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Background: Peripheral artery disease (PAD) is a common rc&lieadon of type 2 diabetes (T2DM).

This study sought to evaluate the effect of supervised exerci§e therapy (SET) on patients with PAD complicated
with T2DM, and to assess the effect of changes in sedentary time o' the results of SET treatment.
Methods: A total of 100 PAD patients who were d in our hospital from January 2019 to October 2020

were included, and the age, gender, body mass inde hypertension, smoking, and ankle brachial index

(ABI) were collected. The patients were r d to complete SET treatment 2-3 times a week for 12 weeks.
WT) and Short Physical Performance Battery (SPPB)

ing for other key confounding variables such as age, gender,

Subsequently, the objective 6-minute wa
were used to assess body function,dfter adj
and smoking status, linear regresston @halysis was used to evaluate the effects of changes in sedentary time on
the total distance of the 6

Results: After 12 wee atment, the total SPPB score of the patients increased from a baseline of
9.3+2.7 to 10.1£2.3 8=0.02 normal walking distance in the 6MWT increased from 108.9+26.8 to
148.9+29.5 m (P ‘0@ e total walking distance increased from 322.5+93.4 to 348.5£86.1 m (P=0.042),
he metabolic equivalent on the treadmill increased from 2.6+0.7 to 3.9+1.4 (P<0.001).

and at the same time;
Compared with the baseline data, the proportion of time that patients spent engaged in mild physical
activity at 6 weeks increased by 20%=10% (P=0.003), and the average daily sedentary time decreased by
6.5+2.8 minutes (P=0.008), or by 3.1%%2.1% (P=0.04). Furthermore, compared with the baseline, the
proportion of time that patients spent engaged in light and moderate physical activity at 12 weeks increased
by 10%+3% (P=0.007) and 20%+10% (P=0.006), respectively, while the average sedentary time per day
reduced by 6.8+3.1 minutes (P=0.03), or by 3.6%=1.8% (P=0.005).

Conclusions: The reduction of sedentary time can significantly improve the effectiveness of exercise
therapy in patients with PAD complicated by T2DM, and compared with patients with PAD alone, the

improvement in patients complicated with T2DM is more significant.
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Introduction

Peripheral artery disease (PAD) is a progressive condition
that is characterized by reduced blood flow to the heart
from the lower limbs (1). PAD is characterized by limb
ischemia-induced claudication or movement that leads
to severe pain, walking disorders, and reduced quality
of life (2). PAD is associated with an increased risk of
cardiovascular disease and death. The risk of death
from all causes in the elderly with claudication is 2-
3.5 times higher than that of ordinary people (3).
The main treatment for symptomatic PAD patients is
supervised exercise therapy (SET) aimed at improving
physical function, mobility, and quality of life.

One of the main risk factors for PAD is diabetes.
Epidemiological studies have shown that 20-30% of adult
diabetic patients have PAD (4-7); PAD combined with
diabetes puts individuals at a greater risk compared to those
with a single disease (8). SET has been shown to be an
effective therapy to improve pain relief rate and walking
distance (9). It has been reported that some patients,
especially those with PAD complicated by diabetes, may
be slow to respond to exercise therapy (10). It is not clear
why different patients respond inconsistently to exercise
however some have suggested that during exercise, diabetes
can promote the reduction of blood volume expa nd
impaired skeletal muscle oxygenation (11). Furth
dehydration in the elderly may also affect symptoms.

"Together, these factors affect the benefits of exereise in PAD
patients with diabetes.

One behavioral factor that can ca npesponsiveness
is a sedentary lifestyle. Sglifhies h shown that

compared with regular exe physical activity,

sedentary behavior is associated With an increased risk of
cardiovascular disease (12). People who are often sedentary
have almost no changes in their daily activity patterns,
and patients with PAD and type 2 diabetes are particularly
accustomed to being sedentary (13). Importantly, the
longer the sedentary time, the faster the peak walking
distance decreases (14).

Given the harmful effects of sedentariness on health, this
study aims to evaluate the efficacy of SET in PAD patients,
and to evaluate the effect of changes in sedentary time on
the results of SET.

