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BACKGROUND AND OBJECTIVE | Exercise is a cornerstone of management for type 2 diabetes; however, little is known about
the cardiovascular (CV) response to submaximal functional exercise in people with type 2 diabetes. The aim of this study
was to compare performance and CV response during a 6-minute walk test (6MWT) between people with type 2 diabetes
and matched control subjects.

METHODS | CV response and distance walked during the 6MWT were assessed in 30 people with type 2 diabetes, matched
for age, body composition, physical activity, and estimated aerobic capacity with 34 control subjects (type 2
diabetes group: 16 men, 59.8 6 8.8 years of age, 33.3 6 10.9% body fat, physical activity of 7,968 6 3,236
steps$day21, estimated aerobic capacity 31.96 11.1 mLO2$kg21$min21; control group: 19 men, 59.36 8.8 years
of age, 32.7 6 8.5% body fat, physical activity 8,228 6 2,941 steps$day21, estimated aerobic capacity 34.9 6
15.4 mLO2$kg21$min21).

RESULTS | People with type 2 diabetes walked a similar distance (5906 75 vs. 6056 69 m; P5 0.458) compared with
control subjects during the 6MWT and had similar ratings of perceived exertion (RPE) after the 6MWT (4.196 1.56 vs.
3.656 1.54, P5 0.147). However, at the end of the 6MWT, people with type 2 diabetes had a higher heart rate (1086
23 vs. 95 6 18 beats$min21; P 5 0.048), systolic blood pressure (169 6 26 vs. 147 6 22 mmHg, P 5 0.003), and
rate-pressure product (18,762 6 5,936 vs. 14,252 6 4,330, P 5 0.009) than control subjects.

CONCLUSION | Although people with type 2 diabetes had similar performance and RPE during the 6MWT compared with
control subjects, the CV response was greater for people with type 2 diabetes, indicating greater cardiac effort for similar
perceived effort and performance of 6MWT. These data suggest that observation and prescription of exercise intensity
should include both perceived effort and CV response.

Submaximal exercise is a cornerstone of management for
type 2 diabetes, and along with diet and weight loss is a
first line of medical management (1). Moderate to vigorous
aerobic exercise training, such as brisk walking, 3–7 days
per week for ~30 minutes per day, is the primary exercise
recommendation for people with type 2 diabetes (1).
However, rates of exercise intolerance are high in people
with type 2 diabetes, thought to be caused by impairments
in peripheral blood flow and oxygen diffusion to the
exercising muscle, as recently reviewed (2). For example,
among a small cohort (n 5 20) of sedentary people with
type 2 diabetes and age- and activity-matched control
subjects, those with type 2 diabetes had ~24% lower
performance and a lower relative rate of oxygen

consumption (mLO2$kg21$min21) during maximal walk-
ing exercise and lower oxygen uptake at similar sub-
maximal absolute loads (speed and gradient in treadmill
walking), likely indicative of impaired muscle oxygen
delivery (3). Additionally, a recent review provided evi-
dence of reduced maximal heart rate response during
exercise and blunted cardiac output in people with type 2
diabetes compared with control subjects (4); however, the
studies included in the review compared untrained people
with type 2 diabetes with low maximal rates of oxygen
consumption to control subjects with higher maximal
rates of oxygen consumption. Any level of cardiovascular
(CV) impairment is therefore difficult to quantify in these
studies because those with type 2 diabetes were less fit
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than the control subjects. Thus, it is important to de-
termine the CV response to brisk walking in active people
with type 2 diabetes compared with control subjects ap-
propriately matched for fitness; however, this has not been
studied to date.

Therefore, the primary purpose of this study was to
compare 6-minute walk test (6MWT) performance and CV
response between people with type 2 diabetes and control
subjects without diabetes matched for age, body compo-
sition, measured physical activity, and estimated aerobic
capacity. The hypotheses were that people with type 2 di-
abetes would demonstrate impaired performance and ex-
hibit greater CV response to the 6MWT compared with
healthy control subjects. The novelty of this investigation
lies in examining the CVresponse to walking in people with
type 2 diabetes whowere closely matched to healthy control
subjects on body composition, physical activity, and fitness
parameters, hence minimizing potential confounders. The
secondary purpose of this study, per recommendations by
the National Institutes of Health (NIH) for all clinical re-
search (NIH notice number NOT-OD-15–102), was to test
sufficient men and women in each cohort to determine
potential sex-related differences in the performance of and
CV response to the 6MWT.

