remains uncertain to what
extent there may be a direct effect of exercise on HF risk, independent of established HF risk
factors. Although most prior studies adjust for the effects of current risk factors, few studies
allow for the adjustment of subsequent, downstream risk factors acquired after physical
activity/fitness measurement. It is also unknown whether the risks related to physical
inactivity are modifiable through exercise training, as there are no adequately powered
studies designed to test this question in healthy adults.

In order to better characterize the effects of exercise on HF risk, we linked the Cooper
Center Longitudinal Study (CCLS) with individual claims data from the Center for Medicare
and Medicaid Statistics. We sought to compare the association between both baseline fitness
levels in middle age, and changes in fitness levels, with subsequent HF risk. We also sought
to account for the influence of antecedent cardiovascular (e.g. acute myocardial infarction,
hypertension) and non-cardiovascular (e.g. diabetes mellitus, chronic kidney disease, chronic
obstructive pulmonary disease) co-morbidities on these associations. We hypothesized that
both baseline and fitness change values would be associated with a lower HF risk
independent of the interval development of established risk factors for HF.

METHODS

Subject Population

Among 73,439 participants in the CCLS who underwent a complete clinical examination at
the Cooper Clinic in Dallas, TX, between 1970 and 2009, 24,872 were eligible to receive
Medicare coverage between 1999 and 2009 as described previously.(7) (8) After excluding
3,885 participants lacking Part A and B Medicare and HMO coverage, 819 individuals
whose CCLS examination occurred after enrollment into Medicare Fee-for-Service, 55
participants with early Medicare benefits (< age 65 due to Medicare coverage for disability,
end-stage renal disease, etc.), and 628 participants with a self-reported history of myocardial
infarction or stroke at study entry, 19,485 CCLS participants remained in the final study
sample for the present analysis. A subgroup of 8,683 participants underwent a second fitness
examination a mean of 7.7 years after the initial examination and was included in the
analyses of fitness changes. Participants were followed from the date of initiating Medicare
coverage or 1999 (if already receiving Medicare coverage prior to 1999) until death or end
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of follow-up on December 31, 2009. No individual was excluded based on his or her
performance on the exercise treadmill portion of the examination.

CCLS Clinical Examination

Details of the clinical examination and the study cohort have been published previously.
(9,10) Participants underwent a comprehensive clinical examination, which included a self-
reported personal and family history, standardized medical examination by a physician,
fasting blood levels of total cholesterol, triglycerides, and glucose, as well as a maximal
treadmill exercise test. Body mass index was calculated from measured height and weight.
Fitness was measured in the CCLS by a maximal treadmill exercise test using a Balke
protocol as described previously. (9—11) In this protocol, treadmill speed is set initially at 88
m/min. In the first minute, the grade is set at 0% followed by 2% in the second minute and
an increase of 1% for every minute thereafter. After 25 minutes, the grade remains
unchanged but the speed is increased 5.4 m/min for each additional minute until the test is
terminated. Participants were encouraged not to hold onto the railing and were given
encouragement to exert maximal effort. The test was terminated by volitional exhaustion
reported by the participant or by the physician for medical reasons. The test time using this
protocol has been shown to correlate highly with directly measured maximal oxygen uptake
(r=0.92). (12,13)

In accordance with standard approaches to the analysis of fitness data (9,10), treadmill times
were compared with age- and sex-specific normative data on treadmill performance within
the CCLS, allowing each individual’s treadmill time to be classified into an age- and sex-
specific quintile of fitness. These quintiles of fitness measures were then combined into
three, mutually exclusive fitness groupings: “low fitness”: quintile 1; “moderate fitness”:
quintiles 2-3; “high fitness”: quintiles 4-5. Also, using well-characterized regression
equations, treadmill times from the Balke protocol allow for estimation of fitness level in
metabolic equivalents (METS). (7,12)

The measurement of other baseline variables in the CCLS has been well described. (9,10,14)
Body mass index was calculated from measured height and weight. Seated resting blood
pressure was obtained with a mercury sphygmomanometer. Fasting venous blood was
assayed for serum cholesterol and glucose using standardized, automated techniques.

