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Abstract Aims: Regular exercise is considered a cornerstone in the management of type 2 dia-
betes mellitus (T2DM). It improves glucose control and cardiovascular risk factors, contributes to
weight loss, and also improves general well-being, likely playing a role in the prevention of
chronic complications of diabetes. However, compliance to exercise recommendations is gener-
ally inadequate in subjects with T2DM. Walking is the most ancestral form of physical activity in
humans, easily applicable in daily life. It may represent, in many patients, a first simple step to-
wards lifestyle changes. Nevertheless, while most diabetic patients do not engage in any weekly
walking, exercise guidelines do not generally detail how to improve its use. The aims of this
document are to conduct a systematic review of available literature on walking as a therapeutic
tool for people with T2DM, and to provide practical, evidence-based clinical recommendations
regarding its utilization in these subjects.
Data synthesis: Analysis of available RCTs proved that regular walking training, especially when
supervised, improves glucose control in subjects with T2DM, with favorable effects also on
cardiorespiratory fitness, body weight and blood pressure. Moreover, some recent studies have
shown that even short bouts of walking, used for breaking prolonged sitting, can ameliorate
glucose profiles in diabetic patients with sedentary behavior.
Conclusions: There is sufficient evidence to recognize that walking is a useful therapeutic tool for
people with T2DM. This document discusses theoretical and practical issues for improving its
use.

This article is co-published in the journals Sport Sciences for Health and Nutrition, Metabolism
and Cardiovascular Diseases.
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Introduction

Physical activity is unanimously considered a cornerstone in
the management of type 2 diabetes mellitus (T2DM) [1e3].
It improves blood glucose and cardiovascular risk factors,
contributes to weight loss, and improves general well-
being, likely playing a role in the prevention of chronic
diabetes complications. A meta-analysis of structured ex-
ercise interventions, consisting of aerobic training, resis-
tance training, or both for at least 12 weeks, concluded that
regular exercise may lower HbA1C by an average of 0.67% in
diabetic subjects, as compared with standard care, even in
the absence of a significant reduction in BMI [4]. Interest-
ingly, both aerobic and resistance exercise may improve
metabolic features and body composition, also reducing
liver fat content, in people with T2DM [5,6], although
combined exercise may have greater effects on blood
glucose [7,8]. It is noteworthy that both physical inactivity
and increased sedentary time have been recognized as
distinct and independent risk factors for cardiovascular
disease, T2DM, and all-cause mortality [9,10].

The American Diabetes Association (ADA) recommends
that most adults with diabetes accumulate at least 150 min
of moderate to-vigorous intensity aerobic exercise per
week, spread over at least three days per week, avoiding
more than two consecutive days without activity. How-
ever, shorter durations (at least 75 min per week) of
vigorous intensity or interval training may be sufficient
and can be prescribed in these patients, especially in
younger and more physically fit individuals. In addition,
adults with diabetes should engage in two to three ses-
sions per week of resistance exercise, on nonconsecutive
days. Yoga and tai chi may be included in exercise pro-
grams, as an alternative to traditional exercise training.
Flexibility and balance exercises are also recommended for
older subjects with diabetes, to improve joint mobility and
reduce falls. Finally, all adults with T2DM should decrease
the amount of time spent in sedentary behavior, inter-
rupting prolonged sitting with short bouts of light activity
about every 30 min, for blood glucose and general health
benefits. This latter recommendation is intended to be
additional to, and not a replacement for, increased struc-
tured exercise [11].

However, physical activity is largely underused in dia-
betic patients, who typically show lower values of energy
expenditure, number of steps, and overall physical activity
volume, as compared to nondiabetic subjects [12,13].
Indeed, data from the 1999e2002 U.S. National Health and
Nutrition Examination Survey showed that the vast ma-
jority of T2DM patients are physically inactive, with only
28.2% of them achieving the recommended levels of
physical activity [14]. More recently, in another large
nationwide survey which included almost 500,000

individuals with a weighted prevalence of diabetes of 9.8%,
carried out by the U.S. Centers for Disease Control and
Prevention, the proportion of diabetic subjects meeting
the ADA recommendations was 41.1% for aerobic exercise,
and just 12.4% for resistance exercise [15]. These figures in
people with diabetes were substantially lower than the
corresponding values in non-diabetic individuals (51.5%
and 21%, respectively). In diabetic subjects, the de-
mographic and clinical characteristics associated with
physical inactivity included sex (female), low education
level, living in economically poorer areas, and a BMI cor-
responding to overweight/obesity. In addition, the pro-
portion of subjects meeting aerobic exercise
recommendations was significantly lower in Black, non-
Hispanic people, as compared with White people, and in
the 55e64 yr age group, as compared with subjects over
65. Conversely, among factors associated with a low
adherence to resistance exercise recommendations there
were a lack of previous education in diabetes manage-
ment, insulin use, and low frequency of home blood
glucose testing [15]. Interestingly, while in the general
population of developed countries, sedentary time e i.e.
the time spent sitting or engaged in activities with very
low energy expenditure during waking hours - was esti-
mated to be approximately 6e7 h/day [16], in a cohort of
T2DM patients it was as high as 11 h/day [17].

A number of reasons may contribute to these findings,
including cultural and socioeconomic factors, individual
physical limitations, fear of hypoglycemia (in patients
receiving insulin or some insulin secretagogues), physi-
cians’ inadequate knowledge of exercise prescription
principles and their scarce perception of the importance of
lifestyle measures as compared with pharmacological
tools, and also poor support for exercise programs from
the health care systems. Low walkability and lack of
physical activity facilities may be additional issues, espe-
cially in large urban areas [18]. However, there is also ev-
idence that subjects with T2DM may have a disease-
specific impairment of physical performance, as
compared with age- and BMI-matched non-diabetic peo-
ple. Individuals with diabetes often report physical fatigue
as a cause of physical activity limitation [19]. Accordingly,
it has been estimated that mean maximal aerobic capacity
in typical T2DM patients may be as low as 22 ml/kg min,
corresponding to a maximal exercise intensity of 6.4 MET
[20]. Moreover, in these subjects glycation of musculo-
skeletal structures, driven by chronic hyperglycemia, may
cause stiffening of the tendons, contributing to increased
energy expenditure and limited exercise capacity [21].
Spontaneous, unsupervised physical activity may therefore
occur at a lower intensity in diabetic patients, as compared
with nondiabetic subjects [22], with a potential reduction
in the expected beneficial effects of exercise.
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A number of subjective and objective barriers may thus
limit physical activity in patients with diabetes. In this
regard, well-organized, structured counseling is required
in order to develop appropriate individual strategies able
to improve lifestyle and increase physical activity [23]. The
results of some real life long-term studies [24,25] have
supported the efficacy of structured and tailored lifestyle
interventions in these subjects. However, in the Look
AHEAD Trial, in which intensive lifestyle intervention was
compared with standard care in a large cohort of obese
people with T2DM, physical fitness substantially increased
after 1 yr, but the improvement in physical capacity was
then progressively lost, suggesting early reduction in the
adherence to physical activity counseling [26].