Methods

Thirty peoplewith type 2 diabetes (16men, 14 women) and 34
control subjects without diabetes (19 men, 15 women)
matched for age (59.8 6 8.8 vs. 59.3 6 8.8 years, P 5 0.858),
relative body fat (33.36 10.9 vs. 32.76 8.5%, P 5 0.846), total
leanmusclemass (53.16 12.1 vs. 51.56 12.2 kg, P5 0.194), daily
physical activity (7,968 6 3,236 vs. 8,228 6 2,941 steps$day21,
P 5 0.905), and estimated aerobic capacity (31.9 6 11.1 vs.
34.96 15.4 mLO2$kg21$min21, P5 0.393) completed a 6MWT.
As expected, people with type 2 diabetes had higher A1C
(P ,0.001), fasting plasma glucose (P ,0.001), fasting plasma
insulin (P 5 0.004), and homeostatic model assessment of
insulin resistance (HOMA-IR) values (P 5 0.001) compared
with control subjects, and control subjects did not evidence
insulin resistance or impaired glycemic control. Participant
demographics can be found in Table 1.

To minimize heterogeneity within and between the type 2
diabetes and control groups, exclusion criteria included
coronary artery disease, vascular disease, kidney disease,
hormone replacement therapy, A1C .10%, prescribed in-
sulin or insulin secretagogue, diabetic peripheral or au-
tonomic neuropathy, peripheral edema, severe obesity
(BMI .45 kg$m22), thyroid dysfunction, epilepsy, anxiety,
depression, current smoking, possibility of pregnancy, and
any neurological, CV, or musculoskeletal disease that

precluded exercise testing. Additionally, all women enrolled
self-reported a postmenopausal status, with their final
menstrual period 3–11 years before study enrollment. All
participants with type 2 diabetes were prescribed metfor-
min; 19 from the type 2 diabetes group and 3 from the
control group were prescribed a statin. Also, seven par-
ticipants with type 2 diabetes and two control subjects were
prescribed an ACE inhibitor. There were no additional
prescribed medications other than metformin, statins, and
ACE inhibitors.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. Informed consent
was obtained from all participants included in the study.
The protocol was approved by the Marquette University
institutional review board (HR-2402).

People with type 2 diabetes were screened for diabetic
polyneuropathy using a 10-g monofilament test (12 pedal
sites), 128-Hz vibration sensation test (malleoli and first
metatarsal head), and Achilles reflex test. Potential par-
ticipants who evidenced signs of neuropathy were ex-
cluded. Participants were screened for cardiac autonomic
neuropathy via measurement of blood pressure response to
standing and exercise electrocardiogram (EKG). Estimated
maximal aerobic capacity (eVO2) was determined using a
submaximal, three-stage (increments within 40–70% heart
rate reserve), graded exercise cycle ergometer (VIAsprint
150P; CareFusion, San Diego, CA) test with 12-lead EKG
monitoring (CASE; General Electrics, Madison,WI). Linear
regression analysis was performed between submaximal
workload and steady-state heart rate response according to
validated YMCA standards (5); and eVO2 was based on
individual regressions. Body fat and lean (muscle) mass
were assessed using dual X-ray absorptiometry (Lunar
Prodigy full-body scanner; GE, Madison,WI). A1C and fasting
plasma glucose concentration were determined by assay
using certified point-of-care instruments (DCA 20001,
Siemens Healthcare Diagnostics, Malvern, PA, and Alere
Cholestech LDX System, Alere Inc., Waltham, MA, re-
spectively), which were calibrated monthly. Plasma insulin
was quantitatively assayed in duplicate per manufacturer
instructions using an enzyme-linked immunoassay kit
(Quantikine Human Insulin Immunoassay, R&D Systems,
Minneapolis, MN). HOMA-IRwas calculated using fasting
plasma insulin (FPI, mU$L21) and fasting plasma glucose
(FPG, mmol$L21) concentrations: HOMA-IR 5 (FPI 3
FPG) $ 22.521. After potential participants completed the in-
formed consent and screening tests described above, daily

VOLUME 33, NUMBER 1, WINTER 2020 105

SENEFELD ET AL.



physical activity was assessed via accelerometry using a
triaxial accelerometer (Actigraph GT33; ActiGraph, Pen-
sacola, FL) worn for at least 3 days for at least 9 hours (540
minutes) per day, from which step counts were recorded
and analyzed (ActiLife v4; ActiGraph, Pensacola, FL). Po-
tential participants were excluded if they were classified as
sedentary (,5,000 steps$day21, n 5 2) or highly active
(.12,500 steps$day21, n 5 2) (6) to minimize heterogeneity.

