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ABSTRACT

Objective To investigate the association between
walking speed and the risk of type 2 diabetes.

Design Systematic review and meta-analysis.

Data sources PubMed, Scopus, CENTRAL and Web of
Science to 30 May 2023.

Eligibility criteria for selecting studies We
included cohort studies that explored the association
between walking speed and the risk of type 2 diabetes
in adults. We used random-effects meta-analyses to
calculate relative risk (RR) and risk difference (RD). We
rated the credibility of subgroup differences and the
certainty of evidence using the Instrument to assess the
Credibility of Effect Modification ANalyses (ICEMAN) and
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) tools, respectively.

Results Ten cohort studies were included. Compared
with easy/casual walking (<3.2km/hour), the RR of type
2 diabetes was 0.85 (95% CI 0.70 to 1.00); RD=0.86
(95% Cl 1.72 to 0) fewer cases per 100 patients; n=4,
GRADE=low) for average/normal walking (3.2—4.8 km/
hour), 0.76 (95% CI 0.65 to 0.87); RD=1.38 (95%
C12.01 to 0.75) fewer cases per 100 patients; n=10,
GRADE=low) for fairly brisk walking (4.8-6.4 km/

hour) and 0.61 (95% C1 0.49 to 0.73; RD=2.24 (95%
Cl2.93 to 1.55) fewer cases per 100 patients; n=6,
GRADE=moderate) for brisk/striding walking (>6.4km/
hour). There was no significant or credible difference
across subgroups based on adjustment for the total
volume of physical activity and time spent walking per
day. Dose—response analysis suggested that the risk

of type 2 diabetes decreased significantly at a walking
speed of 4km/h and above.

Conclusions Low to moderate certainty evidence,
mainly from studies with a high risk of bias, suggests
that walking at faster speeds is associated with a graded
decrease in the risk of type 2 diabetes.

PROSPERO registration number CRD42023432795.

INTRODUCTION
Type 2 diabetes is a progressive chronic disease,
recognised as one of the most common metabolic
disorders worldwide.! People with type 2 diabetes
are at greater risk of several microvascular and
macrovascular complications and a reduced life
expectancy.” * Currently, the number of adults
worldwide with diabetes is 537 million and this is
predicted to increase to 783 million by 2045.*°
Physical activity and structured exercise
programmes are essential parts of type 2 diabetes
prevention programmes® and can exert favourable
effects on glycaemic control in patients with type
2 diabetes.” A meta-analysis of cohort studies indi-
cated that being physically active was associated
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Frequent walking is associated with a lower risk
of type 2 diabetes.

= ltis not clear what walking speed is needed to
reduce the risk of type 2 diabetes.

WHAT THIS STUDY ADDS

= Walking at faster speeds (4—8 km/hour) was
associated with a graded decrease in the risk of
type 2 diabetes.

= The results remained significant in the
subgroups of studies that controlled for the
total volume of physical activity and time spent
walking per day.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= While current strategies to increase total
walking time are beneficial, it may also be
reasonable to encourage people to walk at
faster speeds to further increase the health
benefits of walking.

with a 35% lower risk of type 2 diabetes in the
general population.® Of note, the results suggested
that frequent walking was associated with a 15%
lower risk of developing type 2 diabetes.® Walking
is a simple and inexpensive type of physical activity
and is associated with several social, mental and
physical health benefits.” Evidence suggests that
regular walking may be associated with a lower
risk of all-cause mortality’® ' and cardiovascular
events,'? and that a greater number of steps per day
may be associated with a lower risk of premature
death.”

In addition to the time spent walking, walking
speed, defined as the speed at which someone
habitually walks, may predict death and disability.
Walking speed is a sensitive and reliable measure of
overall health condition and a vital sign for func-
tional capacity.'* " Evidence suggests that faster gait
speed can lead to a greater physiological response’
and, thus, may be associated with more favourable
health benefits than slow walking.