Medicare claims data

Medicare inpatient claims data were obtained from the Center for Medicare and Medicaid
Services (CMS) for surviving participants who were 65 years of age or older and who were
thus eligible for Medicare benefits during the period from 1999 — the first year CMS data
are currently available for public use — through 2009. CMS data contain 100% of claims
paid by Medicare for covered health care services. A beneficiary may be tracked over time
to elicit a history of all the utilization of health care services. Inpatient hospitalization files
from CMS provide all individual records for each medical service billed to Medicare, the
date of service, primary diagnosis and up to eight secondary diagnoses (ICD-9 codes), and
procedure codes (ICD-9 procedure codes).
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In accordance with standard approaches, HF hospitalization was defined as a primary
diagnosis of HF as indicated by ICD-9 codes 428, 402.01, 402.11, 402.91, 404.01, 404.03,
404.11, 404.13, 404.91, and 404.93 (15). Co-morbidities such as acute myocardial infarction
(AMI), hypertension, diabetes mellitus (DM), chronic obstructive pulmonary disease
(COPD), chronic kidney disease (CKD), obstructive sleep apnea (OSA) and obesity were
also determined using the data from CMS. As described previously, AMI hospitalization was
defined by 1CD-9 codes 410.0 to 410.9 as either a primary or secondary diagnosis (15-17)
from the hospitalization files (i.e. MedPAR). The CMS Chronic Condition Warehouse
(CCW) was used to identify the presence of DM, CKD and COPD during the Medicare
follow up period (7). The presence of hypertension was identified in study participants when
ICD-9 codes 401.xx was listed as an outpatient claim on two occasions at least thirty days
apart within two years or when listed as a single inpatient claim.(18-20) OSA was identified
when participants had at least one ICD-9 code from the following set: 786.03, 786.04,
780.51, 780.53, 780.57, and 327.2 listed in the Medicare claims files. (21,22) Obesity was
identified when participants had at least one claim using ICD codes 278.xx listed in the
Medicare claims files. (23,24)

Statistical analysis

Since patients enter the Medicare claims data at various ages and for varying durations, the
data is subject to censoring on the right and the left, with the possibility of multiple events
per patient. Therefore, we estimated the intensity of recurrent events using the conditional
model of Prentice, Williams, and Peterson. (25) This model stratifies the at-risk population
by the number of HF hospitalizations. At the time a participant develops a HF
hospitalization, they advance to the next at-risk stratum. Multiple HF hospitalizations within
a 30-day time interval for a subject were counted as a single event. The presence of co-
morbidity was defined when a condition, based on its respective aforementioned definitions,
was noted prior to or within 365 days after a study participant’s first HF hospitalization.
Associations between midlife cardiorespiratory fitness and HF hospitalization after age 65
were assessed by applying a proportional hazards recurrent events model to the failure time
data with MI, DM, hypertension, COPD, CKD, OSA and obesity entered as time-dependent
covariates. We used attained age as the time scale, and entered mid-life fitness as a
continuous covariate. Models were also adjusted for age at baseline examination, gender,
smoking, total cholesterol, baseline systolic blood pressure, and baseline body mass index.

The association between midlife fitness and HF hospitalization was characterized according
to the aforementioned mutually exclusive fitness groupings in three separate models. Model
1 was adjusted for fitness and baseline characteristics (age, sex, BMI, cholesterol, baseline
Diabetes status, smoking and systolic blood pressure). Model 2 included all variables listed
in model 1 and all co-morbidities (DM, hypertension, acute MIl, COPD, CKD, Obesity and
OSA) observed during Medicare follow up. A variation of model 2 included baseline risk
factors as well as the overall burden of co-morbidities (i.e. 1, 2, 3, or 4+). Finally, change in
fitness was defined based on the transition of subjects from one fitness group to another (i.e.
low fitness to not low fitness) and continuously as the change in METS between the two
examinations. The association between the continuous change in fitness (i.e. per MET) and
HF hospitalization was assessed by applying proportional hazards recurrent events model to
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the failure time data and adjusted for age, traditional risk factors, baseline fitness, as well as
interval development of comorbidities. All fitness change models were additionally adjusted
for the time between each fitness examination.

