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Abstract
One concern as lung cancer screening (LCS) is implemented is that patients will be screened

who are too ill to benefit. Poor exercise capacity (EC) predicts adverse outcomes following lung
resection.

Objective: Describe the distribution of EC among smokers eligible for LCS and examine
associations with comorbidities.

Methods: Cross-sectional analysis of baseline data from a randomized controlled trial of
tobacco treatment in the context of LCS. Participants responded regarding limitations in moderate
activities, ability to climb stairs, and frequency of dyspnea on a scale from never/almost never
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to all or most of the time. Responses were assigned a numeric score and summed to categorize
exercise limitation. Associations between poor EC and key comorbidities were examined using
adjusted logistic regression.

Results: 660 participants completed a survey with the following characteristics: 64.4% male,
89.5% white, mean age 64.5. Overall EC categories were: good 39.0%, intermediate 41.6%, and
poor 19.4%. Prevalence of poor EC was higher among patients with COPD (OR 4.62 95%ClI
3.05-7.02), heart failure (OR 3.07 95%CI 1.62-5.82) and cardiovascular disease (OR 2.24, 95%ClI
1.45-3.47), and was highest among patients with multimorbidity. Among patients with COPD and
heart failure, 57% had poor and 0% had good EC. In adjusted logistic regression, only COPD and
Charlson comorbidity index remained significantly associated with poor EC.

Conclusions: Many patients eligible for LCS reported poor EC, with increased odds of poor EC
among patients with comorbidities. More research is needed to determine how to best integrate EC
and comorbidity into eligibility and shared decision-making conversations.

Microabstract

Poor exercise capacity (EC) predicts adverse cardiopulmonary complications following lung
resection, may preclude curative surgery and dilute the benefit of the screening intervention.
Patients ineligible for surgery may instead be eligible for stereotactic body radiation therapy
(SBRT). Six hundred and sixty individuals who smoke and are eligible for lung cancer screening
self-reported their exercise capacity, of whom 19.4% reported poor exercise capacity. Poor
exercise capacity was strongly associated with chronic obstructive pulmonary disease. Exercise
capacity may need to be integrated into eligibility determinations and during the shared decision-
making process for lung cancer screening.

Keywords

lung cancer screening; exercise capacity; functional capacity; comorbidity; multimorbidity; cancer
screening; lung cancer

Background:

Lung cancer screening (LCS) with low-dose computed tomography is gradually being
implemented as a strategy to decrease mortality from lung cancer. It is effective through
the detection and treatment of cancers at an earlier stage.! If appropriately treated, early
stage cancers have a high cure rate and five-year survival.2 As LCS is implemented in
non-trial settings, one concern is that patients will be screened who are too ill to maximally
benefit due to limited life expectancy or the inability to undergo recommended procedures
and treatments.3 Screening these patients for lung cancer may expose them to unnecessary
individual risks and dilute the population-level benefits of LCS, while also increasing costs
and strain on the health system.

At present, the gold standard treatment for early stage lung cancers is resection with
lobectomy—a surgery that requires significant pulmonary and cardiovascular reserve to
undergo safely.# Though mortality outcomes using modern surgical approaches are lower,?
lobectomy in general carries significant potential morbidity and mortality. Among older
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LCS-eligible patients with lung cancer, 30-day mortality following lobectomy exceeded
2%.8 Patients with excessive operative risk instead receive other treatments such as
stereotactic body radiation therapy (SBRT) or sub-lobar resection, which may not provide
equivalent survival outcomes.” Therefore, patients with screen-identified early stage cancers
who cannot safely undergo surgeries or diagnostic procedures may not realize the full
benefits of early detection and treatment.

