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OBJECTIVE

Lifestyle intervention remains the cornerstone of management of type 2 diabetes
mellitus (T2DM). However, adherence to physical activity (PA) recommendations
and the impact of that adherence on cardiorespiratory fitness in this population
have been poorly described. We sought to investigate adherence to PA recom-
mendations and its association with cardiorespiratory fitness in a population of
patients with T2DM.

RESEARCH DESIGN AND METHODS

A cross-sectional analysis of baseline data from a randomized clinical trial
(NCT00424762) was performed. A total of 150 individuals with medically treated
T2DM and atherosclerotic cardiovascular disease (ASCVD) or risk factors for ASCVD
were recruited from outpatient clinics at a single academic medical center. All
individuals underwent a gradedmaximal exercise treadmill test to exhaustion with
breath-by-breath gas exchange analysis to determine VO2peak. PA was estimated
using a structured 7-Day Physical Activity Recall interview.

RESULTS

Participants had amean6 SD age of 54.96 9.0 years; 41%werewomen, 40%were
black, and 21%were Hispanic. The mean HbA1c was 7.76 1.8% and themean BMI,
34.5 6 7.2 kg/m2. A total of 72% had hypertension, 73% had hyperlipidemia, and
35% had prevalent ASCVD. Themean6 SD reported daily PA was 34.36 4 kcal/kg,
only 7% above a sedentary state; 47% of the cohort failed to achieve the minimum
recommended PA. Mean 6 SD VO2peak was 27.4 6 6.5 mL/kg fat-free mass/min
(18.8 6 5.0 mL/kg/min).

CONCLUSIONS

Onaverage, patientswith T2DMwhohave or are at risk for ASCVD report low levels
of PA and have low measured cardiopulmonary fitness. This underscores the
importance of continued efforts to close this therapeutic gap.

Lifestyle interventions, including weight loss and physical activity (PA), are corner-
stones in treating type 2 diabetes mellitus (T2DM) and preventing associated
atherosclerotic cardiovascular disease (ASCVD)–related complications (1). Weight
loss and PA have long been promoted as the first line of treatment to prevent many
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of the chronic complications associated
with T2DM (2). Higher levels of PA and
cardiorespiratory fitness are associated
with a lower risk of mortality (3,4) and
adverse cardiovascular events (5,6)
among patients living with T2DM. Fur-
thermore, improvements in PA level and
cardiorespiratory fitness prevent weight
regain (7), improve glycemic control
(8,9), improve quality of life (10), and
reduce the riskof heart failure (11).Many
of these favorable effects occur regard-
less of changes in BMI (12,13).
Several organizations publish guide-

lines that set forth minimum recommended
levels of PA required to favorably af-
fect health (14–16). For example, the
Physical Activity Guidelines for Americans
recommend that all adultsdincluding
those with chronic conditionsddo at
least 150 cumulative minutes of moder-
ate-intensity aerobic PAor at least 75min
of vigorous aerobic PA per week in order
to achieve health benefits (16). Although
these recommendations are well estab-
lished, only 10–23% of Americans meet
these recommendations at the popula-
tion level (17,18). The pattern of adher-
ence to guideline-recommended PA
levels has been less well characterized
among a diverse population of patients
with T2DM who could gain substantial
morbidity- and mortality-related bene-
fits from increasing adherence to PA (19),
especially those with or at high risk for
ASCVD and across sex and race/ethnicity
strata. Furthermore, the association of
adherence to guideline-recommended
PA levels with objective measures of
cardiorespiratory fitness has not been
well described in this patient population.
Given these prescribed minimum PA
recommendations and the evidence to
support their application as the minimum
standard of care in treating T2DM, the
purpose of this study was to describe self-
reported levels of PA and adherence to
the PA guideline recommendations, in
conjunction with direct measurement of
fitness through the use of cardiopulmo-
nary exercise testing, in a diverse (sex
and race/ethnicity) group of medically
treated ambulatory patients with T2DM
who have or are at high risk for ASCVD.

