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OBJECTIVEdLow cardiorespiratory ﬁtness (CRF) is an independent risk factor for cardiovascular disease (CVD), especially in individuals with type 2 diabetes. Age-predicted, sex-stratiﬁed,
and maximal MET cut points have been developed to determine the risk of CVD events and
mortality in low CRF categories. We examined the proportion of Health Beneﬁts of Aerobic and
Resistance Training in Individuals With Type 2 Diabetes (HART-D) participants above these cut
points before and after 9 months of aerobic training (AT), resistance training (RT), or a combination of both (ATRT).
RESEARCH DESIGN AND METHODSdParticipants from the HART-D study (n = 196)
who were randomly assigned to exercise training (AT, RT, or ATRT) or to a nonexercise control
group between April 2007 and August 2009 were used in this ancillary study. Cut points were
previously established for age-predicted METs (.100% and .85%, mean and increased CVD
risk, respectively), age- and sex-stratiﬁed METs (Aerobic Center Longitudinal Study), and clinically discernible METs (men .8.0, women .6.5).
RESULTSdBaseline prevalence of participants above these cut points was similar for all intervention groups (P . 0.50) and ranged from 11.9% (.100% age predicted) to 55.1% (.85%
age predicted). Baseline prevalence and age-, sex-, and race/ethnic group–adjusted percentage of
participants above each cut point increased signiﬁcantly after AT and ATRT (P , 0.05 for all).
CONCLUSIONSdStructured exercise training, especially the AT component, was associated
with a greater number of participants moving above established cut points indicative of low CRF.
These results have public health and clinical implications for the growing number of patients
with type 2 diabetes at high risk for CVD.
Diabetes Care 36:3305–3312, 2013

A

critical cardiovascular disease
(CVD) risk factor for patients with
type 2 diabetes is cardiorespiratory
ﬁtness (CRF), and considerable evidence
suggests a powerful role of CRF for

predicting all-cause and CVD mortality
(1). A meta-analysis demonstrated that
for every 1-unit increase in maximal estimated METs, all-cause mortality and
combined CVD and coronary heart
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disease (CHD) events were reduced by
13 and 15%, respectively (1). These results may be particularly applicable to patients with type 2 diabetes, who have a
marked increased risk of CVD and allcause mortality and who commonly present with low CRF (2–4). Speciﬁcally, a
steep inverse relationship exists between
both physical activity and CRF and mortality in patients with type 2 diabetes,
which appears to be independent of
BMI (5,6).
Further evidence supports the importance of aerobic exercise for the treatment
of patients with type 2 diabetes, including
improvements in glycemic control, body
composition, CHD risk factors, and vascular as well as ventricular function (7).
The American Heart Association issued
guidelines for aerobic exercise in patients
with type 2 diabetes to improve glycemic
control and multiple CVD risk factors, including low CRF (7). Patients with type 2
diabetes may also incur additional beneﬁts to glycemic control, body composition, and CVD risk factors by combining
aerobic training (AT) and resistance training (RT) (7–9). As such, many organizations recommend the combination of AT
and RT (ATRT) in all adults, including
those with type 2 diabetes (7,10–13).
The Health Beneﬁts of Aerobic and
Resistance Training in Individuals With
Type 2 Diabetes (HART-D) study was a
randomized trial that compared AT, RT,
and ATRT on hemoglobin A1C (HbA1c)
in sedentary men and women with type 2
diabetes (8). Secondary outcomes reported
in the main results article were changes in
CRF, including VO2max and maximal estimated METs. Although group changes in
CRF have been previously reported in
HART-D, we believe that a categorical
analysis of the CRF data that uses clinical
cut points representative of signiﬁcant
CVD risk is warranted. Accordingly,
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RESEARCH DESIGN AND
METHODSdThe HART-D study was
approved by the Pennington Biomedical
Research Center institutional review
board annually for continued analyses,
and written consent was obtained from all
participants before study screening. The
main outcomes for the HART-D study,
including changes in CRF (maximal
METs and respiratory gases [V O 2max ])
across intervention groups, were published previously (8). In the HART-D
study, 262 individuals with type 2 diabetes were randomly assigned to participate
in one of four intervention groups. To
evaluate the efﬁcacy of the intervention to
change an individual’s age- and sex-stratiﬁed
CRF category, only compliant participants ($70% of sessions completed)
with complete baseline and follow-up data
were evaluated in this ancillary analysis (n =
196). Participants in HART-D were sedentary (aerobic exercise ,20 min ,3
days per week and no RT) men and
women 30–75 years of age with type 2
diabetes (HbA 1c 6.5–11.0% inclusive)
and a BMI #48.0 kg/m2, fasting triglyceride level ,500 mg/dL, and blood pressure ,160/100 mmHg. Volunteers were
excluded for presence or medical history
of stroke, advanced neuropathy or retinopathy, or other serious medical condition contraindicated for exercise or
that may prevent adherence to the study
protocol.
Study design
A full report of the methods of the
exercise protocol and training data was
published in the primary outcomes article
(8). Volunteers who met the inclusion
and exclusion criteria were randomized
3306

