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Abstract

PURPOSE—The goal of this study was to determine the prevalence of Insulin Resistance (IR) 

and Type-2 Diabetes Mellitus (T2DM) in contemporary cardiac rehabilitation (CR) and to 

compare clinical responses in CR between these subsets of patients with coronary heart disease 

(CHD).

METHODS—The study cohort included 818 patients enrolled in CR. We separated the cohort 

into 3 groups: individuals with normal HbA1c (NoIR, glycated hemoglobin, HbA1c<5.7), 

individuals with insulin resistance (IR, HbA1c≥5.7<6.5), and individuals with T2DM 

(HbA1c≥6.5).

RESULTS—The combined prevalence of IR (44%) and T2DM (23%) was 67% which paralleled 

the prevalence of metabolic syndrome (MetSyn), present in 65% of patients. Women had a higher 

prevalence of IR and MetSyn than men (73% vs. 64%, 72% vs. 63%) and a greater percentage 

with an elevated waist circumference (71% vs. 60%) (all, p<0.05). All 3 groups experienced 

decreases in body weight (NoIR= −2.3±4.0, IR= −1.7±4.0, T2DM= −1.0±4.2kg) and increases in 

maximal METs at exercise testing (NoIR= +2.2±2.5 vs IR= +2.1±2.8 vs T2DM= +1.3±2.3) (all, 

p<0.05). Individuals with NoIR achieved greater improvements in weight, BMI, and METs 

compared to patients with T2DM (all, p<0.05). Selected individuals who participated in a 4-

session behavioral weight loss program lost more than twice the weight as nonparticipants.

CONCLUSIONS—The combined prevalence of IR and T2DM in patients with CAD enrolled in 

CR was remarkably high (67%). To reverse the deleterious consequences of IR and T2DM, 

targeted interventions of exercise and weight loss need to be a central focus of CR programming.

Introduction

Metabolic syndrome (MetSyn), insulin resistance (IR) syndrome, and type 2 diabetes 

mellitus (T2DM) are highly prevalent conditions among participants in cardiac rehabilitation 

(CR).1 T2DM is often associated with a cluster of cardiovascular disease (CVD) risk factors 

that include abdominal obesity, hypertension (HTN), hypertriglyceridemia, and low HDL-C 

that are frequently termed “metabolic syndrome”. This form of DM, previously referred to 

as “non-insulin-dependent diabetes” or “adult-onset-diabetes”, accounts for ~90–95% of all 
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diabetes.2 Metabolic syndrome or IR (HbA1c≥5.7<6.5) substantially increases the likelihood 

of developing T2DM and is associated with the premature development and increased 

progression of cardiovascular disease.3 The prevalence of T2DM in the general population is 

increasing with about 29.1 million people or 9.3% of U.S. population diagnosed. 

Furthermore, an estimated 8.1 million U.S. adults with diabetes are undiagnosed thus 

increasing their risks for eventual T2DM-related complications and cardiovascular disease.4 

Its prevalence in individuals with diagnosed coronary heart disease (CHD) is much higher.5 

Patients with T2DM have a 2 to 4 fold increased risk of myocardial infarction, stroke, or 

death from cardiovascular disease than those without T2DM.6 Co-morbidities such as HTN, 

elevated BMI, obesity, and dyslipidemia associated with T2DM amplify its role in 

cardiovascular disease. Hypertension affects 71% of the individuals with T2DM.7 

Cardiovascular complications in individuals with HTN and T2DM are substantially more 

common than with either entity alone.8 With more than 80% of the patients entering CR 

being overweight, the prevalence of IR and T2DM, and their response to CR needs to be 

closely assessed.9

While it is well accepted that CR has a favorable impact on exercise tolerance, little data 

exists on outcomes in individuals with IR, MetSyn, or T2DM in CR.10,11 Whereas 

behavioral weight loss programs, consisting of exercise and a hypocaloric diet are 

sometimes offered in CR, the relative effectiveness of CR on body weight and fitness in 

individuals with IR, MetSyn, or T2DM has not been evaluated. The purpose of this study is 

to determine the prevalence of IR and T2DM in contemporary CR and to highlight the need 

for active intervention and management of MetSyn and T2DM in the CR setting.

