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Background: Diabetic patients have a worse prognosis than nondiabetic patients after myocardial infarction.
Although exercise improves risk factors, exercise capacity, and mortality, it is still unclear if these benefits are
the same as in nondiabetics. Furthermore, although exercise tolerance is predicted by systolic and diastolic
dysfunction in nondiabetics, its role as a predictor of exercise capacity in diabetics remains unclear.
Hypothesis: Diabetics and nondiabetics see a similar improvement in their cardiac risk factors and exercise
parameters from exercise-based cardiac rehabilitation (CR).
Methods: A series of 370 diabetics and 942 nondiabetics entered a 36-session outpatient CR program after
interventions for coronary heart disease or after bypass or cardiac valve surgery. The program consisted of
physical exercise, lifestyle modification, and pharmacotherapy.
Results: Quality of life, weight, blood pressure, and lipid profiles improved significantly in both groups during
the 12-week program. Baseline metabolic equivalents (METs) were lower in diabetics vs nondiabetics at the
start of CR (2.4 vs 2.7, P < 0.001). Although both groups increased their exercise capacity, diabetics had less
improvement (change in METs 1.7 vs 2.6, P < 0.001). Significant predictors for improvement after CR included
age, sex, and weight, as well as both systolic and diastolic function. After adjustment for these, diabetes
remained a significant predictor of reduced improvement in exercise capacity.
Conclusions: Diabetics saw a significant benefit in quality of life, weight, exercise tolerance, and cardiac risk
factors, but to a lesser extent when compared with nondiabetics. The mechanisms for poorer improvement in
diabetics following CR also include noncardiac factors and require further study.

Introduction
Diabetes mellitus (DM) is increasing in prevalence in the
United States1 and is now more common in patients entering
cardiac rehabilitation (CR).2 The association between
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DM and cardiovascular disease is well established,3–6

and diabetic patients who have suffered a myocardial
infarction (MI) have worse outcomes than nondiabetics.4,5

Despite improvements in cardiovascular disease treatments,
diabetic outcomes after a MI continue to lag.4

Exercise-based CR improves prognosis in patients
with coronary artery disease.7–9 Although improving
cardiopulmonary fitness is also beneficial in diabetics, in the
United States, only 25% of older cardiac patients with DM
meet recommendations for physical activity based on the
American Diabetes Association guidelines.10 The number
of diabetics in CR has increased in the last 10 years,11 but
it is still unclear if they gain the same benefit from a CR
program as do nondiabetics.3,12–15

The aim of this study was to compare the effects of
exercise-based CR on cardiac risk factors and exercise
parameters in a series of diabetic and nondiabetic
individuals.
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Methods
Patient Population

Between 2004 and 2012, 1312 patients were enrolled into
the outpatient CR program at Wake Forest Baptist Medical
Center after interventions for coronary artery disease,
including coronary artery bypass graft surgery and/or
valvular disease. These disorders were defined by clinical
criteria and/or cardiac catheterization or echocardiography.
Of these patients, 370 had DM, diagnosed using standard
criteria.16 Clinical data were taken from patient records, and
the study was approved by our institutional review board.

Program

Our CR program consists of 3 sessions per week
for 12 weeks (total of 36 sessions) and includes both
exercise and health and nutrition education sessions. An
individualized exercise plan was created by an exercise
physiologist based upon history, comorbidities, physical
fitness, and clinical status according to the American College
of Sports Medicine Guidelines for Exercise Testing and
Prescription.17 Exercise sessions lasted 30 to 40 minutes and
consisted of 5 minutes of warm-up and cool-down activity;
upper- and lower-body training, including walking on a track,
cycle ergometry, treadmills, and stair-climbers; and light
resistance exercises using hand weights and tubing. Level
of activity was increased by 0.5 to 1.0 metabolic equivalents
(METs) as tolerated, to a rating of perceived exertion of 11
to 14 on a Borg scale of 6 to 20.17 Heart rates were obtained
by telemetry at the highest level of exercise during each
modality.

