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ABSTRACT
Introduction Mechanistic studies suggest that type 
2 diabetes is independently associated with low 
cardiorespiratory fitness (CRF). Little is known about the 
CRF profile in type 2 diabetes; we assessed the correlates 
of low CRF among overweight/obese adults with type 2 
diabetes.
Research design and methods A total of 4215 
participants with type 2 diabetes and without 
cardiovascular disease underwent maximal exercise 
testing in the Look AHEAD (Action for Health in Diabetes) 
study. Low CRF was defined based on the Aerobics Center 
Longitudinal Study reference standards. Calorie intake and 
physical activity were assessed using questionnaires. Body 
fat composition was assessed using dual- energy X- ray 
absorptiometry.
Results Waist circumference, systolic blood pressure, 
glycemic measures, whole body fat, caloric intake, and fat- 
free mass were inversely associated with fitness across 
sex (all p<0.001). Comparing with moderate or high CRF 
groups, the low CRF group was associated with higher 
adjusted odds of obesity (OR 3.19 (95% CI 1.95 to 5.20) 
in men, 3.86 (95% CI 2.55 to 5.84)) in women), abdominal 
obesity (OR 3.99 (95% CI 2.00 to 7.96) in men, 2.28 (95% 
CI 1.08 to 4.79) in women), hypertension (OR 1.74 (95% 
CI 1.09 to 2.77) in men, 1.44 (95% CI 1.02 to 2.05) in 
women), metabolic syndrome (OR 5.52 (95% CI 2.51 to 
12.14) in men, 2.25 (95% CI 1.35 to 3.76) in women), 
use of beta- blocker (1.22 (95% CI 0.86 to 1.73) in men, 
1.33 (95% CI 1.03 to 1.73) in women), and ACE inhibitor/
angiotensin- receptor blocker (1.86 (95% CI 1.39 to 2.50) in 
men, 1.07 (95% CI 0.86 to 1.32) in women). Women with 
low CRF had higher odds of current smoking (2.02 (95% CI 
1.25 to 3.28)).
Conclusions Low CRF was associated with increased 
odds of cardiometabolic correlates in a large cohort of 
adults with type 2 diabetes.

INTRODUCTION
Cardiorespiratory fitness (CRF) represents 
the ability of the body to carry oxygen from 
the atmosphere to the mitochondria and the 
ability of the cell to use that oxygen in order 
to perform physical activity.1–3 CRF appraises 
the functional capacity of an individual, and 
is directly linked to the integrated function 
of several body systems and is therefore 

considered a marker of total body health.1–3 
There is evidence that low CRF may be a 
strong predictor of mortality.1 4–6 However, 
it is currently not routinely assessed in clin-
ical settings, nor included in cardiovascular 
disease (CVD) risk calculators for the general 
population and for those with diabetes in 
particular. Indeed, the rates of diabetes have 
remained high in the USA, paralleling those 
of physical inactivity and obesity.7–9 CRF may 
be particularly important for risk stratifica-
tion among individuals with type 2 diabetes. 
Indeed, mechanistic studies suggested that 
type 2 diabetes is associated with alterations 
in CRF even in the absence of CVD.10–17 
However, population- based studies of CRF in 
people with type 2 diabetes (especially those 

Significance of this study

What is already known about this subject?
 ► Mechanistic studies suggest that obesity and type 2 
diabetes may be independently associated with low 
cardiorespiratory fitness (CRF).

 ► Low CRF may be a strong predictor of mortality and 
cardiovascular disease in type 2 diabetes.

 ► Little is known about the CRF profile among over-
weight and obese adults with type 2 diabetes in the 
USA.

What are the new findings?
 ► Waist circumference, systolic blood pressure, glyce-
mic measures, whole body fat, caloric intake, and 
fat- free mass are inversely associated with fitness 
across sex categories.

 ► Low CRF is linked with higher adjusted odds of obe-
sity, hypertension, metabolic syndrome, and current 
smoking.