We present the study in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
apm-21-773).
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Methods
Research subject

One hundred PAD patients who were treated in our hospital
from January 2019 to October 2020 were included in this
study. Inclusion criteria: (I) patients aged over 60 years old; (II)
patients diagnosed with PAD; and (II) patients that received
SET therapy for PAD. Exclusion criteria: (I) patients with
type 1 diabetes; and (II) patients with incurable wounds
who could not participate in SET therapy. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the ethics committee
ople’s Hospital (No.: 2020101) and
om all the patients.

of Sichuan Provincial Pe

informed consent w4

Data collectio

The linical"data of patients, including age, gender,
body mass mdex (BMI), hypertension, smoking, and ankle
achial index (ABI) were collected. The patients completed

atment 2-3 times a week for 12 weeks, which
mainly involved repeated walking exercises on a treadmill.

e course of treatment was formulated according to the
treatment protocol for PAD patients, and individualized
adjustments were made according to the specific needs of
each patient. The intensity of exercise gradually increased
over the 12-week period. Although treadmill walking was
the primary exercise, patients were also guided to train their
arm and leg strength according to their actual situation, and
they also received full-body lying down training.

The patients were asked to wear a measuring device that
objectively recorded sedentary time and physical activity,
and were required to complete physical function and fall
risk assessments at three-time points: baseline, 6 weeks, and
12 weeks. Sedentary behavior was defined as the energy
expenditure of sitting, leaning, or lying down in any waking
state <1.5% (15).

The body function of patients was assessed using the
objective 6-minute walk test (6MW'T) and the Short
Physical Performance Battery (SPPB) (16,17). At the
same time, two self-rating scales were used for evaluation,
including the Walking Impairment Questionnaire (WIQ)
and Patient-Reported Outcomes Measurement Information
System (PROMIS) (17,18). The WIQ included three
sections: walking distance, walking speed, and climbing
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Table 1 Baseline clinical data of study subjects

Gu et al. Effect of sedentary time on PAD complicated with T2DM

Total cases (N=100) PAD+T2DM (N=47) PAD (N=53) P value
Male, n (%) 47 (47.0) 22 (46.8) 25 (47.2) 0.208
Age (years) 62.3+7.1 62.1+8.8 62.5+5.7 0.846
BMI (kg/m?) 27.6+5.3 29.5+5.1 28.1+4.9 0.051
Smoking, n (%) 36 (36.0) 21 (44.7) 15 (28.3) 0.534
Hypertension, n (%) 93 (93.0) 45 (95.7) 48 (90.6) 0.831
Hyperlipidemia, n (%) 95 (95.0) 46 (97.9) 49 (92.5) 0.657
Coronary heart disease, n (%) 55 (55.0) 35 (63.6) 20 (37.7) 0.432
Stroke, n (%) 11 (11.0) 7 (16.3) 4(7.5) 0.415
Carotid endarterectomy, n (%) 14 (14.0) 8(17.0) 6 (11.3) 0.181
ABI 0.69+0.18 0.66+0.21 0.70+0.22 0.214
Lower extremity revascularization, n (%) 41 (41.0) 27 (57.4 14 (26.4) 0.638

PAD, peripheral artery disease; T2DM, type 2 diabetes; ABI, ankle brachial index.

the stairs. The score ranged from 0 to 100 points, with
100 points representing no impairment of body function,
and 0 points representing complete impairment. PROMIS
included 15 items to evaluate the difficulty of the patient:
mobility, such as standing unsupported for 30 minutes,
jumping up and down, and tiptoeing. The score ed
from 0 to 100, with higher scores denoting be

function.

Statistical analysis

Descriptive statistics were used to. sum the baseline

o
in sedentary time at 6 and 12 wee
baseline). The #-test was used to asSsess the changes in the
PAD-only group and the PAD complicated with the type
2 diabetes (T2DM) group. After adjusting for other key

confounding variables, such as age, gender, and smoking

characteristics of the popu as well as the change

s (compared with the

status, linear regression analysis was used to evaluate the
effects of changes in sedentary time on the total distance
of the 6MW'T. SPSS (version 25, IBM Corp., Armonk,
New York) was used for statistical analysis, and P<0.05 was
considered to indicate a statistically significant difference.