Measurements

At each visit, baseline vital signs were recorded for all
patients. We also measured height, weight, systolic and
diastolic blood pressures, resting heart rate, and MET level.
Steady-state MET levels were recorded at each session and
were obtained either automatically from exercise devices
or using a standardized MET formula. The MET levels
represent the highest level of exertion for the patient for
that specific session and were documented by the exercise
physiologist or nurse. Baseline MET level was recorded
during the first session and at each subsequent visit in the
same manner.

Blood pressure was measured by a registered nurse
using a standardized cuff after a 5-minute rest period.
Hypertension was diagnosed based on guidelines from
the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7),18 with normal pressure defined
as a systolic pressure (SBP) <120 mm Hg and diastolic
pressure (DBP) <80 mm Hg. We defined baseline pressure
as the first, and post pressure as the last, measurement for
each patient.

Adult Treatment Panel III (ATP III) guidelines were used
to define lipid goals. Goals were low-density lipoprotein
(LDL) concentrations < 100 mg/dL, high-density lipopro-
tein (HDL) concentrations > 40 mg/dL, and triglyceride
concentrations < 150 mg/dL.19 Pre- and postlipid profiles
were checked, respectively, within 1 month of starting and
finishing CR.

Quality of life (QOL) score was calculated at the begin-
ning and end of the program using the Ferrans and Powers
Quality of Life Index Cardiac version IV questionnaire.20

Additional initial blood measurements included hemoglobin
A1c (glycated hemoglobin). Left ventricular ejection fraction
(LVEF) was measured by standard techniques.21 Approx-
imately half of the patients (54% of diabetics and 56% of
nondiabetics) underwent transthoracic echocardiograms
within a month of participating in CR. Chronic obstruc-
tive pulmonary disease was documented by chart review
and had been diagnosed by standard criteria.22

Statistical Analysis

Descriptive statistics (frequency and percent for categorical
factors, mean and SD for continuous factors) were calculated
and compared for statistical significance using χ2 or Fisher
exact tests for categorical variables and Student’s t test
for continuous variables. Baseline and post-CR measures
were compared using paired t tests and changes calculated
as mean (95% confidence interval) of post-CR minus
baseline levels. Multivariable linear regression models were
constructed with metabolic equivalents as the dependent
variable, and independent predictors were selected for
inclusion using a backward selection methodology. All
potentially significant univariate predictors of exercise
capacity (P < 0.10) were included in the model, and least
significant covariates were removed individually until all
remaining covariates were statistically significant predictors
of exercise capacity. Two- and 3-way interaction terms
between independent predictors in the final models were
further tested for statistical significance. P < 0.05 was
considered statistically significant. The SAS version 9.3
statistical software package (SAS Institute, Inc., Cary, NC)
was used for all statistical analyses.

Results
Baseline Characteristics

Demographic and clinical characteristics upon entry into
the program are shown in Table 1. Ninety percent of
the diabetic patients had been referred for rehabilitation
for coronary artery disease, and most had undergone
revascularization procedures. Hypertension, obesity, lung
disease, and dyslipidemia were more common in diabetic
vs nondiabetic participants (P < 0.001 for all). Diabetic
patients had increased resting heart rate, SBP, triglyceride
concentrations, waist circumference, and weight, but
decreased HDL and LDL concentrations compared with
nondiabetics at the start of CR (P < 0.05 for all). Initial
exercise capacity was lower in diabetics vs nondiabetics
(2.4 vs 2.7 METs, P < 0.001). The proportion of patients
with valvular surgery was significantly higher among the
nondiabetics (P < 0.001). Mean time to CR initiation in
all the patients was 32 ± 33 days (34 ± 34 for diabetics vs
32 ± 32 for nondiabetics, P = 0.38).