In recent years, there has been a particular
interest in the association between walking speed
and the risk of multiple health outcomes. A
previous meta-analysis of eight cohort studies
suggested that, compared with the slowest walking
speed (median=1.6km/hour), the fastest walking
speed (median=5.6 km/hour) was associated with
a 44% lower risk of stroke and that each 1km/
hour increase in walking speed was associated with
a 13% lower risk.'® Other meta-analyses of cohort
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Systematic review

studies also suggested that a faster walking speed may be associ-
ated with lower risks of disability,'” dementia,'® cardiovascular
disease'’ and all-cause mortality.?

Previous research has indicated that time spent walking per
day is associated with a lower risk of type 2 diabetes.® However,
it is not clear what level of walking speed is needed to reduce the
risk of type 2 diabetes. To our knowledge, systematic reviews and
meta-analyses are lacking on the association between different
walking speeds and the risk of type 2 diabetes. Therefore, we
conducted a systematic review and meta-analysis of cohort
studies of the association between walking speed and the risk of
developing type 2 diabetes in adults.

METHODS

We conducted the meta-analysis following guidelines outlined
in the Cochrane Handbook for systematic reviews®' and the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) Handbook,” and reported it according
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses 2020 statement for systematic reviews of inter-
ventions.” The protocol of the present systematic review was
registered with PROSPERO (CRD42023432795).**

Systematic search

PubMed/Medline, Scopus, CENTRAL and Web of Sciences
were searched from inception until May 2023. Based on our
search strategy (online supplemental eTable 1), two authors (AE
and M-SZ) independently performed the literature search and
screened the titles and abstracts. Then, the full texts of relevant
articles and the reference lists of relevant meta-analyses were
screened. There was no restriction on language, date or publi-
cation status.

Study selection and eligibility criteria

According to our a priori protocol,” we searched for studies
that (1) had a longitudinal observational design with follow-up,
including prospective and retrospective cohorts, nested case—
control and case—cohort studies; (2) included a general popu-
lation of adults aged =18 years; (3) considered walking speed,
either measured by timed walking-pace test or self-reported, as
an exposure; (4) considered the incidence of type 2 diabetes
during follow-up as an outcome and (5) reported multivariable-
adjusted effect size (relative risk (RR), risk ratio or HR) of type 2
diabetes across categories of walking speed. Retrospective case—
control and cross-sectional studies, patient-based cohorts, as
well as studies conducted on pregnant or breastfeeding women,
were excluded.

Data extraction

Data extraction was conducted by two reviewers (M-SZ and
AE), working independently and in duplicate. Disagreements
were resolved by consulting the first author (AJ). Characteristics
that were extracted from each study were: author name, study
name, population country, number of participants and cases,
age range or mean age, the proportion of women, exposure and
outcome identification methods, follow-up duration, degree of
statistical adjustment and reported effect estimates.

Risk of bias assessment

Risk of bias assessments was performed using the ROBINS-I
tool.”> Two reviewers (AE and M-SZ) independently performed
the risk of bias assessments, with disagreements resolved through
consensus when necessary. The domains of the ROBINS-I tool

include assessment of potential biases due to confounding, selec-
tion of participants, exposure and outcome assessment, misclas-
sification during follow-up, missing data and selective reporting
of the results.