Poor pre-operative exercise capacity is one of several factors that predicts worse post-
lobectomy outcomes and higher frequency of adverse cardiopulmonary complications.8 In
one study, patients who climbed less than 12 meters in a stair climbing test (about three
flights of stairs) had 13 times higher mortality than patients who climbed 22 meters (about
5 flights of stairs).® The American College of Cardiology/American Heart Association
joint guideline on preoperative testing recommends pre-operative assessment of exercise
capacity (EC) by history for all patients, with additional testing needed for those able

to perform fewer than 4 METSs (metabolic equivalents) of activity who are planned for
thoracic surgery.10 Activities such as moderate housework or walking at a brisk pace are
approximately 4 METS, while heavy housework or hill-climbing indicate performance of
more than 4 METs.11 Therefore, patients who report dyspnea with moderate activities,
cannot climb several flights of stairs, or report shortness of breath throughout their daily
activities are likely to have an EC of less than 4 METS, placing them at higher risk of
adverse outcomes from thoracic surgery. Nearly all thoracic surgeons consider EC in their
evaluations of potential surgical patients.12 Thus EC plays a critical role in deciding whether
a patient is fit to undergo curative lung resection.13

To qualify for reimbursement by the Centers for Medicare and Medicaid,14 the decision

to refer a patient for LCS is made only after a process of shared decision-making (SDM).
This process is meant to weigh the risks and benefits of LCS in the context of the patient’s
personal lung cancer risk, values, preferences, medical history and comorbidities. SDM
helps deliver LCS to patients who are not only motivated and informed, but who are also
appropriate candidates medically. Many older smokers have comorbidities which might
complicate or preclude diagnostic procedures or surgical lung cancer treatment, and which
are likely associated with EC. Compared to medical comorbidities, EC is less frequently
reported in routine clinical care. Though several publications have examined the prevalence
of comorbidities in the LCS population,1>: 16 the distribution of exercise limitations in the
LCS population is largely unknown.

We sought to assess self-reported exercise limitations among smokers eligible for LCS

and to examine the associations with key comorbidities and tobacco use history. We
hypothesized that poor EC and high burden of dyspnea would be strongly associated with
medical comorbidities, and that multiple co-morbidities would increase the odds of reporting
a poor EC. A portion of the results were presented at the American Thoracic Society
Meeting 2020.17
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We conducted a cross-sectional analysis of data drawn from the baseline survey from

the Program for Lung Cancer Screening and Tobacco Cessation (PLUTO) Trial. The
PLUTO trial is a sequential multiple assignment randomized trial examining outcomes

of longitudinal tobacco cessation treatment provided in the context of LCS.18 The study
was approved by the IRB at each institution (University of Minnesota Fairview/MHealth,
CPRC2015NTLS048, Allina Health, 1187771,and the Minneapolis VA Health Care System,
4619-B).

Participants were current smokers from one of three medical systems in the Minneapolis/St.
Paul, Minnesota metropolitan area, deemed to be eligible for LCS. Eligibility criteria

for LCS was determined according to the United States Preventive Services Task Force
recommendations?® and included: age 55 to 80, at least 30 pack-years of smoking, and

no personal history of lung cancer. Enrollment was limited to current smokers. Potential
participants were identified electronically by either having an order placed by their provider
for LCS or evidence in the electronic health record of LCS eligibility per age and smoking
history. LCS eligibility was then confirmed on study enrollment. All participants provided
written informed consent. Baseline data collection occurred between November 2016 and
October 2019.

Measures and Survey Procedures:

Outcome:

Participants completed data collection by phone including tobacco use history,
demographics, and medical history including a self-reported Charlson comorbidity index
(CCI). The CClI was developed to estimate 10-year mortality on the basis of chronic
comorbid disease and includes 19 conditions.2% We utilized a version adapted for

survey administration.?! Participants were asked several questions pertaining to respiratory
symptoms and health status derived from the Short Form 12 Survey (SF-12)22 and the
Chronic Obstructive Pulmonary Disease (COPD) Assessment Test.23 We selected three
items from these scales most directly pertaining to EC and dyspnea (i.e. those items that
most closely resembled the queries used by clinicians to assess a patient’s EC in clinic).

An item specifying limitations due to dyspnea was included to differentiate limitations in
activities that were unrelated to cardiopulmonary causes, such as due to musculoskeletal
pain or mobility issues. Participants were asked: “Does your health now limit your ability
to perform moderate activities such as vacuuming or moving a table? Does your health now
limit your ability to climb several flights of stairs? How often are you short of breath?”” Each
response was assigned a numeric value from 0 to 2, with zero representing the best EC/least
symptoms.