to 9 months of either AT, RT, or ATRT
or to a nonexercise control group. The
data monitoring and safety board discontinued randomization to the control
group during the study after a signiﬁcant
number of participants (;17%) had an
increase in HbA1c .1.0%, resulting in
an unequal number of participants in
the control group. We maintained separate intervention and assessment teams,
and clinical testing and intervention
laboratories were housed in separate
buildings. Participants were reminded
frequently not to discuss their group assignment with blinded assessment staff.

exercises (bench press, seated row, shoulder press, and lat pull down), three sets of
three lower-body exercises (leg press,
extension, and ﬂexion), and two sets of
abdominal crunches and back extensions.
Each set consisted of 10–12 repetitions,
and the amount of weight lifted was
progressively increased when the participant was able to complete 12 repetitions on the ﬁnal set of an exercise in
two consecutive RT sessions. Participants in the ATRT group completed
two sessions of RT each week comprising one set of 10–12 repetitions for all
nine resistance exercises.

Intervention
All participants met with a certiﬁed diabetes educator each month to track
medication and health history changes,
and all exercise sessions were constantly
monitored by a trained study staff. The
control group was offered weekly stretching and relaxation classes. Participants
randomized to the control group were
asked to maintain their normal daily
physical activity level throughout the intervention. We conﬁrmed physical activity
levels with step counters (8). The stretching
and relaxation classes were optional and
considered light-intensity physical activity
inadequate to inﬂuence CRF or produce
signiﬁcant increases in strength.
The AT and ATRT groups participated in treadmill walking 3–5 days per
week at a moderate to vigorous intensity
(mean 6 SD peak oxygen uptake; VO2peak
65.4 6 14.6%). The aerobic exercise dose
in the AT group was prescribed at 12 kcal/kg
body weight per week (KKW). We estimated this dose of aerobic exercise to be
equivalent to ;150 min of physical activity per week. Participants were weighed
weekly to calculate the prescribed weekly
aerobic exercise dose, and caloric energy
expenditure rate was estimated by standard equations published by the American
College of Sports Medicine (18). The time
required per session was calculated by dividing the weekly dose by the estimated
caloric expenditure rate and the total
number of sessions completed that week.
The aerobic exercise dose was lowered to
10 KKW in the ATRT group to accommodate the RT component and ensure equal
time commitment across all exercise
groups. During weeks 12 and 24, the exercise dose was reduced by one-third to
provide a recuperation week.
The RT group completed 3 days of
strength training exercises per week
comprising two sets of four upper-body