Statistical analysis

We used a random-effects model (DerSimonian and Laird
method)®® to calculate summary RRs and 95% Cls. HRs were
considered equal to RRs.?” According to our a priori protocol,**
we performed pairwise meta-analyses to calculate RRs and
95% ClIs of type 2 diabetes across categories of walking speed
compared with the lowest speed as a reference. We first catego-
rised walking speed into four prespecified categories™ %’: easy or
casual (<2 miles or 3.2 km/hour), average or normal (2-3 miles
or 3.2-4.8 km/hour), fairy brisk (3—4 miles or 4.8-6.4 km/hour)
and very brisk or brisk/striding (>4 miles or >6.4km/hour).
Second, we assigned each RR from the original cohorts to its
corresponding predefined category.’® ' If more than one cate-
gory of walking speed from an original study fell into the same
group in our meta-analysis, we pooled RRs using a fixed-effects
model and used the pooled RR for that group. Conversely, if
one category of walking speed from an original cohort covered
more than one category in our meta-analysis, we assigned the
RR of that category by its median. For studies in which the
reference category was not the lowest one, we recalculated the
RRs, assuming the lowest category as reference, according to
the method by Hamling.** ** For studies that reported effect
estimates across either sex, we combined sex-specific estimates
using a fixed-effects model and used the combined effect esti-
mate in the meta-analysis to include each cohort study only
once in the meta-analysis. For studies that reported gait speed
as steps/min, we converted steps/min to metres/min considering
the average step length for men and women as 0.762 m and
0.670 m, respectively.>** As compared with the lowest walking
speed (easy or casual), summary RRs and 95% CIs of type 2
diabetes for all other categories of walking speed were esti-
mated using a random-effects model.”® To calculate the abso-
lute risk (risk difference (RD)), we used the following formula:
RD=baselinerisk (RR—1).* Baseline risk was considered the
average event rate in the included cohort studies. Publication
bias was assessed using Egger’s test’’ and by inspection of the
funnel plots?! when =10 studies were available. Heterogeneity
was assessed using the Cochrane Q test and quantified by the I*
statistic.”® %’

To identify potential sources of heterogeneity in the data, we
conducted influence analysis by removing one study at a time
and performed prespecified and post hoc subgroup analyses. As
per our a priori protocol,”* we performed subgroup analyses
when =35 studies were available for each association. P values for
subgroup differences were generated using Cochran’s Q test.*
We performed prespecified subgroup analyses based on adjust-
ment for the total volume of physical activity and time spent
walking per day (yes vs no) and methods which were used for
assessment of walking speed and diagnosis of type 2 diabetes
(objective methods vs self-reported). We performed post hoc
subgroup analyses based on the risk of bias (moderate vs serious),
geographical region (USA, Europe and Asia), sex (male, female,
both), follow-up duration (<8 (median) vs =8 years), number of
events (<1000 (median) vs =1000) and adjustment (yes vs no)
for smoking status, body mass index, alcohol drinking, blood
pressure/hypertension and parenteral history of type 2 diabetes.
We used the Instrument to assess the Credibility of Effect Modi-
fication ANalyses (ICEMAN) in our subgroup analyses.*' The
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domains of the ICEMAN tool and how to judge each domain are
presented in online supplemental eTable 2. Finally, we performed
dose-response meta-analyses to clarify the shape of the dose—
response relationship and estimated the RR for each 1km/hour
increase in walking speed. We performed non-linear dose—
response meta-analysis using a one-stage weighted mixed-effects
meta-analysis.** We modelled walking speed by using restricted
cubic splines with three knots of the distribution (10%, 50% and
909%).* For studies that did not report the number of partici-
pants and cases across categories of walking speed, we divided
the number of participants by the number of categories to esti-
mate the approximate number of participants in each category
and calculated the approximate number of cases per category
from the RRs using a similar method, as has previously been
described.** Statistical analyses were conducted using STATA
software, V.17.0. P<0.05 was considered statistically significant.

Grading the evidence

Two authors (A] and M-SZ) judged the certainty of evidence
according to the updated GRADE tool.” ** A detailed descrip-
tion of the GRADE domains is provided in online supplemental
eText 1. We considered a 2% absolute risk reduction (20 fewer
per 1000 patients), proposed by the GRADE working group for
non-fatal outcomes,*® as the threshold for minimally important
difference. We adapted a recently published GRADE minimally
contextualised approach to rate imprecision based on minimally
important difference.*” ** Accordingly, we considered whether
the point estimate of effect size was greater than or less than the
minimally important difference and whether the 95% CI over-
lapped with that threshold.

Equity, diversity and inclusion statement

The authors of the present meta-analysis were chosen on merit
and came from a diverse range of backgrounds, occupations and
levels of seniority. We also included studies from across the globe
to increase the generalisability of the findings.

Patient and public involvement
Patients and the public were not involved in the development of
this work.

RESULTS

Literature search and study selection process

Online supplemental eFigure 1 shows the systematic search and
study selection process. After the exclusion of 638 duplicates
and an additional 1684 records that were not eligible according
to our inclusion criteria, we read the full text of 84 records; of
those, 10 cohort studies were considered eligible for inclusion.
Online supplemental eTable 3 presents the list of studies (n=74)
that were excluded based on the review of the full texts with
reasons for exclusions.