Methods

The study population included 898 consecutive patients with established coronary artery 

disease enrolled in CR at the University of Vermont Medical Center, Burlington, Vermont. A 

total of 80 participants were excluded from the study for missing data pertaining to fasting 

blood glucose (FBG) or HbA1c. All patients recently experienced a coronary event 

including coronary artery bypass surgery (CABG), myocardial infarction (MI), percutaneous 

coronary intervention (PCI), chronic stable angina, or systolic congestive heart failure 

(CHF). After the overall number of individuals with IR and T2DM was ascertained, the data 

were analyzed and separated by gender. Additionally, the cohort was classified into 3 

groups: individuals with no insulin resistance (NoIR, HbA1c<5.7), IR (HbA1c≥5.7<6.5), 

and T2DM (HbA1c≥6.5). Type 2 diabetes mellitus classification (fasting serum glucose of 

≥126 mg/dL or HbA1c ≥6.5) was also based on the American Diabetes Association (ADA) 

recommendation.12 The Adult Treatment Panel (ATP) III guideline was utilized for 

classifying MetSyn13 as follows with 3 of 5 criteria required for a diagnosis of MetSyn.

1. Abdominal obesity: waist circumference of >102 cm for men and >88 cm 

for women.

2. Hypertension: ascertained from patient history of HTN, use of HTN 

medication, or a medically assessed blood pressure of ≥130 systolic or ≥85 

diastolic mmHg.
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3. Hypertriglyceridemia: triglyceride ≥150 mg/dL or use of triglyceride 

lowering medication.

4. Low HDL-C: HDL-cholesterol <40 mg/dL in men and <50 mg/dL in 

women, or use of lipid medication to increase HDL-Cholesterol.

5. Fasting glucose: use of anti-diabetic medication or fasting serum glucose 

of ≥110 mg/dL.

The current study included an additional criterion of HbA1c≥5.7 or fasting serum glucose of 

≥100 mg/dL for hyperglycemia. Blood lipid analyses were undertaken in the hospital at the 

time of the index event, the morning after hospital admission. Lipids were done prior to 

entry to CR. Though not included in the criteria for establishing MetSyn, LDL cholesterol 

was computed. Patients enrolled in the CR program underwent exercise testing in a 

standardized manner. At entry to CR aerobic fitness was assessed with a symptom limited 

exercise tolerance test. Peak metabolic equivalents (METspeak) were estimated based on 

achieved treadmill speed and elevation. For 517 patients, expired gas was analyzed during 

the exercise protocol using a Medgraphics Ultima metabolic cart (Saint Paul, MN) with 

patients exercising to voluntary exhaustion. Peak VO2 was considered to be the highest 30-

second average during the test. At the time of entry to CR a digital calibrated scale (Detecto, 

Webb City, MO) was used to measure body weight with shoes removed and pockets 

emptied. Body mass index was calculated as weight (kg) divided by height (m2). Waist 

circumference, measured around the level at the umbilicus, was also obtained. Patient 

handgrip was assessed using a handgrip dynamometer (Jamar, Bolingbrook, IL).

Self-reported physical functioning was assessed using the Medical Outcomes Study Short 

Form-36 (MOS SF-36) survey questionnaire (0–100 scale) with 100 representing excellent 

physical functioning. Depressive symptoms were assessed using the Geriatric Depression 

Scale (0–15 score) with higher numbers indicating more depressive symptoms. A co-

morbidity score was determined by assessing for peripheral vascular disease, 

cerebrovascular disease, chronic lung disease, or orthopedic limitations. If a co-morbid 

condition was present, it was quantified by severity as follows: 1, present but not exercising–

limiting; 2, present and impacts on exercise performance; and 3, exercising-limiting. A total 

co-morbidity score ranging from 0 to 12 was thus determined.

The CR exercise intervention has been described in detail previously.14 Briefly, the exercise 

training program consisted of up to three sessions per week over 3–4 months (maximum, 36 

sessions). Individuals exercised for approximately 45 to 60 minutes per CR session on a 

variety of modalities including treadmills, elliptical trainers, and rowing, cycle, and arm 

ergometers. This training program is similar to that performed at most CR programs around 

the country.15 To maximize caloric expenditure, however, overweight participants used 

treadmill walking and elliptical trainers as the primary exercise modalities rather than 

weight-supported exercise ergometers.16 Participants were encouraged to exercise 

aerobically on non-CR days.

