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Abstract
Background: While step counter use has become popular among type 2 diabetes (T2D) patients, its effectiveness
in increasing physical activity (PA) and improving glycemic control has been poorly defined. The aim of this
meta-analysis of randomized controlled trials (RCTs) was to evaluate the association of step counter use with PA
and glycemic control in T2D patients.
Methods: Articles were identified by searches of PubMed, Web of Science and Cochrane Library from January 1994
to June 2013. RCTs in the English language were included, if they had assessed the effectiveness of step counters
as motivating and monitoring tools in T2D patients, with reported changes in steps per day (steps/d) or
glycosylated hemoglobin A1c (HbA1c), or both. Data were independently collected by 2 authors and overall
estimates were made by a random-effects model.
Results: Of the 551 articles retrieved, 11 RCTs were included. Step counter use significantly increased PA by 1,822
steps/d (7 studies, 861 participants; 95% confidence interval (CI): 751 to 2,894 steps/d) in patients with T2D. Step
counter use with a PA goal showed a bigger increase in PA (weighted mean difference (WMD) 3,200 steps/d, 95%
CI: 2,053 to 4,347 steps/d) than without (WMD 598 steps/d, 95% CI: −65 to 1,260 steps/d). Further subgroup analysis
suggested step counter use with a self-set PA goal (WMD 2,816 steps/d, 95% CI: 1,288 to 4,344 steps/d) made no
difference in increasing PA from a 10,000 steps/d goal (WMD 3,820 steps/d, 95% CI: 2,702 to 4,938 steps/d).
However, no significant HbA1c change was observed by step counter use (10 studies, 1,423 participants; WMD
0.02%, 95% CI: −0.08% to 0.13%), either with (WMD 0.04%, 95% CI: −0.21% to 0.30%) or without a PA goal
(WMD 0.01%, 95% CI: −0.10% to 0.13%).
Conclusions: Step counter use is associated with a significant increase in PA in patients with T2D. However,
evidence regarding its effect in improving glycemic control remains insufficient.
Trial registration: PROSPERO CRD42013005236
Keywords: Step counter, Type 2 diabetes, Physical activity, Glycemic control, Meta-analysis, Randomized
controlled trial

Background
Physical activity (PA) is a cornerstone of type 2 diabetes
(T2D) management [1]. Increased PA is strongly associated with improvement in insulin sensitivity, glycemic
control, weight reduction, and related microvascular and
macrovascular complications among T2D [2-6]. However, most patients with T2D do not become regularly
active or get adequate PA [7,8], with poor self-efficacy,
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lack of motivation and surveillance as the main contributing factors [9,10].
Lifestyle interventions to change behavior and promote
self-efficacy have been very successful in increasing PA
[11-13] and improving health outcomes [11,14,15]. As one
of the intervention strategies, the step counter (for example,
pedometer or accelerometer) has become popular [15]; it is
smart, inexpensive and mainly designed to count the number of steps walked daily. The systematic review by Bravata
et al. [16] pointed out the effectiveness of step counter use
in increasing PA and the importance of a PA goal; however,
analysis was carried out not only on the general population,
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but also on those with arthritis, obesity or diabetes.
Their conclusion on the benefit of step counter use in
increasing PA in patients with T2D is less robust. Moreover,
the contradictory findings in other studies [17,18] raise concerns about its effectiveness as a motivating and monitoring
tool in promoting PA in T2D patients. The joint position
statement from the American College of Sports Medicine
and the American Diabetes Association (2010) recommends
patients with T2D to walk more often with a goal in mind
(for example, 10,000 steps per day (steps/d)) [1]. The
evidence for this recommendation is drawn largely from
Bravata et al. [16]. It remains questionable whether this
encouragement correlates with a significant improvement
in PA in patients with T2D.
Well-documented evidence suggests that step counter
use decreases blood pressure, lipid profiles and improves
the quality of life in patients with T2D [19]; while studies
on step counter use for improving glycemic control in patients with T2D give conflicting results [15,19]. Although
Bravata et al. [16] argued that step counter use was not
associated with a decreased fasting serum glucose concentration, its association with chronic glycemic control, as
assessed by glycosylated hemoglobin A1c (HbA1c), remains
unknown, which is considered to be the mainstay of
T2D management.
Thus, it is of great interest to conduct a meta-analysis
of RCTs to evaluate the association of step counter use
with PA as measured by steps/d, and glycemic control as
represented by HbA1c; and to determine the association
between PA goal-setting and improvement in PA and
glycemic control in patients with T2D.