Measurements
After a 10-h fast, HbA1c was assessed by
venous blood sample on a Beckman Coulter
DxC 600 Pro (Fullerton, CA) chemistry
analyzer. Body weight was measured on
an electronic scale (GSE Scale Systems,
Novi, MI), and height was assessed on a
calibrated stadiometer. BMI was calculated as weight (in kilograms) divided by
height (in meters squared).
An electrocardiographic-monitored
maximal CRF test was completed before
and after 9 months of intervention
following a medical history review and
physical examination. Participants taking
b-blockers (antiadrenergic) were required to take their medications as prescribed before testing. Exercise testing
was conducted on a treadmill (TMX425;
Trackmaster, Newton, KS), with respiratory gases analyzed with a Truemax 2400
Metabolic Cart (ParvoMedics, Salt Lake
City, UT). During the exercise test, participants were allowed to self-select a comfortable, yet brisk pace and walked for
2 min at a level grade. The treadmill grade
then increased by 2% every 2 min until
volitional fatigue. The same speed was
used during postintervention testing.
VO2peak from respiratory gases is reported
relative to body weight (mLzkg21zmin21),
and maximal estimated oxygen uptake
was calculated with American College of
Sports Medicine equations (18) at selfselected speed, maximal grade, and
body weight and converted to maximal estimated METs by dividing by
3.5 mLzkg 21 zmin 21 .
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Cut points for CVD risk
Cut points for CVD risk categories are
from published resources (Table 1)
(2,14–17). Morris et al. (14) and Gulati
et al. (15) equations were used to compare
the maximal estimated METs from the
current sample to normative data for
care.diabetesjournals.org
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several researchers have developed agepredicted, sex-stratiﬁed, maximal estimated MET cut points to determine the
risk of CVD events and mortality in low
CRF categories (2,14–17). However, few
studies have investigated the prevalence of
low CRF in individuals with type 2 diabetes as determined by the percentage of participants in the low CRF categories. To our
knowledge, no data exist on the extent to
which individuals with type 2 diabetes traverse from low CRF classiﬁcations to
higher CRF categories after AT, let alone
the additional beneﬁts of ATRT. In the
current study, we assessed the impact of
AT, RT, and ATRT in patients with type 2
diabetes on changes in CRF in relation to
cut points indicative of increased CVD
risk.

Johannsen and Associates

Study sample
Equation for predicted
METs

18.1 2 0.16 (age)

Protocol

USAFSAM

14.7 2 0.13 (age)

Deﬁned estimated
METs cut points
Comments

NA

$100% predicted METs Referral patients with no history of
$85% predicted METs
CABG, CHF, BB or digitalis, COPD,
claudication, angina, arrhythmias,
or more than one Q wave on ECG
$100% predicted METs Patients from St. James Women
$85% predicted METs
Take Heart Project (28) with no
history of MI, documented CAD,
heart failure, valvular heart disease,
or angina
Patients from ACLS with no history
of heart attack, hypertension,
stroke, or diabetes; no resting ECG
abnormalities; and no abnormal
responses on the exercise ECG

Women .6.5
Men .8.0
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Mean age (years)

Bruce
protocol (27)

Table 1dCut points for CVD risk according to age- and sex-speciﬁc predicted METs

Reference

57 (range 21–89)

5,721 women 52 (range 35–86)

Morris et al. (14) 1,388 men

Gulati et al. (15)

ACLS (2,16,17)

NA

10,224 men
Men 41.5 (SD 9.3)*
Modiﬁed BalkeLowest age- and sex-speciﬁc
. age- and sex-speciﬁc
3,120 women Women 40.8 (SD 9.9)*
Ware protocol (29)
quintile:
cut point
Age-group (years) Men Women
20–39
,10.4 ,8.2
40–49
,9.9 ,7.6
50–59
,8.5 ,6.7
$60
,7.2 ,5.8

NA
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NA

RESULTSdBaseline demographic and
anthropometric data are presented in

Clinically
relevant

Statistical analyses
All data were analyzed with JMP version
9.0.2 (SAS Institute, Inc., Cary, NC)
statistical software. Baseline demographic
and anthropometric data were analyzed
across intervention groups by one-way
ANOVA for continuous variables and x2
test for categorical variables. The actual
change and prevalence for a signiﬁcant
change in VO2peak (.0, 1.75, and 3.5
mLzkg21zmin21) and maximal estimated
METs (.0, 0.5, and 1.0) during the treadmill test were analyzed with general linear
models adjusting for baseline value, age,
sex, and race/ethnic group. Baseline prevalence for above age-predicted maximal
MET cut points, ACLS ﬁtness cut points,
and clinically relevant cut points were analyzed with x2 likelihood ratio tests. Followup prevalence for above age-predicted
MET cut points, ACLS ﬁtness cut points,
and clinically relevant cut points were examined across intervention groups with
general linear models adjusting for baseline
prevalence, age, sex, and race/ethnic group.
ANCOVA was used to examine the interaction between baseline CVD risk, as deﬁned as above or below the clinically
relevant cut points, and intervention group
on the absolute and percent change in maximal estimated METs after adjusting for
age, sex, and race/ethnic group. Student t
post hoc analyses were used to determine
between-intervention group and cut point
category differences. Baseline demographic
and anthropometric data are presented as
mean 6 SD or n (%), and baseline and
follow-up prevalence data that met the
particular criterion for that variable are presented as n (%). P , 0.05 was considered
signiﬁcant for all analyses.