All patients participated in 2 classroom teaching sessions on a heart-healthy diet. 

Overweight individuals were also strongly advised to attend 4 weekly behavioral weight loss 

sessions. The components of the behavioral weight sessions have been described 
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elsewhere.17 Briefly, behavioral strategies target changes in diet to decrease caloric intake 

and increase physical activity to improve energy expenditure. These behavioral strategies 

were designed to assist the patient to acquire the skills and knowledge for short- and long-

term weight loss success. Specific behavioral strategies included: establishing a daily caloric 

goal for dietary intake and activity related energy expenditure, self-monitoring of both eating 

habits and physical activity, stimulus control, problem solving, and social support.

Statistical analyses were performed using SAS version 9.0 (SAS Institute, Inc. Cary, NC, 

USA). Baseline characteristics are presented as N, % (based on sex) along with mean ± SD. 

To compare baseline variables including age, BMI, lipids, HTN, HbA1c, peak VO2, and 

peak METs, paired and unpaired t-tests were undertaken. ANOVA was used for analyzing 

differences between the three groups. Variables included in the regression analysis of 

correlates of baseline HbA1c were baseline body weight, entry BMI, waist circumference, 

peak METs, peak VO2, total co-morbidity score, and depression and physical function 

scores. Contingency table analysis was used to compare nominal variables. A p value of 

<0.05 was used to indicate statistical significance.

Results

The study population included 898 consecutive patients; 241 females (27%) and 657 males 

(73%). A total of 80 participants were excluded from the study for missing data pertaining to 

both glucose and HbA1c measures. There were no differences by age, sex, weight, BMI, 

lipid levels, and peak aerobic exercise capacity when individuals excluded from the study 

were compared to those included in the study (all, p=NS) (data not shown).

The combined prevalence of IR (44%) and T2DM (23%) was 67% which closely paralleled 

the prevalence of MetSyn in 65% of patients (Table I). A significantly greater percentage of 

women had IR than men (73% vs. 64%, respectively, p<0.05, Figure 1). Women also had 

higher prevalence of MetSyn than men (72% vs. 63%, p<0.05). There were no difference by 

sex pertaining to prevalence of HTN, hypertriglyceridemia, or low HDL although a greater 

percentage of women were classified with a high waist circumference compared to men 

(p<0.05). Combined, 41.2% of men and women were obese (BMI≥30) and 40.9% were 

overweight (BMI >25 and <30) for a total prevalence of overweight-obese of 82.1%.

We further analyzed the data by comparing patients by the presence or absence of IR and 

T2DM (Table II). Overall, 33.7% of CR patients were classified with NoIR, 43.6% had IR, 

and 22.6% of patients had T2DM. Patients in the NoIR group were younger than the IR and 

T2DM groups. The percentage of woman was greater in the IR (27.9%) and T2DM (32.6%) 

groups than the NoIR (21.5%) group (p<0.05). The number of days from hospital discharge 

to entry into CR for NoIR and IR groups was shorter than the T2DM group (p<0.05). At 

baseline, significant differences between these three groups of patients were observed for 

weight (NoIR=84.0±16.4 vs IR=86.4±19.1 vs T2DM=92.8±18.7kg), BMI (NoIR=28.4±5.4 

vs IR= 29.8±5.4 vs T2DM=32.2±6.1), and waist circumference (NoIR=99.3±12.7 vs IR= 

102.4±14.0 vs T2DM=107.4±13.2cm (all, p<0.001). For weight, BMI and waist 

circumference, between group comparison revealed lower values for patients with NoIR 

compared to IR and both NoIR and IR had more favorable body composition measures than 
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individuals with T2DM (all, p<0.05). Patients with T2DM had higher triglycerides, lower 

