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Objective: To investigate changes in cardiometabolic risk factors after completion of cardiac rehabilitation (CR) for coronary heart
disease (CHD) and ascertain whether the magnitude of improvement in cardiometabolic health differs between those with and without
metabolic syndrome (MetS).

Methods: In this observational cohort study, data were analyzed from 1984 patients enrolled in CR at the University of Michigan
between 2011-01-01 and 2020-02-29 for the indication of CHD. Patient characteristics were collected from standardized health
questionnaires and during CR intake evaluations. Cardiometabolic biomarkers were recorded from baseline laboratory data and re-
examined upon completion of CR. Differences in baseline patient characteristics by MetS status were compared using chi-square tests.
Wilcoxon rank-sum tests were used to compare baseline differences, and signed-rank tests were used to evaluate the change in
variables between baseline and completion of CR. The difference of change by MetS status was assessed using difference-in-
differences regression models.

Results: Of the 1984 patients, 1070 (53.9%) met the criteria for MetS at baseline, of which 770 were male (72.0%). Those with
MetS lost 1.43 pounds more (95% CI: 0.56, 2.31, P = 0.001), experienced a 0.21 larger drop in body mass index (95% CI: 0.03,
0.37, P = 0.02), and had a 0.31 greater reduction in waist circumference (95% CI: 0.08, 0.54, P = 0.008). Difference-in-differences
regression models revealed those with MetS experienced a greater reduction in triglycerides and fasting glucose, with a difference
of change of —8.70 for triglycerides (95% CI: —15.04, —2.37, P = 0.007) and —5.48 for glucose (95% CI: —10.44, —0.53, P = 0.03).
There was no significant difference in the change in HDL-C or LDL-C for MetS status.

Conclusion: Compared to those without MetS, patients with MetS experienced a comparable or greater benefit from CR, particularly
with respect to improvements in MetS components.

Keywords: chronic disease management, coronary heart disease, cardiometabolic risk factors, cardiovascular disease

Introduction

Metabolic syndrome (MetS) is characterized by a clustering of risk factors for cardiovascular disease (CVD) and diabetes
mellitus (DM).'™ Criteria for the clinical diagnosis of MetS commonly include the presence of at least three of the
following five factors: abdominal obesity, elevated triglycerides, low high-density lipoprotein (HDL) cholesterol,
hypertension and impaired fasting blood glucose.*> The overlapping of these conditions contribute substantially to
morbidity and mortality, particularly due to increased risk of DM' and CVDs such as coronary heart disease (CHD), heart
failure (HF), and stroke.*
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Cardiac rehabilitation (CR) is a comprehensive, evidence-based program designed primarily for secondary prevention
of CVD. Robust literature supports the use of CR as a cost-effective intervention for individuals with a variety of
cardiovascular conditions, with associated improvements in quality of life, morbidity, and mortality.® Available evidence
suggests that CR improves MetS, including each of its components.” Previous research has indicated that it may be
intrinsic factors, such as age, sex, or body mass index (BMI) that determine the level of functional improvement in
patients undergoing CR,® and other studies have found that CR is associated with smaller improvements in cardiometa-
bolic health among those with DM (particularly type IT) than among those without.”'® However, whether MetS modifies
the impact of CR on cardiometabolic health remains unclear.

In this study, we investigated changes in cardiometabolic risk factors from before to after the completion of CR in
individuals with CHD and compared these changes amongst those with or without MetS identified at baseline. We
hypothesized that cardiometabolic health would improve following CR with the indication related to CHD and that the
magnitude of improvement would be greater in MetS.

Material and Methods

Patients

In this observational cohort study, we utilized the comprehensive data from 1984 patients enrolled in the University of
Michigan CR program between 2011-01-01 and 2020-02-29 whose indication for CR was CHD-related. Eligible
qualifying diagnoses included myocardial infarction (MI) with or without percutaneous coronary intervention (PCI),
PCI, coronary artery bypass graft (CABG) surgery, and stable angina (Figure 1). The University of Michigan IRB
approved this study (IRB#: HUM00045929, approved 2011-04-21). We obtained consent to participate in CR and use of
patient data for research purposes from all participants at the time of CR enrollment.

Patients enrolled in cardiac *CR session format changed after 2020-
rehabilitation (CR) at the 02-29 due to COVID-19 pandemic.