RESEARCH DESIGN AND METHODS

Study Design and Population
This is a cross-sectional analysis of the
baseline data from a previous single-
center randomized trial evaluating the

cardiovascular effects of rosiglitazone
(clinical trials reg. no. NCT00424762,
ClinicalTrials.gov); the trial design and
primary trial results have been previously
reported (20,21). Patients were recruited
from among those with data in an ex-
isting research database and those who
attended outpatient cardiology and di-
abetes clinics at Parkland Hospital and
Health System and the University of
Texas Southwestern Medical Center,
and by public advertisement. Partic-
ipants were eligible if they had medically
treated T2DM and either prevalent
ASCVD (coronary artery disease [CAD],
myocardial infarction, revasculariza-
tion, cerebrovascular accident, tran-
sient ischemic attack, carotid artery
disease, or peripheral arterial disease)
or had at least one risk factor for ASCVD
(smoking, hypertension [HTN], hyper-
cholesterolemia, albuminuria, family his-
tory of premature CAD, or documented
hs-CRP .3 mg/L). T2DM was defined as
a prior clinical diagnosis of the disease
and current use of antihyperglycemic
therapy. Men and women aged .18
years were eligible. Targeted recruit-
ment aimed to obtain an ethnically di-
verse cohort comprising about one-third
each of non-Hispanic white, black, and
Hispanic participants. Criteria for exclu-
sion from the original study included
treatment with a thiazolidinedione
within the prior 6 months, documented
intolerance of thiazolidinediones, history
or evidence of heart failure, or serum
liver transaminases greater than three
times the upper limit of normal. The
University of Texas Southwestern Med-
ical Center Institutional Review Board
approved the study protocol. All partic-
ipants provided written informed con-
sent before data collection.

Evaluations
All participants underwent physical ex-
amination, during which waist and hip
circumferences, height (inches), and
weight (kilograms) were measured.
Body weight was measured to the near-
est 0.1 kg on a calibrated scale. Height
was obtained with a standard stadiome-
ter and reported to the nearest 0.1 cm.
Waist circumference at the midpoint
between the iliac crest and the last lower
ribs was measured with an anthropo-
metric tape to the nearest 0.1 cm. Hip
circumference at the widest part of
the buttocks was measured with an

anthropometric tape to the nearest
0.1 cm. Trained research staff estimated
percentage body fat using skinfold thick-
ness testing with calipers over four sites
(the subscapular, biceps, triceps, and
suprailiac areas), and duplicate measures
were averaged (22). Participants com-
pleted the investigator-administered
7-Day Physical Activity Recall (PAR) in-
terview (23). A graded cardiopulmonary
exercise treadmill test to exhaustion
allowed us to calculate VO2peak.

PAR Interview
The PAR interview is a validated method
for estimating PA. A certified interviewer
administers the survey, which requires
recall of activity over the prior 7 days,
consisting of 5 weekdays and 2 weekend
days (23–25). For our purposes, each day
was broken intomorning, afternoon, and
evening time brackets. Participants were
asked to recall the amount of time spent
sleeping and doing moderate, hard, and
very hard activities. We classified mod-
erate activities as those comparable to
walking at a regular pace. Very hard–
intensity activities were comparable to
running. Hard activities included activi-
ties that were in-between moderate and
very hard intensity. Light activities were
assumed to make up the remainder of
the time not accounted for and included
activities such as activities of daily living,
walking ,5 min, standing, sitting, and so
on. Only activities with a duration$5min
were recorded. All time was summed and
recorded as total hours. Total weekly
time in hours was converted to MET
units (METs)using the followingequation
(23): Total weekly energy expenditure
(kcal/kg) = Sleep (1.0 * METs) + Light
activity (1.5 * METs) + Moderate activity
(4.0 *METs) +Hard activity (6.0 *METs) +
Very hard activity (10 * METs).