Both diabetics and nondiabetics showed significant
improvement in quality of life, weight, SBP, DBP, resting
heart rate, lipid profile, and exercise capacity after CR
(Table 2). Diabetic patients showed marked improvement in
triglyceride concentrations and glycated hemoglobin levels
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Table 1. Baseline Patient Characteristics by DM Status

Characteristic

Diabetics,

N = 370

Nondiabetics,

N = 942 P Value

Demographics

Age, y 62 ± 10 63 ± 12 0.34

Male sex 252 (68) 682 (72) 0.12

Caucasian race 288 (78) 807 (86) <0.001

BMI, kg/m2 31 ± 6 28 ± 5 <0.001

Weight, lbs 205 ± 46 187 ± 40 <0.001

Waist circumference, in 43 ± 6 40 ± 5 <0.001

Medical history

Quality of life 22 ± 5 23 ± 4 <0.001

Baseline METs 2.4 ± 0.6 2.7 ± 0.9 <0.001

Current smoker 30 (8) 82 (9) 0.72

Lung disease 149 (40) 286 (30) <0.001

Hypertension 336 (91) 687 (73) <0.001

SBP, mm Hg 127 ± 20 120 ± 18 <0.001

DBP, mm Hg 71 ± 11 70 ± 10 0.02

Resting HR, bpm 79 ± 15 76 ± 14 <0.001

Hyperlipidemia 325 (88) 687 (73) <0.001

LDL, mg/dL 91 ± 38 101 ± 40 <0.001

HDL, mg/dL 38 ± 12 42 ± 17 <0.001

Triglycerides, mg/dL 182 ± 170 131 ± 84 <0.001

Glucose, mg/dL 121 ± 48 99 ± 14 <0.001

LVEF, % 49 ± 12 49 ± 12 0.30

Multivessel disease 265 (72) 573 (61) <0.001

Medications

β-Blocker 326 (88) 823 (87) 0.71

ACEI 263 (71) 558 (59) <0.001

Statin 333 (90) 802 (85) 0.02

Reason for referral

CAD 313 (88) 741 (80) <0.001

Presentation

MI 109 (31) 336 (37) 0.06

UA 108 (31) 174 (19) <0.001

Stable angina 71 (20) 157 (17) 0.20

Treatment

CABG 108 (31) 270 (29) 0.66

Table 1. Continued.

Characteristic
Diabetics,
N = 370

Nondiabetics,
N = 942 P Value

DES 138 (39) 333 (36) 0.34

BMS 26 (7) 52 (6) 0.25

Balloon angioplasty 7 (2) 18 (2) 0.98

Medical therapy 31 (9) 56 (6) 0.09

Valvular disease 28 (8) 173 (19) <0.001

AVR surgery 17 (5) 95 (10) 0.002

MVR surgery 11 (3) 56 (6) 0.03

Other treatment 1 (0.3) 25 (3) 0.006

Abbreviations; ACEI, angiotensin-converting enzyme inhibitor; AVR,
atrial valve replacement; BMS, bare-metal stent; BMI, body mass
index; CABG, coronary artery bypass grafting; CAD, coronary artery
disease; DBP, diastolic blood pressure; DES, drug-eluting stent; HDL,
high-density lipoprotein; HR, heart rate; LDL, low-density lipoprotein;
LVEF, left ventricular ejection fraction; METs, metabolic equivalents;
MI, myocardial infarction; MVR; mitral valve replacement; SBP, systolic
blood pressure; UA, unstable angina.
Data are expressed as mean ± standard deviation or n (%).

compared with nondiabetics (mean difference, −37.3 vs
−12.3 mg/dL, P < 0.001), (−0.5 vs 0.1, P = 0.002). Diabetics
also had significant improvement in exercise capacity
at peak compared with baseline (1.7 METs increase,
P < 0.001); however, this was less than in nondiabetic
participants (Table 2 and Figure 1).

We further evaluated improvement in exercise capacity
by DM status stratified by sex (Figure 2). Overall,
women improved less than men, with similar results in
diabetic and nondiabetic women. In contrast, there was
a marked improvement in diabetic men compared with
nondiabetic men.