Participants were grouped into three categories of EC based on their summed responses to
the three items: good (0-1), intermediate (2—4), and poor (5-6).
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Predictors included heaviness of smoking and comorbidities expected to impact EC or with
a prevalence of at least 10% in our population, which included: COPD, cardiovascular
disease (CVD), congestive heart failure (CHF), diabetes, CCI (categorized into quartiles),
history of localized cancer, pack-years, cigarettes per day, and key combinations of
comorbidities. Pack-years were computed by calculating the years smoked based on age at
initiation subtracting both longest quit time and peak smoking time, then multiplying years
smoked at peak by peak cigarettes per day and adding years smoked times usual cigarettes
per day. For statistical analysis, pack-years was divided into two levels by the median value.
Current cigarettes per day were measured by patient report.

Statistical analysis:

Results:

Baseline characteristics were summarized by frequencies and percentages for categorical
items and means and standard deviations (SD) for quantitative variables. Key demographics,
heaviness of smoking, and specific comorbidities were reported by EC category. Logistic
regressions were fit to assess the association between the predictors and being in the

poorest EC category. We fit separate logistic models for each of these comorbidities and key
combinations. Each regression was adjusted for race (white or minority race), gender, age

in years and education (high school or less, some college or college graduate). Pack-years,
cigarettes smoked/day and history of cancer were excluded from the final models due to
lack of association, and diabetes was excluded due to colinearity with other variables. We
created a final adjusted model including each comorbidity and CCI. Results were reported as
estimated odds ratios with 95% confidence intervals. All statistical analysis was performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC). All statistical tests were two-sided;
p-values less than 0.05 were considered statistically significant. Given that some participants
were eligible but did not have an active LCS referral, we completed a sensitivity analysis
restricted to those with a current referral for LCS.

660 patients completed baseline data collection (Figure 1). Participants were primarily male
(64.4%), white (89.5%), and had a mean age of 64.5 years. Most participants had income
less than $65,000 and less than a bachelor’s degree of education. Participants were heavy
smokers with a mean of 50.9 pack-years of smoking, currently smoking a mean of 17.6
cigarettes per day. Co-morbidities were common, with 33% of participants reporting COPD,
8% CHF and 24% CVD. Most participants reported a Charlson comorbidity index >2.
73.8% had an active referral for LCS. (Table 1).

Assessing the individual items, almost a third of subjects (31.1%) reported “a lot” of
limitation in climbing several flights of stairs, and 28.5% reported “a lot” of limitation in
performing moderate daily activities such as vacuuming, while 20.7% reported feeling out
of breath all or most of the time (Figure 2). Only 20.1% of subjects reported no limitations
in any category, while 8.3% reported the maximum amount of limitation for all three items
(Figure 3).
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EC score was available for 659 patients. The overall distribution of EC categories was: good
39.0% (257/659), intermediate 41.6% (274/659) and poor 19.4% (128/659). Qualitatively,
the distribution of EC varied by the presence of comorbidities, where patients with
comorbidities more frequently reported poor or intermediate EC. Among patients with none
of COPD, CHF or CVD, a majority of patients (52.1%) reported good EC, while just

9.3% reported poor EC. Among subjects with COPD, 36.2% reported poor EC while only
18.8% reported good EC, with a similar distribution among subjects with CHF. Subjects
with multiple comorbidities in combination with COPD more frequently reported poor EC.
Among subjects with both COPD and CHF, no subjects reported good EC and over half
(57%) reported poor EC. Among subjects with COPD and CVD, only 9.5% reported good
EC and 44.4% reported poor EC. Patients with higher CCI were modestly more likely to
report poor EC (29.3% of 5+ vs 11% of 1-2) as were patients with diabetes (29.1% poor
EC vs 31% good EC). History of localized cancer showed little association with EC. The
distribution of good and intermediate EC varied somewhat with pack-years of smoking and
current cigarettes per day, but neither of these variables was associated with poor EC (Table
2).

In adjusted logistic regression models for each individual comorbidity, when compared to
those without the comorbidity, subjects with COPD (OR 4.62 95%CI 3.05-7.02), were the
most likely to report poor EC, followed by CHF (OR 3.07, 95%CI 1.62-5.82), CVD (OR
2.24, 95% CI 1.4503.47), and diabetes (OR 2.17 95% CI 1.35-3.48). Higher CCI was also
associated with poor EC (OR 2.48 95% CI 1.83-3.35), while history of localized cancer
showed no association. When compared to those without COPD and CHF, patients with the
combination of COPD and CHF were the most likely to report poor EC (OR 7.42, 95%

Cl 3.08-17.89), with no significant additive effect of the addition of CVD. (Table 3a). In a
model including COPD, CHF, CVD, and CCl, only COPD and CCI remained significantly
associated with poor EC.