Characteristics of cohort studies

Ten prospective cohort studies with 18 410 cases among 508 121
participants proved eligible for the present meta-analysis
(table 1).282°#7¢ The included cohort studies were conducted in
the USA,? 2259527 Japan® *¢ and the UK* and were published
between 1999 and 2022. All studies were population-based
cohort studies. Two cohorts were conducted in females,” ** two
in males % °° and the remaining cohort studies in both males
and females, wherein the proportion of females was between
52% and 73%. The follow-up duration of the cohort studies
ranged from 3 to 11.1 years (median 8 years). Five cohort

studies measured walking speed by timed walking-pace
tests,’” °1 3333 3¢ wwhile the other five studies used self-reported
questionnaires.”® % #3254 Seven cohorts used objective methods
such as blood glucose measurement or linkage to medical
records to ascertain cases of type 2 diabetes,”* % ¢ and three
cohorts used self-reported questionnaires, which were validated
by medical records and laboratory measures.”® % >* All studies
controlled for age, sex and smoking status in their multivariable
analyses, nine for alcohol drinking,?® #* #*=1 3375¢ six for blood
pressure/hypertension,” 317 33 3¢ six for the total volume of
physical activity,” * °1337 five for body mass index, #3155 56
four for time spent walking or step count per day?® ** %% and
four for the parental history of diabetes.”® ?° °* 3¢ Three cohort
studies were rated to have a moderate risk of bias based on the
ROBINS-I tool,*' ** % and the other seven studies were rated
to have a serious risk of bias.”® 2% #? 39 325%3¢ The main reasons
for the serious risk of bias were biases due to confounding and
assessment of walking speed (online supplemental eTable 4).

Meta-analysis

Average or normal walking

Four cohort studies with 6520 cases of type 2 diabetes among
160321 participants reported information on average or normal
walking.?® 22 3% 3% Compared with easy or casual walking (<2
miles or 3.2km/hour), participants with average or normal
walking (2-3 miles or 3.2—4.8 km/hour) were at a 15% lower
risk of type 2 diabetes (RR=0.85, 95% CI 0.70 to 1.00, I*=69%;
RD=0.86 (95% CI 1.72 to 0) fewer cases per 100 patients;
GRADE=low) (online supplemental eFigure 2). In the influence
analysis removing each study at a time, the RR became signifi-
cant when the Black Women’s Health Study** was excluded from
the analysis (RR=0.79, 95% CI 0.65 to 0.92; [*=46%) (online
supplemental eFigure 3).

Fairly brisk walking

Ten cohort studies with 18 410 cases among 508 121 participants
reported information on fairly brisk walking.”® ** **=¢ Those
with fairly brisk walking (3—4 miles/hour or 4.8-6.4 km/hour)
were at a 24% lower risk of type 2 diabetes compared with those
with easy or casual walking (RR=0.76, 95% CI 0.65 to 0.87,
=90%; RD=1.38 (95% CI 2.01 to 0.75) fewer cases per 100
patients, GRADE=Ilow) (figure 1). The pooled RR remained
significant and ranged from 0.73 (95% CI 0.62 to 0.83) to 0.79
(95% CI 0.70 to 0.88) in the influence analysis removing each
study at a time (online supplemental eFigure 4).

Table 2 presents the subgroup analyses based on the study
and participants’ characteristics, and online supplemental eTable
5 presents the subgroup difference credibility assessment by
the ICEMAN tool. We found two subgroup differences with
moderate credibility based on methods that were used for the
walking speed assessment and diagnosis of type 2 diabetes. As
predicted in our a priori protocol, we found statistically signif-
icant stronger associations in cohort studies that used self-
reported methods to assess walking speed and diagnosis of type
2 diabetes. Of note, the RRs were similar in a subgroup analysis
based on whether or not studies controlled for the total volume
of physical activity or time spent walking per day (table 1). The
subgroup analyses suggested that additional adjustment for body
mass index attenuated the results slightly. There was also a signif-
icant group difference by geographical region, where studies
conducted in the USA and Europe indicated stronger associa-
tions than those conducted in Asia; however, the limited number
of studies from Europe and Asia makes interpretation of these
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status, education, body mass index, lipid
lowering treatment, hypertension, aspirin
use, smoking status, alcohol drinking, diet
quality and total physical activity