Walking is the most ancestral form of physical activity,
easily applicable in daily life. It may represent, in many
patients, a first simple step towards lifestyle changes.
Interestingly, a recent study in postmenopausal women at
high risk for T2DM proved that both standing and walking
acutely reduce postprandial glucose, insulin, and non-
esterified fatty acid response, as compared with prolonged
sitting [27], indicating that standing up and walking may be
sufficient to improve the metabolic profile in sedentary
people. However, 54.6% of patients with T2DM have re-
ported they did not engage in any weekly walking [28].
Moreover, amount, duration, intensity and other charac-
teristics of walking are generally not detailed by exercise
guidelines. The aim of this document was to review avail-
able literature on walking as a therapeutic tool for people
with T2DM, and to provide practical, evidence-based clin-
ical recommendations regarding its use in these patients.

Methods

In 2019, the Italian Society of Diabetology (SID), the Italian
Association of Medical Diabetologists (AMD) and the Italian
Society of Motor and Sports Sciences (SISMES) deemed
necessary an improvement in the use of walking for
increasing physical activity and reducing sedentary behavior
in subjectswith type2diabetes, andappointeda six-member
Task Force to develop evidence-based practice guidelines on
this topic. TheTask Force followed the approach suggestedby
the Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) group, regarding the devel-
opment of evidence-based guidelines [29].

The Task Force used the best available research evidence
to draw up the recommendations, covering evidence qual-
ity, feasibility, acceptability, cost, implementation, and
finally recommendation strength, balancing benefits and
harms.

The review protocol has been registered on the Pros-
pero International Prospective Register of Systematic Re-
views (CRD42020171515).

This review was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Supplemental Table 1).

The sources searched were PubMed, Web of Science,
and the Cochrane Central Register of Controlled Trials. The
search was restricted to articles in English, in the period

from January 1, 1966 to February 29, 2020. The preliminary
search strategy utilized terms related to exercise, physical
activity, or walking, type 2 diabetes, and randomized
controlled trials or clinical trials. Available systematic re-
views and meta-analyses were also searched to find
additional studies. Two reviewers selected studies for in-
clusion in the systematic review, whereas any disagree-
ment was resolved through assessment by all the review
team members.

Studies were eligible for inclusion if they conformed to
the following criteria: (a) subjects with type 2 diabetes; (b)
participation in a structured walking program; (c) com-
parison with a non-exercise control group receiving stan-
dard care; (d) adoption of a randomized, controlled
design; (e) length of intervention at least 8 weeks; (f)
availability of data regarding the primary outcome e

changes in glycemic control as assessed by HbA1c, and/or
the secondary outcomes e changes in fasting or OGTT
glucose or glucose daily profiles measured by continuous
glucose monitoring, changes in BMI or body fat, blood
pressure, serum lipids, physical performance, or other
relevant clinical endpoints (well being/quality of life, in-
sulin resistance, other cardiovascular risk markers, anti-
diabetic therapy, diabetes chronic complications). Studies
were excluded if: (a) data included subjects with pre-
diabetes or other types of diabetes; (b) walking interven-
tion was combined with other types of exercise, (c) inter-
vention consisted only of advising an increase in daily
walking steps; (d) exercise was combined with changes in
diet; (e) controls received another type of exercise inter-
vention; (f) only posters or abstracts were available.

Initial screen of studies was based on titles and ab-
stracts of publications; when studies were potentially
eligible or information was insufficient or unclear, full-
text articles were examined. Among 1872 screened pa-
pers, 28 were eligible for inclusion. For each included
paper, data regarding study authors and publication year,
characteristics of recruited subjects (including sample
size, mean age, baseline BMI and HbA1c), intervention
length and characteristics (including walking modality
and intensity, weekly frequency of sessions, and duration
of each session), supervision status, adherence, dropout
rate, and outcomes (including at least one of the follow-
ings: differences in mean changes of glucose control pa-
rameters, body composition, physical performance and
other relevant issues, such as well being, serum lipids,
blood pressure, insulin resistance, inflammatory markers,
endothelial dysfunction, oxidative stress, antidiabetic
therapy, and chronic complications of diabetes), were
extracted and collected. Two reviewers extracted data,
which were recorded in an excel spreadsheet. Any
disagreement was resolved through assessment by the
review team members. The methodological quality of
eligible studies was estimated using the Cochrane Col-
laboration's risk of bias tool [30], which includes random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data and selective reporting
(Supplemental Table 2).

1884 P. Moghetti et al.



The quality of the evidence was categorized according
to the number and design of studies addressing the
outcome, assessment of the quality of the studies, relevant
statistical data, and significance of the endpoints. A
graphical description of the strength of a recommendation
and of the quality of the underlying evidence was adopted:
for strong recommendations the words “we recommend”
and the number 1 were used, whereas for weak recom-
mendations the words “we suggest” and the number 2
were used. Slashed circles indicated the quality of the
evidence. In this regard ØOOO indicated very low quality
evidence; ØØOO, low quality; ØØØO, moderate quality;
and ØØØØ, high quality. In general, the Task Force believes
that subjects receiving care according to the strong rec-
ommendations will derive, on average, more benefits than
drawbacks. Weak recommendations require more careful
attention to the specific circumstances and a subject's
preferences before deciding the best choice.

Linked to each recommendation is a brief description of
the values that members of the task force considered in
making the recommendation, and, where indicated, tech-
nical comments that facilitate the implementation of rec-
ommendations. These were often derived from the
nonsystematic remarks of the panelists and should
therefore be considered suggestions only.

All Task Force members had previously declared any
potential conflicts of interest. Conflicts of interest were
defined by payment in any amount from private com-
mercial entities in the form of consulting fees, salary,
ownership interest, grants, research support, payments for
participation in speakers’ bureaus or advisory boards, or
any other financial benefits.

The Task Force received no external funding or remu-
neration from other entities, while the three scientific
Societies provided all the support for this document.

The recommendations and suggestions made by the
Task Force were approved by the three funding Societies
before the final document was submitted for publication.

Evidence supporting walking as a therapy for type 2
diabetes

Evidence of the beneficial effects of walking in subjects
with type 2 diabetes, based on findings of appropriately
designed RCTs, is limited. The vast majority of available
studies are small and short-term. Moreover, lifestyle
intervention often includes changes in diet, which strongly
hamper the interpretation of the effect of exercise per se in
many studies. Nevertheless, several papers have consis-
tently suggested the beneficial effects of walking for peo-
ple with diabetes. In this regard, the Task Force identified a
systematic review and meta-analysis that addressed the
effects of walking on glucose controls and other cardio-
vascular risk factors, such as body weight, blood pressure
and serum lipids, in subjects with T2DM [31]. Inclusion
criteria in this analysis were RCTs that examined the ef-
fects of structured walking programs vs non-exercise/
standard care in patients with T2DM, in the absence of
any dietary interventions or combination with other types

of exercise, and with a duration of at least 8 weeks.
Eighteen studies, involving 20 RCTs and 866 participants,
were included. The results of this meta-analysis supported
the conclusion that walking is effective in decreasing
HbA1c, by an average of 0.50% (95% CI, 0.70e0.21%), in
diabetic patients, and that it may also reduce body mass
index, by 0.91 kg/m2 (95% CI, 1.22e0.59 kg/m2) and dia-
stolic blood pressure, by 1.97 mmHg (95% CI,
3.94e0.00 mmHg). However, evidence was insufficient as
regards the effects on systolic blood pressure and serum
lipid profile. In the meta-analysis, a predefined subgroup
analysis showed that a statistically significant improve-
ment in HbA1c, by an average of 0.58% (95% CI, 0.93e0.23),
was seen especially when intervention was supervised,
whereas the change did not reach statistical significance in
non-supervised studies. Univariate meta-regression anal-
ysis showed that none of the several examined covariates,
such as age, BMI, sex, duration of diabetes, length of
intervention, and walking frequency or volume was a
significant modifier of HbA1c improvement. The authors
reported that when individually removing each trial, re-
sults were unchanged. As regards the effect of walking on
BMI, mean weighted reduction was statistically significant
but clinically small, in accordance with the evidence that
substantial weight loss requires multidimensional
interventions.