Cardiopulmonary Exercise Testing
The cardiopulmonary exercise test con-
sisted of a graded treadmill test to ex-
haustion and integrated measurement
of oxygen consumption, which was mea-
sured by using the MedGraphics Cardio-
pulmonary Exercise System (CPX/D;
Medical Graphics Corp., St. Paul, MN).
Ventilatory and gas exchange variables
were measured with breath-by-breath
monitoring through a mouthpiece mod-
ule connected to the CPX system. The
systemwas calibrated against known gas
concentrations and volumes before each
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test. A 12-lead echocardiogram (Formula
System; Biosound, Indianapolis, IN) was
used for continuous cardiac monitoring.
The initial treadmill speedwas chosen on
the basis of individual participant com-
fort during awarm-upbefore starting the
test on the CPX system; beginning at 1.7
mph at 0% grade, the speed was grad-
ually increased until the participant’s
heart rate was at 60–70% of the age-
predicted maximal rate or until the par-
ticipant reported a rate of perceived
exertion (RPE) of 11–13 based on the
Borg scale. This speedwasmaintained for
4 min. After a 5- to 10-min rest, patients
performed a maximal graded treadmill
test using a modified Balke protocol
at test speed, during which the grade
increased 2% every 2 min.
Heart rate and RPE were recorded

during the final 15 s of each 2-min stage.
Blood pressure was measured manually
and recorded during the 2nd minute of
each stage. VO2 and respiratory ex-
change ratio over 30-s intervals were
averaged and recorded. Peak heart
rate and RPE were the maximal values
achieved during the test. Peak values for
gas exchange variables were calculated
as the two highest consecutive 30-s
values within the last 2 minutes. Given
the high prevalence of obesity among
patients in the cohort, we scaled peak
oxygen consumption to fat-free mass
(VO2peak-FFM), because this method ac-
counts more precisely for the confound-
ing effect of adiposity, which is not trivial
in this population (26). Fat-freemasswas
calculated by using (100% 2 % body
fat)3 total body weight (kg). We report
VO2peak instead of VO2max because con-
firming VO2max requires specific objective
criteria that were not obtained in this
study; these criteria include but are not
limited to demonstrating leveling, that is,
achieving a VO2 plateau with an increase
in workload that is not associated with
additional increase in VO2; respiratory
exchange ratio .1.1; ventilatory equiv-
alent for oxygen uptake (VE/VO2) .35;
arterialized lactate .6 mmol/L; and re-
spiratory rate .30 (26).

Statistical Methods
These analyses are restricted to baseline
data collected at trial entry. Baseline
characteristics are reported as the
mean 6 1 SD, and categorical variables
are presented as number (percentage).
The mean levels of reported activity had a

positive skew, so we report median
values in addition to mean values. We
used Spearman r correlations and mul-
tiple linear regression models to test for
associations between VO2peak-FFM and
METs. The linear regressionmodels were
built sequentially, first adjusting for age,
sex, and race, and then adding BMI, then
glycosylated hemoglobin (HbA1c), and
finally diabetes duration. Recommended
PA was compared among participants in
each subgroup. We determined signifi-
cance using the x2 test, and we tested
for the heterogeneity of association by
determining the formal sex-by-race/
ethnicity interaction; we performed
similar interaction testing for VO2peak-
FFM. Statistical significance was de-
fined as a two-sided P value #0.05.
All statistical testing was performed by
using SAS version 9.2 (SAS Institute Inc.,
Cary, NC).

RESULTS

Baseline characteristics of the 150 partic-
ipants who underwent baseline testing
are presented in Table 1. Themean6 SD
age was 54.9 6 9.0 years; 41% of the
cohort were women, 40% were black,
33% were non-Hispanic white, and 21%
were Hispanic. Study participants had a
mean6 SDBMIof 34.567.2 kg/m2;HTN
(72%) and hyperlipidemia (73%) were
prevalent. Over one-third of participants
(35%) had a history of ASCVD. Less than
half of participants (41%) were taking
insulin, and 66% reported metformin
use. Mean 6 SD HbA1c was 7.7 6
1.8%, and the median duration of
T2DM was 7 years (interquartile range
[IQR] 4, 12 years).