Methods
Data sources and search strategies

The following electronic databases were searched from
January 1994 to June 2013: PubMed, Web of Science and
Cochrane Library. In consultation with a medical research
librarian, the MeSH term “diabetes mellitus” and text words
“pedomet*”, “acceleromet*” or “step counter” were combined for search in PubMed, a search strategy that was
adapted for other databases (see Additional file 1). The
related references of all included articles were collected
and hand-searched to make sure no suitable and relevant studies were missed. This meta-analysis is reported with reference to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement [20], and adhered to a registered protocol
(PROSPERO CRD42013005236; see Additional file 2).
Study selection

Inclusion criteria were defined according to the “PICOS”
Principle: participants, interventions, comparisons, outcomes and study design. Participants were outpatients who
had T2D. Inpatient diabetes, type 1 diabetes, gestational
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diabetes and pre-diabetes, such as impaired glucose tolerance and fasting glucose, were excluded. Interventions that
used step counters as motivating and monitoring tools for
increasing PA were included, while those used for monitoring walking speed (for example, steps per minute) or
solely for assessing the effects of a lifestyle program on PA
were excluded. Interventions were compared to a control
arm given the usual care intervention or with step counters
used only for counting steps.
RCTs in the English language were eligible for inclusion, if they had included more than 5 participants,
and reported changes in steps/d or HbA1c, or both
(the primary outcome). Studies were excluded if the
data of interest were insufficient or could not be obtained
from the authors. Since HbA1c reflects the average blood
glucose concentration during the previous 8 to 12 weeks,
analyses were limited to step counter use lasting for at
least 8 weeks [21].
Data extraction and quality assessment

Preliminary selection was based on titles and abstracts
of retrieved articles. Abstracts without adequate information for inclusion or exclusion criteria were retrieved for
full-text evaluation. Two authors (SHQ and XC) selected
and independently assessed the studies. Discrepancies were
resolved by discussion or consensus.
For each of the relevant articles, extracted data included
details of the study population (age and sample size), intervention characteristics (intervention duration, whether a
diary was used and a PA goal was set), outcome variables
(steps/d or HbA1c, or both), adherence to step counter
use and dropout rates. Data extraction was conducted
by XC and checked by XC for accuracy or missing information. Quality was assessed independently by 2 authors
(SHQ and XC) using the Cochrane Collaboration’s ‘Risk
of Bias’ Tool [22], which includes random sequence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data and selective reporting. Each item was judged
as low, unclear or high risk of bias, according to criteria in
the Cochrane Handbook (see Additional file 3) [23].
Data synthesis and analysis

For trials that reported the standard error (SE) of a mean,
the standard deviation (SD) was obtained by multiplying
by the square root of the sample size from the appropriate
arm. If the 95% confidence interval (CI) was shown instead
of an SD, the SD was calculated by dividing the length of
the CI by 3.92, and multiplying by the square-root of the
sample size (n), provided that n was more than 60. For
some trials that compared multiple step counter interventions with a single control group, an approach was applied
that combined the multiple intervention arms into a single
one to overcome the unit-of-analysis error. If trials had an
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outcome at 2 time-points, the shorter-term follow-up data
were used in the primary analyses. Both final values and
change scores from baseline of steps/d and HbA1c were
entered in the same meta-analysis, as suggested in the
Cochrane Handbook for Systematic Reviews [23]. Data
from intention-to-treat (ITT) or per-protocol analyses
were entered when available in included studies.
The analyses used Stata Software (Version 11.0, College
Station, TX, USA). Summary estimates were analyzed
with a random-effects model, which coincides with a
fixed-effects model when no heterogeneity is presented
[23]. The Cochran Q test was used to assess heterogeneity
among the studies, with a threshold P-value of 0.1 being
considered statistically significant. The degree of inconsistency among trials was estimated by the I2 statistic,
where an I2 value greater than 50% was considered substantially heterogenic. Heterogeneity was explored using
3 strategies: first, sensitivity analyses were conducted by
removing each study individually to check whether it
could explain heterogeneity; second, univariate metaregression analyses helped to assess whether the clinical
or methodological variables influenced the outcome estimates; and third, subgroup analyses were performed based
on meta-regression analyses and pre-specified relevant
study characteristics. Publication bias was detected and
assessed by Begg's test and Egger's test.

Results
Study characteristics

The databases yielded 551 potentially relevant articles.
After careful screening for inclusion and exclusion, 11
RCTs met all the criteria for inclusion in the metaanalysis (Figure 1). Of these, 7 trials reported data of
steps/d and 10 trials gave results for HbA1c. Of the trials
measuring PA, 3 used the Yamax DigiWalker SW200
pedometer (Yamax Corpo, Tokyo, Japan) [24-26], 1 used
the Omron HJ-720ITC pedometer (Omron Healthcare, Inc.;
Bannockburn, Illinois, America) [27], with the remaining 3
not giving details [28-30]. Of the trials measuring HbA1c,
1 used the Adams procedure [24], 2 used the DCA 2000
(details not provided) [27,31], 1 used the Tosoh A1c 2.2
Plus Glycohemoglobin Analyzer (Tosoh Medics, Inc.;
Foster City, California, America) [26], and the others
were unknown [18,25,29,30,32,33]. All 11 trials had
been carried out in developed countries: 3 in Belgium, 2
in Britain, 1 in Norway, 2 in America, 1 in Canada and
2 in Australia. The characteristics of these citations are
summarized in Table 1.
Four RCTs gave data on adherence to the step counter
intervention, with all adherence rates more than 75%.
Dropout rates were less than 16% in all but 4 of the 11
studies (Table 1). No major adverse effects related to
step counter use, such as musculoskeletal injury, shin
soreness or hypoglycemia, were reported. A minor adverse
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condition was poor health that was not associated with
the intervention [30].
Among the 11 included studies, 54.5% (6/11) provided
adequate random sequence generation, with 2 trials using a
computer generator [24,32], 2 using blocked randomization
[27,30], 1 using stratified (gender and age) randomization
[25], and 1 using numbered sealed envelopes [29]; 54.5%
(6/11) reported proper allocation concealment, with 4
trials using sealed envelopes [24,25,27,29] and 2 using
central allocation [30,32]. All studies had blinded assessment of outcomes, and described losses to follow-up
and exclusions; 45.5% (5/11) carried out ITT analyses
[24,25,28,29,32], whereas 54.5% (6/11) used per-protocol
analyses [18,26,27,30,31,33]. The risk of bias assessment
for each study is listed in Table 2.
Effect on PA