University of Michigan between
2011-01-01 and 2020-02-29*

N =3014

Excluded (n=1030)
e Declined to participate (n=44)
e Outside CR time window (n=183)
e Ineligible indication for CR referral (n=803)

v

Enrolled in study

N = 1984
Metabolic Syndrome No Metabolic
at Baseline Syndrome at Baseline
N =1070 N=914
Figure | Study flow chart.
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Data
The study data were analyzed retrospectively utilizing the same research methods and University of Michigan CR
participant sample as the study conducted by Brandt et al (2023), which investigated the prevalence of factors among
patients with CHD that may be considered low-risk for participation in alternative CR models.'" Self-reported patient
characteristics, including age, sex, race, ethnicity, physical activity, smoking status, and history of peripheral arterial
disease were collected from standardized health questionnaires and intake evaluation by an exercise physiologist.
Comorbidities were derived from past diagnostic codes including stroke, heart failure, peripheral vascular disease,
chronic obstructive pulmonary disease (COPD), diabetes, hypertension, atrial fibrillation or flutter, and presence of
cardiac pacemaker or implantable cardioverter defibrillator. We defined angina based on the indication for referral
validated by the exercise physiologist at the time of CR entry. Psychological distress was assessed by the Brief Symptom
Inventory (BSI), consisting of 53 items that cover nine symptom dimensions of which we used four in our studies in CR
(depression, hostility, anxiety, and global severity index).'>

Metabolic biomarkers were obtained from participants’ health records from the date closest to baseline CR evaluation
and collected again upon completion of CR. Resting blood pressure was measured via the American Heart Association
guidelines using regularly calibrated oscillometric devices with patient sitting upright and forearm supported at the level
of the heart after resting for 5 minutes.'> Upon CR entry and completion, body weight, height, and body fat percentage
were measured using a bioelectrical impedance analysis (BIA) scale [Tanita, TBF-310, Tokyo, Japan], while waist
circumference was measured at the mid-point between the lowest ribs and the iliac crest. MetS was defined using the
standard American Heart Association criteria.* Cardiorespiratory fitness (CRF) was measured at CR entry by peak
oxygen consumption (VOjpea) using an electronic/motorized treadmill test. VO,,ca Was expressed as estimated
metabolic equivalents (METs), and rating of perceived exertion was at peak. CRF was not measured at CR completion.

The current investigation was approved by and followed the recommendations of the Institutional Review Board of
the University of Michigan Medical School (IRBMED) and was in accordance with the ethical standards as established
by the 1964 Declaration of Helsinki and its later amendments.

Outcome
The primary outcome was the change in cardiometabolic risk factors from baseline to the completion of CR, as well as
the difference of change in individuals with MetS compared to those without MetS.

Statistical Analysis

We compared baseline clinical and sociodemographic characteristics by MetS status using Wilcoxon rank-sum tests and
Chi-square tests. Non-parametric Wilcoxon tests were used, not assuming normal distribution of continuous variables.
The change in cardiometabolic parameters between baseline and completion of CR was assessed using non-parametric
paired tests, or Wilcoxon signed-rank tests, as the same patients at baseline and at the end of CR were not independent.
Patients with missing data for a specific measure, either at baseline or at the end of CR, were excluded when computing
the statistics of the measure. To evaluate changes in cardiometabolic risk factors and measures of psychosocial health and
cardiopulmonary fitness by MetS status, we conducted 17 difference-in-differences regression models, one for each
measure, adjusting for age, sex, education, employment status, and indication for referral to CR. Patients who did not
have MetS at baseline served as the reference group, as we hypothesized more improvement might be observed for
patients having MetS at baseline. In difference-in-difference modeling, patients with missing data either at baseline or at
the end of CR were excluded from modeling. An a-priori 2-tailed alpha of <0.05 was used to indicate statistical
significance. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).

Results

Our final analytic sample (n = 1984) had a mean age of 63.4 years of age in those with and without the MetS; 74.9%
were male and 82.6% were White (Table 1). Overall, 1070 individuals (53.9%) met the criteria for MetS. Those with
MetS were more likely to be female (P = 0.001), had lower educational attainment (P < 0.0001), and were less likely
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Table | Comparison of Baseline Sociodemographic and Clinical Characteristics of Participants, by Metabolic Syndrome Status