Age, race, sex, coronary artery disease,
cancer, body mass index, systolic blood
pressure, education level, smoking, alcohol
use and step count per day

Age, sex, employment status, marital
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subgroup results unclear.*! We did not find evidence of publica-
tion bias with Egger’s test (p=0.20), Begg’s test (p=0.28) or by
inspection of the funnel plot (online supplemental eFigure 5).

Brisk/striding walking

Six cohorts with 10438 cases of type 2 diabetes among 262269
participants reported information on brisk/striding walking (>4
miles or 6.4km/hour).?® ¥ 3% 32% The RR of type 2 diabetes
was 0.61 (95% CI 0.49 to 0.73, ’=81%; RD=2.24 (95% CI
2.93 to 1.55) fewer cases per 100 patients, GRADE=moderate)
(figure 2). The RR remained significant and ranged from 0.57
(95% CI 0.46 to 0.69) to 0.66 (95% CI 0.54 to 0.78) when
removing each cohort study at a time (online supplemental
eFigure 6). Online supplemental eTable 6 presents the results
of the subgroup analyses. We found two significant subgroup
differences, where cohorts with a serious risk of bias reported
a stronger association than those with a moderate risk of bias
(RRs: 0.57 vs 1.05) and studies conducted in males reported a
stronger association than those conducted in females (RR: 0.46
vs 0.75); however, the credibility of subgroup differences was
rated low (online supplemental eTable 7). The results of the
studies that reported the RRs both with and without adjustment
for body mass index suggested that an additional adjustment
for body mass index attenuated the strength of the association
by 249%. There was no significant or credible subgroup differ-
ence by adjustment for the total physical activity or time spent
walking per day.

Dose-response meta-analysis

Nine cohorts with 18 254 cases among 502979 participants
reported information for dose-response meta-analyses. 282 #5456
Each 1km/hour increase in walking speed was associated with a
9% lower risk of type 2 diabetes in the linear dose-response
analysis (RR: 0.91, 95% CI 0.88 to 0.94; [*=87%, online
supplemental eFigure 7). Dose-response analysis suggested
a monotonic inverse association, wherein the risk of type 2
diabetes did not change significantly until reaching a walking
speed of 4km/hour (equal to 87 steps/min for men and 100
steps/min for women; RR,, . = (.86, (95% CI 0.74 to 0.99)
and then decreased linearly up to a walking speed of 8 km/hour
(P otineariy=0-10, Py .. <0.001; figure 3). Point-specific RRs
of type 2 diabetes for different walking speeds are indicated in
table 3.

Grading the evidence

We applied a minimally contextualised approach introduced
by the GRADE working group to rate the certainty of the
evidence.”” The certainty of the evidence was rated low for
average/normal and fairly brisk walking due to downgrades for
very serious risk of bias, serious imprecision and serious incon-
sistency (online supplemental eTable 8). The certainty of the
evidence was rated moderate for brisk/striding walking due to a
double downgrade for a very serious risk of bias and an upgrade
for the dose-response gradient. Of note, the magnitude of the
absolute effect for brisk/striding walking surpassed the threshold
set as the minimally important difference (20 fewer cases per
1000 patients),*® suggesting that brisk/striding walking can exert
an important reduction in the risk of type 2 diabetes.

DISCUSSION

In the present meta-analysis of prospective cohort studies, we
gathered existing evidence on the association between walking
speed and the risk of type 2 diabetes in adults. Our findings
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Figure 1

from low certainty evidence suggested that average and fairly
brisk walking were modestly associated with a lower risk of type
2 diabetes. We also found evidence of moderate certainty that
brisk/striding walking was associated with a 39% lower risk
of type 2 diabetes, equal to 2.24 fewer cases per 100 patients,
surpassing the threshold set as the minimally important differ-
ence. Each 1km/hour increase in walking speed was also associ-
ated with a 9% lower risk of type 2 diabetes.