Seven studies (861 participants) comparing step counter
use (504 participants) versus control (357 participants)
showed that step counter use was associated with a
significant increase in PA by 1,822 steps/d (95% CI: 751 to
2,894 steps/d; Figure 2). However, the result was statistically
heterogeneous (P <0.001, I2 = 85.9%).
In meta-regression analyses, PA-goal setting partially
explained the heterogeneity between these studies, whereas
sample size, intervention duration, diary use and study
quality could not (see Additional file 4). Subgroup analyses suggested step counter use along with a PA goal
(4 studies, 147 participants) significantly increased PA by
3,200 steps/d (95% CI: 2,053 to 4,347 steps/d; P for heterogeneity = 0.170, I2 = 40.3%) compared with the control. Step
counter use without a PA goal (3 studies, 357 participants)
did not significantly increase the PA (weighted mean
difference (WMD) 598 steps/d, 95% CI: −65 to 1,260
steps/d; P for heterogeneity = 0.067, I2 = 63.1%) compared
with the control (Figure 2). Further subgroup analysis
found no significant difference (P = 0.300) between step
counter use with a 10,000 steps/d goal (WMD 3,820
steps/d, 95% CI: 2,702 to 4,938 steps/d) or a self-set PA goal
(WMD 2,816 steps/d, 95% CI: 1,288 to 4,344 steps/d). Step
diary use was also associated with a significant increase in
PA (WMD 2,186 steps/d, 95% CI: 962 to 3,411 steps/d);
whereas without diary, there was no significant increase
(WMD 115 steps/d, 95% CI: −721 to 951 steps/d). When
studies were individually removed from this meta-analysis,
heterogeneity and WMDs remained unchanged.
No evidence of significant publication bias in the analysis
of step counter use was detected by Begg's test (P = 0.368)
or Egger's test (P = 0.147).
Effect on glycemic control

Ten studies (1,423 participants) were included in the
meta-analysis. The overall, pooled data suggested a
non-significant association between step counter use and
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Potentially relevant articles identified ( n = 551):
PubMed (n = 151), Web of Science (n = 332),
Cochrane Library (n = 68)
Exclude duplicted articles (n = 198)
Remained articles after excludng duplicates ( n = 353)
Exclude articles on review of title and abstract
(n = 299)
Full-text articles screened for eligibility (n = 54)
Number of additional articles by hand-searching
(n = 0)
Full-text articles assessed for eligibility (n = 54)
Exclude articles on review of full text (n = 43)
Not randomized controlled trials (n = 11)
Poster or author reply (n = 7)
No available data (n = 4)
Step counter not used for motivation (n = 16)
Not type 2 diabetes ( n = 2)
Others ( n = 3)
Articles included in the meta-analysis (n = 11)
Figure 1 Flow diagram of articles identified.

HbA1c change (WMD 0.02%, 95% CI: −0.08% to 0.13%)
compared with the control (Figure 3). No statistical significant heterogeneity was found among the studies (P = 0.589,
I2 <1%). Neither step counter use with a PA goal (5 studies,
133 participants) nor without (5 studies, 646 participants)
was associated with any significant improvement in HbA1c
(WMD 0.04%, 95% CI: −0.21% to 0.30% and WMD 0.01%,
95% CI: −0.10% to 0.13%, respectively) compared with
the control (Figure 3). When each study was removed
individually from the meta-analysis to evaluate possible
individual effects on the summary estimates, heterogeneity
and WMDs remained unchanged.
Minor publication bias with under-representation of
articles reporting negative effect in HbA1c was noted,
as indicated by Begg's test (P = 0.107) and Egger's test
(P = 0.144).