In sensitivity analysis restricted to patients referred for LCS, inference and magnitude of
associations were very similar for the models of each individual comorbidity. In the fully
adjusted model, CHF was significantly associated with poor EC (OR 2.38, 95% CI 1.07-
5.32) though CCI was not (OR 1.3, 95% CI 0.81-2.10).

Discussion:

Within this cohort of smokers eligible for LCS, the prevalence of dyspnea and limitations in
self-reported EC was high, and poor EC was strongly associated with medical comorbidities,
primarily COPD. Many patients reported limitations in stair climbing, performance of
moderate activities, and shortness of breath throughout the day, with 1 in 12 reporting the
highest limitations for all three measures. In particular, the combination of COPD and CHF
was very strongly associated with poor EC, confirming that multimorbidity plays a role in
limited EC in older LCS-eligible smokers.

Several LCS guidelines explicitly state that participants be “in good health”24 without
comorbidities that limit life expectancy, and able to tolerate diagnostic procedures for
screen-detected findings and treatment for early stage lung cancer.25 However, there is
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no clear consensus as to what constitutes an adequate health status to participate in

LCS, as most of these statements are qualitative. In general, routine cancer screening is
recommended for patients with at least a 10 year life expectancy.26 Considering that only
about a quarter of patients with CHF survive to 10 years, comorbidities are clearly important
to consider when conducting SDM visits for LCS.27

Due to shared risk factors of age and smoking, COPD was highly prevalent in this

study population. COPD presents a conundrum with respect to LCS eligibility, as it both
independently increases the likelihood of developing lung cancer,28 but also decreases the
likelihood of long term survival after treatment,2° and also impacts surgical candidacy.

The combination of CHF and COPD conferred the highest likelihood of poor EC. Each
condition contributes to limited aerobic exercise capacity through different physiologic
mechanisms that are additive. Indeed no patients with both conditions reported a good EC
and most reported a poor one. COPD and other tobacco and age-related conditions present a
competing risk of death that may limit the benefit of the screening intervention.

Beyond the association with comorbidities, EC is an important indicator of health status
and is an independent predictor of life expectancy. In some studies of patients with COPD,
the presence of dyspnea with activities was more strongly predictive of mortality than
FEV1.30 This is important as COPD is significantly under-diagnosed in the lung cancer
screening population. Various measures of functional and exercise capacity have been found
to be independently predictive of death among patients with heart failure,3! lung cancer,32
COPD,33 and overall.3* Unlike medical diagnoses, EC, whether measured by self-report or
formal testing, is not routinely recorded in medical settings. Therefore, it likely does not
play a large role in the shared decision-making process, but may still be a relevant factor for
patients to consider when deciding to be screened. Shared decision-making as described by
the Centers for Medicare and Medicaid decision memo requires a documented visit which
includes discussion of eligibility, benefits and harms, and “the impact of comorbidities and
ability or willingness to undergo diagnosis and treatment” prior to furnishing an order.3% EC
may need to be considered in this context. Professional organizations have called for better
integration of health status into SDM, including the need for better research in this area.36
Specific guidance on the impact of EC or comorbidities that should prompt more specific
assessment of EC would be helpful.

While lobectomy remains the gold-standard treatment for early stage lung cancer, SBRT

is increasingly used for non-operative candidates.3” SBRT has yet to be proven equally
effective when compared to lobectomy,” though trials are ongoing. The use of SBRT is
highly relevant when considering LCS in populations with high rates of comorbidity and
poor EC. Many patients even with severe COPD, CHF or major exercise limitations can
undergo SBRT with relative safety. However, including these patients in a lung cancer
screening program may not be appropriate on a wider population level. Patients with higher
comorbidity burden who are ineligible for surgery have significantly higher short and long-
term mortality rates following lung cancer treatment and were very underrepresented in

the NLST, whose participants were relatively healthy.38 These competing risks are nuanced
and are challenging to consider during a brief shared decision-making encounter. Ideally,
when completing the shared decision-making process, a clinician would weigh each of these
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factors and make an informed recommendation to the patient, which would then allow

a patient to make a decision that is congruent with their values and the medical facts.