Exercise capacity in diabetics improved less than in
nondiabetics regardless of diastolic function, whereas
nondiabetics with normal diastolic function had significantly
greater improvements in METs levels compared with those
with decreased diastolic function (P < 0.05; Figure 3).

In multivariate analyses, DM, advanced age, female sex,
increased body mass index (BMI), lung disease, and poor
LVEF (<35%) were significant independent predictors of
decreased improvement in peak exercise capacity after CR
(Table 3). There was a statistically significant interaction
between DM status, sex, and BMI, and so a 3-way interaction
term was also included in the final models. Similar results
were observed in the subset of patients who had baseline
diastolic function measured.

Discussion
We found that diabetic patients entering CR had a
greater prevalence of cardiac risk factors at baseline
than nondiabetics, similar to other studies.3,13,14 Although
both diabetics and nondiabetics experienced significant
improvements in all risk factors after CR, particularly
triglycerides, diabetic participants had significantly less
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Table 2. Pre- to Post–Cardiac Rehabilitation Metric �s by DM Status

Diabetics (N = 370) Nondiabetics (N = 942)

Metric n � (95% CI) n � (95% CI)

Peak METs 370 1.7 (1.5-1.9) 942 2.5 (2.4-2.7)a

Quality of life 147 1.9 (1.4-2.4) 383 1.8 (1.5-2.1)

Weight, lbs 309 −2.2 (−3.2 to −1.1) 798 −3.0 (−3.5 to −2.4)

BMI, kg/m2 291 −0.4 (−0.6 to −0.2) 762 −0.5 (−0.6 to −0.4)

SBP, mm Hg 321 −4.9 (−6.8 to −3.0) 822 −3.6 (−4.8 to −2.4)

DBP, mm Hg 318 −2.2 (−3.5 to −0.9) 821 −1.4 (−2.2 to −0.7)

Resting heart rate, bpm 315 −4.3 (−5.8 to −2.9) 818 −4.3 (−5.1 to −3.5)

LDL, mg/dL 234 −13.2 (−17.6 to −8.8) 607 −18.3 (−21.4 to −15.3)

HDL, mg/dL 250 2.0 (0.7-3.4) 629 1.7 (0.8-2.6)

Triglycerides, mg/dL 250 −37.3 (−58.9 to −15.8) 629 −12.6 (−18.8 to −6.4)a

Glucose, mg/dL 257 1.2 (−4.6 to 6.9) 490 −0.5 (−2.1 to 1.2)

HbA1c 100 −0.5 (−0.8 to −0.3) 26 0.1 (−0.1 to 0.2)a

Abbreviations: BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; HDL, high-density lipoprotein; HbA1c, glycated hemoglobin;
LDL, low-density lipoprotein; METs, metabolic equivalents; SBP, systolic blood pressure.
aP < 0.05 vs patients with diabetes mellitus.
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Figure 1. Mean metabolic equivalents (METs) during cardiac
rehabilitation in diabetic (circles) and nondiabetic patients (diamonds).
† = P < 0.01 vs baseline.

improvement in exercise capacity than did nondiabetic
participants.

Previous studies reported similar benefits in exercise
capacity after CR in diabetic and nondiabetics, both
with3,13,14,23–25 and without26 coronary artery disease.
Beneficial effects of such programs have been reviewed
elsewhere.27 In the current study, initial exercise capacity
in diabetics was lower compared with nondiabetics and
overall improvement was less marked. In a 2-month study
of 59 diabetic CR participants (51 men, mean age 57 years),
Verges et al15 also noted a lack of improvement relative to
participants without DM. But in their study, diabetics had
the same initial exercise capacity as nondiabetics,15 whereas
we and others have found the opposite.3,13,14,23,24 Although
the older age of our patients (62 years) may have played
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Figure 2. Mean change in metabolic equivalents (mean � METs) from
baseline to peak in males (white bars) and females (gray bars), by
diabetic status. Numbers above bars indicate mean value and range of
values. † = P < 0.05 vs males; ‡ = P < 0.05 vs diabetic patients.
Abbreviations: CI, confidence interval; METs, metabolic equivalents.

a role in their poorer exercise tolerance, the presence of
DM itself was a stronger independent predictor of exercise
capacity than age in multivariable analysis.