The PA patterns of participants in the
sample are described in Supplementary
Table 1. Overall, participants reported a
median of 13 h (IQR 3.7, 30.3 h) of total
moderate, hard, and very hard activities
over the 7-day recall period. When we
stratified activity by categories of exer-
cise intensity, participants reported a
median of 2.1 h (IQR 0.7, 5.2 h) of
moderate-intensity exercise and almost
no hard-intensity or very hard–intensity
activity weekly. The majority of partic-
ipants’ time was spent doing light-
intensity activity (median 105.5 h [IQR
98.3, 114.8 h]) and sleeping (median
56.7 [IQR 48.8, 64 h]). Women spent
less time than men doing moderate,
hard, and very hard activities and
more time doing light activities, although

these differences were not statistically
significant (P . 0.05). Among partici-
pants, 84% reported some moderate-
intensity activity, whereas 21% reported
some hard-intensity activity; only 8%
reported some very hard–intensity ac-
tivity. Only 68 of 150 participants (45%)
reported weekly PA at or above the
minimum recommended by the guide-
lines. On average, participants spent 97%
of their time sleeping or doing light
activity (Fig. 1).

The overall mean6 SD VO2peak-FFM
was 27.4 6 6.5 mL/kg FFM/min.
Women had lower VO2peak-FFM than
did men (overall, 24.76 5.6 vs. 29.36
6.4 mL/kg FFM/min, respectively; P ,
0.001). When stratified by race and
ethnicity, black participants had lower
values than did whites and Hispanics
(overall, 25.7 6 6.0 vs. 27.6 6 6.6 vs.
29.4 6 6.2 mL/kg FFM/min, respec-
tively; P = 0.0262). The breakdown
by sex and race/ethnicity for activity
achieved and CPX testing is presented in
Table 2. Overall mean6 SD daily energy
expenditurewas 34.36 4.1 kcal/kg.Men
had an average mean daily energy ex-
penditure of 35.26 5.0 kcal/kg, whereas
womenexpended33.162.0 kcal/kg/day
(P = 0.12).We found no significant differ-
ences in mean daily energy expendi-
ture by race/ethnicity.

Results from the univariable and mul-
tivariable linear regression models are
shown in Supplementary Table 2. In
univariable analysis, MET estimations
as determined by the PAR interview
correlated poorly with measured
VO2peak-FFM (R2 = 0.048; P = 0.004).
Age (b = 20.22; P , 0.0001) and
male sex (b = 3.60; P , 0.001) were
the most significant univariable predic-
tors of VO2peak-FFM in the fully adjusted
multivariable analysis. Throughout iter-
ative multivariable analyses, estimated
METs remained a significant indepen-
dent predictor (b = 0.03; P = 0.033) in
the fully adjusted model. We found no
significant sex-by-race/ethnicity interac-
tions.

Table 3 lists the Spearman correlation
coefficients for various activity levels
between the PAR interview results and
VO2peak-FFM. Moderate activities (P =
0.002), hard activities (P = 0.002), and
very hard activities (P = 0.002) were the
most significant predictors of measured
VO2peak-FFM. The correlation between
activity and VO2peak-FFM combining the
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hard and very hard categories was
highly significant (P, 0.001); the Spear-
man r of 0.313 reflects a modest corre-
lation.

CONCLUSIONS

In this study of 150 patients with med-
ically treated T2DM who have or are at
risk for prevalent ASCVD, who are sig-
nificantly diverse with regard to race/
ethnicity and sex, and who were re-
cruited at a single academic medical
center, almost 50% of participants did
not meet minimum PA recommenda-
tions despite lifestyle recommendations
being the foundation for treating T2DM
and preventing ASCVD progression. Ad-
ditionally, on average, our population
had alarmingly low cardiopulmonary
fitness, a measure that has been in-
dependently predictive of premature
mortality and other adverse clinical

