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A Meta-Analysis of Pedometer-Based 

Walking Interventions and Weight Loss

ABSTRACT
PURPOSE Cross-sectional studies show that individuals who walk more tend to be 
thinner than those who walk less. This does not mean, however, that the associa-
tion between higher step counts and lower weight is causal or that encouraging 
sedentary individuals to increase step counts helps them lose weight. 

METHODS In this meta-analysis, we searched 6 electronic databases and contacted 
pedometer experts to identify pedometer-based walking studies without a dietary 
intervention that reported weight change as an outcome. We included randomized 
controlled trials and prospective cohort studies published after January 1, 1995, in 
either English or Japanese, with 5 or more adult participants and at least 1 cohort 
enrolled in a pedometer-based walking intervention lasting at least 4 weeks.

RESULTS Nine studies met the study inclusion criteria. Cohort sample size ranged 
from 15 to 106, for a total of 307 participants, 73% of whom were women and 
27% of whom were men. The duration of the intervention ranged from 4 weeks 
to 1 year, with a median duration of 16 weeks. The pooled estimate of mean 
weight change from baseline using a fi xed-effects model and combining data 
from all 9 cohorts was –1.27 kg (95% confi dence interval, –1.85 to –0.70 kg). 
Longer intervention duration was associated with greater weight change. On 
average, participants lost 0.05 kg per week during the interventions.

CONCLUSION Pedometer-based walking programs result in a modest amount of 
weight loss. Longer programs lead to more weight loss than shorter programs. 

Ann Fam Med 2008;6:69-77. DOI: 10.1370/afm.761.

INTRODUCTION

O
besity is increasing in prevalence among adults in the United 

States at an alarming rate.1 The prevalences of type 2 diabetes2,3 

and other obesity-related chronic illnesses are increasing along 

with the prevalence of obesity. Both obesity and type 2 diabetes are pre-

ventable with diet and exercise modifi cations.4 

Cross-sectional observational studies have shown that people who walk 

more tend to be thinner than those who walk less.5-9 In a typical pedom-

eter-based walking intervention, participants are given a pedometer to 

wear every day, all day, as they go about their usual activities. Pedometers 

are small, inexpensive devices about the size of a pager that are worn at 

the waist and that count every step the wearer takes during the day. Par-

ticipants are also given an assigned or negotiated total daily step-count 

goal. Pedometer-based walking programs show promise as an adjunct both 

in dietary weight loss interventions10 and in preventing weight regain after 

substantial weight loss.8,11

Most simple pedometers only provide feedback on total daily steps 

taken; feedback on intensity, duration, or frequency of walking is not 

provided. In contrast to walking programs that use time-based walking 

goals, pedometer-based walking programs make it possible to meet a rela-

tively high step-count goal either by going for 1 long walk or by taking 
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lots of very short walks spread throughout the day. It 

is in part the fl exibility to fi t in walking whenever it is 

convenient for the individual participant that makes 

pedometer-based walking programs popular. At the 

same time, the fl exibility also adds some uncertainty 

with respect to the health benefi ts of pedometer-based 

walking programs. The amount of weight loss that a 

sedentary adult can expect to achieve from these pro-

grams in the absence of dietary modifi cation or other 

nonexercise interventions is not known.

In this meta-analysis, we examined the effects of 

pedometer-based walking interventions on weight loss. 

We included in the analysis studies of walking pro-

grams without dietary intervention that used pedom-

eters as motivational tools and that were conducted 

among overweight or obese, sedentary adults. 

METHODS
Study Design and Primary Outcome 
This study was a meta-analysis with a quantitative syn-

thesis of the literature examining weight loss in over-

weight or obese, sedentary participants in pedometer-

based walking programs. The primary outcome was the 

change in weight calculated as within-participant weight 

loss in a preintervention-postintervention analysis.

Inclusion Criteria
We included in the quantitative synthesis studies that 

met the following criteria:

1. The study was an intervention study using 

pedometers as motivational tools to increase walk-

ing, including step-count goal setting and continuous 

self-monitoring.

2. The study was either a controlled trial (whether 

randomized or not) or a preintervention and postinter-

vention prospective cohort study.

3. The study was published (whether as a complete 

manuscript, a brief report, or an abstract alone), and 

the report had suffi cient detail to confi rm that the 

study met other meta-analysis inclusion criteria. 

4. The study did not include any concurrent 

dietary intervention.

5. Preintervention and postintervention mean 

weights were reported or could be easily calculated for 

the intervention group.

6. The study had at least 5 participants.

7. Participants were adults who were sedentary 

at baseline. 