The 6MWT was performed on an indoor course, and partic-
ipants were instructed (using standardized encouragement) to
walk as quickly as possible for 6 minutes. The distance

walked was measured to the closest meter. The 6MWT is
highly correlated with the NIH Toolbox measure of functional
endurance (the 2-minute walk test) (7), and performance on
the 6MWT is predictive of morbidity and mortality (8). Pre-
dicted performance was estimated using standard equations
based on participant characteristics (i.e., height, weight, age,
and biological sex) (9), and relative performance (percentage
of predicted distance) was calculated as follows: (measured
walk distance)$(predicted walk distance)21.

Immediately before and after the 6MWT,while participants
were seated, blood pressure was manually auscultated using

TABLE 1 Participant Characteristics, Diabetes Markers, and Medications

Type 2 Diabetes
(n 5 30)

Control
(n 5 34)

Age, years 59.8 6 8.8 59.3 6 8.8

Height, cm 172.5 6 8.5 171.5 6 9.0*

Weight, kg 88.6 6 24.7 81.4 6 16.2*

BMI, kg$m22 29.6 6 7.0 27.5 6 4.2

Body fat, % 33.3 6 10.9 32.7 6 8.5*

Lean mass, kg 53.1 6 12.1 51.5 6 12.2*

Daily physical activity, steps$day21 7,970 6 3,240 8,230 6 2,940

eVO2, mL$kg21$min21 31.9 6 11.1 35.4 6 15.3*

Diabetes duration, years 7.1 6 6.3 —†

A1C, mmol$mol21 53.1 6 11.0 36.7 6 3.6†

A1C, % 7.01 6 1.00 5.51 6 0.32†

Fasting plasma glucose, mg$dL21 123.5 6 31.7 89.2 6 13.3†

Fasting plasma insulin, pmol$L21 60.2 6 41.9 33.7 6 22.2†

HOMA-IR, AU 2.91 6 1.69 1.39 6 1.10†

Metformin, n 30 —

Metformin dosage, mg$day21 1,060 6 531 —

Duration of metformin prescription, years 4.42 6 4.60 —

Statin, n 19 3

Statin dose equivalent, mg$day21‡ 23.3 6 26.7 11.7 6 7.6

Duration of statin prescription, years 6.50 6 5.52 3.00 6 4.36

ACE inhibitor, n 7 2

ACE inhibitor dose equivalent, mg$day21§ 27.0 6 14.5 6.3 6 5.3

Duration of ACE inhibitor prescription, years 7.1 6 5.2 4.3 6 5.3

Values are displayed as mean 6 SD. *Sex difference (male vs. female), P ,0.05. †Group differences (type 2 diabetes vs. control),
P,0.05. ‡Statin data are reported using an atorvastatin equivalent dose per published drug information. §ACE inhibitor data are reported
using a lisinopril equivalent dose per published drug information. AU, arbitrary unit.
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a standard aneroid sphygmomanometer and a stethoscope
placed over the antecubital fossa. Simultaneously, heart
rate was manually palpated at the radial artery on the
opposite wrist.The rate-pressure product (systolic blood
pressure [mmHg]$heart rate [beats$min21]) was calcu-
lated for both time points. Participants were seated for
at least 5 minutes before the baseline assessments of
blood pressure and heart rate before the 6MWT. After
completion of the 6MWT, participants were immedi-
ately seated on the same chair used for baseline assess-
ments, and assessments of blood pressure and heart rate
were performed again.Values are reported as mean 6 SD
in the text and tables and displayed as mean 6 SE in
the figure.