BB, b-blocker; CABG, coronary artery bypass graft; CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; ECG, electrocardiogram; MI, myocardial infarction; NA,
not applicable; USAFSAM, U.S. Air Force School of Aerospace Medicine. *Limited data available. Mean (SD) from the surviving sample for men and women separately.

men and women, respectively, above and
below 100% (normal) and 85% (increased CVD risk) of the age-predicted
maximal METs. Age- and sex-stratiﬁed
ﬁtness groups from the Aerobics Center
Longitudinal Study (ACLS) (low ﬁtness
vs. moderate and high ﬁtness) were also
used to demonstrate changes in maximal
estimated METs in the HART-D study relative to cut points for increased CVD
(2,16,17). Furthermore, we used clinically relevant maximal MET values of
8.0 and 6.5 for men and women, respectively, to compare changes in maximal estimated METs across cut points that are
easily discernible.

DIABETES CARE, VOLUME 36, OCTOBER 2013

3307
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RT groups (all P , 0.05) and greater after
RT compared with the control group (P ,
0.05). Similar results were observed when
examining the prevalence of participants
with an increase in maximal estimated
METs .0 and 0.5 to the absolute change
in maximal estimated METs. However, the
proportion of participants who achieved an
increase in maximal estimated METs .1.0
was only greater in the AT and ATRT groups
compared with the control and RT groups
(all P , 0.05).
The prevalence of participants meeting age-predicted maximal METs
($100%), $85% of age-predicted maximal METs, ACLS moderate and high CRF
levels, and clinically relevant cut points at
baseline and follow-up across intervention groups are shown in Table 3. The
average prevalence between cut points at
baseline ranged from 17.9% by Morris/
Gulati sex-speciﬁc age-predicted equations to 55.1% by Morris/Gulati sexspeciﬁc age-predicted cut points for
participants with increased risk of CVD
($85%). The prevalence of maximal estimated METs above each of the four cut
points was similar across intervention
groups at baseline (all P $ 0.50). At
follow-up, the proportion of participants
with maximal estimated METs higher than
the age-predicted Morris/Gulati cut points
($100% and $85%) was greater in the
AT group than in the control and RT
groups (both P , 0.05) and greater in
the ATRT group than in the control group
(P , 0.05). The proportion of participants
with maximal estimated METs greater
than the age- and sex-stratiﬁed ACLS cut

points was greater in the AT and ATRT
groups than in the control and RT groups
(all P , 0.05). The response for the clinically relevant cut points was somewhat different at follow-up, with a greater proportion
of participants having maximal estimated
MET values higher than the sex-speciﬁc
cut points in all intervention groups compared with the control group (all P ,
0.05) and after ATRT compared with the
RT group (P , 0.05).
The effect of the interaction between
baseline CRF (above and below the clinically relevant cut points) and intervention group on the increase in maximal
estimated METs is shown in Fig. 2. In this
analysis, AT and ATRT increased maximal
estimated METs in participants below the
clinically relevant cut points compared
with the control and RT groups (all P #
0.0015) (Fig. 2A). Participants in all exercise intervention groups categorized as
above the clinically relevant cut points
had increased maximal estimated METs
compared with the control group (all
P # 0.01). Similar results to the absolute
change in maximal estimated METs were
observed when change was expressed as a
percentage of the baseline MET value
(Fig. 2B). A lower response was observed
within an intervention group for participants starting above baseline clinically
relevant cut points in the AT and ATRT
groups for absolute change (P , 0.03 and
P = 0.005, respectively) and percent
change (P , 0.001 and P = 0.001, respectively) in maximal estimated METs compared with those below the cut point at
baseline.