How might these results change the focus of 
research or clinical practice?

 ► Additional research is needed to further elucidate 
the mechanisms leading to alterations in fitness 
levels among overweight and obese individuals with 
type 2 diabetes, especially given the rising burden of 
obesity in the USA.

http://drc.bmj.com/
http://orcid.org/0000-0002-5470-8296
http://orcid.org/0000-0002-7547-8282
http://orcid.org/0000-0002-8460-1617
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2021-002446&domain=pdf&date_stamp=2022-01-05


2 BMJ Open Diab Res Care 2022;10:e002446. doi:10.1136/bmjdrc-2021-002446

Cardiovascular and metabolic risk

free of CVD) are lacking. A better characterization of 
the CRF profile in this population may offer potential 
insights into pathways leading to CVD, as well as inform 
strategies to curb the high burden of CVD in this high- 
risk population.

We investigated the clinical correlates of low CRF 
among adults with type 2 diabetes in a community- based 
sample, using data from the Look AHEAD (Action for 
Health in Diabetes) study.

METHODS
Study design
The details about the Look AHEAD study have been 
published elsewhere.18 Briefly, the Look AHEAD study 
was a US- based multicenter randomized, double- blind 
clinical trial designed to investigate the effects of inten-
sive lifestyle interventions (achieved through healthy 
eating and increased physical activity) compared with the 
then ‘standard of care’ diabetes management on cardio-
vascular outcomes. A total of 5145 participants were 
enrolled and randomly assigned to an intensive lifestyle 
intervention (intervention group) or to diabetes support 
and education (control group). The participants met 
the following criteria: age 45 to 76 years; self- reported 
diagnosis of type 2 diabetes verified by measured 
glucose levels, use of antidiabetic medication or medical 
records; body mass index (BMI) ≥25 kg/m2 (≥or 27 kg/
m2 in patients taking insulin); glycosylated hemoglobin 
(HbA1C) ≤11%; systolic blood pressure (BP) <160 mmHg; 
diastolic BP <100 mmHg; triglyceride levels <600 mg/dL; 
the ability to complete a valid maximal exercise test, indi-
cating that it was safe to exercise; an established relation-
ship with a primary provider.18

We only included patients who attended the baseline 
examination. Among these patients, we excluded those 
with consent restrictions (n=244) and those with prev-
alent CVD at baseline (n=691). After these exclusions, 
4215 participants were included in our main analyses.

Cardiorespiratory fitness estimation
CRF was estimated using a graded maximal exercise tread-
mill test as described previously.19 CRF was defined as the 
estimated metabolic equivalent of task (MET) based on 
the treadmill work load (ie, speed and grade), where 1 
MET is equal to 3.5 mL/kg/min of oxygen uptake.19 A 
12- lead ECG and BP were recorded at rest, during exer-
cise, and during recovery. After an appropriate warm- up, 
participants exercised to the point of volitional exhaus-
tion or until specific criteria to terminate the test were 
observed.19 20 The test was considered valid if the partic-
ipant reached at least 85% of age- predicted maximal 
heart rate (HRMAX=220−age) if not taking a beta- blocking 
agent. If the participant was taking a beta blocker, the test 
was considered valid if the Borg Rating of Perceived Exer-
tion met or exceeded 18 at the point of termination.19 
Only participants who achieved at least 4 METs were 
eligible for participation in the Look AHEAD study.19

Sex- specific distributions of METs were formed within 
the following age groups: 40–49, 50–59, 60–69, and 70–79 
years.5 20 21 Each age- specific and sex- specific distribution 
was divided into quintiles. Fitness was further categorized 
as low (<20th percentile), moderate (20th–59th percen-
tiles), and high (>60th percentile) based on published 
data from the Aerobics Center Longitudinal Study.5 20 21