The statistical approach and sample size were determined a
priori. Univariate ANOVA with group (type 2 diabetes,
control) and sex (male, female) as between-subject factors
were used to compare participant characteristics (Table 1)
and 6MWT performance. Repeated-measures ANOVA,
with time as a within-subject factor (pre- vs. post-6MWT)
and group and sex as between-subject factors, was used to
determine CVresponse to the 6MWT. Ratings of perceived
exertion (RPE) were not normally distributed for people
with type 2 diabetes or control subjects (Shapiro-Wilks test
of normality, P5 0.048 and P,0.001, respectively); thus, a
Mann-Whitney U test was used to compare RPE after the
6MWT between groups. All other data passed assump-
tions of parametric statistical tests. Significance was ac-
cepted at P ,0.05, and analyses were performed using a
statistical package (SPSS, version 24; IBM, Armonk, NY).
The effect size (h2) appropriate for ANOVA is reported
for statistically significant results, interpreted as small
(0.01 # h2 , 0.06), medium (0.06 # h2 , 0.14), and large
(0.14 # h2) (10).

Results

For all variables, the main effect of sex or the interactions
of sex with time or group are only reported if significant
(P ,0.05); otherwise, these statistics are not reported.

Under resting conditions, heart rate (group, P 5 0.098),
diastolic blood pressure (group, P 5 0.212), and mean ar-
terial pressure (group, P 5 0.081) did not differ between
people with type 2 diabetes compared with control subjects
without diabetes. However, people with type 2 diabetes had
greater systolic blood pressure (group, P5 0.036, h25 0.071)
and rate-pressure product (group, P 5 0.018, h2 5 0.104)
than control subjects.

The 6MWT distance achieved (group, P 5 0.458) did not
differ between people with type 2 diabetes and control

subjects; therefore, walking speed was not different be-
tween groups; relative performance (percentage of pre-
dicted distance) was also not different (group, P 5 0.678)
(Figure 1A). However, 6MWT distance was greater for men
than for women (615 6 74 vs. 578 6 64 m; sex, P 5 0.048,
h2 5 0.064), although women had better relative perfor-
mance (1196 9 vs. 1116 18%; sex, P5 0.026, h25 0.080).The
increase in RPE (from zero) at rest to the end of the 6MWT
was not different for people with type 2 diabetes compared
with control subjects (time, P ,0.001; time 3 group, P 5
0.273; Figure 1B). However, people with type 2 diabetes had
greater increases in heart rate (time, P ,0.001, h2 5 0.756;
time 3 group, P 5 0.048, h2 5 0.052; Figure 1C), systolic
blood pressure (time, P ,0.001, h2 5 0.774; time 3 group,
P5 0.003, h2 5 0.137; Figure 1D), and rate-pressure product
(post-6MWT: 18,762 6 5,936 vs. 14,251 6 4,330; time,
P ,0.001, h2 5 0.751; time 3 group, P 5 0.009, h2 5 0.124)
compared with control subjects. Diastolic blood pressure
did not change during the 6MWT for either group (time,
P 5 0.488; time 3 group, P 5 0.150), and the increase in
mean arterial pressure did not differ between groups
(time, P ,0.001, h2 5 0.722; time 3 group, P 5 0.160)
(Table 2).

Discussion

People with type 2 diabetes exhibited similar absolute and
relative performance during the 6MWT compared with
control subjects without diabetes who were matched for
age, body fat, lean mass, daily physical activity, and esti-
mated aerobic fitness. Both groups were physically active
(.7,500 steps$day21) (11) and performed ~20% better than
predicted on the 6MWT. Additionally, people with type 2
diabetes had similar increases in RPE after a 6MWT
compared with healthy control subjects. However, despite
similar levels of performance and perceived effort and no
clinical evidence of cardiac autonomic neuropathy, people
with type 2 diabetes evidenced greater cardiac effort (heart
rate, systolic blood pressure, and rate-pressure product
indicating greater myocardial oxygen demand) during a
6MWT than matched control subjects without diabetes.
Despite sex-related differences in 6MWT performance,
RPE and CV responses to a 6MWT did not differ between
men and women.