Variable Total, N = 1984* Metabolic Syndrome, No Metabolic Syndrome, Effect Size p®
n = 1070 (53.9%) n =914 (46.1%)
Age, years (mean * SD) 634+ 113 63.2 £ 10.7 636+ 119 0.035 0.58
Males, n (%) 1486 (74.9) 770 (72.0) 716 (78.3) 0.146 0.001
White race/ethnicity, n (%) 1624 (82.6) 873 (82.1) 751 (83.2) 0.029 0.54
Married, n (%) 1433 (73.3) 759 (72.1) 674 (74.7) 0.059 0.19
Educational attainment, n (%)
High school, some high school 253 (13.1) 158 (15.0) 95 (10.9) 0.122 < 0.0001
Associate’s degree, some college 608 (31.5) 383 (36.2) 225 (25.8) 0.226
Bachelor’s degree or higher 360 (18.7) 177 (16.8) 183 (21.0) 0.107
Post-graduate, professional degree 606 (31.4) 275 (26.0) 331 (38.0) 0.259
Other 102 (5.3) 64 (6.1) 38 (44) 0.076
Employment status, n (%)
Active 831 (41.9) 417 (39.0) 414 (45.3) 0.128 0.0003
Retired 832 (41.9) 472 (44.1) 360 (39.4) 0.095
Unemployed 70 (3.5) 41 (3.8) 29 (3.2) 0.033
Medically disabled 116 (5.8) 79 (74) 37 4.1) 0.142
Unknown 135 (6.8) 6l (5.7) 74 (8.1) 0.095
Indication for referral to cardiac rehab program, n (%)
Mi 516 (26.0) 255 (23.8) 261 (28.6) 0.109 0.003
MI/PCI 355 (17.9) 186 (17.4) 169 (18.5) 0.029
PCl/stent 673 (33.9) 376 (35.1) 297 (32.5) 0.055
CABG 345 (17.4) 186 (17.4) 159 (17.4) 0.000
Stable angina 95 (4.8) 67 (6.3) 28 (3.1) 0.152
Body composition, mean + SD
Weight, Ibs 1954 + 43.7 2104 + 427 177.9 + 38.0 0.804 < 0.0001
Body mass index, kg/m? 29.8 + 6.0 32.1 £58 27.1 £5.0 0.923 < 0.0001
Body fat percentage 31.3+94 348 +89 27.0 £ 8.1 0917 < 0.0001
Metabolic syndrome components, mean + SD
Waist circumference, in 409 + 5.9 435+ 54 378 £ 48 1.116 < 0.0001
HDL-C, mg/dL 426 £ 12.6 38396 479 £ 138 0.808 < 0.0001
Triglycerides, mg/dL 1272 £ 73.2 152.7 £ 82.2 96.6 + 445 0.849 < 0.0001
Fasting glucose, mg/dL 112.6 + 36.8 124.3 £ 42.1 983 +21.6 0.777 < 0.0001
Systolic BF, mm Hg 1172 £ 17.3 119.3 £ 173 1147 £ 17.0 0.268 < 0.0001
Diastolic BF, mm Hg 65.7 £ 9.9 66.4 £ 9.8 64.9 £ 10.0 0.152 0.0004
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Cardiometabolic risk factors, n (%)
Type | diabetes 54 (2.7) 35(3.3) 19 (2.1) 0.074 0.10
Type 2 diabetes 617 31.1) 516 (48.2) 101 (11.1) 0.889 < 0.0001
Hyperlipidemia“ 1852 (93.4) 1025 (95.8) 827 (90.5) 0.211 < 0.0001
Low HDL-C? 616 (31.1) 474 (44.3) 142 (15.5) 0.663 < 0.0001
Hypertension® 1434 (72.3) 935 (87.4) 499 (54.6) 0.775 < 0.0001
Physical inactivity' 310 (15.6) 179 (16.7) 131 (14.3) 0.066 0.14
Current smoking 106 (5.6) 63 (6.2) 43 (5.0 0.052 0.29
Obesity 810 (40.8) 628 (58.7) 182 (19.9) 0.866 < 0.0001
Comorbidities, n (%)
Stroke 19 (1.0) I'1(1.0) 8 (0.9) 0.010 0.819
Heart failure 27 (1.4) 13 (1.2) 14 (1.5) 0.026 0.565
Cardiac pacemaker or ICD 127 (6.4) 66 (6.2) 61 (6.7) 0.020 0.647
COPD 568 (28.6) 334 (31.2) 234 (25.6) 0.124 0.006
Peripheral vascular disease 295 (14.9) 186 (17.4) 109 (11.9) 0.156 0.001
Atrial fibrillation/flutter 453 (22.8) 240 (22.4) 213 (23.3) 0.021 0.668
Other lipids (mg/dL), mean + SD
Total cholesterol 138.1 +36.9 137.9 + 37.2 138.3 + 36.6 0.011 0.55
LDL-C 70.3 £ 289 69.7 £29.0 71.1 £288 0.048 0.17
Non-HDL-C 955 £ 34.1 99.7 + 346 90.5 + 32.7 0.273 < 0.0001
Pharmacotherapy, n (%)
Diabetes 534 (26.9) 463 (43.3) 71 (7.8) 0.892 < 0.0001
High Triglycerides 36 (1.8) 32 (3.0 4 (0.4) 0.198 0.0003
Low HDL-C 33 (1.7) 28 (2.6) 5(0.5) 0.166 < 0.0001
Hypertension 1825 (92.0) 1036 (96.8) 789 (86.3) 0.385 < 0.0001
Statin 1827 (92.1) 1008 (94.2) 819 (89.6) 0.169 0.0002
Psychosocial health, mean *+ SD
BSI-53 global severity index 51.7 £ 103 522 % 106 51.1 £10.0 0.107 0.02
BSI-53 depression score 51.5+94 51.8+97 512 +9.0 0.064 0.64
BSI-53 anxiety score 49.5 + 10.0 49.6 £ 10.2 494 9.7 0.020 0.80
BSI-53 hostility score 49.6 £9.0 50.1 £ 9.1 49.0 + 87 0.124 0.0l
Cardiopulmonary fitness
Estimated METs 83 +3.l 74+27 94+33 0.663 < 0.0001
RPE 158 + 44 15.6 £2.2 6.1 £ 6.1 0.109 0.11