All statistical analyses were performed using SAS for Windows (release 9.2; SAS Institute,
Inc., Cary, NC). This work was supported by the Dedman Family Scholar in Clinical Care
endowment at University of Texas Southwestern Medical Center and grant
13GRNT14560079 from the American Heart Association to PI (JB). The authors are solely
responsible for the study design, analyses, preparation of the manuscript and its final
contents.

RESULTS

Baseline characteristics for the study population demonstrate a low burden of traditional risk
factors at the time of study enrollment, with a lower burden of traditional risk factors across
higher levels of fitness (Table 1).

After 12,7110 person years of Medicare follow up, among 19,485 participants we observed
1,038 HF hospitalizations as well as a large number of co-morbidities, including DM (N=
3,838), hypertension (N= 11,591), acute MI hospitalization (N= 666), CKD (N= 2,666),
COPD (N=2,369), OSA (N=2,448), and Obesity (N=1,648).

Lower fitness measured in middle-age was associated with a higher burden of HF and other
co-morbidities after age > 65 years. For example, compared to low midlife fitness (quintile
1), high fitness (quintiles 4-5) was associated with a lower burden of HF hospitalization
(5.8% vs. 1.7%), acute M1 hospitalization (4.9% vs. 2.5%), and DM (34.3% vs. 11.9%)
(Table 2).

In analyses stratified by fitness levels and individual co-morbidities, both lower fitness levels
measured at study entry and the presence of co-morbidities at age > 65 years were associated
with a higher rate of HF hospitalization. This association was preserved across all fitness
quintiles and across all co-morbidities. For example, among participants with low midlife
fitness, the presence of an interval hospitalization for acute Ml at age >65 was associated
with a higher rate of HF hospitalization compared to participants with low midlife fitness but
without an interval acute M1 (16.9% vs. 5.2%). Similarly, among participants with high
midlife fitness, we observed a similar pattern of results for those with and without an

interval acute MI (HF hospitalization: 7.0% vs. 1.5%) (Figure 1).

After adjustment for traditional risk factors measured at the baseline examination, higher
midlife fitness was associated with a lower risk for HF hospitalization [HR 0.82 (0.76-0.87)
per MET; Table 3, model 1]. After adjustment for both traditional risk factors and interval
development of co-morbidities, the association between fitness and HF hospitalization
remained unchanged [HR 0.83 (0.78-0.89)]. In this fully adjusted model DM, acute MI, and
COPD, but not HTN, CKD, OSA and obesity were independently associated with HF
hospitalization (Table 3, model 2).
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When the individual co-morbidities were added as an integer, we observed a higher risk for
subsequent HF hospitalization among participants with 1, 2, 3, or 4 or more co-morbidities
(Figure 2). This association was apparent across all fitness/co-morbidity subgroups, with the
highest risk among participants with low baseline fitness and 4 or more co-morbidities in
older age. Even after adjustment for all baseline risk factors and fitness, there was a 25%
increase in risk for HF hospitalization for each, additional co-morbidity identified at age >
65 years (HR: 1.25; 95% ClI: 1.16-1.35).

Finally, a subgroup of participants underwent a second fitness examination a mean of 7.7
years after the baseline examination, allowing an analysis of change in midlife fitness on HF
risk in later life (Supplemental Table). Compared to individuals with persistently low fitness
levels in middle age, individuals who increased their fitness levels from low fit (quintile 1) to
not low fit (quintiles 2-5) had a lower rate of HF hospitalization (Figure 3). Patients with
sustained higher fitness levels (quintiles 2-5) at follow-up had the lowest risk for HF
hospitalization. A similar pattern of results was observed when change in fitness was
examined as a continuous variable in the fully adjusted model, suggesting that the
association between change in fitness and HF risk was consistent across the distribution of
fitness change levels and was independent of the thresholds used to defined fitness quintiles
[HR: 0.83 (95% CI: 0.74-0.93) per MET].