Assessment of calorie intake and physical activity
Calorie intake was assessed using a previously validated 
food frequency questionnaire (FFQ) among 50% of Look 
AHEAD participants (n=2305).22 This questionnaire was 
a modified version of the Diabetes Prevention Program 
FFQ designed to gather data on usual intake of food 
items over the preceding 6 months.22 Physical activity 
was measured in a subset of participants (n=2402) using 
the Paffenbarger Activity Questionnaire which estimates 
weekly energy expenditure from moderate- intensity 
physical activity.23

Assessment of body fat composition
Body composition was assessed by dual- energy X- ray 
absorptiometry (DEXA) in a subset of participants 
(n=1186) at four Look AHEAD centers using Hologic 
(QDR- 4500A) fan beam densitometers.24 Lean mass 
(LM) was calculated as the difference between fat- free 
mass and bone mineral content. Precision for fat mass 
(FM) is 1.5% in lean and obese subjects. Precision for 
LM is 0.45% in lean participants and 0.80% among obese 
subjects.24 25 Hologic software was used to correct for 
underestimation of FM.24 26

Assessment of other covariates
Data on age, sex, race/ethnicity, duration of diabetes, 
history of CVD, medication use, current smoking, and 
alcohol use were obtained from each participant using 
standardized questionnaires.18 Weight and height were 
measured twice using a digital scale and a standard stadi-
ometer, respectively; the average of those duplicate read-
ings were used for the analyses.18 BMI was computed 
as weight in kilograms divided by square of height in 
meters. Waist circumference was measured with partic-
ipants in light clothing using a non- metallic, constant 
tension tape placed around the body at midlevel between 
the highest point of the iliac crest and lowest point of the 
costal margin on the mid- axillary line. BP was measured 
in duplicate with participants seated, and the average of 
the two readings was used in the analyses. Participants 
provided venous blood samples after at least 8 hours of 
fasting. Blood samples were stored at less than −20°C 
and shipped to the look AHEAD Central Biochemistry 
Laboratory (Northwest Lipid Metabolism and Diabetes 
Research Laboratories, University of Washington, Seattle, 
WA) where assays were performed. HbA1C was measured 
by a dedicated ion exchange high- performance liquid 
chromatography instrument (Biorad Variant II). Fasting 
plasma glucose (FPG) was measured using the glucoki-
nase method and oxidase method.18 Plasma total 
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cholesterol and triglyceride were measured enzymatically 
using methods standardized to the Centers for Disease 
Control and Prevention reference methods. High- density 
lipoprotein cholesterol (HDL- C) was assayed by the treat-
ment of whole plasma with dextran sulfate- Mg2+ to precip-
itate all of the apolipoprotein B–containing lipoproteins. 
The Friedewald equation was used to calculate low- density 
lipoprotein cholesterol (LDL- C) concentrations.27

Overweight was defined as BMI of 25 kg/m2 or greater 
and less than 30 kg/m2; obesity as BMI of 30 kg/m2 or 
greater;28 hypertension as BP ≥130/80 mm Hg or use 
of antihypertensive medication;29 hypercholesterolemia 
as low- density lipoprotein cholesterol ≥130 mg/dL or 
use of cholesterol- lowering medication. The metabolic 
syndrome was defined based on the National Cholesterol 
Education Program’s Adult Treatment Panel III (NCEP 
ATP III) criteria,30 as the presence of three or more of 
the following: (1) abdominal obesity (waist circumfer-
ence (WC)≥102 cm for men or ≥88 cm for women); 
(2) triglyceride level ≥150 mg/dL; (3) HDL choles-
terol <40 mg/dL for men or <50 mg/dL for women; (4) 
impaired glucose tolerance (fasting glucose ≥100 mg/
dL or HbA1C ≥ 5.7%); (5) BP ≥130/85 mm Hg. All the 
participants met the fourth criteria as they all had type 2 
diabetes.