Discussion
Summary of the main findings

The results of the meta-analyses show that in patients
with T2D, step counter use is associated with a significant
increase in PA - a magnitude of 1,822 steps/d. The
meta-analyses also show that with a PA goal, step counter
use is associated with greater benefit in increasing PA

(WMD 3,200 steps/d, 95% CI: 2,053 to 4,347 steps/d)
than without it (WMD 598 steps/d, 95% CI: −65 to
1,260 steps/d), indicating that the use of a PA goal is
an important predictor of increased PA. Additionally,
step counter use with a self-set PA goal makes no difference in increasing PA from a 10,000 step/d goal. However,
the analyses do not reveal a conclusive glycemic control
benefit of step counter use in T2D patients, regardless of a
PA goal or not.
Interpretation

In accordance with our main results, Bravata et al. [16]
noted that step counter use was associated with a significant
increase of 2,491 steps/d (95% CI: 1,098 to 3,885 steps/d),
and setting a steps/d goal (for example, 10,000 steps/d) was
an important predictor of increased PA. However, it sounds
impractical to recommend patients with T2D to take 10,000
steps/d in the initial period, since the descriptive metaanalysis by Bohannon [34] showed the number of
pedometer-assessed steps taken per day by adults aged
65 years or older was much lower than 10,000, and the fact
that diabetic patients always show impaired tolerance of PA
[35,36]. Considering that 10,000 steps/d goal made no
difference from a self-set goal in increasing PA according
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Table 1 Characteristics of the studies included in the meta-analyses
Source

Age mean
(SD), ya

Intervention and control description

De Greef et al.
2011-1b [24]

68.3 (8.2)

Intervention: a pedometer-based PA program: received Diary use;
Self-set goal
a pedometer, set personal goal, instructed to increase
self-efficacy and received physical advice.

66.0 (11.1)

Control: received usual care

61.3 (6.3)

Intervention: a cognitive-behavioral program: received
a pedometer; instructed to increase self-efficacy and set
new goals; motivated to achieve.

De Greef et al.
2010 [25]

61.3 (6.9)
Tudor-Locke
52.8 (5.7)
et al. 2004 [26]

Piette et al.
2011e [27]

De Greef et al.
2011-2 [28]

Co-intervention Duration, mo Adherence,% Dropouts,%
3

Not stated

8.3
Diary use;
Self-set goal

3

75

10

Diary use;
Self-set goal

4

75

20

Control: received usual care
Intervention: a First Step program: received a
pedometer, instructed for self-monitoring and
goal-setting, and received postcards for thanks.

52.5 (4.8)

Control: only received postcards for thanks

55.1 ( 9.4)

Intervention: received a telephone-delivered cognitive
behavioral therapy, including a pedometer-based PA
program, and instructed to progress toward cognitive
behavioral therapy goals.

56.0 (10.9)

Control: received an enhanced usual care

62 (9) (total) Intervention: a pedometer-based behavioral
modification program with telephone support:
received a pedometer, and seven calls for
goal-setting, self-monitoring and instructed to
increase self-efficacy.

9.5

23.3
Diary use

9

Not stated

62.1 (10.2)

Intervention: received a pedometer, a 12-week walking
plan and strategies to increase self-efficacy, given
physical consultation and follow-up phone calls.

59.2 (10.4)

Control: received standard care and follow-up
phone calls

Plotnikoff et al. 61.8 (11.8)
2013d, e [30]

Engel et al.
2006 [31]

Bjørgaas et al.
2008 [18]

Andrews et al.
2011e [32]

Diedrich et al.
2010e [33]

Intervention: received a pedometer, PA guidelines
and stage-based, print materials for behavior change.

61.0 (11.7)

Control: received standard PA education materials

60.5 (7.34)

Intervention: received a pedometer and coaching
(which included education, behavior-change strategies
and support), instructed to increase self-efficacy, and
set steps/d goals.

64 (6.76)

Control: received coaching only, instructed to increase
self-efficacy, and set goals on time spent walking per day

56.4 (11.0)

Intervention: received a pedometer, encouraged to
increase steps/d and set goals for increasing PA.

61.2 (9.7)

Control: encouraged to increase the average daily
time on walking and set goals

60.0 (9.7)

Intervention: received intensive diet intervention, a
pedometer, and motivating literature; instructed to
walk more for five weeks, and then maintain.

60.1 (10.2)

Control: received intensive diet intervention

56.7 (13.6)

Intervention: attended DSMEP, and received a
pedometer, a book of Manpo-kei
(mainly for motivation).

54.9 (9.8)

Control: attended DSMEP

15.7

12.6
Diary use;
10,000 steps/d

3

Not stated

Control: received usual care
Kirk et al.
2009c, e [29]

2.3

3.3

6.3
No diary or
goal use

6

Not stated

9.1

8.6
Diary use

12

80

24.9
10.6

Diary use; 3,500 3
to 5,500 steps/d

Not stated

12 (total)

Diary use;
Increase steps/d

Not stated

28

6

32.4
Diary use

6

90

1.2

0.4
No diary or
goal use

3

Not stated

DSMEP, Diabetes Self-Management Education Program; PA, physical activity; steps/d, steps per day; SD, standard deviation; mo, month.
a
In studies with 2 interventions, age data represent combined mean (SD) of each intervention group.
b
Two intervention group differed in delivery strategy (one was by individual consultation, the other one was by group counseling).
c
Two intervention group differed in delivery strategy (one was by person, the other one was in written form).
d
Two intervention group differed in telephone counselling (one was with, the other one was not).
e
Goals were not specified in those studies.