DISCUSSION

In the present study, we observed several important findings. First, in a cohort with low
prevalence of traditional risk factors, both lower midlife fitness and increased co-morbidity
burden after age > 65 were associated with a higher risk of HF hospitalization. Second, the
inverse association between midlife fitness and HF hospitalization risk was independent of
the presence of cardiac and non-cardiac co-morbidities after age > 65 years. Finally, an
improvement in midlife fitness was associated with a lower risk of HF hospitalizations at a
later age. Taken together, these findings suggest that the HF risks associated with low fitness
are modifiable and may reflect the direct effects of exercise independent of antecedent HF
risk factors.

Higher cardiorespiratory fitness and physical activity are associated with a lower risk for
fatal cardiovascular mortality across life span. (9,26-29) Furthermore, higher levels of
fitness have been shown to modify the relationship between body fatness and mortality. (30—
33) However, the association between fitness and non-fatal cardiovascular events is not well
understood, thereby limiting the understanding of the pathway through which fitness lowers
cardiovascular mortality risk. Recently, we observed that the protective associations of
higher fitness levels in middle-age were stronger for HF than for acute myocardial infarction
(15), suggesting a unique role of HF risk in the pathway from low fitness to death. Similarly
Khan et al (6) have reported a strong, dose dependent inverse association between
cardiorespiratory fitness and HF risk. However, to our knowledge, the potential pathway
through which higher fitness might lower HF risk has not been well established.

One potential mechanism for this observed association is through the indirect effects of
lower fitness on both cardiovascular and non-cardiovascular risk factors whereby low fitness
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in middle-age predisposes to the accumulation of these established HF risk factors. In
addition to the role of traditional HF risk factors (i.e. diabetes, hypertension, coronary
disease), several recent studies have identified the influence of both antecedent cardiac and
non-cardiac co-morbidities on incident HF in the community. (5,34-36) In the present study,
we also observed similar association between the presence of cardiac and non-cardiac co-
morbidities and risk for HF hospitalization, with marked differences in risk for HF among
individuals with a higher burden of chronic disease prior to HF hospitalization. Even though
low fitness in middle-age represents an important determinant of the burden of chronic
disease in later life (7), we observed that lower mid-life fitness was associated with a higher
risk for HF hospitalization independent of and across all levels of chronic disease burden.
These findings suggest that the pathway through which higher fitness levels in middle-age
confers a lower risk for HF hospitalization decades later in older age is at least in part
independent of the development of future, established HF risk factors.

Another potential mechanism through which fitness in middle-age might lower HF risk in
later life is through more direct effects of exercise on cardiovascular physiology. Physical
activity and higher levels of fitness have been associated with favorable effects on cardiac
structure and function. (37-39) Athletes and individuals with higher levels of physical
activity have improved early diastolic filling (40-42). Studies have also observed that
healthy but sedentary aging leads to prominent increase in left ventricular stiffness, a
potential substrate for HF. (43) Furthermore, short term exercise training in previously
sedentary subjects has been shown to improve cardiorespiratory fitness as well as
physiological left ventricular remodeling. (44) Similarly, exercise training in high-risk
individuals with concentric left ventricular hypertrophy and poorly controlled hypertension
is associated with a reduction in left ventricular mass and wall thickness (45). Animal model
studies have also observed a direct, favorable effect of exercise training on cardiac structure
and function leading to a delayed onset of HF (46). In the present study, we extend these
findings and show that improvement in fitness in middle-age was independently and
inversely associated with HF at a later age. Taken together, these findings suggest a more
direct, causal association between mid-life fitness and HF risk in later life.

Our study has several important clinical implications. HF is a significant public health
burden with an estimated prevalence of 2.1% and an annual cost of $39.2 billion in 2010.
(47,48) Risk of developing HF increases with advancing age and it is one of the most
frequent causes of hospitalization in the elderly population. (49,50) Although there has been
substantial advancement in the diagnosis and treatment of HF, not much progress has been
made in the field of disease prevention. Current preventive strategies for HF are limited to
modification of traditional risk factors such as hypertension, diabetes, and coronary artery
disease. In this study, we have identified mid-life cardiorespiratory fitness as an independent
and modifiable risk factor for HF, which could have implications for the development of
future preventive therapies.