Statistical analysis
All analyses were stratified by sex (as CRF is known to vary 
with sex).31 Participant characteristics were described 
using means (SD) or proportions. To evaluate the asso-
ciation between fitness and CVD risk factors, we catego-
rized estimated METs into age- specific and sex- specific 
deciles and plotted the age- adjusted and race- adjusted 
means of each CVD risk factor by sex. Next, we calcu-
lated age- adjusted and race- adjusted means and 95% CIs 
of continuous covariates by categories of fitness and sex, 
comparing the low and moderate fitness groups with 
the high- fitness category using F tests. Logistic regres-
sion models were used to calculate ORs and associated 
95% CIs for categorical covariates, comparing partici-
pants with low fitness with those in the moderate- fitness 
or high- fitness categories. All logistic regression models 
included age, race, BMI, total- to- HDL cholesterol ratio, 
HbA1C, alcohol drinking, current smoking, and HTN; 
except total- to- HDL cholesterol ratio for the hypercho-
lesterolemia and low- HDL cholesterol outcomes; BMI, 
HbA1C, and HTN for the metabolic syndrome outcome; 
HTN for beta- blocker use or ACEI/ARB use outcomes; 
and BMI for the obesity or abdominal obesity outcomes.

A two- sided p value of <0.05 was considered statistically 
significant for all analyses. All analyses were performed 
using STATA 14.2 (Stata Inc., College Station, TX).

RESULTS
The study sample consisted of 4215 participants (mean 
age: 58.4 (SD 6.6) years, 61.9% women). Table 1 displays 
the sex- specific characteristics of participants.

Low cardiorespiratory fitness by sex and race/ethnicity
As expected, the prevalence rates of low, moderate, and 
high fitness were 21.1% (95% CI 19.9 to 22.3), 38.2% 
(36.3 to 40.0), and 39.5% (37.7 to 41.4) for women; and 
19.0% (17.2 to 21.0), 40.0% (37.6 to 42.4), and 40.9% 
(38.6 to 43.4) for men. Figure 1 displays the prevalence 
of low fitness by race/ethnicity. Among men, low fitness 
was more prevalent across age in Black participants, 
whereas among women, low fitness was more frequent in 
Blacks followed by White participants.

Fitness and cardiometabolic traits
Figure 2 shows the association between deciles of fitness 
(METs) and selected covariates across sex. Anthropo-
metric measures (BMI and WC), as well as SBP and HbA1C 
demonstrated a graded inverse association with fitness.

Table 2 displays age- adjusted and race- adjusted means 
of selected correlates by fitness status categorized into 
three groups. Men and women with low fitness had 
significantly higher mean BMI, WC, SBP, FPG, HbA1C, 
and duration of diabetes (table 2). Men with low fitness 
had significantly higher triglyceride and lower HDL- 
cholesterol levels. No significant difference in DBP, total 
cholesterol, or LDL cholesterol was observed across 
fitness categories (table 2).

Table 3 shows age- adjusted and race- adjusted odds 
of CVD risk factors among participants with low fitness 
status (compared with high fitness) stratified by sex. In 
men and women, those with low fitness were more likely 
to have abdominal obesity (3.99 (95% CI 2.00 to 7.96) 
for men and 2.28 (95% CI 1.08 to 4.79) for women), 
hypertension (OR 1.74 (95% CI 1.09 to 2.77) for men 
and 1.44 (95% CI 1.02 to 2.05) for women), metabolic 
syndrome (OR 5.52 (95% CI 2.51 to 12.14) for men and 
2.25 (95% CI 1.35 to 3.76) for women), current smoking, 
use beta blockers (OR 1.22 (95% CI 0.86 to 1.73) for men 
and 1.33 (95% CI 1.03 to 1.73) for women), and use of 
ACE inhibitors (ACEI) or angiotensin receptor blockers 
(ARB) (OR 1.86 (95% CI 1.39 to 2.50) for men and 1.07 
(95% CI 0.86 to 1.32) for women).