aro(q

LSV

Notes: *Percentages for some variables reflect missing observations. °From Wilcoxon rank-sum tests and Chi-square tests. “Total cholesterol = 240 mg/dL, LDL-C = 160 mg/dL, or treatment for elevated cholesterol. “HDL-C < 35 mg/dL for
males, < 40 mg/dL for females, or treatment for low HDL. ®Systolic blood pressure = 130 mmHg, diastolic blood pressure = 80 mmHg, or treatment for hypertension. ‘Self-reported daily physical activity level of “sedentary”.
Abbreviations: SD, standard deviation; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; HDL-C, high-density lipoprotein cholesterol; ICD, implantable cardioverter defibrillator;
COPD, chronic obstructive pulmonary disease; LDL, low-density lipoprotein; BSI, brief symptom inventory; METs, metabolic equivalents; RPE, rating of perceived exertion.
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to be actively employed (P < 0.0003). Those with MetS were more likely to have a past medical history of COPD
(P = 0.006) and peripheral vascular disease (P = 0.001). At baseline, those with MetS had slightly greater
psychological distress, as evident by higher scores on the psychosocial health indicator BSI-53, but both groups
were average for age/gender.

The most common qualifying diagnosis was PCI (33.9%), followed by MI (26.0%). There was no difference in CR
sessions attended [MetS n = 1063, mean 23.6 £+ 11.6, no MetS n = 905, mean 22.9 + 11.6, P = 0.157], which was 2 or
3 sessions per week over 3 months. At baseline, those with MetS were more likely to be on medication for diabetes
(ES = 0.892, P = <0.0001) and hypertension (ES = 0.385, P = <0.0001). While 92% of the total sample were being
treated with cholesterol-lowering statins medication, less than 2.0% of patients were being treated with drugs specific
for triglycerides and high-density lipoprotein cholesterol (HDL-C) across both groups.

At completion of CR, statistically significant improvement was observed in most measures of body composition and
cardiometabolic risk factors as well as psychosocial health (Table 2). The change in biometric and cardiometabolic risk
factors following participation in CR, by MetS status and components, is summarized in Table 2. After adjustment, both
groups lost a significant amount of weight; however, compared to those without MetS, those with MetS lost an average of
1.43 pounds more (95% CI: 0.56, 2.31, P = 0.001), corresponding to a 0.21-point larger drop in body mass index (95%
CI: 0.03, 0.37, P = 0.02), and also experienced a modestly greater reduction in waist circumference (—0.31 in [95% CI:
—0.54, —0.08, P = 0.008]). A significant decrease in systolic blood pressure occurred in MetS which did not occur in the
non-MetS group (—2.38 mmHg + 17.68, P = 0.002), a difference that was not significant after adjustment (P = 0.08). As
anticipated, there was a greater reduction in triglycerides and fasting glucose in those with MetS. The difference of
change after adjustment for triglycerides was —8.70 mg/dL (95% CI: 15.04, —2.37, P = 0.007), and glucose —5.48 mg/dL
(95% CI: —10.44, —0.53, P = 0.03). Both groups had an approximate 2 mg/dL increase in HDL-C. The mean baseline
LDL-C was about 70 mg/dL in each group (Table 1) reflecting the use of statins, and both groups achieved an average of
25% further reduction in LDL-C. There was improvement in each of the variables of psychological distress in those with
and without MetS with a greater improvement on adjusted difference in depression in those without MetS (P = 0.03).