8. Participants were overweight or obese (study 

average body mass index >25 kg/m2). 

9. The intervention lasted at least 4 weeks.

10. The study was reported in English or Japanese.

11. The study was published after January 1, 1995, 

when accurate and inexpensive pedometers became 

readily available. 

Study Identifi cation 
We used 2 different methods to identify studies to 

include in this meta-analysis. First, 2 of the authors 

(C.R.R., T.L.N.) conducted a systematic search 

of 6 databases for citations related to walking or 

pedometers. The databases searched were CINAHL, 

EMBASE, MEDLINE, PsycINFO, SportDiscus, and 

Web of Science. The search was conducted on July 

8, 2005, using search terms that included “walking,” 

“pedometer,” “step count,” and “sedentary.” An updated 

search was conducted on September 12, 2006, using 

CINAHL, MEDLINE, PsycINFO, SportDiscus, and 

Web of Science; EMBASE was no longer accessible 

from our institution. Once the search was completed, 

1 author (T.L.N.) reviewed abstracts to screen out 

papers that clearly did not meet the inclusion criteria. 

Several authors (T.L.N., C.R.R., J.J.A.) reviewed in 

more detail studies that could not be excluded based 

on the abstract alone or studies without abstracts to 

determine if they met our inclusion criteria.

Additionally, we contacted experts in the pedom-

eter research fi eld to fi nd other studies that might be 

eligible for inclusion. Some of the studies identifi ed by 

the experts that did meet inclusion criteria were pub-

lished after the date of the automated database search.

Quality Assessment
Because our analysis focused on preintervention-post-

intervention weight change, we were able to include 

both controlled and uncontrolled trials. To rate study 

quality, we used a modifi ed version of the Downs 

and Black quality-scoring system.12 Items rated in the 

quality-scoring system included sample size, sample 

selection, outcome assessment quality, rate of dropout, 

quality of the statistical analysis, adjustment for con-

founding, and reporting details. Because blinding is not 

possible in an intervention based on self-monitoring 

and because the analysis was based on preintervention-

postintervention comparisons rather than a comparison 

between randomized groups, we omitted items in the 

quality scale related to randomization and blinding. 

Two raters (C.R.R., J.J.A.) rated all included studies, 

and discrepancies were resolved by consensus. 

Data Analysis
To ascertain within-participant weight change from pre-

intervention assessment to postintervention assessment, 

we either obtained it directly from the study results or 

calculated it by determining the difference between 

reported mean weights before and after the interven-

tion. All weights were converted to kilogram units. All 
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statistics were computed using STATA 9.0 (StataCorp 

LP, College Station, Texas, 2005) and MINITAB 14.0 

(Minitab Inc, State College, Pennsylvania, 2004).

Standard Deviations

To conduct a meta-analysis, one must have a standard 

deviation of the outcome being measured in each study. 

This value allows for calculation of the effect size for 

each study. Many of the included studies did not report 

the standard deviation of the change in weight but 

instead reported the standard deviation for the preinter-

vention and postintervention weights. For those studies 

that reported exact P values for the preintervention-

postintervention comparison, we could easily derive the 

standard deviation of the change in weight. For studies 

without exact P values, or t statistics, we imputed the 

standard deviation of the change using the individual 

preintervention and postintervention standard devia-

tions as well as the within-participant correlation of the 

weight measures, with the formula displayed in Figure 1. 

In using this strategy, we made the assumption that 

the correlation of within-participant preintervention 

and postintervention weights was similar across stud-

ies. This assumption allowed us to estimate effect sizes 

for all of the cohorts included in the analysis. The 

strategy we adopted is similar to that recommended by 

Follmann et al.13 

We used a within-participant correlation of 0.98 for 

studies that had an intervention duration of less than 

3 months (12 weeks) and 0.95 for studies that had an 

intervention duration of 3 to 9 months (12-36 weeks). 

These correlation values were computed exactly for a 

few studies and were assumed to hold for the studies 

that were similar in duration. 

Publication Bias and Heterogeneity

To test for evidence of publication bias, we examined 

a standard funnel plot.14 A funnel plot is simply a scat-

terplot of the measure of interest against the recipro-

cal of the corresponding standard error. Publication 

bias refers to the preferential publication of only those 

studies with signifi cant results. Nonsignifi cant results 

would typically be accompanied by larger variability 

and vice versa. A lack of publication bias would thus 

be indicated by a rough inverted funnel shape of the 

above plot, thereby showing the presence of both sig-

nifi cant and nonsignifi cant results in the data. In addi-

tion to this graphical check for bias, we also used the 

rank-correlation test of Begg and Mazumdar15 and the 

test of Egger et al,16 both of which are formal statistical 

tests of bias that are based on the same consideration 

underlying the funnel plot. 