Fitness, caloric intake, and physical activity
A subset of participants had data collected on caloric 
intake (n=2305) and physical activity (n=2402). As shown 
in table 2, women in the low fitness group had signifi-
cantly higher adjusted mean of calorie intake compared 
with those in the moderate or high fitness groups, 
whereas no significant difference in mean calorie intake 
was noted among men. Men and women in the low 
fitness category had significantly lower adjusted mean 
of physical activity levels as compared with higher fitness 
categories (table 2).

Fitness and body fat composition
Body composition was assessed among 1186 participants. 
The adjusted means of whole- body fat, fat- free mass, lean 
mass, and whole- body mass were significantly higher in 
the low fitness group (as compared with higher fitness 
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Table 1 Characteristics of participants without cardiovascular disease at baseline in the Look AHEAD study

Women Men

Size, n (%) 2613 (62.0) 1602 (38.0)

Treatment assignment, n (%)

  Diabetes support and education 1316 (50.4) 804 (50.2)

  Intensive lifestyle intervention 1297 (49.6) 798 (49.8)

Age, years 57.8 (6.6) 59.3 (6.6)

Race/ethnicity, n (%)

  White 1512 (57.9) 1224 (76.4)

  Non- Hispanic Black 561 (21.5) 164 (10.2)

  Hispanic 443 (17.0) 167 (10.4)

  Other/mixed 97 (3.7) 47 (2.9)

Current smoking, n (%) 105 (4.0) 65 (4.1)

Alcohol drinking, n (%) 588 (22.5) 786 (49.1)

Calorie intake,* kcal/day 1880.4 (826.7) 2180.9 (917.1)

Physical activity,§ kcal/week 392.0 (112.0–952.0) 672.0 (196.0–1484.0)

Weight, kg 95.5 (17.6) 109.5 (18.8)

Body mass index, kg/m2 36.5 (6.1) 35.2 (5.6)

Waist circumference, cm 110.7 (13.4) 118.5 (13.7)

Systolic blood pressure, mm Hg 129.2 (17.2) 129.1 (16.3)

Diastolic blood pressure, mm Hg 68.3 (9.2) 73.9 (8.9)

Hypertension,¶ n (%) 2242 (85.8) 1371 (85.6)

Obesity, n (%) 2256 (86.3) 1342 (83.8)

Abdominal obesity, n (%) 2534 (97.0) 1441 (90.0)

Use of antihypertensive medication, n (%) 1878 (71.8) 1123 (70.1)

Use of beta blocker, n (%) 452 (17.3) 274 (17.10)

Use of ACEI or ARB, n (%) 1445 (55.3) 910 (56.8)

Fasting plasma glucose, mg/dL 150.9 (44.7) 155.6 (47.2)

Hemoglobin A1C, % 7.3 (1.1) 7.2 (1.2)

Duration of diabetes, years 5.0 (2.0–9.0) 5.0 (2.0–10.0)

Triglyceride, mg/dL 147.0 (105.0–210.0) 160.0 (110.0–232.0)

Total cholesterol, mg/dL 198.3 (36.4) 184.4 (36.0)

High- density lipoprotein cholesterol, mg/dL 47.3 (12.1) 38.3 (9.3)

Low- density lipoprotein cholesterol, mg/dL 117.3 (32.5) 109.2 (30.6)

Hypercholesterolemia,** n (%) 1754 (67.1) 1100 (68.7)

Metabolic syndrome,† n (%) 2464 (94.3) 1454 (90.8)

Maximal MET value 6.7 (1.7) 8.1 (2.1)

Body composition variables‡

  Whole body fat, kg 39.8 (10.4) 32.7 (9.1)

  Whole body fat- free mass, kg 53.0 (7.0) 71.1 (7.6)

  Whole body lean mass, kg 50.8 (6.8) 68.3 (7.3)

  Whole body mass, kg 92.8 (16.0) 103.7 (14.2)

  Percent body fat, % 42.4 (4.7) 31.0 (5.2)