These findings were updated by the Task Force, by
including the results of these studies in terms of physical
performance and other relevant endpoints, and by
extending the literature search up to February 22, 2019. A
similar analysis was thereafter carried out into the effects
of walking as a strategy for interrupting prolonged sitting.

Table 1 summarizes the characteristics, and Table 2 the
main findings of studies included in the meta-analysis, and
in the additional studies identified in the updated analysis
of the literature [8,32e58]. However, one paper included
in the original meta-analysis was excluded in this revision,
due to a dietary intervention that was combined with non-
supervised walking [59].

The conclusions of the meta-analysis were confirmed
by the findings in our update. The assessment of other
clinical aspects of diabetes was limited. The duration and
design of available studies make it quite difficult to
ascertain if training may have any effects on the chronic
complication of diabetes. Only a small study, split into
different publications, reported changes in several func-
tional aspects of diabetic neuropathy [36e39]. Sparse
findings in these RCTs suggested favorable effects of
structured walking on oxidative stress, endothelial func-
tion, and subclinical chronic inflammation, which are
considered key mechanisms in the increased cardiovas-
cular risk associated with diabetes. Changes after inter-
vention in insulin resistance, a fundamental aspect in the
pathophysiology of type 2 diabetes and its complications,
were investigated by several studies, but results were
inconsistent. Most of these analyses relied on surrogate
indices of insulin resistance, especially the HOMA-IR
index, and several of them did not show any clear
improvement in this parameter. Neither were any
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Table 1 Characteristics of RCTs on walking in T2DM.

Authors, yr (ref) sample
size(n)

mean age
(yr)

mean
BMI(kg/
m2)

mean
HbA1c (%)

intervention
duration
(wk)

walking type/intensity/
frequency/time

supervision adherence/
dropouts
(%/%)

Abd El-Kader
et al., 2015
[32]

80 43.9 31.3 8.8 12 treadmill, 60e70% HRmax, 3
times/wk, 25e45 min/session

yes not
reported/0

Akbarinia et al.,
2018 [33]

24 61.9 30.5 7.5 8 60–>75% VO2peak, 3 times/wk,
45–>60 min/session

unclear not
reported/0

Arora et al., 2009
[34]

20 55.3 25.6 7.9 8 intensity undefined, 3 times/wk,
30 min/session

no not
reported/0

Belli et al., 2011
[35]

19 54.7 31.0 7.0 12 at ventilatory treshold, 3 times/
wk, 20–>60 min/session

yes
(groups)

92/25

Church et al.,
2010 [8]

113 55.5 34.7 7.6 39 60e66% VO2peak, 3 times/wk,
140 min/wk

yes >70 in 72%
of subjects/
4

Dixit et al., 2014;
2016; 2017;
2019 [36e39]

87 57.3 26.1 8.2 8 40e60% HRR, at least 3 times/
wk, at least 150 min/wk

yes not
reported/
27

Fritz et al., 2013
[40]

50 61,2 31.3 7.0 17 Nordic walking, at a pace
determing slight shortness of
breath and perspiration, 5 h/wk

no 78/6

Gram et al., 2010
[41]

44 61.5 32.1 7.5 17 (follow-up
at 52 wk)

Nordic walking, >40% VO2peak,
3 times/wk, at least 30 min/
session

yes (first
17 wk)

63/4

Kaplan et al.,
1985 [42]

33 54 31 8.7 10 60e70% of maximal capacity,
frequency undefined, up to 40
e60 min/session

yes not
reported/7

Karstof et al.,
2013; 2014
[43,44]

32 58.6 29.5 6.7 17 continuous (73% VO2peak) vs
interval-walking (54/89%
VO2peak), 5 times/wk, 60 min/
session

no 89/8

Koo et al., 2010
[45]

31 57.8 27.2 7.6 12 brisk, 7 times/wk, 120 min/
session

no at least 80/
9

Ku et al., 2010
[46]

31 56.8 27.3 7.5 12 3.6e5.2 METs, 5 times/wk,
60 min/session

yes not
reported/0

Kurban et al.,
2011 [47]

60 53.7 30.6 6.8 13 moderate intensity, 3 times/wk,
30 min/session

yes not
reported/0

Kwon et al., 2010
[48]

32 56.5 27.3 7.5 12 at anaerobic treshold, 5 times/
wk, 60 min/session

no not
reported/
16

Mitranun et al.,
2014 [49]

43 61.3 29.6 7.7 12 continuous (50e65%) vs
interval-walking (50e60/80-
85%), 3 times/wk, 30–>40 min/
session

yes at least 80/
7

Moghadasi et al.,
2013 [50]

16 43 31.1 e 12 40e59% VO2peak, 4 times/wk,
30 min/session

yes not
reported/0

Motahari-Tabari
et al., 2014
[51]

58 49.1 30.1 e 8 60% HR max, 3 times/wk,
50 min/session

yes not
reported/9

Negri et al., 2010
[52]

59 65.7 29.3 7.4 17 low–>moderate intensity, 3
times/wk, 45 min/session

yes
(groups)

60/20

Shenoy et al.,
2010 [53]

40 52.1 26.9 7.4 8 50–>70% HRmax, 5 times/wk,
150 min/wk

no not
reported/0

Sung and Bae,
2012 [54]

42 70.2 24.7 7.6 26 60–>75% HRmax, 3 times/wk,
30–>40 min/session

yes not
reported/5

Tan et al., 2018
[55]

34 63 26.6 e 12 at maximal fat oxidation (mean
37% of estimated VO2max), 3
times/wk, 40–>60 min/session

yes 98/9

Ur Rehman et al.,
2017; Karimi
et al., 2017
[56,57]

102 54.7 29.9 e 25 at speed determined in 20-m
distance test, on treadmill with
inclination 0–>12�, 3 times/wk,
10–>50 min/session

yes not
reported/0

Van Rooijen
et al., 2004
[58]

157 54.5 32.7 9.3 12 brisk (Borg RPE 12e14), at least
5 times/wk, 10–>45 min/day

no not
reported/6

HR: heart rate; HRR: heart rate reserve; RPE: ratings of perceived exertion.
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Table 2 Parameters investigated and main findings of RCTs on walking in T2DM.