The USPSTF has recommended expanding LCS to younger patients with lighter smoking
history, which may shift the LCS population towards younger, healthier patients.3° Future
work should focus on assessing the impact of comorbidity, multimorbidity and EC on LCS
outcomes to help inform the process of shared decision-making and future LCS guidelines.

Our study has limitations. Reports of dyspnea and exercise limitation were by self-report
and did not provide information as to why patients were limited, for example due to
musculoskeletal issues. We attempted to improve specificity by including a separate item on
dyspnea. The strong association of our measures with medical comorbidities suggests these
items are valid. We would typically expect patients to over-report EC, therefore self-report
is likely to underestimate the true prevalence of poor EC.40 Our study population was
limited to current smokers who were willing to quit smoking within the next three months,
which may impact generalizability. We found no significant associations with pack-years of
smoking or heaviness of smoking and poor EC. Older former smokers with heavy tobacco
use history, such as in the LCS population, are likely to have a similar distribution of
medical comorbidities and symptoms, and at least half of screen-eligible patients are current
smokers. Comorbidities were measured by self-report, and some patients may not be fully
aware of their medical history. Finally, our population were majority male and white, which
may limit generalizability outside of these populations.

Conclusion:

In summary, many individuals who smoke and are eligible for LCS report significant
dyspnea and limitations in EC. This has important implications for LCS programs and
medical systems, underscoring the need to offer LCS to patients who are likely to benefit
from it. More research is needed to clarify whether the benefits of LCS are maintained for
sicker patients, and how assessments of EC can be incorporated into eligibility assessments
and shared decision-making for lung cancer screening.
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. Poor exercise capacity is common among individuals who smoke and are
eligible for lung cancer screening, with only 39% reporting good exercise
capacity.

. Poor exercise capacity is strongly associated with chronic obstructive

pulmonary disease and the presence of multiple comorbid conditions
including congestive heart failure.

. More research is needed as to how exercise capacity should be considered
when completing shared decision-making for lung cancer screening.
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Figure 1:
Results of patient selection

Excluded, n=31

* Withdrawn prior to baseline,n=6

* Passive decline prior to baseline, n =22
* Partial completion of baseling, n=3

Cancer Treat Res Commun. Author manuscript; available in PMC 2022 July 31.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Melzer et al. Page 14

How often do you feel out of
breath?

0% 20% 40% 60% 80% 100%

Never/Almost Never M Sometimes M Most or All of the Time

How limited are you in performing moderate
activities? (ex: vacuuming, moving a table)

0% 20% 40% 60% 80% 100%
Not at all ™ A little WA |ot

How limited are you in the ability
to climb several flights of stairs?
0% 20% 40% 60% 80% 100%

Not at all WA little WA lot

Figure 2:
Distribution of responses to items assessing exercise capacity among smokers eligible for

lung cancer screening
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Self-Reported Categories of Functional Status
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Figure 3:
Frequency of self-reported exercise capacity categories among smokers eligible for lung

cancer screening
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Baseline Characteristics of participants, current smokers eligible for lung cancer screening (N=660)

Characteristic n (%)
Age (years), mean (SD) 64.4 (5.8)
Gender, n (%)
Female 231 (35.0)
Male 429 (65.0)
Hispanic ethnicity, n (%) 6 (0.9)
Race, n (%)
Other 12 (1.8)
Black 33 (5.0)
White 583 (89.0)
More than one race 27 (4.1)
Education, n (%)
High school or less 229 (34.7)
Vocational training 71 (10.8)
Associates degree/Some college 214 (32.4)
Undergraduate/graduate degree 145 (22.0)
Married/Domestic partner, n (%) 294 (44.8)
Household income ™ n (%)
<$15,000 85 (14.1)
$15,000 — $34,999 142 (23.6)
$35,000 — $64,999 178 (29.5)
>$65,000 198 (32.8)
Cigarettes per day, mean (SD) 17.6 (8.6)
Pack-years of smoking, mean (SD) 50.7 (23.1)
Comorbidities, n (%)
COPD 216 (32.9)
Cardiovascular Disease 158 (24.0)
Congestive Heart Failure 54 (8.2)
History of Localized Cancer 73 (11.2)
Diabetes 117 (17.8)
Charlson Comorbidity Index
1-2 237 (36.8)
3-4 226 (35.1)
5 or more 181 (28.1)
Referred for Lung Cancer Screening | 487 (73.8)