Table 2dBaseline participant characteristics
Treatment Group
All
n
Female
Race/ethnicity
Caucasian
African American
Other
Age (years)
Body weight (kg)
BMI (kg/m2)
HbA1c (%)
HbA1c (mmol/mol)
Duration of diabetes (years)
VO2peak (mLzkg21zmin21)*
Maximal estimated METs by speed and grade

Control

RT

AT

ATRT

196
122 (62.2)

33
22 (66.7)

56
32 (57.1)

51
32 (62.8)

56
36 (64.3)

110 (56.1)
77 (39.3)
9 (4.6)
57.1 (8.1)
96.7 (17.9)
34.4 (5.8)
7.2 (1.2)
55.7 (12.7)
7.4 (5.7)
19.5 (4.3)
6.9 (1.4)

17 (51.5)
14 (42.4)
2 (6.1)
58.2 (8.4)
97.4 (20.7)
35.0 (6.2)
7.6 (1.5)
59.6 (16.0)
7.1 (4.9)
18.7 (3.6)
6.7 (1.4)

32 (57.1)
23 (41.1)
1 (1.8)
58.3 (8.5)
96.6 (15.5)
34.0 (5.3)
7.2 (1.0)
54.7 (11.2)
7.6 (5.9)
19.7 (4.5)
7.0 (1.3)

31 (60.8)
20 (39.2)
0 (0.0)
55.7 (7.9)
96.3 (17.4)
34.1 (5.8)
7.1 (1.0)
54.0 (11.2)
7.8 (6.1)
20.3 (5.2)
7.2 (1.6)

30 (53.6)
20 (35.7)
6 (10.7)
56.7 (7.6)
96.7 (19.3)
34.7 (6.2)
7.3 (1.2)
55.8 (12.9)
7.0 (5.7)
19.1 (3.4)
6.8 (1.1)

Data are n (%) or mean (SD) unless otherwise indicated. *n = 193 because of incomplete respiratory gas data.
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Table 2. Women comprised 62.2% of the
participants, and 56.1% of participants
were of Caucasian descent. Average age
was 57.1 6 8.1 years, BMI, 34.4 6 5.8
kg/m2, and HbA1c, 7.2 6 1.2% (55.7 6
12.7 mmol/mol). Baseline V O2peak and
maximal estimated METs were 19.5 6
4.3 mLzkg21zmin21 and 6.9 6 1.4, respectively. Baseline characteristics were
similar across exercise intervention
groups (P . 0.10 for all).
At baseline and follow-up, VO2peak
was highly correlated with maximal estimated METs (both visits r = 0.88, P ,
0.001, n = 193). However, the association
between the change scores for VO2peak and
maximal estimated METs was more variable (r = 0.57, P , 0.001).
The analyses for absolute change and
prevalence of improvements in measured
VO2peak and maximal estimated METs are
shown in Fig. 1. The change in VO2peak
(Fig. 1A) was signiﬁcantly greater after
ATRT than in the control and RT groups
(both P , 0.05). Likewise, a greater prevalence of participants with an increase
in measured VO2peak .0, 1.75, and 3.5
mLzkg 21 zmin 21 (equivalent to 0, 0.5,
and 1.0 METs, respectively) was observed
after ATRT compared with the control
group (all P . 0.05). A greater prevalence
of participants with an increase .1.75
and 3.5 mLzkg 2 1 zmin 2 1 was also observed after ATRT compared with RT
alone and .3.5 mLzkg 2 1 zmin 2 1 after
ATRT compared with AT alone (P ,
0.05). The increase in maximal estimated
METs (Fig. 1B) was greater after both AT
and ATRT compared with the control and

Johannsen and Associates
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Figure 1dWaterfall diagram demonstrating the change in VO2peak (mLzkg21zmin21) (A) and maximal estimated METs (B). Each bar represents
a participant and the corresponding change in VO2peak or maximal estimated MET value. The % responders for each panel is the number of participants who had a change in VO2peak or maximal estimated METs .0 divided by the total number of participants in the intervention group
multiplied by 100. The lines on each graph indicate a change in ﬁtness .0, 0.5, and 1.0 METs or equivalent change in VO2peak. Continuous data are
mean (95% CI), and categorical analyses are percentage of participants who met the indicated criteria for changes in ﬁtness. General linear models
adjusting for baseline value, age, sex, and race/ethnic group were used to determine signiﬁcant between-intervention group differences. n = 193 for
respiratory data because of incomplete respiratory gas data. *P , 0.05 vs. control; †P , 0.05 vs. RT; ‡P , 0.05 vs. AT.
care.diabetesjournals.org
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Table 3dParticipants above speciﬁed cut points for maximal estimated METs
Treatment group
All