38 (total)
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Table 2 Bias assessment of each study
Author, year

Random sequence Allocation
Blinding of participants Blinding of outcome Incomplete outcome Selective
generation
concealment and personnel
assessment
data addressed
reporting

De Greef et al. 2011-1 [24]

Low

Low

Low

Low

Low

Low

De Greef et al. 2010 [25]

Low

Low

Low

Low

Low

Low

Unclear

Low

Low

High

Low

Tudor-Locke et al. 2004 [26] Unclear
Piette et al. 2011 [27]

Low

Low

Low

Low

High

Low

De Greef et al. 2011-2 [28]

Unclear

Unclear

Low

Low

Low

Low

Kirk et al. 2009 [29]

Low

Low

Low

Low

Low

Low

Plotnikoff et al. 2013 [30]

Low

Low

Low

Low

High

Low

Engel et al. 2006 [31]

Unclear

Unclear

Low

Low

High

Low

Bjørgaas et al. 2008 [18]

Unclear

Unclear

Low

Low

High

Low

Andrews et al. 2011 [32]

Low

Low

Low

Low

Low

Low

Diedrich et al. 2010 [33]

Unclear

Unclear

Low

Low

High

Low

Summary assessments of the risk of bias for each RCT within studies:
Low risk of bias, low risk of bias for all key domains; unclear risk of bias, unclear risk of bias for one or more key domains; high risk of bias, high risk of bias for
one or more key domains.

to our meta-analyses, it is wise and reasonable of patients with T2D to initially set their own steps/d goals,
and gradually increase to a recommended higher level
(for example, 10,000 steps/d) [1,37]. This study also showed
that step diary use was another key motivational factor for
increasing PA, which corresponds with the Bravata et al.
review [16] and an observational study [38].

A cross-sectional study indicated that each SD increment
in steps/d (2,609) is associated with a 0.21% lower HbA1c,
after adjusting some anthropometric parameters in patients
with T2D [39]. Another randomized and stratified study indicated that step counter use increased daily walking, and
improved glycemic control by decreasing HbA1c 0.26% in
elderly patients with T2D [40]. However, this meta-analysis

Sample size
Source

Intervention

Control

WMD (95% CI)

%, Weight

De Greef et al. 2011-2

60

32

3,820 (2,702, 4,938)

15.61

De Greef et al. 2010

20

21

4,063 (1,314, 6,812)

8.40

De Greef et al. 2011-1

43

24

1,598 (-100, 3,296)

12.77

Tudor-Locke et al. 2004

24

23

3,501 (1,436, 5,566)

11.07

3,200 (2,053, 4,347)

47.86

With a PA goal

Subgroup estimates (P < 0.001)
Without a PA goal
Kirk et al. 2009

82

33

115 (-721, 951)

16.87

Piette et al. 2011

145

146

1,185 (596, 1,774)

17.80

Plotniko et al. 2013

130

78

359 (-325, 1,043)

17.47

Subgroup estimates (P = 0.077)

598 (-65, 1,260)

52.14

Overall estimates (P = 0.001)

1,822 (751, 2,894)

100,00
-3,500

Favors Control

0

3,500

7,000

Favors Intervention

Figure 2 Forest plot of RCTs investigating step counter use in PA (steps/d) in T2D patients. The sample size represents the number of
participants completing the trials. Summary estimates were analyzed with a random-effects model. CI, confidence interval; PA, physical activity;
RCTs, randomized controlled trials; steps/d, steps per day; T2D, type 2 diabetes; WMD, weighted mean difference.
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Sample size
Intervention Control

WMD (95% CI)

%, Weight

-0.60 (-1.34, 0.14)
-0.01 (-0.44, 0.42)
0.00 (-1.03, 1.03)
0.08 (-0.55. 0.71)
0.27 (-0.11, 0.65)

1.99
5.71
1.02
2.74
7.63

0.04 (-0.21, 0.30)

19.08

0.03 (-0.15, 0.21)
-0.30 (-0.87, 0.27)
0.00 (-0.40, 0.40)
0.07 (-0.11, 0.25)
-0.30 (-0.82, 0.22)

32.61
3.32
6.63
34.41
3.94

Subgroup estimates (P = 0.800)

0.01 (-0.10, 0.13)

80.92

Overall estimates (P = 0.673)

0.02 (-0.08, 0.13)

100,00

With a PA goal
De Greef et al. 2010
De Greef et al. 2011-1
Tudor-Locke et al. 2004
Bjørgaas et al. 2008
Engel et al. 2006

20
43
24
22
24

21
24
23
24
30

Subgroup estimates (P = 0.742 )
Without a PA goal
Andrews et al. 2011
Kirk et al. 2009
Piette et al. 2011
Plotniko et al. 2013
Diedrich et al. 2010

246
98
145
141
16

248
34
145
79
16

-1

-0.5

Favors Intervention

0

0.5

1

Favors Control

Figure 3 Forest plot of RCTs investigating step counter use in HbA1c (%) in T2D patients. The sample size represents the number of
participants completing the trials. Summary estimates were analyzed with a random-effects model. CI, confidence interval; HbA1c, glycosylated
hemoglobin A1c; PA, physical activity; RCTs, randomized controlled trials; T2D, type 2 diabetes; WMD, weighted mean difference.