HDL-C and LDL-C (all, p<0.05) than patients in the NoIR and IR groups. Comorbidity 

score varied significantly between the 3 groups being lowest in NoIR, and highest in patients 

with T2DM (p<0.001). Differences between the three groups were observed for baseline 

exercise capacity for both peak VO2 (Highest in NoIR=21.8±6.8, intermediate in 

IR=18.5±5.8, and lowest in T2DM=17.3±5.8 mLO2*kg−1*min−1, p<0.001), and peak METs 

(NoIR=7.9±2.9 vs IR=6.8±2.6 vs T2DM=6.0±2.4, p<0.001). For both peak VO2 and METs, 

between group comparison revealed higher fitness levels for patients with NoIR compared to 

IR and both NoIR and IR were more fit than individuals with T2DM (all, p<0.05). Patients 

with NoIR had both a higher handgrip and a higher MOS SF-36 physical function score in 

comparison to patients with IR and T2DM (p<0.001). The Geriatric Depression Scale did 

not differ between the three groups.

Of 818 patients studied, 488 patients (60%) (NoIR=168, IR=196, T2DM=124) completed 

the CR program (Table III) and had pre and post-program data. Patients with IR were less 

likely to complete CR than patients with T2DM (p<0.05). Otherwise, completion rates were 

similar between groups. During CR, all 3 groups of patients experienced improvements in 

weight (NoIR= −2.3±4.0 vs IR= −1.7±4.0 vs T2DM= −1.0±4.2Kg), BMI (NoIR= −0.7±1.3 

vs IR= −0.6±1.4 vs T2DM= −0.4±1.5), and METs (NoIR= +2.2±2.5 vs IR= +2.1±2.8 vs 

T2DM= +1.3±2.3) (within group comparison, all, p<0.05). Individuals with NoIR achieved 

greater improvements in weight, BMI, and METs compared to patients with T2DM (all, 

p<0.05) but experienced similar changes in weight related outcomes compared with subjects 

with IR.

We reviewed weight loss patterns for 392 of the 488 patients (80%) who completed CR and 

had a BMI of greater than 25. Weight loss was significantly greater for individuals who 

participated in our behavioral weight loss (BWL) intervention (N=95) versus patients 

(N=297) who did not (−5.6±3.5 vs −1.0±3.8kg, respectively, p<0.0001). Among patients 

participating in the BWL intervention, weight loss was similar for individuals with 

NoIR=6.6±3.0kg (N=28), IR=5.3±3.0kg (N=39), and T2DM=4.7±4.2kg (N=28) (between 

group comparison, p=0.10) and substantially greater than our overall body weight response 

described above.

By univariate linear regression, the baseline correlates of HbA1c included baseline values 

for peak METs (r= − 0.21, r2=0.04, p=0.0001), peak VO2 (r= − 0.20, r2=0.04, p=0.0001), 

BMI r=0.19, r2=0.04, p=0.0001), waist circumference (r=0.19, r2=0.04, p=0.0001), weight 

(r=0.16, r2=0.04, p=0.0001), depression score (r=0.14, r2=0.02, p=0.005) and co-morbidity 

score r=0.10, r2=0.01, p=0.01). By stepwise multivariate analysis, peak METs and waist 

circumference were independently associated with baseline HbA1c (cumulative total r=0.21, 

adjusted R2=0.04, p<0.0001).

Discussion

The rising prevalence of IR and T2DM in CR demands focused attention on outcomes after 

CR in these individuals. As CR programs have targeted factors critical to reducing 

cardiovascular risk, a gap exists pertaining to active management of IR and T2DM in the CR 
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setting which should include routine blood glucose monitoring and HbA1c measurement 

along with an intervention that maximizes fitness and weight reduction. Cardiac 

rehabilitation presents a unique opportunity to intervene in the course of the IR continuum. 