To test for heterogeneity between studies in the 

analysis, we used the Cochran Q statistic,17 which is 

simply the sum of squared deviations of the study-

specifi c estimates from the overall pooled estimate, 

weighting each study’s contribution in the same man-

ner as in the meta-analysis. P values were obtained by 

comparing the statistic Q with a χ2 distribution with 

k – 1 degrees of freedom, where k is the number of 

studies considered. 

Effect Sizes

Because the Cochran test demonstrated heterogene-

ity, we used a random-effects model to calculate the 

pooled estimate of mean weight change from baseline, 

combining data from all cohorts, and generated a for-

est plot to illustrate both the study-specifi c effect sizes 

(along with an associated 95% confi dence interval) and 

the pooled effect estimate based on this model. The 

weights used in combining estimates equal the recipro-

cal of the sum of 2 variances: (1) the estimated variance 

associated with the study and (2) the estimated com-

ponent of variance due to variation between studies. 

To further test the overall signifi cance based on a more 

general method of combining P values, we calculated 

the Fisher log-likelihood ratio statistic and the associ-

ated P value for the statistic using a χ2 test with twice 

the total number of studies for degrees of freedom.

Meta-Regression Model

We used a mixed-effects meta-regression model to 

assess whether there was any association of study dura-

tion and quality scores with the weight change effect 

size. Both duration of intervention and quality scores 

were entered in the model as fi xed effects, and study 

was considered as a random effect. 

RESULTS
Study Identifi cation
After compiling search results across all databases 

and eliminating duplicates, we found 1,405 articles 

that were published between January 1, 1995, and 

September 12, 2006, that were about pedometers or 

walking. By reviewing the abstracts for these 1,405 

articles to exclude articles that were not intervention 

trials involving pedometer-based walking programs, 

we identifi ed 86 studies for more 

extensive review and inclusion cri-

teria screening. Of these 86 stud-

ies reviewed in detail, 9 met our 

inclusion criteria. 

Figure 1. 

SDchange = √ (SDpre)2 + (SDpost)2 – 2 × corr (pre, post) × SDpre × SDpost
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Study Characteristics and Results
Table 1 gives an overview of each of the 9 studies 

included in the fi nal analysis, with studies listed in 

ascending order according to the average postinterven-

tion step count. Among the 9 cohorts examined, the 

sample size ranged from 15 to 106 participants, for a 

total of 307 participants, 73% of whom were women 

and 27% of whom were men. The duration of the 

intervention ranged from 4 weeks to 1 year, with a 

median duration of 16 weeks. 

 Table 2 shows results of the studies. All but 1 of 

the cohorts examined had a small decrease in weight 

at the end of the intervention. The range of weight 

change for the 9 cohorts was +0.30 to –3.70 kg, with 

an unadjusted mean weight change across the cohorts 

of –1.42 kg. In 5 of the 9 cohorts, the weight change 

was statistically signifi cant comparing postintervention 

with preintervention weight at the P = .05 level. 

Table 1. Published Studies of Pedometer-Based Walking Interventions That Met Inclusion Criteria

Study (Year)

No. of 
Participantsa

(Study Design) Population
Dropout
No. (%)

Weight-Related 
Inclusion Criteria

Baseline BMI 
Mean ± SD

(Range), kg/m2

Engel and Lindner18 
(2006)

22
(RCT)

Sedentary men and women with 
type 2 diabetes with a mean age 
of 60.5 years

2 (8) None 32.7 ± 5.5

Wilson et al19 

(2005)
22

(Cohort)
African American breast cancer 

survivors with a mean age of 
55 years

2 (8) None 32.7 

(25.2-47.2)

Miyatake et al20 
(2002)

31
(Cohort)

Japanese men aged 32 to 59 years Not 
reported

BMI >25 kg/m2 28.6 ± 2.2

Schneider et al21 
(2006)

38
(Cohort)

Sedentary overweight or obese 
but otherwise healthy adults 
aged 30 to 60 years

18 (32) BMI >25 kg/m2 33.5 ± 5.0

Tudor- Locke et al22 
(2004)

24
(RCT)

Overweight or obese, sedentary 
individuals with type 2 diabetes 
and a mean age of 52.7 years

6 (20) None 34.1 ± 6.1

Swartz et al23 

(2003)
18

(Cohort)
Overweight or obese women with 

family history of type 2 diabetes
1 (5) BMI >25 kg/m2 35.0 ± 5.1

Moreau et al24 
(2001)