Authors, yr (ref) parameters investigated main findings

glucose
control

body
composition

physical
performance

other

Abd El-Kader et al.,
2015 [32]

none BMI Multidimensional
Fatigue Inventory

inflammatory
markers

BMI, fatigue symptoms and
inflammatory markers
improved

Akbarinia et al.,
2018 [33]

HbA1c BMI VO2peak platelet function HbA1c, BMI and VO2peak
improved, platelet aggregation
reduced

Arora et al., 2009
[34]

HbA1c BMI none well being score HbA1c improved with
borderline significance

Belli et al., 2011 [35] HbA1c bioelectric
impedance

VO2peak,
submaximal fitness

e HbA1c, BMI, and VO2peak
improved

Church et al., 2010
[8]

HbA1c BMI VO2peak, strength changes in therapy HbA1c improved (in subjects
with baseline HbA1c � 7%),
increases in hypoglycemic
drugs less frequent, waist
circumference lowered,
VO2peak and exercise
duration increased

Dixit et al., 2014;
2016; 2017; 2019
[36e39]

HbA1c BMI, WHR none peripheral
neuropathy

HbA1c, nerve conduction,
vibration perception treshold,
postural control improved

Fritz et al., 2013 [40] HbA1c, OGTT
glucose

BMI, waist
circumference

power output ins res (HOMA-IR),
lipids, changes in
therapy

HbA1c, OGTT glucose, ins res,
serum lipids and power output
improved with borderline
significance

Gram et al., 2010
[41]

HbA1c DXA VO2peak QoL fat mass reduced at both 4
months and 1 yr follow-up

Kaplan et al., 1985
[42]

not shown BW none lipids serum lipids unchanged

Karstof et al., 2013;
2014 [43,44]

HbA1c, CGM abdominal MRI VO2peak ins res and insulin
secretion
(hyperglycemic
clamp, subsequent
GLP-1 infusion, then
arginine injection),
skeletal muscle
insulin signaling

CGM glucose reduced; insulin
sensitivity, skeletal muscle
insulin signaling, VO2peak
increased; fat mass and
visceral fat decreased, all
changes in the interval-
walking group only

Koo et al., 2010 [45] HbA1c abdominal CT none ins res (ITT), changes
in therapy

HbA1c improved

Ku et al., 2010 [46] HbA1c DXA, abdominal
and thigh CT

strength ins res (ITT) HbA1c improved with
borderline significance, BMI
and subcutaneous abdominal
fat reduced

Kurban et al., 2011
[47]

HbA1c BMI none oxidative stress HbA1c improved with
borderline significance, blood
pressure and antioxidant
status improved

Kwon et al., 2010
[48]

not shown thigh and
abdominal CT

VO2 at anaerobic
threshold, strength

ins res (ITT) visceral and subcutaneous
abdominal fat reduced, VO2 at
anaerobic threshold improved

Mitranun et al., 2014
[49]

HbA1c no data VO2peak, strength FMD, cutaneous
reactive hyperemia,
oxidative stress

body fat, leg strength, and
HOMA-IR improved in both
exercise groups; fasting
glucose, VO2 peak, endothelial
and microvascular function
improved to a greater extent in
the interval-walking group,
HbA1c, systolic blood pressure
and oxidative stress improved
in the interval-walking group
only

Moghadasi et al.,
2013 [50]

glucose thigh and
abdominal MRI

VO2peak sc adipose tissue
biopsy

visceral and subcutaneous fat
reduced and VO2peak
improved

(continued on next page)
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significant changes reported in three studies that investi-
gated this issue by using the insulin tolerance test
[45,46,48]. However, a study that measured insulin sensi-
tivity by the hyperglycemic clamp, and also investigated
insulin signaling in skeletal muscle biopsies, reported a
significant improvement in insulin action at both whole-
body and cellular level [44].

Some reports also suggested an amelioration of general
well-being and a reduction in the need for pharmacolog-
ical therapy in these patients.

Adherence to protocols and the risk of dropout are key
issues in evaluating the potential role of any strategies of
physical activity. However, adherence was reported only in
a minority of these RCTs, with different results (60e98%).
Dropouts also varied, between 0 and 27%. Limited available
information makes it difficult to analyze factors underlying
these differences, which may include the selection of pa-
tients, motivation strategies and logistic aspects.

Several of these papers also reported on different
functional aspects, in particular changes in cardiorespira-
tory fitness, as measured by maximal or submaximal ex-
ercise tests. In most studies cardiorespiratory fitness
proved to be significantly increased after training (Table 2).
Conversely, only a few studies investigated changes in
muscular strength, with inconsistent findings.

The intensity of exercise varied among studies. In most
protocols it was moderate, in accordance with standard
recommendations of international guidelines. An inter-
esting small study assessed the effect of exercise at
maximal fat oxidation, as determined in each individual by

indirect calorimetry during a graded exercise test [55]. The
corresponding intensity was mild-moderate, with a mean
value of 37% of maximal aerobic capacity. However, total
and visceral fat, fructosamine (as a short-term index of
glucose control), OGTT glucose, serum lipids, and surrogate
indices of insulin resistance significantly improved after 3
months of intervention.

Some recent studies examined the effects of interval
walking, which is an easily applicable form of high in-
tensity interval training. Karstoft et al., in a comprehensive
study, compared the effects of continuous walking, at
about 70% of maximal energy expenditure, with those of
energy expenditure-matched interval walking and re-
ported the results of a 4-month intervention in two
distinct papers [43,44]. In this study, as compared with
changes in a non-exercise control group, the glucose daily
profile, recorded by continuous glucose monitoring, and
total and visceral fat, measured by MRI, decreased,
whereas insulin sensitivity, measured by the hyperglyce-
mic glucose clamp, and VO2peak increased in the interval
walking group. Conversely, all these changes did not reach
statistical significance in the continuous walking group.

Besides the medium term differences between interval
walking and continuous walking training, Karstoft et al.
also compared some short term effects of this protocol in
subjects with type 2 diabetes. Interestingly, glucose ki-
netics in the 4 h following a standardized mixed meal with
glucose isotopic tracers, as well as glucose profiles in the
32 h following this test, were better after a single interval
walking session than after a continuous walking session

Table 2 (continued )

Authors, yr (ref) parameters investigated main findings

glucose
control

body
composition

physical
performance

other

Motahari-Tabari
et al., 2014 [51]

fasting
glucose

BMI, WHR none ins res (HOMA-IR),
changes in therapy

fasting glucose improved with
borderline significance, waist
circumference and insulin
resistance improved

Negri et al., 2010
[52]

HbA1c BMI 6-min walk test changes in therapy HbA1c improved (in subjects
with at least 50% adherence),
use of antidiabetic drugs
reduced, 6-min walk test
improved

Shenoy et al., 2010
[53]

HbA1c BMI resting heart rate well being score HbA1c, BMI, diastolic blood
pressure and general well-
being improved

Sung and Bae, 2012
[54]