Previous research has demonstrated a blunted heart rate
(~2–3% lower) during maximal exercise in people with type
2 diabetes compared with control subjects (4,12); however,
this blunted heart rate is not ubiquitously observed, and a
higher exercise heart rate has also been observed among
women with type 2 diabetes during submaximal exercise
compared with control women (13).
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Previous research has also demonstrated impaired
maximal performance and reduced maximal oxygen
consumption during brisk walking (graded treadmill
exercise to exhaustion) in sedentary people with type 2
diabetes compared with control subjects matched for
age, sex, and body mass, as well as lower submaximal
oxygen consumption at the same treadmill speed and
grade (work rate) (3). Lower oxygen consumption at
submaximal and maximal work rates is interpreted as
reflecting impaired peripheral oxygen delivery in people
with type 2 diabetes (2), suggesting that impaired oxygen
delivery limited exercise performance in the cohort of
people with uncomplicated, non–insulin-dependent type
2 diabetes in the previous study (3). This impaired pe-
ripheral oxygen delivery may elicit a compensatory in-
crease in heart rate and could account for the exaggerated
heart rate responses in previous investigations (13) and in
our study.

Additionally, there is evidence of a blunted increase in cardiac
output due to impaired left ventricular filling in men and
women with type 2 diabetes and no overt CV disease com-
pared with control subjects during submaximal bicycle ex-
ercise at the same relative workload (14). However, in that study,
although groups were matched for self-reported fitness, resting
heart ratewas higher and peak oxygen consumption and peak
workload were lower in the group with type 2 diabetes (14).

In another study, postmenopausal women with type 2 di-
abetes had increased plasma lactate concentrations and
heart rate responses during low- to moderate-intensity
cycling (both at absolute [30 W] and relative [35%
VO2peak] work rates) compared with women without di-
abetes who were matched for age and BMI; however, the
women with type 2 diabetes in that study also had lower
relative aerobic fitness than control subjects (15.4 vs.
17.8 mL$kg21$min21) (13). Despite the differences in lactate

FIGURE 1 6MWT performance (A) and the increase in RPE (B), heart rate (C), and systolic blood pressure (D) for people with type 2
diabetes and control subjects without diabetes. Values are displayed as mean 6 SE, superimposed on top of individual data. A: The
6MWT distance and relative performance (percentage of predicted distance) did not differ for people with type 2 diabetes and control
subjects; individual data are represented as circles. B: The increase in RPE (from zero) did not differ between people with type 2
diabetes and control subjects; individual data are represented as circles. C: The increase in heart rate was greater for people type 2
diabetes than for control subjects (*P,0.05); individual data are represented as gray lines. D: The increase in systolic blood pressure
was greater for people type 2 diabetes than for control subjects (*P ,0.05); individual data are represented as gray lines.
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and heart rate, women with type 2 diabetes and control
subjects exhibited similar RPE during low- to moderate-
intensity cycling, suggesting a blunted RPE response in
women with type 2 diabetes.

These results from previous studies support an altered
relationship between CV response during exercise and
perceived effort and performance among less active and
less fit people with type 2 diabetes compared with control
subjects. Our data demonstrate that this effect is also ev-
ident during walking among relatively active and fit people
with type 2 diabetes who were matched for fitness (among
other factors) with control subjects. Future research could
investigate CV responses and RPE at a number of steady-
state workloads to help identify threshold levels of dif-
ferentiation between those with and without diabetes and
among people with diabetes with poorer metabolic control.

Conclusion
Our findings support previous reports of a blunted associ-
ation between CV response and perceived effort in people
with type 2 diabetes (i.e., higher cardiac work for the same
RPE). However, for the first time, we demonstrate that this
altered relationship in people with type 2 diabetes was not
because of differences in fitness, physical activity levels, or
body composition and instead was the result of effects of
type 2 diabetes per se. Although we cannot exclude sub-
clinical effects of diabetes on the heart, it is likely that im-
paired peripheral oxygen kinetics (reduced muscle blood
flow and oxygen delivery) in people with type 2 diabetes
compared with control subjects at the same relative work-
load during submaximal exercise may partially explain our
findings. We showed that, although RPE increased with

exercise heart rate during brisk walking, people with type 2
diabetes had lesser increases in perceived effort (i.e., blunted
RPE) for a given increase in exercising heart rate. Conse-
quently, we suggest that clinical observation/prescription of
exercise intensity in people with type 2 diabetes should
include both perceived effort (RPE) and CV (heart rate and
mean arterial pressure) measures rather than one or the
other alone to better reflect cardiac effort during exercise.
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