Control

RT

AT

ATRT

P value

n
Morris/Gulati ($100%)
Baseline
Follow-up
Morris/Gulati ($85%)
Baseline
Follow-up
ACLS (ﬁt, lowest quintile = unﬁt)
Baseline
Follow-up
Clinically relevant (women .6.5 METs, men .8.0 METs)
Baseline
Follow-up

196

33

56

51

56

35 (17.9)
65 (33.2)

7 (21.2)
5 (15.2)

12 (21.4)
17 (30.4)

7 (13.7)
21 (41.2)*†

9 (16.1)
22 (39.3)*

0.69
,0.001

108 (55.1)
125 (63.8)

19 (57.6)
16 (48.5)

33 (58.9)
34 (60.7)

28 (54.9)
39 (76.5)*†

28 (50.0)
36 (64.3)*

0.80
0.003

87 (44.4)
108 (55.1)

17 (51.5)
12 (36.4)

26 (46.4)
26 (46.4)

22 (43.1)
34 (66.7)*†

22 (39.3)
36 (64.3)*†

0.71
,0.001

100 (51.0)
115 (58.7)

15 (45.5)
9 (27.3)

29 (51.8)
31 (55.4)*

30 (58.8)
36 (70.6)*

26 (46.4)
39 (69.6)*†

0.54
,0.001

Data are n (%) unless otherwise indicated. P values for baseline reported from x2 values using likelihood ratio tests and follow-up by general linear models adjusting for
baseline prevalence, age, sex, and race/ethnic group. *P , 0.05 vs. control. †P , 0.05 vs. RT.

CONCLUSIONSdThe primary outcome of the current study demonstrates
that AT alone or in combination with RT
was particularly effective at improving
CRF in sedentary individuals deﬁned as
having low CRF by established clinical cut
points, with a signiﬁcant number of participants with type 2 diabetes traversing
out of low CRF categories. The data
suggest that RT can be substituted for
part of the prescribed aerobic exercise
dose to obtain improvements in CRF
(aerobic dose of 12 and 10 KKW for AT
and ATRT, respectively) or that a threshold
response for improvements in CRF occurred before 10 KKW. Irrespective of the
indications for RT, these data reinforce
the importance of AT for the improvement of CRF in individuals with type 2
diabetes.
Numerous studies have emphasized
the importance of CRF for future risks of
mortality and CVD events, including a
meta-analysis of 33 studies where researchers observed that each 1-MET increase in CRF was equivalent to a 13%
reduction in all-cause mortality and a
15% reduction in CVD and CHD events
(1,19). A study by Lee et al. (20) also demonstrated that for every 1-MET CRF increase, all-cause and CVD morality
decreased by 15 and 19%, respectively,
independently of BMI (21). The results
from the current study suggest that after
AT or ATRT, ;25–30% of the participants were able to increase their maximal
estimated METs by .1.0, which is associated with a reduction in CVD risk of
15–20%.
3310