gave no strong or conclusive evidence to suggest that step
counter use could improve glycemic control. There are a
number of possible explanations. First, and probably the
most important, the baseline HbA1c levels in the included
patients with T2D were relatively well controlled (their
mean baseline concentrations of HbA1c ranged from 6.64%
to 8.0%). To some extent, step counter use can be adopted
as an effective strategy for maintaining glycemic control.
Second, information on anti-diabetic drug treatment (for
example, insulin or sulphonylurea) and dietary intake following step counter intervention was in general poorly recorded, except one study that gave full details on diet [32].
The studies that were included therefore failed to clarify
whether the lack of glycemic benefit of step counter use
could be attributed to changes in drug dosage or diet. Finally, since the exercise intensity predicted post-intervention
HbA1c change to a larger extent than exercise volume in
patients with T2D [41], inadequate reporting of walking intensity made it difficult to assess the effectiveness of step
counter use in improving glycemic control.
Strengths and limitations

The strength of this study includes large sample sizes
and well-designed RCTs, and is to date the most

comprehensive meta-analysis to assess the effectiveness
of step counter use in patients with T2D. However, there
are several limitations: first, although not indicated by
the formal statistical analysis, possibilities remain of
publication bias considering that only studies published
in the English language were included and 3 electronic
databases were searched. Second, high heterogeneity
seen in the studies in PA was identified in the metaanalyses and it could not be fully explained by a single
related factor. The relatively small number of studies
may have contributed to the heterogeneity. Furthermore,
high risk of bias due to incomplete outcome data treated
with per-protocol analyses could contribute to this heterogeneity. Therefore, better designed RCTs with guidelines for reporting data are urgently needed [42]. Third,
the step counters used to measure the steps/d were different or not specified, and the method for determining
HbA1c concentration was largely unknown. These could
increase the risk of clinical heterogeneity. Fourth, since
step counter intervention in all studies was combined
with more than one component (for example, step goal,
phone call or consultation), it is difficult to clarify the independent contribution of each component. Fifth, this
study is limited to the use of HbA1c to analyze glycemic
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control, as glycemic excursion (variability) is another important marker [43]; however, none of these included trials was examined. Future research should also focus on
the glycemic excursion, with regard to glycemic control,
when using step counters in patients with T2D. Finally,
this study failed to assess the association between step
counter use and other cardiometabolic risk factors, such
as blood pressure, lipids and lipoproteins.

Conclusions
In conclusion, step counter use leads to a significant
increase in PA in patients with T2D, which is comparable
to that given in the previous report [16]. The use of a PA
goal is an important predictor of increased PA, and it seems
initially better to use a self-set PA goal. However, evidence
regarding the effect of step counter use in improving glycemic control remains insufficient in this meta-analysis.
More research with better detailed PA goals, and focusing
more on medication use, walking intensity and glycemic
excursion, is warranted.
Additional files
Additional file 1: Search strategies.
Additional file 2: A registered protocol (PROSPERO CRD42013005236).
Additional file 3: Criteria for judging risk of bias of each item using
the ‘Risk of bias’ assessment tool.
Additional file 4: Univariate meta-regression analyses in PA by
different covariates in patients with T2D.

Abbreviations
CI: Confidence interval; DSMEP: Diabetes Self-Management Education
Program; HbA1c: Glycosylated hemoglobin A1c; ITT: Intention-to-treat;
mo: month; PA: Physical activity; PRISMA: Preferred reporting items for
systematic reviews and meta-analyses; RCT: Randomized controlled trial;
SD: Standard deviation; SE: Standard error; steps/d: Steps per day; T2D: Type 2 diabetes;
WMD: Weighted mean difference.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SHQ and XC carried out the study, participated in the data collection and
analysis, and drafted the manuscript. XC participated in the data collection
and data check. SHQ and ZLS conceived of the study, and ZLS helped to
draft the manuscript. BQY helped to improve the English language and
gave suggestions to this manuscript. All authors approved the final version
of the manuscript.
Acknowledgements
We gratefully acknowledge the assistance of Dr. Jing Lu with copy-editing
the manuscript. This study was partly supported by the Key Program of
Jiangsu Natural Science Foundation (BK2010087). The funders had no role
in the study design, data collection and analysis, decision to publish, or
preparation of the manuscript.
Author details
1
Department of Endocrinology, Zhongda Hospital, Institute of Diabetes,
Medical School, Southeast University, Nanjing, P.R. China. 2Department of
Medicine II, Section of Sports Medicine and Rehabilitation, Ulm University,
D-89075 Ulm, Germany.