Data are mean (SD), median (IQR), or number (%) unless otherwise indicated.
*Calorie intake data were available for 2305 participants (1415 women and 890 men) who completed the food frequency questionnaire. Abdominal 
obesity was defined as waist circumference ≥102 cm for men or ≥88 cm for women. Obesity was defined as BMI of 30 kg/m2 or greater.
†The metabolic syndrome was defined based on the National Cholesterol Education Program Adult Treatment Panel III guidelines.
‡Body composition data were available for 1186 participants (772 women and 414 men) who had completed the DEXA scan.
§Physical activity data were available for 2402 participants (1226 women and 806 men) who completed the Paffenbarger Activity Questionnaire.
¶Hypertension was defined as BP ≥130/80 mm Hg or use of antihypertensive medication.
**Hypercholesterolemia was defined as low- density lipoprotein cholesterol ≥130 mg/dL or use of cholesterol- lowering medication.
ACEI, ACE inhibitor; AHEAD, Action for Health in Diabetes; ARB, angiotensin II receptor blocker; DEXA, dual- energy X- ray absorptiometry; MET, 
metabolic equivalent.
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ranges) among men and women (table 2). Moreover, 
total body fat displayed a graded inverse association with 
deciles of fitness among men and women (figure 2).

DISCUSSION
In this study, we described the correlates of CRF 
in a community- based sample of adults with type 2 
diabetes. We made several observations. There is a 
strong and inverse association between low fitness 
and several cardiometabolic factors, including obesity 
(overall and abdominal), hypertension, and meta-
bolic syndrome and the use of cardioprotective medi-
cations. In addition, lower fitness was associated with 
higher calorie intake among women, and with lower 
physical activity levels as well as higher whole- body fat 
and fat- free mass across sex.

Our study is unique in several ways, which include 
the assessment of the contribution to fitness of caloric 
intake, body fat composition assessed via DEXA, as 
well as the use of cardioprotective medications (beta 
blockers and ACEI/ARB). Our study complements 
prior reports based on the Look AHEAD data, which 
assessed fitness as a continuous outcome, and did not 
evaluate the specific relations of fitness with phys-
ical activity, caloric intake, DEXA- based fat and lean 
mass indices, as well as the use of ACEI/ARB.32 33 In 
a previous report of a representative sample of the 
US population, the prevalence of low fitness among 
US adults was 13.9%,34 although their focus was not 
on individuals with diabetes, and more importantly 
CRF was estimated using a submaximal treadmill 
testing which is inferior to symptom- limited maximal 
testing due to its reliance on prediction formulas, and 
may not apply to women, increasing the chance of 
measurement errors.20 In our study, participants were 
referred by their primary care physician to participate 
in a clinical trial and are likely to be healthier than 

their counterparts with diabetes in the general popu-
lation.35 Our findings on the associations of lower CRF 
with higher odds of major CVD risk factors (including 
glycemic markers, blood pressure, obesity) are consis-
tent with prior reports made in the general popula-
tion, although none of previous studies exclusively 
focused on individuals with type 2 diabetes.31 34 36–40 
The association of lower fitness levels with higher 
whole- body fat, lean mass, and fat- free mass is plau-
sible as these are surrogate measures of obesity. 
Although the latter findings may be surprising, this 
may simply point to the facts that many other factors 
affect fitness including genetic factors.41 Similarly, the 
association of low HDL cholesterol with low fitness 
among men is consistent with a prior report from the 
general population.34