consequences (27,28). On average, par-
ticipants spent 97%of their time sleeping
or doing light activities such as sitting.
Among participants, 79% reported no
time spent doing hard activities; only
8% of participants reported any time
spent doing very hard activities. Levels
of cardiopulmonary fitness as measured
by VO2peak and VO2peak-FFM revealed a
mean 6 SD of 27.4 6 6.5 mL/kg
FFM/min; the lowest levels were found
in women (24.7 6 5.6 mL/kg FFM/min)
and black participants (25.7 6 6.0
mL/kg FFM/min). As a standard for
comparison, a VO2peak-FFM ,19 mL/kg
FFM/min has been recommended as a
threshold measurement for considering
cardiac transplant in patients with heart
failure, especially women and obese in-
dividuals (29). These findings are mean-
ingful and highlight the need for more
effective strategies targeting lifestyle

interventions for the vulnerable popula-
tion of patients with T2DM who are at
high risk for ASCVD.

Despite guideline recommendations
from professional societies, almost half
of our study population failed to meet
even theminimumPArequirements. This
observation is consistent with that pub-
lished by Zhao et al. (30), who used the
Behavioral Risk Factor Surveillance Sys-
temtodetermineproportionsofpatients
meeting PA recommendations among
99,172 older adults, 18.5% of whom
had T2DM. They found that adults
with T2DM were 31–34% less likely
than those without T2DM to meet the
minimum PA recommendations (P ,
0.001), a trend that held true even among
those individuals who reported no dis-
abilities (30). Predictors of low PA levels
included age.75 years, female sex, non-
Hispanic black participants, obesity,

Table 1—Baseline characteristics of participants

Overall
(n = 150)

Men
(n = 88)

Women
(n = 62)

Black
(n = 60)

White
(n = 49)

Hispanic
(n = 32)

Women, n (%) 62 (41) – – 29 (48) 21 (43) 10 (31)

Age (years), mean (SD) 54.9 (9.0) 55.0 (9.3) 54.7 (8.7) 54.7 (8.9) 56.2 (8.4) 53.7 (9.8)

Duration of T2DM (years), median (IQR) 7 (4, 12) 8 (4, 12) 6 (3, 10) 8 (5, 14) 6 (3, 10) 5.5 (4, 9)

Race/ethnicity, n (%)
Black 60 (40) 31 (35) 29 (47) – – –

White 49 (33) 28 (32) 21 (34) – – –

Hispanic 32 (21) 22 (25) 10 (16) – – –

Other 9 (6) 7 (8) 2 (3) – – –

Anthropometrics, mean (SD)
Weight (kg) 99.5 (21.6) 100.6 (21.8) 97.9 (21.5) 100.5 (21.6) 103.8 (21.3) 97.3 (20.6)
BMI (kg/m2) 34.5 (7.2) 32.9 (5.9) 36.9 (8.2) 35.2 (7.8) 34.6 (6.3) 35.2 (7.1)
Body fat (%) 31.5 (7.5) 28.4 (6.4) 36.0 (6.5) 31.7 (7.5) 32.7 (7.1) 30.7 (7.5)
Blood pressure (mmHg)
Systolic 147.2 (23.3) 148.1 (22.6) 146 (24.4) 153.1 (27.7) 143.1 (18.7) 145.1 (21.8)
Diastolic 82.7 (12.7) 84.8 (12) 79.8 (13) 85.7 (14.1) 80.6 (11.7) 81.2 (12.2)

Comorbidities, n (%)
Current smoking 25 (17) 16 (18) 9 (15) 12 (20) 8 (16) 4 (13)
HTN 108 (72) 64 (73) 44 (71) 47 (78) 35 (71) 22 (69)
Hyperlipidemia 110 (73) 65 (74) 45 (73) 44 (73) 37 (76) 21 (66)
Prior ASCVD 52 (35) 31 (35) 21 (34) 20 (33) 16 (33) 13 (41)