HbA1c no data none lipids HbA1c and serum triglycerides
improved

Tan et al., 2018 [55] fructosamine,
OGTT glucose

DXA,
bioelectrical
impedance

none ins res (Matsuda and
HOMA-IR), lipids

fructosamine, OGTT glucose,
serum lipids, total fat, visceral
fat and insulin resistance
improved

Ur Rehman et al.,
2017; Karimi
et al., 2017 [56,57]

none BMI Borg RPE for level of
exertion, dyspnoea
index

inflammatory
markers

BMI, functional tests and
inflammatory markers
improved

Van Rooijen et al.,
2004 [58]

HbA1c BMI 6-min walk test e 6-min walk test improved

CGM: continuous glucose monitoring; DXA: dual X-ray absorptiometry; MRI: magnetic resonance imaging; CT: computerized tomography;
HOMA-IR: homeostasis model assessment of insulin resistance; ins res: insulin resistance; FMD: endothelial-dependent vasodilation; ITT: insulin
tolerance test; sc: subcutaneous; QoL: quality of life.
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[60]. Moreover, glucose effectiveness, measured during a
hyperglycemic clamp, increased after two weeks of inter-
val walking, but not continuous walking, before any
improvement in insulin sensitivity had occurred [61]. This
change was associated with reductions in mean and
maximum glucose levels in the 24 h glucose monitoring,
suggesting that the increase in glucose effectiveness may
represent an additional mechanism by which exercise
training improves glycemic control in subjects with T2DM.
The same group also assessed whether repeated cycles of
1 min fast and 1 min slow walking may have different
effects on postprandial blood glucose, as compared with
cycles of 3 min fast and 3 min slow walking, of equivalent
whole duration and intensity [62]. However, both pro-
tocols of interval walking elicited similar improvements, as
compared with a non-exercise day.

Another interesting paper compared continuous
walking and interval walking, with progressively
increasing but similar energy expenditure values between
groups, vs a non-exercise control group [49]. In this study,
after 12 weeks, body fat, leg strength, and estimated insulin
sensitivity similarly improved in both exercise groups.
However, VO2 peak and both endothelial and microvas-
cular function improved to a greater extent in the interval-
walking group, whereas HbA1c and indices of oxidative
stress improved in the interval-walking group only.

More recently, another two studies investigated the
effects of interval walking. In these protocols, which did
not include a non-exercise group, results were compared
with those of an active control group, in one case assigned
to generic non-supervised brisk walking [63], in the other
to a greater volume of a specified program of home-based
continuous walking [64]. In the former study, HbA1c, BMI
and 6-min walk test distance showed similar improve-
ments, vs baseline values, in both groups, whereas arterial
stiffness significantly improved in the interval-walking
group only. In the latter study, in which interval walking
was supervised in the first 12 weeks and then home-based
for 1 year, only effects on oxidative stress and inflamma-
tory markers were reported, which were not statistically
significant.

The efficacy of nordic walking, a technique that can
potentially elicit higher metabolic and cardiovascular de-
mands than natural walking, by engaging both legs and
upper body, has been investigated by a couple of RCTs in
diabetic patients [40,41]. These studies were unable to
show clear metabolic improvement. However, neither
protocol was designed to obtain vigorous cardiovascular
stimulation. In addition, these studies did not include a
natural walking control group.

A few studies evaluated the efficacy of training when
organized in supervised walking groups. These studies
reported improved glucose control, either in the whole
cohort [35] or in subjects with at least 50% adherence [52].

Other studies investigated the effects of the prescrip-
tion of non-structured walking, using pedometers and
targeting the absolute value of at least 10,000 steps per
day vs standard care [65], or an increase of at least 3000
steps per day over baseline vs generic advice to engage in

30e60 min per day of any physical activity [66]. Both
studies reported a statistically significant and clinically
meaningful reduction of HbA1c in the walking groups vs
controls, although only a small percentage of subjects had
achieved the step goals (6e26%).

Finally, several short term studies have investigated
whether the timing of walking, in relation to meals, may
be an important issue. Reynolds et al., in a randomized
crossover trial, reported that post-prandial glucose,
measured by continuous glucose monitoring for one
week, was significantly lower when patients walked
10 min immediately after each main meal than 30 min on
a single daily occasion, for two weeks. In this study, the
improvement was greater after the evening meal, with a
higher content of carbohydrates and generally charac-
terized by more sedentary behavior [67]. A recent sys-
tematic review has investigated the relationship between
exercise timing, relative to meal ingestion, and glucose
control in patients with T2DM. This review concluded
that there is some evidence from RCTs that exercise per-
formed 30 min after meals may cause a greater
improvement of glucose profiles in diabetic subjects.
However, information is limited [68].

The conclusion that supervised walking is more effec-
tive than an unsupervised approach in these subjects is
consistent with findings showing that supervised exercise
training was better than home-based exercise training in
improving the quality of life and body composition, over
12 weeks, in women with T2DM [69]. However, in this
study, home-based exercise therapy was also associated
with a significant improvement in blood glucose, body
composition and serum lipids.

Walking has also been proposed as a simple stratagem
for interrupting sedentary behavior. Prolonged sitting has
major adverse effects on several health aspects, which are
only partially reversed by regular structured exercise [70].
However, the interruption of prolonged sitting by short
bouts of light physical activity may favorably affect these
alterations. In this regard, some short term studies have
shown that short bouts of light walking, typically for 3 min
every 30 min, reduced glucose and insulin levels and blood
pressure, and improved postprandial plasma lipidome and
endothelial dysfunction in subjects with type 2 diabetes, as
compared with values during continuous sitting [71e75].
Interestingly, the reduction of blood glucose was still
observed in these patients the following morning [76]. No
long term RCTs are available on this issue, and they are
urgently needed.

Assessment in diabetic patients undergoing walking
prescription

A. Medical assessment. Physical activity is beneficial and
generally safe, but does carry some potential health risks
in people with diabetes, including musculoskeletal injury,
acute cardiovascular complications, and either hypoglyce-
mia or hyperglycemia. Preliminary screening before
starting any physical activity programs in subjects with
diabetes mellitus should thus include a general medical

Walking for type 2 diabetes 1889



examination, with specific attention to symptoms and
signs of chronic complications (cardiovascular disease,
nephropathy, retinopathy and/or neuropathy), and
assessment of metabolic control [11]. In particular, when
moderate to vigorous and/or prolonged walking programs
are scheduled, it is imperative to assess the presence of
osteoarticular alterations and micro- or macro-vascular
complications. In this condition, medical clearance from
a health care professional should be obtained before
starting the training. This may require an exercise stress
test or, in selected patients, more complex and invasive
procedures, when cardiovascular disease is suspected and/
or high intensity exercise is programmed.

However, it has been suggested that standard recom-
mendations may be too cautious in asymptomatic people
already receiving appropriate diabetes care, in whom low-
moderate intensity exercise, such as brisk walking, is
prescribed. Indeed, this approach can cause excessive
physician referrals, hampering exercise participation.
Moreover, while available screening tests have a low per-
formance in identifying those patients at increased risk,
the clinical benefits of a systematic search for silent
ischemia in these patients, beyond standard care, remains
unproven [77,78].