Page 8 of 9

Received: 28 October 2013 Accepted: 28 January 2014
Published: 27 February 2014
References
1. Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR,
Chasan-Taber L, Albright AL, Braun B, American College of Sports Medicine;
American Diabetes Association: Exercise and type 2 diabetes: the American
College of Sports Medicine and the American Diabetes Association: joint
position statement. Med Sci Sports Exerc 2010, 42:2282–2303.
2. Houmard JA, Tanner CJ, Slentz CA, Duscha BD, McCartney JS, Kraus WE:
Effect of the volume and intensity of exercise training on insulin
sensitivity. J Appl Physiol 2004, 96:101–106.
3. Snowling NJ, Hopkins WG: Effects of different modes of exercise training
on glucose control and risk factors for complications in type 2 diabetic
patients: a meta-analysis. Diabetes Care 2006, 29:2518–2527.
4. Richardson CR, Newton TL, Abraham JJ, Sen A, Jimbo M, Swartz AM:
A meta-analysis of pedometer-based walking interventions and weight
loss. Ann Fam Med 2008, 6:69–77.
5. McAuley PA, Myers JN, Abella JP, Tan SY, Froelicher VF: Exercise capacity
and body mass as predictors of mortality among male veterans with
type 2 diabetes. Diabetes Care 2007, 30:1539–1543.
6. Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN: Low cardiorespiratory
fitness and physical inactivity as predictors of mortality in men with type 2
diabetes. Ann Intern Med 2000, 132:605–611.
7. Zhao G, Ford ES, Li C, Balluz LS: Physical activity in U.S. older adults with
diabetes mellitus: prevalence and correlates of meeting physical activity
recommendations. J Am Geriatr Soc 2011, 59:132–137.
8. Morrato EH, Hill JO, Wyatt HR, Ghushchyan V, Sullivan PW: Physical activity
in U.S. adults with diabetes and at risk for developing diabetes, 2003.
Diabetes Care 2007, 30:203–209.
9. Korkiakangas EE, Alahuhta MA, Laitinen JH: Barriers to regular exercise
among adults at high risk or diagnosed with type 2 diabetes:
a systematic review. Health Promot Int 2009, 24:416–427.
10. Wanko NS, Brazier CW, Young-Rogers D, Dunbar VG, Boyd B, George CD,
Rhee MK, el-Kebbi IM, Cook CB: Exercise preferences and barriers in urban
African Americans with type 2 diabetes. Diabetes Educ 2004, 30:502–513.
11. Allen NA, Fain JA, Braun B, Chipkin SR: Continuous glucose monitoring
counseling improves physical activity behaviors of individuals with type
2 diabetes: a randomized clinical trial. Diabetes Res Clin Pract 2008,
80:371–379.
12. Hobbs N, Godfrey A, Lara J, Errington L, Meyer TD, Rochester L, White M,
Mathers JC, Sniehotta FF: Are behavioral interventions effective in
increasing physical activity at 12 to 36 months in adults aged 55 to
70 years? A systematic review and meta-analysis. BMC Med 2013, 11:75.
13. McKay HG, King D, Eakin EG, Seeley JR, Glasgow RE: The diabetes network
internet-based physical activity intervention: a randomized pilot study.
Diabetes Care 2001, 24:1328–1334.
14. Davis JN, Gyllenhammer LE, Vanni AA, Meija M, Tung A, Schroeder ET,
Spruijt-Metz D, Goran MI: Startup circuit training program reduces metabolic
risk in latino adolescents. Med Sci Sports Exerc 2011, 43:2195–2203.
15. Van Dyck D, De Greef K, Deforche B, Ruige J, Bouckaert J, Tudor-Locke CE,
Kaufman JM, De Bourdeaudhuij I: The relationship between changes in
steps/day and health outcomes after a pedometer-based physical
activity intervention with telephone support in type 2 diabetes patients.
Health Educ Res 2013, 28:539–545.
16. Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, Lewis R,
Stave CD, Olkin I, Sirard JR: Using pedometers to increase physical activity
and improve health: a systematic review. JAMA 2007, 298:2296–2304.
17. Tubili C, Di Flaviani A, Morviducci L, Nardone R, Altieri N: Pedometer use is
beneficial for type 2 diabetes mellitus patients if included in educational
programs. Metabolism 2010, 59:E1–E2.
18. Bjorgaas MR, Vik JT, Stolen T, Lydersen S, Grill V: Regular use of pedometer
does not enhance beneficial outcomes in a physical activity intervention
study in type 2 diabetes mellitus. Metabolism 2008, 57:605–611.
19. Shenoy S, Guglani R, Sandhu JS: Effectiveness of an aerobic walking
program using heart rate monitor and pedometer on the parameters of
diabetes control in Asian Indians with type 2 diabetes. Prim Care Diabetes
2010, 4:41–45.
20. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group: Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med 2009, 151:264–269.