Medication use, n (%)
Aspirin 64 (43) 40 (45) 24 (39) 28 (47) 22 (45) 11 (34)
b-Blocker 50 (33) 29 (33) 21 (34) 22 (37) 17 (35) 10 (31)
ACE inhibitor or ARB 90 (60) 49 (56) 41 (66) 39 (65) 30 (61) 17 (53)
Statin 83 (55) 50 (57) 33 (53) 32 (53) 28 (57) 18 (56)
Insulin 62 (41) 39 (44) 23 (37) 31 (52) 20 (41) 9 (28)
Metformin 99 (66) 52 (59) 47 (76) 37 (62) 34 (69) 23 (72)
Sulfonylurea 45 (30) 27 (31) 18 (29) 17 (28) 13 (27) 12 (38)

Laboratory values, mean (SD)
HbA1c (%) 7.7 (1.8) 7.8 (1.9) 7.5 (1.7) 8 (1.8) 7.5 (1.9) 7.8 (1.8)
LDL cholesterol (mg/dL) 105.4 (43.8) 102.6 (42.9) 109.4 (45) 111.8 (42.7) 99.1 (46.9) 101.4 (37.4)
HDL (mg/dL) 43.9 (9.7) 41.5 (8.1) 47.4 (10.6) 45.4 (10.3) 44.5 (10.1) 42.2 (8.0)
TG (mg/dL) 176.1 (122.5) 190.8 (135.5) 155.4 (98.6) 138.2 (89.8) 214.3 (145.8) 193.7 (126.3)
Estimated GFR (mL/min)* 90.3 (28.9) 90.4 (25.6) 90.1 (33.3) 93.7 (34.2) 81.5 (22.8) 97.5 (27.4)

ARB, angiotensin receptor inhibitor; GFR, glomerular filtration rate; TG, triglycerides. *GFR was estimated through the use of the CKD-EPI equation.
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history of CAD, and having a disability.
That study was limited by the nature of
self-reported data as the source for the
Behavioral Risk Factor Surveillance Sys-
tem database; even with a self-report
bias, however, Zhao et al. found that only
42% of included adults met the min-
imum 2008 Physical Activity Guidelines
for Americans recommended by the U.S.
Department of Health and Human Ser-
vices (31), and as few as 25% met
the somewhat more intensive minimum
PA recommendations endorsed by the
American Diabetes Association (32).
Our high-risk study participants, who had
prevalent ASCVD or risk factors for
ASCVD, would probably benefit substan-
tially from adhering PA recommenda-
tions given their higher risks for
morbidity and mortality, yet almost

half failed to meet even the minimum
recommendation. More work is needed
to understand strategies for overcoming
barriers to achieving higher PA levels,
and integrated strategies are needed
within health care systems and within
communities in order to encourage and
reward healthy levels of PA.

Very low cardiorespiratory fitness, as
seen in our population, is strongly
associated with a high risk of premature
death and other nonfatal cardiovascular
adverse events (6,27,33). However, the
utility of using cardiorespiratory fitness
testing in the office setting is limited by
the time and resources necessary to
perform CPX testing, which has led to
the widespread use of estimates of PA
as a more useful measure (11,33,34).
Although in our study levels of moderate,

hard, and very hard PA had the strongest
correlation with cardiorespiratory fit-
ness, higher levels of total PA have
been associated with a lower risk of
adverse cardiovascular outcomes, irre-
spective of cardiorespiratory fitness
measures, and have proven to be
a more economical and meaningful
population-level predictor of cardiometa-
bolic risk (35). In a pooled analysis of
10 population-based cohorts of partic-
ipants with diabetes, individuals with
guideline-recommended levels of PA
had an associated 38% lower risk of
all-cause mortality and a 43% lower
risk of cardiovascular mortality than
did those who were inactive at baseline
(36). Other cohort studies of individuals
with diabetes have noted similar obser-
vations, which provide the basis for
many guideline recommendations to
support PA as an effective preventive
intervention for patients with both
T2DM and ASCVD.