Discussion

In this observational study, we found that participation in CR was associated with improved cardiometabolic risk profile,
including reductions in systolic BP, weight, body fatness, lipids, and components of the MetS, as well as improved
psychosocial health. Overall, compared to patients without MetS, those with MetS experienced a similar or greater
improvement in cardiometabolic health.

Our findings are in line with evidence that CR improves clinical outcomes broadly® and MetS specifically.” However,
other studies have found smaller associations of CR with improvement in metabolic parameters among those with
DM,”'® which is not consistent with the results we found for MetS. It is not surprising that education and monitoring
during CR would result in greater improvement in modifiable CHD risk factors such as triglycerides, waist circumfer-
ence, weight, and blood pressure. In a study surveying patients’ awareness of CVD risk factors at CR entry, the results
showed that many patients are not aware of their risk factors and may even underestimate the significant risk factors such
as a sedentary lifestyle, cigarette smoking and DM have on CVD.'* These findings further support the use of CR
programs, with targeted educational components, for improvement in cardiometabolic health, including each of the MetS
criteria.

Differences in patient population, study design, skills of CR staff, and the specific CR intervention may also explain
these discrepancies.'® Furthermore, although MetS and DM often share a similar underlying pathology, it is possible that
those with MetS may respond differently to CR than those with DM. In one study that specifically examined CHD
patients with MetS, a 6-month CR program improved body composition, metabolic health, inflammation, and cardio-
pulmonary fitness.'® However, that study only included patients with CABG and did not compare those with and without
MetS.

The reduction in recurrent CV events and death following CR is well established. To what degree the positive benefits
have long-term value in persons with and without MetS remains to be seen.'” Given the increasing burden of
cardiometabolic diseases, the prevalence of MetS in CHD, and the lack of long-term benefit of CR-like tailored programs
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Table 2 Comparison of Changes in Cardiometabolic Risk Factors and Cardiopulmonary Fitness Outcomes Following Participation in Cardiac Rehabilitation, by Metabolic Syndrome