Results
Basic clinical data of the research subjects

Among the 100 subjects enrolled in this study, there

© Annals of Palliative Medicine. All rights reserved.

ts with PAD complicated with T2DM. Of
ese patients, 46.8% were males, with an average age of
years, a BMI of 29.5+5.1 kg/m’, and an ABI of
.21. Smoking patients accounted for 44.7%, while

were 47 pa

*
ients with hypertension, hyperlipidemia, coronary heart
disease, stroke, carotid endarterectomy, lower extremity
revascularization accounted for 95.7%, 97.9%, 63.6%,
16.3%, 17.0%, and 57.4%, respectively. There was no
significant statistical difference between the baseline clinical
data of PAD patients complicated with T2DM and PAD-
only patients (P>0.05) (Table 1).

Patient treatment completion status and outcome

After 12 weeks of SET in 100 patients with PAD, physical
function was evaluated and compared with the baseline
data. It was found that after 12 weeks of treatment, the total
SPPB score of the patients increased from a baseline of
9.3+2.7 to 10.1£2.3 (P=0.025). In the 6MWT, the normal
walking distance of patients increased from 108.9+26.8 to
148.9+29.5 m (P<0.001), and the total walking distance
increased from 322.5+93.4 m to 348.5+86.1 m (P=0.042).
Also, the metabolic equivalent on the treadmill was
increased from 2.6x0.7 to 3.9x1.4 (P<0.001). WIQ survey
results showed that the walking distance of PAD patients
increased from 35.7+24.7 to 43.6+28.7 (P=0.038) and the
speed increased from 33.7£22.1 to 44.2+21.6 m/s (P=0.001)
(Tible 2).
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Table 2 PAD patients self-reported physical function outcomes after 12 weeks of SET
Baseline 12 weeks after SET t P value

SPPB score 9.3+2.7 10.1£2.3 2.27 0.025
6-minute walk test

Normal walking distance (m) 108.9+26.8 148.9+29.5 10.04 <0.001

Total distance (m) 322.5+93.4 348.5+86.1 2.05 0.042

Metabolic equivalent on treadmill 2.6+0.7 3.9+1.4 8.31 <0.001
Walking Impairment Questionnaire

Distance 35.7+24.7 43.6+28.7 2.09 0.038

Speed 33.7+22.1 44.2+21.6 3.40 0.001
PAD, peripheral artery disease; SET, supervised exercise therapy; SPPB, Short Physical Performance Battery.
Table 3 Changes in sedentary time and physical activity of patients with the PAD treated with SET

Baseline 6-week 12-week 6-week - b P value 12-week — baseline P value

Activity level (percentage of time)

Light activity 43.9+8.9 44.3+9.7 46.8+9.6 0.2+ 0.003 1.0+0.3 0.007

Moderate activity 7.8£5.3 8.0+4.5 8.2+4.3 0.1+0.1 0.32 0.2+0.1 0.006
Sedentary time per day (min) 450.2+105.7 442.3+95.6 442.2+95.8 .5+2.8 0.008 -6.8+3.1 0.03
Percentage change in sedentary time -3.1£2.1 0.04 -3.6+1.8 0.005
Sedentary rest

Number of rests per day 8.0+3.4 8.3+ +3.6 0.2+0.1 0.003 0.6+0.2 0.007

Rest time (min) 169.9+72.0 .4+89.3"160.5+69.2 1.8+0.1 0.009 -8.419.2 0.13
PAD, peripheral artery disease; SET, supervised exer therapy.

Changes in overall sedentary ti

We also compared the 6- and eek sedentary time and
physical activity level of PAD patients with the baseline, and
found that the proportion of time that patients spent with
mild physical activity at 6 weeks increased by 20%+10%
(P=0.003), and the average length of sedentary time per
day was reduced by 6.5+2.8 minutes (P=0.008), or by
3.1%+2.1% (P=0.04). The number of rests every day during
sedentary periods increased by 0.2+0.1 times (P=0.003) and
the average rest time increased by 4.8+3.1 min (P=0.009).
Compared with the baseline, the proportion of time that
patients spent engaged in light and moderate physical
activity at 12 weeks increased by 10%=3% (P=0.007)
and 20%+10% (P=0.006), respectively, and the average
sedentary time per day was reduced by 6.8+3.1 minutes
(P=0.03), or by 3.6%=1.8% (P=0.005). Furthermore, the
number of rests per day during sedentary periods was
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increased by 0.6+0.2 times (P=0.007) (Table 3).