Diabetic participants had lower exercise capacity regard-
less of their systolic and diastolic left ventricular function as
assessed by echocardiography. Indeed, abnormal diastolic
function, a significant predictor of exercise intolerance,28

predicted a poorer improvement in exercise capacity
than abnormal systolic function. Furthermore, diabetic
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participants with normal diastolic function still had less
improvement in exercise capacity compared with nondia-
betic participants. Multivariable analysis including age, sex,
weight, LVEF, and diastolic function showed that DM was a
stronger predictor of exercise intolerance than left ventricu-
lar function, suggesting that these patients potentially have
additional noncardiac determinants of exercise capacity.

There are several possible mechanisms underlying
cardiac dysfunction in DM, which have been reviewed in
detail elsewhere.29 Whatever the cause, increasing exercise

in diabetics is a major public-health priority. Improving
cardiopulmonary fitness in diabetic individuals improves
their health outcomes,5 but only 25% of older diabetics in the
United States meet recommendations for physical activity
according to American Diabetes Association guidelines.10

There is thus a need for strong endorsement to enroll in
exercise-based CR programs that enhances participation.30

In addition to improved exercise capacity, the significant
improvements we observed in lipid profiles and blood
pressure in diabetics following CR are also noteworthy
benefits.

The current study has several limitations that merit
mention. This was a retrospective analysis at a single
site, and the duration of participation varied. We did
not modify any participant’s diabetic or cardiovascular
medications during this study. Furthermore, our program
uses moderate-intensity exercises without formal stress
testing. However, 27 diabetic and 80 nondiabetics did
undergo stress tests before and after CR (data not shown).
The diabetic patients had maximal METs of 9.2 before CR
and 10.8 after CR, whereas for nondiabetic patients the
maximal METs were 0.5 METs at baseline and 12.5 after
CR. An additional limitation of our study was that we did not
perform metabolic tests (VO2 max) or evaluate peripheral
muscle or vascular function, so we could not explore the
possible noncardiac mechanisms of exercise intolerance in
patients in detail. Future prospectively designed studies may
address these shortcomings.

Conclusion
In this retrospective study of CR in diabetic patients,
significant benefit was seen in quality of life, weight, exercise
tolerance, and cardiac risk factors. The failure of diabetics to

Table 3. Multivariate Analysis of Change in Exercise Capacity From Baseline

Base Model, n = 1290a Including Diastolic Function, n = 723a

Model PE SE P Value PE SE P Value

DM −0.86 0.150 <0.001 −0.97 0.209 <0.001

Age per 10 years −0.55 0.051 <0.001 −0.63 0.074 <0.001

Female sex −1.29 0.148 <0.001 −1.43 0.200 <0.001

BMI per kg/m2 −0.05 0.011 <0.001 −0.06 0.015 <0.001

Lung disease −0.44 0.123 <0.001 −0.33 0.171 0.05

LVEF <35% vs ≥50% −0.63 0.188 <0.001 −0.55 0.267 0.04

LVEF 35%–50% vs ≥50% −0.03 0.132 0.82 −0.06 0.181 0.75

On statin therapy 0.23 0.169 0.18 0.25 0.220 0.25

3-Way interaction term for DM, female sex, BMI 0.02 0.008 0.006 0.03 0.011 0.02

Abnormal diastolic function −0.50 0.171 0.004

Abbreviations: BMI, body mass index; DM, diabetes mellitus; LVEF, left ventricular ejection fraction; METs, metabolic equivalents; PE, parameter estimate;
SE, standard error of parameter estimate.
aOnly patients with nonmissing values for covariates included in the model. Parameter estimates indicate the multivariable adjusted absolute mean
change in METs from baseline to peak associated with each covariate.
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improve exercise levels to the same extent as in nondiabetics
may be multifactorial and requires further study.
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