15
(RCT)

Sedentary, postmenopausal 
women with stage 1 hyperten-
sion and a mean age of 54 years

Not 
reported

None >25b

Hultquist et al25 
(2005)

31
(RCT)

Sedentary, healthy, nonsmoking 
women aged 33 to 55 years

0 (0) BMI <40 kg/m2 30 ± 6.4

Chan et al26 
(2004)

106
(Cohort)

Sedentary workers with a mean 
age of 43 years

71 (40) None 29.5 ± 5.9

BMI = body mass index; RCT = randomized controlled trial.
a Number represents only study completers and, for RCTs, only participants randomized to the pedometer intervention arm of the study. 
b Calculation was based on other data in the report.

Table 2. Step Count and Weight Change Data From Studies That Met Inclusion Criteria

Study (Year)

Step Count Weight, kg

Preintervention Postintervention Change Preintervention Postintervention Change

Engel and Lindner18 (2006) NR 7,296 ± 2,066 NR 91.9 ± 18.4 89.8a –2.1a

Wilson et al19 (2005) 4,791 8,297a 3,506 86.7 85.8 –0.9b

Miyatake et al20 (2002) 7,013 ± 3,077 8,840 ± 4,342 1,827 82.3 ± 7.4 78.6 ± 7.4 –3.7b

Schneider et al21 (2006) 5,123 ± 1,271 9,117 ± 1,697 3,994 98.8 ± 18.6 96.4 ± 17.8 –2.4b

Tudor-Locke et al22 (2004) 5,753a 9,123 ± 4,539 3,370 96.8 ± 23.9 96.1 ± 22.8 –0.7

Swartz et al23 (2003) 4,972 ± 419c 9,213 ± 362c 4,241 94.0 ± 3.6 94.3 ± 3.4c +0.3

Moreau et al24 (2001) 5,400 ± 500c 9,700 ± 400c 4,300 81.1 ± 5.9 79.8 ± 5.8 –1.3b

Hultquist et al25 (2005) 5,603 ± 1,214 10,159 ± 292c 4,556 82.0 ± 3.1c 81.5 ± 3.1c –0.5

Chan et al26 (2004) 7,029 ± 3,100 10,480 ± 3,224 3,451 79.4 ± 17.3 77.9a –1.5a,b

NR = not reported in the study report.

Note: Preintervention and postintervention values are expressed as means or as means ± standard deviations, except as indicated below.
a Calculation was based on other data in the study report.
b Difference between the preintervention and postintervention values was signifi cant at the .05 level.
c Means ± standard errors.
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Publication Bias and Heterogeneity
Results of the 3 tests to look for evidence of publica-

tion bias showed no evidence of such bias. Figure 2  

shows the results of a funnel plot, which showed no 

evidence of publication bias. This 

lack of bias was further confi rmed 

by both the rank-correlation test of 

Begg and Mazumdar15 (P = .75) and 

the test of Egger et al16 (P = .74). 

Although these 3 tests are reassur-

ing, they cannot rule out publica-

tion bias. 

Intervention Effect
The Cochran Q statistic for testing 

heterogeneity was 19.16. Based on 

a χ2 with 8 degrees of freedom, the 

Q value was statistically signifi cant 

at the 5% level (P = .01). We there-

fore chose to use a random-effects 

model for our meta-analysis. The 

pooled estimate of mean weight 

change from baseline using a ran-

dom-effects model and combining 

data from all 9 cohorts was –1.27 kg 

(95% confi dence interval, –1.85 to 

–0.70 kg), with an overall interven-

tion effect (P <.001). Figure 3  shows 

a forest plot of effect sizes and confi dence intervals for 

all 9 cohorts, again based on the random-effects meta-

analysis. The Fisher statistic for the signifi cance of the 

weight change effect was 87.06, with P <.001. 