Our study findings have important
public health implications. Several exer-
cise training and PA trials have demon-
strated the beneficial effects of exercise
and improved PA levels on cardiometa-
bolic outcomes (11,37,38). Furthermore,
recent studies have demonstrated that
exercise training may be associated with
improved glycemic control regardless of
improvement in cardiorespiratoryfitness
(39). From a cardiovascular risk stand-
point, higher levels of PA and cardio-
respiratory fitness are more strongly
associated with a lower risk of heart
failure than atherosclerotic outcomes
(33,35). Although intensive lifestyle
interventions aimed at improving

Figure 1—Breakdown of mean total time (hours) spent during each activity category over 1 week
(total, 168 h/week). All hours are weekly totals.

Table 2—Breakdown of activity achieved and aerobic measures by sex and race/ethnicity

Peak VO2

(mL/min)
VO2peak

(mL/kg/min)
VO2peak-FFM

(mL/kg FFM/min)
Daily energy expenditure

(kcal/kg)
Total activity

(METs*h/week)§

Overall 1,836.0 (530.4) 18.8 (5.0) 27.4 (6.5) 34.3 (4.1) 25.0 (37.0)

Men
Overall 2,065.5 (518.4) 20.9 (4.9) 29.3 (6.4) 35.2 (5.0) 30.0 (43.4)
Black 2,018.8 (447.3) 20.1 (4.3) 28.0 (5.8) 35.7 (1.5) 39.4 (57.2)
White 2,128.4 (506.8) 19.7 (4.6) 28.6 (6.3) 34.9 (3.5) 23.9 (36.3)
Hispanic 2,114.9 (678.1) 22.7 (4.7) 31.2 (6.7) 34.9 (5.9) 25.7 (31.1)
P value 0.7560 0.0419 0.1932 0.847 0.4549

Women
Overall 1,512.6 (349.7) 17.6 (4.8) 24.7 (5.6) 33.1 (2.0) 18.0 (24.2)
Black 1,431.7 (295.8) 14.8 (3.5) 23.2 (5.0) 32.8 (1.5) 11.5 (10.7)
White 1,607.9 (419.4) 16.9 (4.0) 26.3 (7.0) 33.6 (2.9) 31.1 (35.3)
Hispanic 1,621.0 (264.0) 16.1 (2.4) 25.8 (3.0) 32.8 (1.2) 11.2 (14.8)
P value 0.1820 0.1403 0.1652 0.523 0.1456

Data are mean (SD) unless otherwise indicated. §Total hours of activity per week exclude sleep and light activity.
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cardiorespiratory fitness and weight loss
failed to improve atherosclerotic out-
comes in the seminal Look AHEAD (Ac-
tion for Health in Diabetes) trial, there
was a trend toward reducing the risk of
incident heart failure (40). Findings from
the current study highlight the vast un-
met need for promoting PA levels and
exercise training interventions in pa-
tients with T2DM in order to improve
their long-term cardiometabolic and car-
diovascular outcomes. Adequately pow-
ered, long-term follow-up studies with
intensive exercise training/PA interven-
tions are needed to determine whether
PA can improve the risk for heart failure
in this patient population.
This study has noted limitations. First,

its cross-sectional design does not allow
us to determine causality. Second, the
estimates of PA from the PAR interview
are not as accurate as data measured
directly, such as those from observed
exercise training sessions or measured
using accelerometers (24). Additionally,
while the PAR interview has been
validated in selected populations, it
remains subject to recall bias. The strengths
of this study include the diverse popula-
tion of both men and women with T2DM
who were recruited primarily from out-
patient specialty clinics, where follow-up
occurs at more regular intervals and
where specialty care is expected to ad-
here most to disease-specific guideline
recommendations and counseling. Addi-
tionally, we measured levels of fitness
directly using CPX testing, the gold stan-
dard for determining aerobic capacity
and fitness. Finally, the PAR interview was
administered by an investigator trained
in the survey methods and may have
limited generalizability for administra-
tion by an untrained interviewer (23,24).

Conclusion
In this diverse cohort of outpatients with
T2DM who have or are at high risk for
ASCVD, fitness levels were strikingly low,

with little volitional PA. In this population
of patients who stand to gain the most
from higher levels of PA, stronger efforts
are needed to promote greater adher-
ence to guidelines as the foundation of
T2DM treatment.
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