We are not aware of any previous systematic review and meta-
analysis on the association between walking speed and the risk
of type 2 diabetes. A previous meta-analysis of eight prospec-
tive cohort studies suggested that compared with walking at an
average speed of 1.6 km/hour, walking at an average speed of
S.6km/hour was associated with a 44% lower risk of stroke.'®
Another meta-analysis of nine cohort studies suggested that
compared with the lowest walking speed, the fastest walking
speed was associated with a 47% lower risk of all-cause
mortality in older adults.?* Similar findings were found in a
meta-analysis of 17 cohort studies, where the highest versus the
lowest walking speed was associated with a 47% lower risk of
cognitive decline and a 40% lower risk of dementia.'® A recent
individual participant data meta-analysis of 11 British cohorts
indicated that compared with participants with slow walking,
those with average and brisk/fast walking were at 20% and 24%
lower risk of all-cause mortality and 24% and 21% lower risk of
cardiovascular mortality, respectively.’’

Potential mechanisms

There are several explanations for why walking at a fast speed
is associated with a lower risk of type 2 diabetes. Most impor-
tantly, walking speed is an important indicator of overall health
status and, indeed, is a vital sign for functional capacity.'* Appar-
ently healthy people who can walk briskly are more likely to
participate in daily physical activity programmes.’® ** Second,
faster walking speed is associated with better cardiorespiratory

Relative risk of type 2 diabetes for fairly brisk walking compared with easy/casual walking.

fitness® ®! which, in turn, is associated with a lower risk of

type 2 diabetes.> Third, there is a positive correlation between
walking pace and muscle strength. Muscle loss can result in low-
grade systemic inflammation®® and, thereby, may be associated
with a higher risk of type 2 diabetes.®* Fourth, increased exercise
intensity due to faster walking speeds can result in a greater stim-
ulus for physiological functions and better health status.®® Fifth,
intervention studies suggest that brisk walking can result in clin-
ically important reductions in body weight, waist circumference
and body fat mass®® and improvements in insulin sensitivity.®’
The subgroup analyses of studies that reported results both with
and without adjustment for body mass index suggested that addi-
tional adjustment for body mass index attenuated the strength
of the association by 249%, suggesting that nearly a quarter of
the risk reduction may be explained by reduced adiposity. This
suggests that most of the impact of faster walking speed on type
2 diabetes may be independent of its effects on body weight.

Public health implications

The subgroup analyses of fairly brisk and brisk/striding walking
indicated that there was no significant difference across
subgroups defined based on whether or not studies adjusted
for the total volume of physical activity and time spent walking
per day, suggesting that walking pace, independent of the total
volume of physical activity or step count per day, may be asso-
ciated with a lower risk of type 2 diabetes. A recent evaluation
within the UK Biobank prospective cohort study also indicated
that the inverse associations between average and brisk walking
and the risk of type 2 diabetes were consistent across different
walking times.* This suggests that the speed at which individ-
uals habitually walk may be as important as the total amount of
time spent walking. Currently, there is no specific instruction for
gait speed in current guidelines.®®”> However, the 2018 physical
activity guidelines for Americans suggested that brisk walking,
as being representative of moderate-intensity aerobic activity,
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Table 2  Subgroup analyses of the association between fairly brisk walking and the risk of type 2 diabetes