Careful consideration of multiple factors and sound
clinical judgment, based on individual medical history and
physical examination, should estimate the risk of acute
complications and identify the physical activities that
should be avoided or limited. Indeed, individual clinical
features, level of habitual physical activity and intensity of
planned exercise programs are key aspects that should be
considered and guide a tailored medical screening, in
particular as regards the assessment of exercise-related
cardiovascular risk [79].

Current therapy is another relevant issue, as beta-
blockers can affect assessment of exercise intensity, and
several antidiabetic medications, in particular insulin,
sulphonylureas and glinides, may interact with exercise,
increasing risk of hypoglycemia during and after exercise
sessions. Exercise-induced hypoglycemia is uncommon in
people with type 2 diabetes, but it is possible and can be
underestimated in subjects using insulin or insulin secre-
tagogues. In particular, exercise-induced nocturnal hypo-
glycemia is a major concern. Hypoglycemic events occur
typically within 6e15 h post-exercise, although risk can
extend up to 48 h. In these subjects, blood glucose self-
monitoring is helpful and should be considered. Real-time
continuous glucose monitoring systems are now also
available, although use in subjects with type 2 diabetes is
still limited and performance may be lower when glucose
levels change quickly, as frequently may occur during ex-
ercise. The risk of nocturnal hypoglycemia may be mini-
mized through reductions of insulin or secretagogue drug
dose before and after training.

The presence of peripheral neuropathy requires proper
foot care, to prevent and to detect alterations in early
stages, before ulceration occurs. These patients must be
instructed to examine their feet daily, and to detect and
treat blisters, sores, or ulcers. However, in the presence of

any foot deformity, physical activity programs should
preferably focus on non weight-bearing activities, in order
to avoid undue plantar pressure.

Vigorous aerobic exercise must be avoided in anyone
with severe non proliferative or unstable proliferative
diabetic retinopathy, as well as in those with severe
autonomic neuropathy.

B. Functional assessment. Evaluation of walking ca-
pacity is of paramount importance in clinical settings, as it
identifies possible individual impairments and assists in
guiding therapeutic interventions. Traditionally, walking
capacity assessment encompasses either short-distance
measures of walking speed or timed measures of
walking distance. Walking speed (e.g., the 10-m walk test)
is usually regarded as a proxy for lower limb function and
has been linked to several functional and health indicators
[80,81]. Conversely, walking distance is a more general
indicator of overall physical performance and mobility,
used in both healthy adults [82] and individuals with
T2DM [83]. Walking distance is generally assessed by the
6-min walk test, which has been validated in diabetic
subjects [83] and predicts their functional ability to walk
[84]. This test entails measurement of distance walked
over a time span of six minutes and is preferably per-
formed indoors, along a ~30 m in length, flat, straight,
enclosed corridor with a hard surface. The length of the
corridor is marked every 3 m and the turnaround points
are indicated. A practice test is not needed in most cir-
cumstances but can be considered [85]. In healthy adults,
the median 6-min walk test distance was 580 m for men
and 500 m for women [86]; these values, however, may
vary according to the examined population and the tech-
nical characteristics of the test. Interestingly, the 6-min
walk test was found to be predictive of cardiorespiratory
status and particularly heart rate (HR) at individual
ventilatory threshold in obese adults. These findings sug-
gest it may also be useful for prescribing optimal walking
‘doses’, when gold standard methods (e.g., gas exchange
analysis) are unavailable [87].

Walking prescription

Walking is the activity of choice for most diabetic patients
[88], while being effective in promoting weight loss and
maintenance, and in improving glycemic control [31]. How-
ever, to obtain valuable benefits from a walking-based exer-
cise training, adequate amounts of walking should be
performed. Diabetic patients should engage in aminimumof
30 min/day of physical activity, undertaken at moderate or
greater intensity. This activity should ideally last at least
10 min and be spread throughout the week [1]. For most
individualswith type2diabetes engaging in awalking-based
exercise training, the sustainable intensity between 40 and
59% heart rate reserve (HRR, calculated as a percentage of
maximum heart rate minus resting heart rate), correspond-
ing to a ratingof perceived exertion (RPE) of 11e13 ona 6e20
scale [89] (Table 3) should be encouraged, even if lower in-
tensities shouldbe initiallyprescribed forverydeconditioned
patients.Unfortunately, exercise intensity is rarelyprescribed
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on an individual basis, although some studies have recently
argued for the use of tailored approaches, with particular
emphasis on the individual ventilatory threshold [90,91], in
order to improve cardiorespiratory fitness and promote
weight loss and maintenance. Further studies are still
required to confirm that the individual ventilatory threshold
may be an appropriate guide inprescribing exercise intensity
in these patients.

As the exercise program progresses and the individual
is able to better tolerate the walking session, higher-
intensity bouts, above the 60%HRR, could be prescribed
[1,92]. Blood glucose control may be further improved at
higher exercise intensities [93], and exercise protocols
alternating between periods of vigorous activity (i.e., >60%
HRR) and periods of rest or recovery, termed “high-in-
tensity interval training” (HIIT), can be considered. Hence,
individuals with T2DM may consider raising the intensity
to elicit higher levels of physical exertion. Patients who
wish to perform HIIT should be clinically stable, have been
participating at least in regular moderate intensity exer-
cise, and should be supervised at least initially. The risks
with advanced disease are unclear, and continuous,
moderate-intensity exercise may be safer.

However, prescription of vigorouseintensity activities
may be a contributing factor to non-adherence to exercise
programs. Considerable evidence exists that people are
more likely to adhere to loweintensity activities than
higheintensity activities [94,95]. Thus, physicians are not
encouraged to “push up” all of their diabetic patients, in
order to avoid risking exercise dropout. Also for this reason
tailored intervention is required.

It must be considered that most subjects with type 2
diabetes [96] withdraw from exercise programs before
physiological gains occur, and the reasons for the low rates
of exercise adherence are still uncertain. Some authors have
proposed that this phenomenon might be mediated by the
amount of pleasure that individuals experience during ex-
ercise [97]. In this regard, some studies have reported that
subjects’ preferred walking intensities are more pleasurable
than strictly prescribed walking intensities for most
sedentary adults, resulting in better exercise adherence
[98,99]. However, self-paced protocols, where individuals
are encouraged to choose their walking speed, must be

reinforced by physicians to ensure a more positive affective
response during exercise, which in turn may prevent
dropout. Interestingly, self-paced protocols may also pro-
mote fitness and health benefits and minimize or possibly
prevent weight gain [100]. Additionally, self-paced walking
performed in naturalistic settings may elicit more pleasur-
able feelings than self-paced walking performed in a clinical
setting [101]. Thus, physicians should focus not only on
physiological but also on behavioral prescriptions to ensure
exercise adherence in diabetic patients.

Some diabetic patients have pre-existing clinical con-
ditions that could prevent certain modes of activities such
as walking. These conditions are often related to pain
induced by diabetic neuropathy and, in some cases, gait
and/or balance disturbances that may be chronic [102]. In
this scenario, activities such as stationary cycling, recum-
bent cycling or water activities, should be selected.