Improvement in physical activity levels as well as cardiorespiratory fitness has been
associated with a lower risk of cardiovascular mortality.(52,53) Blair et al reported a 44%
reduction in risk of mortality among CCLS subjects who had an improvement in their mid-
life fitness levels. (10) Furthermore, recent studies have shown that improvement or
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maintenance in cardiorespiratory fitness is associated with lower risk for development of
CVD risk factors as well as mortality independent of change in body mass index. (54,55) In
the present study, we extend these findings and report a protective effect of improvement in
mid-life fitness on HF risk at a later age. Implementation of more aggressive exercise
training in middle-age individuals with low fitness could be an effective strategy to reduce
the burden of HF in later life.

This study has several important limitations. First, our study population from the Cooper
Center Longitudinal Study represents a unique cohort of predominantly white participants
with a low risk burden and relatively high socioeconomic status compared to the general
population. However, recent studies from our group has shown that the association between
major risk factors and lifetime risk of CVD in the CCLS cohort is similar to that observed in
general population. (27,56) These findings suggest that although the burden of risk factors in
the CCLS may be lower than the general population, the effect of these risk factors on future
cardiovascular disease is similar. The development of a national cardiorespiratory fitness
registry with directly measured fitness levels during exercise testing in well established
centers throughout United States would be extremely useful to better understand the role of
fitness in modifying HF risk among participants with different ethnic and socioeconomic
backgrounds. (51)

Second, we linked individual-level data with Medicare claims files to compare the
association between fitness and HF hospitalization at age > 65 years. \We were not able to
capture outcomes that occurred between study entry and the onset of Medicare eligibility.
However, similar approach has been used previously to study the contribution of traditional
risk factors on medicare outcomes. (57-59)

Finally, we used diagnoses from Medicare claims files rather than adjudicated clinical
outcomes and therefore some events might have been missed or misclassified. However,
measurement error tends to bias towards the null and encouragingly, the association between
fitness and HF hospitalizations were present despite use of administrative data.

In summary, we observed that cardiorespiratory fitness in healthy, middle-aged adults is an
independent and modifiable risk factor for development of HF at a later age. These findings
highlight the importance of exercise training in middle-age individuals as an effective
preventive strategy to reduce HF burden at a later age.
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Prevalence of heart failure in participant groups with or without other co-morbidities as seen

on Medicare follow up across mid-life fitness quintiles. * P-value < 0.05
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Figure 2.
Prevalence of heart failure among participant groups with increasing number of co-

morbidities at age > 65 years. Their mid-life fitness levels have stratified the data for each
subject group. Multivariable adjusted hazard ratio for HF hospitalization associated with
total co-morbidity burden at age >65 years (defined as a continuous variable) is 1.25(1.16—
1.35) per co-morbidity.
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HR: 0.83 (0.74-0.93) per MET change
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Fitness Change Category

Association between change in mid-life fitness and HF hospitalization rate at a later age.
Fitness change categories are determined based on transition of subjects from one fitness
group to other between their initial and follow up examinations: Not low Fit — Not low Fit:
Q2-5—Q2-5; Low Fit — Not low Fit: Q1—0Q2-Q5; Not low Fit — Low Fit: Q2—
Q5—Q1; Low Fit —Low Fit: Q1—Q1. Multivariable adjusted hazard ratio for HF
hospitalization associated with fitness change, defined continuously as difference in METS
between the two examinations, is 0.83 (0.74-0.93) per MET.
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Baseline characteristics according to category of baseline fitness from data acquired at the baseline clinical