To support these ﬁndings and tie the
cut point results to the improvements in
METs, we examined the number of participants who both signiﬁcantly increased
their maximal estimated METs by 0.5 or
1.0 and increased CRF above the Morris/
Gulati ($85%), ACLS, and clinically relevant cut points. For all these cut points,
100% of the participants increased their
CRF by .0.5 METs, and ;65% had an
increase .1 MET. These ﬁndings suggest
that 1) traversing out of the low CRF
group is achievable and associated with
what should be a meaningful reduction
i n C V D r i s k a n d 2 ) M o r r is / G u l a t i
($85%), ACLS, and clinically relevant
cut points are all equally capable of identifying the majority of participants who
responded positively to the exercise
stimulus.
Physical inactivity and low levels of
CRF are independent predictors of allcause mortality, increasing the risk by
1.7-fold (CI 1.2–2.3) compared with
physically active men and by 2.1-fold
(1.5–2.9) compared with ﬁt men (5).
Similarly, at every level of BMI, the risk
of all-cause mortality in men with diabetes increased by 4.5-, 2.8-, and 1.6-fold,
respectively, in those in the lowest three
quartiles of CRF compared with men in
the highest quartile (6). Likewise, CVDrelated mortality in men with diabetes
was associated with low CRF for normal
weight, overweight, and class I obese patients (22). In a study of men with diabetes followed for 16 years, all-cause, CVD,
and CHD mortality were markedly reduced in those with moderate and high
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levels of CRF compared to those with low
CRF (23). These studies strongly support
the powerful role of CRF in patients with
type 2 diabetes. On the basis of these data,
the improvements in CRF following exercise, especially exercise with a signiﬁcant
AT stimulus as demonstrated in the current study, are noteworthy and consistent
with potential signiﬁcant reductions in
overall CVD risk in sedentary patients
with type 2 diabetes. As further demonstrated in Fig. 2, aerobic exercise is necessary in individuals with type 2 diabetes
and low CRF to improve maximal ﬁtness
as well as to maintain ﬁtness in those with
higher levels of baseline CRF. This dichotomous response provides hope for the
least ﬁt individuals with type 2 diabetes
to improve their global CVD risk.
Current recommendations from the
American Heart Association (7), American Diabetes Association (11,12), and
American College of Sports Medicine
(13) strongly support the need for regular
exercise in patients with type 2 diabetes.
Although the importance of AT is emphasized, these organizations, along with the
2008 Federal Physical Activity Guidelines
(10), recommend RT in combination with
AT. Together, AT and RT have the potential to improve muscular strength, glycemic control, and overall CVD prognosis
and survival (24,25). To our knowledge,
this randomized trial is the ﬁrst in individuals with type 2 diabetes to directly
assess aerobic exercise prescriptions
that are consistent with the 2008 Physical Activity Guidelines. Although the
primary outcomes report from HART-D
care.diabetesjournals.org
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demonstrated a signiﬁcant impact of RT
when combined with AT on HbA1c levels
(8), RT had only a minimal impact on
overall CRF levels. We cannot determine
the exact impact of RT on CRF in this
study, although the results suggest that
RT may be a substitute for at least part of
the AT dose required to signiﬁcantly improve CRF at reduced doses of aerobic
exercise training.
A strength of the HART-D study is
that it was designed as an efﬁcacy study,
using tightly controlled, randomly assigned exercise regimens and with all
training completed in the laboratory
care.diabetesjournals.org

with extensive monitoring (8). However,
the ideal circumstances also represent a
potential relative limitation because the
results may not extend to real-world situations. The participants were diverse in
age, sex, ethnicity, medication usage, and
comorbidities, making the ﬁndings generalizable to a population of sedentary
patients with type 2 diabetes. Of importance, both the AT and the RT exercise
doses are easily obtainable and were well
tolerated by this cohort, which has potentially important clinical implications for
reﬁning exercise recommendations for
patients with type 2 diabetes. Finally, we
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Figure 2dChange (A) and percent change (B) in maximal estimated METs and across intervention
groups stratiﬁed by baseline clinically relevant cut points after adjusting for age, sex, and race/ethnic
group. Above baseline cut point, .6.5 for women and .8.0 for men; below baseline cut point, #6.5
for women and #8.0 for men. *P , 0.05 vs. control; †P , 0.05 vs. RT.

assessed CRF in the present analysis by
maximal estimated METs as opposed to
VO2peak (26). Estimating maximal METs
has some limitations compared with
those assessed by cardiopulmonary assessment. However, we chose to use maximal estimated METs because most
exercise stress tests performed in the clinical setting routinely use maximal estimated METs, making it potentially more
applicable to practitioners. Additionally, this method has been well validated
to assess CRF and predict prognosis in
epidemiological studies (1), including
those in patients with type 2 diabetes
(5,6,22,23). The present data demonstrate excellent correlations between
V O 2peak and maximal estimated METs
at baseline, although this relationship
was only modest after the training intervention. Finally, although the CRF cut
points used in this analysis have signiﬁcant clinical validity and prognostic implications, they were not speciﬁcally
developed for a population with type 2
diabetes.
In conclusion, among a sedentary
cohort with type 2 diabetes, a formal
exercise training program, especially the
AT component, was associated with signiﬁcant improvements in overall CRF,
which should be associated with signiﬁcant reductions in CVD and CHD risk.
Considering the very high CVD and CHD
risk for patients with type 2 diabetes and
the critical role of increasing CRF in
reducing risks in these patients, CRF
should be monitored and tracked together with HbA1c. International efforts
are needed to urge clinicians to promote
the importance of improving levels of
CRF through exercise training (AT or
ATRT) in the treatment of patients with
type 2 diabetes.
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