Abbreviations: COPD: Chronic obstructive pulmonary disease

*

57 participants were missing household income. 16 were missing Charlson Index. Other variables had <2% missingness.
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Distribution of categories of functional capacity among smokers eligible for lung cancer screening, stratified
by comorbidities and pack-years of smoking (n=659)

Variable Functional score (mean, SD) | Good* N (%) Intermediate N (%) | Poor N (%0)
Overall 2.5 (1.9) 253 (38.8) 272 (41.6) 127 (19.4)
No COPD, CHF or CVD (n=334) 1.8(L7) 174 (52.1) 129 (38.6) 31(9.3)
COPD (n=213) 3.5(L.9) 40 (18.8) 96 (45.1) 77 (36.2)
CHF (n=54) 3.3(L.9) 11 (20.4) 25 (46.3) 18 (33.3)
CVD (n=158) 3.0 (1.9) 45 (28.5) 69 (43.7) 44 (27.9)
History of localized Cancer (n=73) 3.0(1.9) 20 (27.4) 37 (50.7) 16 (21.9)
Diabetes (n=117) 3.1(L.9) 31 (26.5) 52 (44.4) 34 (29.1)
COPD+CHF (n=23) 45(1.2) 0(0.0) 10 (43.5) 13 (56.5)
COPD+CVD (n=63) 3.9(L7) 6 (9.5) 29 (46.0) 28 (44.4)
CVD+CHF (n=34) 3.2 (L.9) 8 (23.5) 15 (44.1) 11 (32.4)
COPD+CHF+CVD (n=14) 4.4(12) 0(0.0) 6 (42.9) 8(57.1)
Charlson Comorbidity Index

1-2 (n=237) 1.8 (1.8) 124 (52.3) 87 (36.7) 26 (11.0)

3-4 (n=226) 2.5 (1.9) 89 (39.4) 92 (40.7) 45 (19.9)

5+ (n=181) 3.2(L9) 42 (23.3) 86 (47.5) 53 (29.3)
Pack-years

<47 (n=320) 2.3(1.9) 144 (45.0) 117 (36.6) 59 (18.4)

>47 (n=323) 2.7 (L.9) 106 (32.8) 152 (47.1) 65 (20.1)

Abbreviations: COPD: chronic obstructive pulmonary disease, CVD: Cardiovascular disease, CHF: Congestive heart failure

*
Good was defined as score of 0 to 1, Intermediate as 2 to 4 and Poor as 5 to 6.
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Adjusted associations of key medical comorbidities and multi-morbidity with poor exercise capacity among
smokers eligible for lung cancer screening (n=647)

Comorbidity

Odds Ratio

(95% CI) | P-value

3a. Separate logistic regression models for each individual comorbidity or combination *

COPD

CHF

CVvD

Localized Cancer
Diabetes
COPD+CHF
COPD+CVD
CVD+CHF
COPD+CHF+CVD
CClI (categorical)

4.62
3.07
2.24
1.21
2.17
7.42
4.46
2.87
7.23
2.48

3.05,7.02
1.62, 5.82
1.45,3.47
0.65, 2.26
1.35, 3.48
3.08, 17.89
2.55,7.80
1.32, 6.26
2.39,21.86
1.83,3.35

<0.001
0.001
<0.001
0.61
0.001
<0.001
<0.001
0.008
0.001
<0.001

3b. Final logistic regression model including comorbidities and Charlson Comorbidity Index ™

COPD | 3.54 | 2.23,5.62 | <0.001
CHF | 1.94 | 0.94, 3.98 | 0.072
CvD | 131 | 0.76, 2.25 | 0.325
CClI (categorical) | 1.58 | 1.08, 2.31 | 0.019

*
Adjusted for age, sex, race (white vs minority race), educational attainment. Diabetes excluded from final model due to colinearity with CCI.
Localized cancer excluded due to lack of association with exercise capacity.

Abbreviations: COPD: Chronic obstructive pulmonary disease, CHF: Congestive heart failure, CVD: cardiovascular disease, CCI: Charlson

Comorbidity Index
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