Table 1

examination.
Cohort Characteristics Low Fitness | Moderate Fitness | High Fitness
(n=3,400) (n=7,978) (n=8,107)
Age at Baseline exam, years 46.4 (8.6) 48.9 (8.8) 51.1(8.5)
Females (%) 16.6 19.3 24.8
Age at Medicare Entry, years 67.8 (4.8) 67.9 (4.9) 67.6 (4.7)
Systolic BP, mm Hg 123.6 (14.9) 1215 (14.5) 120.9 (14.8)
Total cholesterol, mg/dL 220.6 (41.1) 216.0 (39.4) 209.6 (37.5)
BMI, kg/m? 28.0 (4.8) 26.1 (3.5) 24.4(2.9)
Current Smokers (%) 285 17.4 7.9
Baseline Diabetes (%) 5.0 2.8 1.6
METS 8.0 (1.4) 9.9 (1.5) 12.2 (2.2)

Data presented as mean (SD) or % except as noted

METS: metabolic equivalents; BMI
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Table 2

Prevalence of heart failure and other co-morbidities after age >65 as observed on Medicare follow up stratified
by mid-life fitness quintiles.

Co-morbidity” Low Fitness | Moderate | High Fitness
(n=3,400) Fitness (n=8,107)
(n=7,978)
DM (%) 34.3 21.4 11.9
HTN (%) 69.6 62.7 52.0
COPD (%) 20.6 12.3 7.8
CKD (%) 21.3 14.1 10.1
Obesity (%) 16.1 9.5 4.3
OSA (%) 17.0 14.1 9.2
Acute MI hospitalization (%) 4.9 3.7 25
HF hospitalization (%) 5.8 33 17

*
Each co-morbidity has been defined based on medicare claims data as follows:
Acute MI hospitalization was defined by 1CD-9 codes 410.0 to 410.9 listed as a diagnosis from the hospitalization files (i.e MedPAR).
DM, CKD and COPD were identified using the CMS Chronic Conditions Warehouse.
Hypertension was identified using ICD-9 codes 401.xx listed as an outpatient claim on two occasions within two years or when listed as a single
inpatient claim.
OSA was identified using at least one ICD-9 code from the following set: 786.03, 786.04, 780.51, 780.53, 780.57, and 327.2 listed in the Medicare
claims files
Obesity was identified using ICD-9 codes 278.xx listed in the Medicare claims files.

1duosnuey Joyiny

1duosnuen Joyiny

Am Heart J. Author manuscript; available in PMC 2016 December 12.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Pandey et al. Page 18

Table 3

Multivariable adjusted hazard ratios for HF hospitalization.

Model 1# Model 2¥

HR (95%Cl) Chi-Square HR (95%Cl) Chi-square
Fitness (per MET) | .82 (0.76—0.87)* 37.9 0.83 (0.78-0.89) * 29.80
DM - - 1.59 (1.26-1.96) ~ 16.96
HTN - - 1.03 (0.77-1.37) 0.04
Acute MI - - 1.64 (1.16-2.32) * 7.85
COPD - - 1.37 (1.09-1.72) * 7.07
CKD - - 1.14 (0.89-1.47) 1.03
Obesity - - 0.82 (0.58-1.15) 1.30
OSA - - 1.31 (0.97-1.75) 3.00

#Model 1: Adjusted for fitness and age, sex, BMI, cholesterol, baseline DM, smoking and systolic BP.
¥Mode| 3: Adjusted for variables in Model 1+ interval DM, HTN, acute MI, COPD, CKD, Obesity and OSA.

*
P value<0.05; Hazards are Yes vs. No for co-morbid conditions (DM, HTN, COPD, Acute MI, Obesity, OSA)

Each co-morbidity has been defined based on medicare claims data as follows:

Acute MI hospitalization was defined by ICD-9 codes 410.0 to 410.9 listed as a diagnosis from the hospitalization files (MedPAR).

DM, CKD and COPD were identified using the CMS Chronic Conditions Warehouse.

Hypertension was identified using ICD-9 codes 401.xx listed as an outpatient claim on two occasions within two years or when listed as a single
inpatient claim.

OSA was identified using at least one ICD-9 code from the following set: 786.03, 786.04, 780.51, 780.53, 780.57, and 327.2 listed in the Medicare
claims files.

Obesity was identified using ICD-9 codes 278.xx listed in the Medicare claims files.
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