Walking session management

Walking prescription must include, as any other exercise
bout, some important advice regarding the approach to
movement and environmental conditions:

- Warm up: before the beginning of a walking session
some stretching exercises for both upper and lower
limbs are useful as preparation for appropriate joint
range movements;

- Shoes and clothing: the choice of shoes and clothing for
walking must be appropriate for both comfort and
safety, suited to the terrain and season;

- Extreme conditions: there are no specific limitations for
walking in diabetic patients. General health consider-
ations relating to extreme temperatures, especially when
associated to wind or humidity, are also valid for these
patients. However, additional caution is necessary for
subjects presenting cardiovascular impairments. High or
low temperatures produce an increase in metabolic re-
quirements at a certain walking intensity, and a general
reduction of speed and distance should be suggested.

Notably, metabolic and biomechanical requirements of
walking are highly dependent on several factors. Studies
on human locomotion have suggested that spontaneous
walking speed corresponds to that minimizing energy
expenditure per unit of space travelled. The cost of loco-
motion begins to increase both above and below this
speed [103]. Another factor that has significant influence
on the cost of locomotion, and therefore on physical
exertion, is gradient, with a walking uphill or downhill
slope greater than �10% requiring more energy than
walking on the flat [104,105]. Changes in speed or incline
also affect biomechanical parameters of walking. In
particular, walking faster or downhill was seen to increase
the ground reaction forces and the loading rate at heel
strike with respect to walking on the flat.

The condition of the terrain may also influence the cost
of locomotion; for example, walking on either sand [106]
or snow [107] increases the cost of locomotion with

Table 3 Quantification of intensity of aerobic exercise, as measured
by different methods.

% HR max % VO2 max or % HRR RPE 6e20 scale Intensity

<35 <20 <10 Very light
35e54 20e39 10e11 Light
55e69 40e59 12e13 Moderate
70e89 60e84 14e16 Hard
�90 �85 >16 Very hard

HR: heart rate; HRR: heart rate reserve; RPE: ratings of perceived
exertion.
HR max can be estimated as 220-age in yr; HRR is calculated as
(exercise HR-resting HR) x 100/(HR max-resting HR).
RPE is how the individual might describe his/her exertion by a
number on a scale 6e20, where 6 corresponds to “no feeling of
exertion,” and 20 corresponds to “very, very hard exertion”.
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respect to walking on a hard surface, to an extent that
largely depends on the specific conditions. Similarly,
walking in water results in a significant increase of energy
expenditure, which depends on water depth [108].

Deliberate modification of walking patterns can be of
interest in physical activity programs. The use of walking
poles, called Nordic Walking when performed following a
specific pattern involving the diagonal use of poles sug-
gested by INWA (International Nordic Walking Associa-
tion), typically increases the cost of locomotion by 20e25%
with respect to conventional walking [109,110]. This in-
crease is however largely affected by the proficiency of the
technique adopted [111] and may further increase when
people improve their skill [110]. Walking with poles is
becoming more and more popular not only for its superior
energy expenditure with respect to conventional walking,
but also because of the lower perception of effort [110].
From both a muscular and biomechanical point of view,
walking with poles engages the upper body musculature,
especially targeting arm joint extensors, and despite there
being no agreement on the effect of joint loading, it may
also improve the dynamic balance of locomotion [112].
Physical activity programs based on Nordic Walking were
found to improve exercise capacity, functional status,
quality of life, cardiorespiratory outcomes and lipid profile,
also reducing body weight and chronic pain [113,114]. On
the other hand, the effects on muscle strength are less
clear [113,114].

It should be noted that although walking is a natural
motor pattern in humans, walking on a treadmill or using
poles requires suitable learning, in order to obtain the best
results and to avoid injuries. This is even more relevant in
patients suffering from a long period (i.e. months/years) of
inactivity or muscle weakness, in older people or in those
with severe obesity. A first period, lasting 2e4 weeks,
including appropriate training and a positive educational
approach will lead to a better walking pattern, fully
adapted to the different terrain situation or to the correct
use of a motorised treadmill. However, when Nordic
walking is considered, the need for training becomes even
more important and the teacher qualification is of partic-
ular importance. In this case, the learning period should
last from 12 to 16 sessions, depending on the patient's
personal attitude and motivation [111].

The correct walking or Nordic walking techniques also
affect the energy cost of locomotion [115], which in many
cases can limit the total distance covered by the patient
during an exercise session, but also her/his quality of life,
when reduced walking capacity hinders social
relationships.

Monitoring of walking

Monitoring the level of effort and the functional response
during walking is essential to assessing the effectiveness of
prescribed exercise, and to preventing or minimizing the
potential side effects. Functional body reaction, mechani-
cal work, and perceived intensity are the three domains
that should be taken into consideration. The involvement

of the cardiovascular system can be easily evaluated
through HR, which is the most effective parameter avail-
able to monitor continuously the amount of effort. Wear-
able HR monitors have been developed in the last decades
and they are now precise, reliable and relatively cheap.
Several models are currently available and many of them
can integrate different parameters (e.g., body movements,
environment data) with HR, or can offer elaborations of
the recorded HR values (HR zones, variability, ..). While a
simple HR monitor can be sufficient to assess the level of
cardiac involvement, the possibility of recording several
walking sessions is a valuable additional function, which
allows the patient to quantify the global amount of exer-
cise performed in a given period.

Interestingly, recent technologies are also able to mea-
sure and record several aspects of the body movement,
including speed, distance and walking route. Step counting
with a pedometer, or more accurate evaluations of body
acceleration are widely used to measure the amount of
walking [116]. In particular, a very accurate record of the
walking route can be obtained by using GPS technology,
recently integrated in the more advanced HR monitors.
This function gives a detailed analysis of outdoor activities,
including walking, although it is still quite expensive and
usually exceeds monitoring requirements in most patients.

The perception of effort as a methodology to assess the
intensity of the exercise performed has been well known
since the beginning of exercise physiology studies, and it
was substantially developed by Gunnar Borg in the late
1970s [117]. It has become very popular in the last few
years as a simple and cheap system to monitor training in
different settings. The use of ratings of perceived effort has
been validated also in diabetic subjects with autonomic
neuropathy [118], and is considered a valid tool for
monitoring walking in subjects with type 2 diabetes, in-
tegrated with HR or even alone, when HR recording is
difficult or unreliable.

Regular aerobic exercise produces favourable long-term
cardiovascular adaptations in diabetic patients. However,
our knowledge about the acute effect of exercise on blood
pressure in these subjects is limited, and results are
inconsistent. A recent study showed that walking at mod-
erate speed acutely induces a small increase in blood
pressure, followed by a rapid reduction in resting pressure
and stiffness after the exercise session [119]. Nevertheless,
an exaggerated blood pressure response has been described
in subjects with metabolic syndrome, which were charac-
terised by insulin resistance and altered autonomic regu-
lation [120]. This suggests the need to pay special attention
to the blood pressure response during the walking sessions,
especially in obese and hypertensive patients.