We found that suboptimal fitness is highly common 
among diabetic individuals free of CVD. This points 
to an intrinsically impaired exercise response in type 
2 diabetes, which can be explained by a number of 
potential mechanisms. The abnormally slow micro-
vascular blood flow may result in impaired oxygen 
delivery to the skeletal muscles in response to exer-
cise,10 16 17 leading to a higher dependence on oxygen 
extraction by these muscles in people with type 2 
diabetes as compared with controls without diabetes. 
In addition, the phase 2 kinetics of microvascular 
blood flow has been shown to be significantly longer 
in people with type 2 diabetes (without known CVD) 
as compared with healthy controls.10 This supports 
the notion that metabolic feedback regulation during 
exercise is altered in type 2 diabetes.10 42 Further-
more, impairments in the nitric oxide–mediated 
endothelial function in arteries of people with type 
2 diabetes have been described, which results in a 
decreased steady- state blood flow to the extremities.43 
A third mechanism is linked to the reduced mitochon-
drial content and greater mitochondrial dysfunction 
in individuals with type 2 diabetes compared with 
healthy individuals.44 45 This might lead to alterations 
in the oxidative phosphorylation pathway compro-
mising their ability to use oxygen during exercise. 
The combination of these mechanisms will result in 
an oxygen deficit with exercise initiation in type 2 
diabetes, which ultimately impact the ability or will-
ingness to maintain activity, resulting in reduced 
functional capacity.10 Furthermore, skeletal muscles 
represent a substantial substrate for physically fit indi-
viduals,46 hence higher fitness appears protective as it 
improves cardiometabolic risk factors such as blood 
pressure or glycemic markers.

Our findings suggest that strategies targeting both 
CRF and traditional CVD risk factors could improve 
health outcomes in people with type 2 diabetes. As 
professional organizations have advocated for the 
assessment of CRF in addition to other risk factors,1 
our study provides data that would help the prioriti-
zation of such an assessment of fitness among people 

Figure 1 Low cardiorespiratory fitness by sex and race/
ethnicity among overweight/obese adults with type 2 
diabetes. The Look AHEAD (Action for Health in Diabetes) 
study. Error bars indicate 95% CI.
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with type 2 diabetes. Given the rapidly evolving digital 
healthcare ecosystem with the availability of wearable 
fitness trackers, the role of these new technologies to 
assess and monitor fitness levels and its integration in 
routine clinical practice for possible risk estimation 
can be explored, especially among people with type 
2 diabetes.47

Our study has some limitations that should be 
acknowledged. Its cross- sectional nature limits our 
ability to establish temporality and thus make any 
causal inference. This is compounded by the possibility 
of a bidirectional associations. For example, there 
could be a bidirectional association between CRF and 
hypertension or obesity. Fitness and relevant covariates 
were assessed at a single examination; single- occasion 
measurements are prone to regression dilution bias, 
and we may have underestimated the true strength 

of the associations. In our study, participants had to 
meet at least 4 METs of fitness to be included, hence 
these participants were most probably healthier than 
the general population of people with type 2 diabetes, 
which limits the generalizability of our findings.

Not with standing the aforementioned limitations, 
this study has several strengths. First, our study is 
an attempt to characterize CRF in a large sample 
of individuals with type 2 diabetes free of CVD, and 
thus assesses the intrinsic influence of diabetes on 
CRF. Second, fitness was estimated using objective, 
maximal treadmill testing; prior studies have used 
submaximal testing,31 34 which is inferior to maximal 
testing for fitness estimation.20 Third, relevant covari-
ates including caloric intake, physical activity, and 
body fat composition were assessed using standard-
ized methods.

Figure 2 Adjusted means of selected correlates by deciles of fitness and sex among adults with type 2 diabetes in the Look 
AHEAD study. Means are adjusted for age and race. For fitness decile, 1=low and 10=high. AHEAD indicates Action for Health 
in Diabetes; BMI, body mass index; MET, metabolic equivalent; SBP, systolic blood pressure; WC, waist circumference.
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In summary, in a community- based sample of men 
and women with type 2 diabetes, we showed that 
cardiorespiratory fitness was significantly and associ-
ated with a better profile of CVD risk factors. These 
findings underscore public health recommendations 
for improving cardiorespiratory fitness among adults 
with type 2 diabetes, in order to reduce the morbidity 
and mortality.
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