Variables Cohorts (n) Relative risk (95% CI) 1%, et P subgroup difference
All cohorts 10 0.76 (0.65 to 0.87) 90%, <0.001 -
Risk of bias 0.05
Moderate 3 0.91 (0.74 to 1.08) 57%, 0.10
Serious 7 0.70 (0.59 to 0.81) 84%, <0.001
Region <0.001
USA 7 0.70 (0.57 to 0.83) 78%, <0.001
Europe 1 0.78 (0.72 t0 0.84) -
Asia 2 0.92 (0.88 t0 0.97) 0%, 0.48
Sex 0.31
Male 3 0.66 (0.46 to 0.86) 93%, <0.001
Female 3 0.74 (0.59 to 0.89) 76%, 0.02
Both 5 0.82 (0.71 t0 0.93) 63%, 0.02
Follow-up duration 0.12
<8years 6 0.83 (0.74 t0 0.93) 75%, <0.001
>8years 4 0.68 (0.52 to 0.85) 84%, <0.001
Number of cases 0.25
<1000 4 0.83 (0.70 to 0.95) 39%, 0.18
>1000 6 0.71 (0.56 to 0.86) 94%, <0.001
Walking speed assessment 0.01
Measured 5 0.88 (0.78 to 0.98) 43%, 0.14
Self-reported 5 0.67 (0.53 to 0.80) 88%, <0.001
Type 2 diabetes assessment 0.01
Medical records or measured 7 0.83 (0.75 t0 0.92) 72%, <0.001
Self-reported 3 0.59 (0.43 t0 0.76) 84%, <0.001
Adjustments
Total physical activity per day 0.47
Yes 6 0.79 (0.67 to 0.91) 84%, <0.001
No 4 0.70 (0.49 t0 0.91) 88%, <0.001
Time spent walking per day or step count per day 0.48
Yes 4 0.72 (0.46 t0 0.81) 56%, 0.08
No 6 0.80 (0.60 to 1.00) 93%, <0.001
Body mass index 0.89
Yes 6 0.73 (0.58 to 0.88) 94%, <0.001
No 6 0.72 (0.56 to 0.87) 89%, <0.001
Smoking status -
Yes 10 0.76 (0.65 to 0.86) 88%, <0.001
No 0 = =
Alcohol drinking =
Yes 10 0.76 (0.65 to 0.86) 88%, <0.001
No 0 - -
Blood pressure 0.22
Yes 6 0.82 (0.68 to 0.96) 83%, <0.001
No 4 0.68 (0.51 to 0.85) 90%, <0.001
Family history of diabetes 0.10
Yes 6 0.83 (0.73 t0 0.93) 76%, <0.001
No 4 0.66 (0.48 t0 0.83) 87%, <0.001
Studies that reported relative risk both before and after 0.57
adjustment for body mass index
Yes 2 0.69 (0.51 to 0.88) 85%, 0.01
No 2 0.58 (0.25 t0 0.92) 97%, <0.001
can reduce the risk of chronic disease and other adverse health for non-fatal outcomes (2 fewer cases per 100 patients),*
outcomes.”® Our results therefore provide some support for the suggesting that brisk/striding walking can result in an important

incorporation of walking speed into physical activity guidelines. reduction in the risk of type 2 diabetes. However, it is unclear

The magnitude of the absolute risk reduction in the analysis of whether walking speed is an indicator of health status or a causal
brisk/striding walking was also larger than the threshold set by factor. If confirmed by future trials, the findings of the present
the GRADE working group as the minimally important difference meta-analysis may indicate that while strategies to increase total
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Figure 2 Relative risk of type 2 diabetes for brisk/striding walking compared with easy/casual walking.

walking time, which is currently a priority, are beneficial, it might
also be reasonable to encourage people to walk at faster speeds,
based on the capability of the individuals, to further increase
the health benefits of walking. It is possible that faster walking,
as being representative of a high intensity of physical activity,
will have more favourable effects on diabetes risk reduction than
slow walking.”* The non-linear dose-response meta-analysis
reported supportive evidence, where the risk of type 2 diabetes
decreased proportionally with the increase in walking speed up
to 8 km/hour. Conversely, if these findings are not confirmed by
future trials and, thus, are indicated not to be causal, the findings

suggest that walking speed may be a valuable tool to predict the
future risk of type 2 diabetes in adults.

Our subgroup analyses of fairly brisk walking also indicated
that there was a significant and credible subgroup difference
based on the method of walking speed assessment, where cohort
studies that used timed walking-pace tests reported a weaker
association than those that used self-reported questionnaires.
This should be considered when interpreting the magnitude of
the association between fairly brisk walking and the risk of type
2 diabetes. However, the results remained statistically significant
in the subgroup of cohorts which used time walking-pace tests.