Comparison of changes in body function between PAD-only
patients and PAD patients complicated with T2DM

A subgroup analysis based on whether the patients were
complicated with T2DM found that in the 6MWT, there
was no significant statistical difference in the improvement
of total walking distance between the two groups of
patients. Meanwhile, patients in the PAD complicated with
T2DM group had a markedly better increase in normal
walking distance than patients in the PAD-only group
(P=0.04) (Figure 1).

Discussion

In this study, we found that the change of sedentary time
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Figure 1 Changes in the 6MWTT total and normal walking distance during 12 w; of SE

walk test; SET, supervised exercise therapy; T2DM, type 2 diabetes.

has a significant impact on the effect of PAD patient
treated with SET for 12 weeks. Compared with PAD-onl
patients, those with PAD complicated with T2D
more significant improvement in their physical
after SE'T.
In 2007, the American Sports Medicine

American Heart Association jointly recommende
of SET (30 minutes of moderate-in

ad a
on

ciation ‘and
months

week or 20 minutes of vigorous activi
Consistent with this, the ph
our study was significantly 1

of patients in
after undergoing
SET. Furthermore, we also found‘¢hat the improvement in
normal walking distance of patients with T2DM was greater
than that of patients without T2DM, which is consistent
with the findings of Ubels ez a/. (20).

At the same time, we found that the change in sedentary
time was consistent with the patient’s SET effect. Compared
with the baseline data, the patients’ sedentary time at 6
and 12 weeks decreased significantly, while the physical
activity function increased during that time. Sedentariness
is a common and poor behavior in the modern economy.
Studies have shown that people who sit for prolonged
periods of time have a significant increase in cardiovascular
risk (up to 30%) (21). This is because in the process of
sitting for an extended period, the metabolic equivalent
of the body decreases, the activity level is reduced, and

© Annals of Palliative Medicine. All rights reserved. Ann

Time (week

sed on T2DM diagnosis. 6MW'T, 6-minute

th
hese changes can easily cause blood stasis, thereby

iency of blood circulation is significantly reduced.

increasing the risk of atherosclerosis as well as the long-
term risk of cardiovascular death (22). SET is a treatment
strategy aimed at increasing physical activity, which can help
PAD patients to recover their physical function to varying
degrees (23). Actively altering the sedentary lifestyle during
SET can effectively increase the degree of physical activity
and simultaneously reduce the risks and harms caused
by sedentariness, thereby ultimately enhancing physical
function more effectively.

Type 2 diabetes is a common endocrine and metabolic
disease. At present, the number of T2DM patients in China
has reached 130 million, and this number continues to
increase (23). Type 2 diabetes is an important risk factor
for cardiovascular disease. Studies have shown that the risk
of cardiovascular events in patients with type 2 diabetes is
63% higher than that of healthy people (24). Sitting for
prolonged periods of time is a common lifestyle in patients
with type 2 diabetes, which has an important impact on the
progression and complications of T2DM. In this study, the
subgroup analysis showed that the effect of SET in patients
with PAD complicated with T2DM was superior to that
of PAD-only patients. This may be due to the fact that
SET can markedly increase the degree of physical activity
in T2DM patients, and the change of sedentary time has a
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greater influence on the metabolism and lifestyle of T2DM
patients, thus resulting in more obvious benefits.

In this study, the SPPB objective evaluation index was
used to evaluate SET in patients, and the WIQ was also
used for autonomous evaluation. The results of the two
evaluation methods showed consistency, lending sufficient
support for the reliability of the findings in this study.
However, this study also had certain limitations that should
be noted. Firstly, the sample size of this study was small,
and thus the conclusions need to be further verified in a
larger sample population. Secondly, although we conducted
a subgroup analysis based on whether T2DM was involved,
we did not adjust for the duration of T2DM in the patients,
and more studies are therefore needed for further validation
of our findings.

In summary, the reduction in sedentary time can
significantly improve the effect of SET in patients with
PAD complicated with T2DM. Compared with PAD-only
patients, the improvement in patients with T2DM is more
significant.
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