Special conditions

Patients with T2DM may have comorbid conditions,
requiring special attention in tailoring walking pre-
scription [79,121]. In particular, many diabetic in-
dividuals are obese and/or are at high risk for or have
CVD or heart failure. In particular, the vast majority of
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T2DM individuals are overweight or obese and many of
them have severe obesity. Nevertheless, also for these
subjects lifestyle changes are fundamental, aiming to
accomplish both glucose control and weight reduction.
The younger obese patients may respond better to
physical training, probably due to the greater muscle
strength. However, while for obese subjects with T2DM
of any age walking is a feasible form of exercise, some
specific advice should also be considered, such as
reducing speed, avoiding positive or negative slopes
exceeding 5%, introducing appropriate recovery after
each 15 min of exercise. Interestingly, in these patients,
Nordic walking could often be a more efficient type of
walking because, if using a correct technique, it produces
a larger amount of energy expenditure and a lower
charge on the lower limbs joints, for a similar amount of
time spent in exercise.

Patients with T2DM have rates of heart failure, angina
pectoris, re-infarction disability and sudden cardiac death
that are at least twice those observed in non-diabetic pa-
tients [122]. However, these risks do not represent an
absolute restriction for walking, as this activity represents
the easiest type of exercise for these patients [121].
Nevertheless, patients with coronary heart disease or
heart failure must perform properly designed and super-
vised exercise training [123,124].

Elevated body mass is linked to both diabetes and
incident heart failure. The greater the elevation in body
mass, the greater the risk, the worse the clinical out-
comes and often the more severe the associated symp-
toms and signs, such as exertional dyspnea and ankle
edema. Indeed, these clinical features are more marked
in obese patients with heart failure, and represent an
indication to restrict walking speed and duration, in
comparison to the standard prescription. In these cases,
accurate monitoring of heart rate response can also
represent a safety tool, to avoid or reduce potential
adverse events during effort.

Although regular physical activity improves metabolic
abnormalities in obese patients with diabetes, it remains
to be established whether exercise training is able to
reduce the cardiovascular risk in these subjects. The Look
AHEAD trial did not show significant reductions in car-
diovascular disease incidence in adults with T2DM
assigned to an intensive lifestyle intervention, as
compared with those assigned to standard care [26].
However, a post-hoc analysis of these data suggested an
association between the magnitude of weight loss and
incidence of cardiovascular disease [125]. Moreover, in this
post-hoc analysis, achieving an increase of at least 2
metabolic equivalents in fitness was associated with a
significant reduction in the secondary outcome of the
study, which was a composite of fatal and non-fatal car-
diovascular disease, total mortality, carotid or peripheral
vascular disease, and hospitalisation for congestive heart
failure [125].

Panel conclusions: final statements and
recommendations

(Symbols indicate the strength of a statement and the quality
of the underlying evidence, as described in the Methods).

1. Walking improves glucose control in people with T2DM
and should be recommended, as a form of aerobic ex-
ercise training, in most diabetic individuals.
1 ØØØO

This recommendation is supported by the results of a
meta-analysis, including many small, short-term RCTs, and
some recent additional studies, showing clinically signifi-
cant improvement of HbA1c. The effect on insulin resis-
tance is less clear. Walking does not require expertise and
logistic support, can be performed in different places, and
is easily applicable in daily life in most patients.

2. Walking can be suggested for the therapy of several
alterations associated with T2DM.
2 ØØOO

Regular walking favours slight reductions of body
weight and blood pressure. However, substantial weight
loss requires multidimensional interventions, with specific
attention to diet. A few RCTs also suggested an ameliora-
tion of general well-being and a reduction in the need for
pharmacological therapy in these patients.

3. Walking improves functional capacity of subjects with
T2DM.
1 ØØOO

In most RCTs cardiorespiratory fitness proved to be
significantly increased after walking training. Conversely,
information on changes in muscular strength is limited,
with inconsistent findings.

4. Walking could have favourable effects on chronic
complications of diabetes.
2 ØOOO

Limited information indicates improvement of several
alterations involved in the increased cardiovascular risk
associated with diabetes. Moreover, a small study reported
favourable changes in several functional aspects of diabetic
neuropathy, although the presence of this condition re-
quires specific attention, monitoring of patients, and may
also limit walking activities.

5. Supervised walking training is preferable, whenever
possible, in diabetic patients.
1 ØØØO

Evidence of efficacy is more consistent in protocols
based on supervised walking. This may be linked to the
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observation that diabetic patients may walk spontaneously
at lower velocity than nondiabetic people, likely due to
impaired exercise capacity.

6. Unsupervised walking may also be effective in these
patients, especially when combined with motivational
strategies.
2 ØØOO

Findings on the effects of unsupervised interventions
on long-term blood glucose control are less clear. However,
motivational strategies may improve adherence and
beneficial effects of exercise.

7. Interval training can be prescribed in diabetic subjects,
especially in younger and more physically fit
individuals.
1 ØØOO

Interval training, alternating either 1 min fast and 1 min
slow or 3 min fast and 3 min slow walking, can improve
several clinical features, including glucose control and
cardiorespiratory fitness, to a greater extent than contin-
uous walking. It represents a valuable alternative to
continuous training in subjects who do not show specific
contraindications.

8. Nordic walking may have additional advantages as
compared with walking in these subjects.
2 ØOOO

Nordic walking may elicit higher metabolic and car-
diovascular demands than natural walking, by engaging
both legs and upper body. However, evidence-based in-
formation on the effects of this training in diabetic people
is still very limited.

9. Walking surface and slope affect cost of locomotion and
should be carefully considered in exercise prescription.
1 ØØØO

Walking on sand or snow, or in water, induce a signif-
icant increase of energy expenditure as compared with
walking on a hard surface. Similarly, walking uphill or
downhill slope increases energy expenditure as compared
with walking on flat. Changes in speed or incline also affect
biomechanical parameters of walking. These may be
relevant aspects when prescribing exercise in many dia-
betic patients.

10. Timing of walking could be considered in exercise
prescription.
2 ØØOO

Limited information suggests that walking may lower
postprandial increases of blood glucose and glucose vari-
ability to a greater extent when exercise is performed just
before or after meals. This may also affect interaction be-
tween exercise and some antidiabetic medications.

11. Short bouts of walking for breaking prolonged
sedentary time have favourable effect of blood
glucose profiles in diabetic people and should be
recommended, whenever possible, in all sedentary
individuals, besides exercise prescription.
1 ØØOO

A few RCTs consistently showed improved blood
glucose profiles after interruption of prolonged sitting in
T2DM, e.g. 3 min every 30 min, and this effect was
maintained for several hours. However, evidence is still
short-term.

12. Prescription of walking in T2DM patients should be
preceded by a tailored medical and functional
assessment.
1 ØØØØ

Assessment of risks and functional capacity is manda-
tory before exercise prescription. Medical clearance from a
health care professional should be obtained before starting
the training, with specific attention to chronic diabetes
complications and therapy. However, an exercise stress
test is not generally required in asymptomatic people
receiving appropriate diabetes care, in whom moderate
intensity exercise, such as brisk walking, is prescribed. The
6-min walk test may be used for assessing and monitoring
walking capacity.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.numecd.2020.08.021.
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