Type 2 diabetes risk
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Figure 3 Dose—response association between walking speed and the risk of type 2 diabetes. The solid line represent non-linear dose—response and
dashed lines represent 95% Cl. Circles represent relative risk point estimates for walking speed category from each study with circle size proportional

to inverse of SE.
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Table 3  The relative risk of type 2 diabetes for different walking speeds obtained from the non-linear dose-response meta-analysis

Walking speed (km/hour) 1 (Ref) 2 3 4 5 6 7 8

Steps/min (average) 22 (M)25 (F) 44 (M)/50 (F) 66 (M)/75(F) 87 (M)/100 (F) 109 (M)/125 (F) 131 (M)/150 (F) 153 (M)/175(F) 175 (M)/200 (F)

Relative risk (95% Cl) 1.00 0.96 0.91 0.86 0.80 0.73 0.66 0.59
(0.91t01.01) (0.82t01.01) (0.74 to 0.99) (0.67 to 0.95) (0.61 to 0.88) (0.55 to 0.80) (0.49t0 0.72)

F, female; M, male.

In addition, the subgroup analyses of brisk/striding walking did
not indicate such a significant subgroup difference. Neverthe-
less, the self-reported approaches to assess walking pace should
be further investigated in future studies to reach more confident
conclusions.

Dose-response association

Our dose-response analyses indicated a monotonic inverse
association, wherein the risk did not change significantly until
walking speed of 4 km/hour. The risk of type 2 diabetes decreased
linearly within walking speed of 4-8 km/hour. Subject to the
limitations, such as aggregation bias, our results suggested that
the slowest walking speed to reduce the risk of type 2 diabetes is
about 4 km/hour, equal to 87 steps/min for men and 100 steps/
min for women and that faster gait speeds may confer additional
benefits in a dose-dependent manner.

Strengths and limitations

The present meta-analysis has some strengths, which may
increase the generalisability of the findings. Based on our strictly
reported a priori approach,?* we included cohort studies, which
allows us to consider the temporal sequence of exposure and
outcome and which are less affected by recall and selection
biases than retrospective case—control studies, and increases
the likelihood of causality. Based on previous research,”® *° we
created a priori-defined walking speed categories and performed
random-effects meta-analyses to assess the association between
different walking speeds and the risk of type 2 diabetes. We also
performed several subgroup analyses, assessed the credibility
of subgroup differences using the recently developed ICEMAN
tool, calculated both relative and absolute risks and rated the
certainty of evidence using the GRADE approach.

There were also several shortcomings which need further
evaluation in future research and should be considered when
interpreting the results. First, most of the studies included in the
present review were rated as having a serious risk of bias and
there were significant differences across subgroups defined by
study risk of bias. The most important biases were due to inad-
equate adjustment for potential confounders and the methods
used for walking speed assessment and diagnosis of type 2
diabetes. However, the subgroup analyses indicated persistent
inverse associations across subgroups defined by important
effect modifiers. Second, our findings could have been subject
to reverse causality bias since participants with faster walking
speed are more likely to perform more physical activity and have
better cardiorespiratory fitness, greater muscle mass and better
health status. However, the subgroup analyses of fairly brisk
and brisk/striding walking indicated that there were no signif-
icant subgroup differences by follow-up duration and that the
significant inverse associations remained stable in the subgroup
of cohort studies with a follow-up duration of >10 years. This
suggests that the impact of reverse causation is less likely to have
affected the result as it would most likely have the most impact
early in the follow-up. Third, although the subgroup analyses by
adjustment for the total volume of physical activity or time spent

per day did not indicate significant subgroup differences, the
potential impacts of residual confounding should be considered.

CONCLUSION

To conclude, the present meta-analysis of cohort studies suggested
that fairly brisk and brisk/striding walking, independent of the
total volume of physical activity or time spent walking per day,
may be associated with a lower risk of type 2 diabetes in adults.
While current strategies to increase total walking time are bene-
ficial, it may also be reasonable to encourage people to walk at
faster speeds to further increase the health benefits of walking.
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