Qiu et al. BMC Medicine 2014, 12:36
http://www.biomedcentral.com/1741-7015/12/36

21. Tahara Y, Shima K: Kinetics of Hba(1c), Glycated Albumin, and
Fructosamine and Analysis of Their Weight-Functions against Preceding
Plasma-Glucose Level. Diabetes Care 1995, 18:440–447.
22. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, Savovic J,
Schulz KF, Weeks L, Sterne JA, Cochrane Bias Methods Group; Cochrane
Statistical Methods Group: The Cochrane Collaboration's tool for assessing
risk of bias in randomised trials. BMJ 2011, 343:d5928.
23. Cochrane handbook for systematic reviews of interventions version 5.1.0.
[updated March 2011] [http://handbook.cochrane.org/]
24. De Greef K, Deforche B, Tudor-Locke C, De Bourdeaudhuij I: Increasing
physical activity in Belgian type 2 diabetes patients: a three-arm
randomized controlled trial. Int J Behav Med 2011, 18:188–198.
25. De Greef K, Deforche B, Tudor-Locke C, De Bourdeaudhuij I: A cognitivebehavioural pedometer-based group intervention on physical activity
and sedentary behaviour in individuals with type 2 diabetes. Health Educ
Res 2010, 25:724–736.
26. Tudor-Locke C, Bell RC, Myers AM, Harris SB, Ecclestone NA, Lauzon N,
Rodger NW: Controlled outcome evaluation of the first step program:
a daily physical activity intervention for individuals with type II diabetes.
Int J Obes Relat Metab Disord 2004, 28:113–119.
27. Piette JD, Richardson C, Himle J, Duffy S, Torres T, Vogel M, Barber K,
Valenstein M: A randomized trial of telephonic counseling plus walking
for depressed diabetes patients. Med Care 2011, 49:641–648.
28. De Greef KP, Deforche BI, Ruige JB, Bouckaert JJ, Tudor-Locke CE, Kaufman
JM, De Bourdeaudhuij IM: The effects of a pedometer-based behavioral
modification program with telephone support on physical activity and
sedentary behavior in type 2 diabetes patients. Patient Educ Couns 2011,
84:275–279.
29. Kirk A, Barnett J, Leese G, Mutrie N: A randomized trial investigating the
12-month changes in physical activity and health outcomes following a
physical activity consultation delivered by a person or in written form in
Type 2 diabetes: Time2Act. Diabet Med 2009, 26:293–301.
30. Plotnikoff RC, Karunamuni N, Courneya KS, Sigal RJ, Johnson JA,
Johnson ST: The Alberta Diabetes and Physical Activity Trial (ADAPT):
a randomized trial evaluating theory-based interventions to increase
physical activity in adults with type 2 diabetes. Ann Behav Med 2013,
45:45–56.
31. Engel L, Lindner H: Impact of using a pedometer on time spent walking
in older adults with type 2 diabetes. Diabetes Educ 2006, 32:98–107.
32. Andrews RC, Cooper AR, Montgomery AA, Norcross AJ, Peters TJ, Sharp DJ,
Jackson N, Fitzsimons K, Bright J, Coulman K, England CY, Gorton J,
McLenaghan A, Paxton E, Polet A, Thompson C, Dayan CM: Diet or diet
plus physical activity versus usual care in patients with newly diagnosed
type 2 diabetes: the early ACTID randomised controlled trial. Lancet 2011,
378:129–139.
33. Diedrich A, Munroe DJ, Romano M: Promoting physical activity for
persons with diabetes. Diabetes Educ 2010, 36:132–140.
34. Bohannon RW: Number of pedometer-assessed steps taken per day by
adults: a descriptive meta-analysis. Phys Ther 2007, 87:1642–1650.
35. Weinstock RS, Brooks G, Palmas W, Morin PC, Teresi JA, Eimicke JP, Silver S,
Izquierdo R, Goland R, Shea S: Lessened decline in physical activity and
impairment of older adults with diabetes with telemedicine and
pedometer use: results from the IDEATel study. Age Ageing 2011,
40:98–105.
36. Gusso S, Hofman P, Lalande S, Cutfield W, Robinson E, Baldi JC: Impaired
stroke volume and aerobic capacity in female adolescents with type 1
and type 2 diabetes mellitus. Diabetologia 2008, 51:1317–1320.
37. Tudor-Locke C, Bassett DR: How many steps/day are enough? Preliminary
pedometer indices for public health. Sports Med 2004, 34:1–8.
38. Coffman MJ, Ferguson BL, Steinman L, Talbot LA, Dunbar-Jacob J: A health
education pilot for Latina women with diabetes. Clin Nurs Res 2013,
22:70–81.
39. Manjoo P, Joseph L, Dasgupta K: Abdominal adiposity and daily step
counts as determinants of glycemic control in a cohort of patients with
type 2 diabetes mellitus. Nutr Diabetes 2012, 2:e25.
40. Sung K, Bae S: Effects of a regular walking exercise program on
behavioral and biochemical aspects in elderly people with type II
diabetes. Nurs Health Sci 2012, 14:438–445.
41. Boule NG, Kenny GP, Haddad E, Wells GA, Sigal RJ: Meta-analysis of the
effect of structured exercise training on cardiorespiratory fitness in type
2 diabetes mellitus. Diabetologia 2003, 46:1071–1081.

Page 9 of 9

42. Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF: Improving the
quality of reports of meta-analyses of randomised controlled trials: the
QUOROM statement, Quality of Reporting of Meta-analyses. Lancet 1999,
354:1896–1900.
43. Nalysnyk L, Hernandez-Medina M, Krishnarajah G: Glycaemic variability and
complications in patients with diabetes mellitus: evidence from a
systematic review of the literature. Diabetes Obes Metab 2010, 12:288–298.
doi:10.1186/1741-7015-12-36
Cite this article as: Qiu et al.: Step counter use in type 2 diabetes: a
meta-analysis of randomized controlled trials. BMC Medicine 2014 12:36.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