In that a measure of insulin sensitivity (i.e. fasting glucose or HbA1c) is almost always 

obtained during a hospital stay for an acute coronary event, professionals in CR should 

utilize such information to take advantage of a “teachable” moment when individuals are 

likely to be motivated to make lifestyle changes. Counseling individuals with IR or “pre-

diabetes” that they are at high risk for developing T2DM may motivate some individuals to 

make significant lifestyle changes. Also, individuals with newly diagnosed T2DM entering 

CR may be motivated to make the changes necessary to avoid going on a hypoglycemic 

medication. Studies indicate that intervening early may be key to successfully achieve a 

partial T2DM remission.18,19 Recently, we reported that 67–80% of overweight/obese 

subjects with recent (<1 year) onset of T2DM achieved at least a partial T2DM remission at 

6 months after undergoing exercise training and behavioral weight loss.20

In 2005, we reported a prevalence of MetSyn in CR that is significantly lower than in our 

current analysis (50% vs 65%)1. This discrepancy results in part from a differing 

methodology for defining IR between the 2 studies. The current study, utilizes fasting 

glucose and HbA1c to categorize IR rather than our previous study which utilized a medical 

chart verified diagnosis of T2DM, resulting in an under-reporting of total IR. Additionally, 

rates of obesity in CR since 2005 have increased.5 The present prevalence of MetSyn of 65% 

is almost 3 times higher than its occurrence in an age matched general US population21, 

highlighting the deleterious link between MetSyn and the development of CHD. While our 

previous study focused on the presence of MetSyn,1 the current study separates the 

diagnoses of IR and T2DM and highlights the differences between subgroups of patients 

with NoIR, IR, and T2DM. The differences between these groups are of interest and provide 

a better understanding for managing pre-diabetic and T2DM patients in CR.

Several studies have found that CHD patients with MetSyn and T2DM benefit from CR with 

weight loss and an improvement in peak VO2.22–24 Our analysis reveals that peak METs and 

waist circumference at baseline independently correlated with HbA1c, reinforcing the 

potential importance CR programs integrating exercise and weight loss counseling. The 

present study not only provides some information relative to the increasing prevalence of IR 

and T2DM in CR but also describes improvements in body weight, waist circumference, and 

fitness for individuals completing the program. Our results also indicate that women had a 

higher prevalence of MetSyn and total IR (IR plus T2DM) than men due in part to greater 

abdominal obesity. Studies have shown that women are less likely to be referred to and 

enroll in CR25 despite having more co-morbid conditions than men.26 Our results further 

highlight the need for programs to target increased participation for women as they 

experience similar improvement in CR as men.26

In that the rising prevalence of T2DM has been attributed to the obesity epidemic27, it has 

been generally understood that both the exercise training and weight loss counseling 

components of CR would be beneficial to CHD patients with T2DM.28–32 In addition, it has 

been shown that patients with T2DM who complete CR derive similar reductions in 

mortality and hospitalization to patients without T2DM.33 Achieving weight loss along with 
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improving fitness are key components of CR for these individuals as several studies have 

linked obesity and IR as risk factors for the progression of CHD.34–36 An exercise approach 

termed “high caloric expenditure exercise training” along with weight loss counseling 

improves IR in patients with CHD by 28%.9 Although the current study revealed that 

improvements in weight were higher for patients with NoIR than the IR and T2DM groups, 

all three groups experienced favorable improvements in weight. Weight reduction is thus is 

an attainable goal which is generally perceived to be difficult for patients with IR and 

T2DM. This change in weight, albeit modest, brings attention to the need for more effective 

weight management interventions in CR.37,38 Indeed, our results indicate that patients who 

selected to participate in a BWL program were able to achieve significantly greater weight 

loss than non-BWL participants. Previous studies have reported minimal reductions in BMI 

and weight loss in patients with T2DM in CR although these programs did not include a 

distinct behavioral weight loss component.39,40 In our study, for patients who participated in 

BWL programming, substantial weight loss was achieved regardless of IR status.

This study has limitations. First, the study cohort was predominantly Caucasian at a single 

center. Secondly, we lack information regarding dose and type of T2DM medication. We 

also lacked follow-up HbA1C levels for individuals who completed CR. Thirdly, the use of 

dyslipidemia medications at the time of entry to CR likely resulted in an underestimation of 

the prevalence of MetSyn through their effects on blood triglycerides and HDL-C. Finally, 

including an additional criteria of HbA1c for hyperglycemia could be viewed as a limitation 

for comparison with other studies using standard ATP III guidelines. Fasting blood glucose 

and HbA1c are a less precise measure of measuring insulin sensitivity than the “gold 

standard” hyperinsulinemic-euglycemic clamp technique.41 However, FBG and HbA1c 

values are utilized in the clinical setting to identify individuals with IR. Further, a newly 

released study using NHANES data used the same criteria (FBG and HbA1c) to define the 

prevalence of NoIR, IR, and T2DM.42 Thus, our analysis includes data that are typically 

available to CR professionals.