Status
Variable Metabolic Syndrome, N = 1070 (53.9%) No Metabolic Syndrome, N = 914 (46.1%) Difference of Change© (95% CI)
n? Change from Baseline® P n? Change from Baseline® P Unadjusted P Adjusted* P
(mean t SD) (mean £ SD)
Body composition
Weight, Ibs 716 —4.68 + 8.68 < 0.0001 636 —3.58 £ 7.37 < 0.0001 —1.10 (—1.96, —0.24) 0.01 —1.43 (-2.31, -0.56) 0.001
Body mass index, kg/m” 714 —0.74 + 1.82 < 0.0001 635 —0.56 + 1.43 < 0.0001 —0.18 (-0.35, —0.01) 0.04 —0.21 (-0.37, -0.03) 0.02
Body fat percentage 619 —0.82 + 3.23 < 0.0001 553 -0.57 £ 2.28 < 0.0001 —0.24 (-0.56, 0.07) 0.13 -0.31 (-0.63, 0.01) 0.06
Metabolic syndrome components
Waist circumference, in 628 -0.8I1 = 1.99 < 0.0001 545 —0.57 + 1.94 < 0.0001 —0.24 (-0.46, —0.01) 0.04 —0.31 (-0.54, —0.08) 0.008
HDL-C, mg/dL 578 2.14 + 673 < 0.0001 487 268 + 8.15 < 0.0001 —0.54 (—1.45, 0.37) 0.24 —0.20 (-1.13, 0.73) 0.67
Triglycerides, mg/dL 578 —14.41 £ 61.05 < 0.0001 487 —5.09 + 43.63 0.0001 —9.32 (—15.62, -3.02) 0.004 —8.70 (—15.04, —2.37) 0.007
Fasting glucose, mg/dL 375 —-3.78 £ 37.03 0.001 167 1.74 £ 20.03 0.42 —5.52 (—10.33, —0.70) 0.02 —5.48 (—10.44, —0.53) 0.03
Systolic BP, mm Hg 715 —2.38 £ 17.68 0.002 630 -0.37 £ 16.49 0.70 —-2.01 (-3.83, —0.18) 0.03 —1.68 (—3.55, 0.18) 0.08
Diastolic BR, mm Hg 715 =111 £10.59 0.008 628 -0.98 £ 10.27 0.05 -0.13 (-1.25, 0.99) 0.82 -0.26 (—1.41, 0.89) 0.66
Other lipids, mg/dL
Total cholesterol 578 -0.08 + 31.97 0.62 487 —1.20 + 28.59 0.84 1.12 (-2.51, 4.76) 0.54 0.94 (—2.81, 4.69) 0.62
LDL-C 577 —19.59 + 29.06 < 0.0001 486 —16.97 + 28.85 < 0.0001 —2.62 (-6.11, 0.87) 0.14 —1.50 (-5.06, 2.05) 0.41
Non-HDL-C 578 —2.21 +30.33 0.11 487 —3.82 + 26.54 0.002 1.61 (-1.81, 5.02) 0.36 1.08 (—2.43, 4.60) 0.55
Psychosocial health, mean + SD
BSI-53 global severity index 654 —3.66 + 7.64 < 0.0001 572 —4.50 £ 7.76 < 0.0001 0.84 (—0.02, 1.71) 0.06 0.82 (—0.06, 1.71) 0.07
BSI-53 depression score 654 —1.67 £ 775 < 0.0001 572 251 £7.14 < 0.0001 0.84 (0.00, 1.67) 0.05 0.92 (0.08, 1.76) 0.03
BSI-53 anxiety score 654 —3.32 £ 8.66 < 0.0001 572 —-3.99 + 8.59 < 0.0001 0.67 (—0.30, 1.63) 0.18 0.60 (—0.37, 1.57) 0.23
BSI-53 hostility score 654 —2.79 + 8.00 < 0.0001 572 —2.26 £7.99 < 0.0001 —0.54 (-1.43, 0.36) 0.24 —0.39 (-1.32, 0.54) 0.41
Cardiopulmonary fitness
RPE 485 —3.02 £ 3.04 < 0.0001 447 -353 +677 < 0.0001 0.51 (—0.17, 1.19) 0.14 0.34 (—0.26, 0.93) 0.27

aro(q
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Notes: *Number of patients with data at both baseline and end of program. ®From Wilcoxon signed-rank tests. “From difference-in-differences regression models specifying robust estimates of variance. Patients without metabolic
syndrome are treated as the reference. “Derived from difference-in-differences models adjusted for age, sex, education, employment status, and indication for referral to cardiac rehab.

Abbreviations: SD, standard deviation; Cl, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BSI, brief symptom inventory; METs, metabolic equivalents; RPE, rating of
perceived exertion.
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focused on promoting metabolic fitness, longer-duration chronic disease management than CR may be necessary to
sustain the benefits.'®

Our study has important strengths. We collected detailed cardiometabolic data both at baseline and at the completion
of CR, allowing us to assess prospective changes in these variables. These data were collected as part of a comprehensive
and ongoing preventive cardiology research database encompassing a range of CV risk factors and secondary prevention
programs for individuals with established CVD. In addition, the data collection was conducted by trained staff using
standardized protocols, minimizing reliance on patient recall and enhancing data accuracy.

Several limitations should also be considered. The study utilized medical records to identify relevant data, some of
which were not originally collected for research purposes. As a result, the number of patients with sufficient data to
specify MetS at CR exit is notably smaller compared to CR entry. Consequently, this reduced patient group may not be
representative of the entire study cohort. Furthermore, we cannot rule out residual confounding, particularly due to
unmeasured variables including fasting insulin, and inflammatory markers such as high sensitivity c-reactive protein.
Finally, our sample consisted of predominantly very well-educated White patients at a major academic medical center;
therefore, generalizability may be limited to populations with similar sociodemographic and cardiometabolic
characteristics.

Conclusion

In conclusion, this study provides evidence to support the use of CR as a means to promote cardiometabolic health
among patients with CHD. Compared to people without MetS, those with MetS experienced a comparable or greater
benefit from CR, particularly with respect to improvements in MetS components. CR should be recommended for all
eligible patients with CHD, including those with MetS.
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