Given the improvements pertaining to weight loss, BMI, and METs obtained, particularly in 

patients who participated in BWL, our study draws attention to the clear need for developing 

targeted interventions in CR programs to the special population of patients with IR or 

T2DM. Our current study substantiates that weight management should be an integral 

component of CR programs alongside exercise training. Additionally, IR should be 

considered as an important outcome in establishing future CR protocols. The optimization of 

CR in a population with an increasing prevalence of IR and T2DM draws attention to the 

need of a multi-dimensional approach beyond traditional CR exercise training alone. As 

fully two thirds of the patients entering CR have IR or T2DM, protocols that address the 

underlying causal factors of obesity and low fitness need to be developed and assessed.
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Figure 1. 
Insulin Resistance Status
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Table I

Baseline Characteristics of Patients Enrolled in CRa

Total
population
(N = 818)

Females
(n = 219)

Males
(n = 599)

P value

Insulin resistanceb 357 (44) 100 (46) 257 (43) .17

Diabetes mellitusc 185 (23) 60 (27) 125 (21) .40

Total insulin resistanced 542 (67) 160 (73) 382 (64) .03

Triglycerides 283 (35) 72 (33) 211 (36) .50

High blood pressure 654 (80) 175 (80) 479 (80) .99

Waist circumference 518 (64) 156 (71) 362 (60) .009

High density lipoprotein 459 (56) 133 (61) 326 (55) .15

Total metabolic syndrome 534 (65) 157 (72) 377 (63) .03

Abbreviation, CR, cardiac rehabilitation.

a
Data reported as number (%).

b
HbA1c ≥5.7% to <6.5% or fasting glucose ≥100 to <126 mg/dL and not on hypoglycemic agent

c
HbA1c ≥6.5% or fasting glucose ≥126 mg/dL

d
Insulin resistance + diabetes mellitus
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Table 3

Risk Factor Responses by Patient Group for CR Completersa

Total
patients
(n = 488)

No insulin
resistance
(NoIR)
(n = 168)

Insulin
resistance
(IR)
(n = 196)

Diabetes
mellitus
(T2DM)
(n = 124)

P valuec

Weight, kg .04

  Pre-CR 85.6 ± 16.9 83.7 ± 16.7 84.2 ± 16.6 90.4 ± 16.7

  Post-CR 83.9 ± 16.3b 81.4 ± 16.1b 82.5 ± 15.5b 89.4 ± 16.7b

BMI, kg/m2 .0001

  Pre-CR 29.2 ± 5.3 28.1 ± 4.6 29.0 ± 5.7 31.2 ± 5.2

  Post-CR 28.7 ± 5.1b 27.4 ± 4.4b 28.4 ± 5.3b 30.8 ± 5.1b

Waist circumference, cm .02

  Pre-CR 102.4 ± 13.0 100.6 ± 13.2 101.1 ± 13.0 106.7 ± 12.0

  Post-CR 100.3 ± 13.2b 97.8 ± 13.2b 99.1 ± 12.2b 105.4 ± 12.0b

Peak V ̇O2, mLO2kg/min .25

  Pre-CR 20.0 ± 6.2 21.9 ± 6.6 19.7 ± 6.2 17.6 ± 4.7

  Post-CR 23.2 ± 7.4b 25.5 ± 7.8b 23.0 ± 7.4b 20.2 ± 5.5b

Peak metabolic equivalents, METs .006

  Pre-CR 7.2 ± 2.7 8.0 ± 2.9 7.2 ± 2.7 6.2 ± 2.3

  Post-CR 9.2 ± 3.4b 10.2 ± 3.4b 9.3 ± 3.4b 7.5 ± 2.7b

Abbreviations: BMI, body mass index; CR, cardiac rehabilitation; V̇O2, oxygen uptake.

a
All data reported as mean ± SD.

b
Within group comparison; all P < .05.

c
Comparison of response to training by group assignment. See text for post-hoc results.
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