Intervention
Duration Behavioral Counseling

Goal Setting 
in Pedometer 
Intervention Step-Count Logging and Reporting

6 months Intensive coaching program including 
6 individual sessions and a monthly 
newsletter

Step-count walking goals cho-
sen by the participant

Time spent walking and step counts were 
recorded in a glucose and exercise log

8 weeks Eight 75-minute small group weekly 
sessions based on Health Belief Model

Assigned progressive step goals Walks were scheduled and steps were 
recorded on a scheduler/tracker form and 
reported to study staff weekly

1 year Not reported Increase daily baseline step 
count by 1,000 steps

Not reported

36 weeks Information sessions every other week 
for 2 months, then once a month

Gradually increase daily step 
count to 10,000 steps/day

Steps were recorded daily in an activity log

16 weeks Counseling based on self-effi cacy and 
social support; 4 weekly group meet-
ings and a program manual

Individualized step-count goal 
setting based on exercises in 
the manual

Steps per day were recorded in a calendar log

8 weeks Pedometer and step-count goal 
instructions only

Accumulate 10,000 steps/day Steps and exercise were recorded in an 
activity log

24 weeks Pedometer and step-count goal 
instructions only

Step-count goals gradually 
increased to a target of 3 km 
over baseline

Daily step counts were recorded on log 
sheets that were collected every 2 weeks 

4 weeks Pedometer and step-count goal 
instructions only

10,000 daily steps Step counts were recorded on a pedometer 
with a 7-day memory and collected weekly

12 weeks Counseling based on self-effi cacy and 
social support; 4 weekly group meetings

Individualized goal setting Step-count goals and tracking were logged 
on a Web site

Figure 2. Funnel plot test to test for publication bias. No evidence 
of publication bias was found.
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Meta-Regression 
We found a strong linear association between the 

duration of intervention and the magnitude of weight 

change (β = –0.05, P = .003), with interventions of 

longer duration being associated with greater weight 

change. Weight change was not signifi cantly associated 

with study quality (P = .08).

The scatterplot in Figure 4  shows the strong rela-

tionship between intervention duration and weight 

change. The straight line drawn through the plot is the 

predicted least squares line based on the meta-regres-

sion results with the quality value fi xed at 62.8 (the 

average quality score of the 9 studies). 

DISCUSSION
The average participant in a pedometer-based walking 

program without dietary change can expect to lose a 

modest amount of weight, on the order of 1 kg. Results 

from the 9 cohorts we examined were remarkably 

consistent and did not vary by the population targeted 

or the goal-setting strategies used. These fi ndings are 

consistent with previous research showing that increas-

ing moderate-intensity physical activity tends to result 

in a modest amount of weight loss.27-30

The amount of weight loss attributable to pedom-

eter-based walking programs is small but important 

from a clinical perspective. According to the meta-

regression results, the average participant adhering to 

a pedometer-based walking program can expect to lose 

about 0.05 kg per week. That translates to a weight 

loss of about 1 lb every 10 weeks. Over a year, partici-

pants can expect to lose about 5 lb. Although a 5-lb 

weight loss for an overweight participant may repre-

sent only 2% to 3% of that person’s body weight, if the 

participant continues with the pedometer program and 

if the rate of weight loss is sustained over several years, 

the target of 7% of body weight loss used in the Dia-

betes Prevention Program study4 could be achieved. 

Such modest amounts of weight loss, no mat-

ter how clinically important, may be discouraging to 

participants whose primary motivation for starting a 

walking program is to shed pounds. Unrealistic expec-

tations of dramatic weight loss from such a program 

may result in early dropout. Helping participants set 

realistic and obtainable goals may be an important part 

of helping them stick with a walking program. Addi-

tionally, encouraging participants who are motivated 

by weight loss goals to add a dietary component to 

their walking program may yield more weight loss and 

thus may increase adherence.10,31,32

Average daily step-count increases varied from 

Figure 3. Forest plot of effect sizes and 95% confi dence intervals for all 9 cohorts, 
based on the random effects meta-analysis results.
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slightly less than 2,000 steps per day to more than 

4,000 steps per day across these studies. For the aver-

age person, a 2,000-step walk is approximately equal 

to a 1-mile walk.33 The daily increase in physical 

activity above baseline thus varied across these stud-

ies from an increase of 1 mile to slightly more than 

2 miles of walking. At an average pace of 3 miles per 

hour, that represents an additional 20 to 40 minutes 

of walking a day and is in the range recommended by 

national guidelines.34 This increase in physical activity 

can be expected to result in health benefi ts that are 

independent of weight loss. Increasing physical activity 

reduces the risk of adverse cardiovascular events,31,35-38 

lowers blood pressure,23 and helps dieters maintain 

lean muscle tissue during diet-induced weight loss.39 

Additionally, a pedometer-based walking program can 

improve glucose tolerance in people with impaired glu-

cose tolerance or type 2 diabetes.23,40

Unfortunately, we know very little about the long-

term sustainability of weight loss from pedometer-

based walking programs. More long-term studies of 

such programs are needed to better delineate their 

weight loss outcomes in that time frame. 

There are several important limitations to this 

study. Because the analysis was based on preinterven-

tion-postintervention comparisons rather than on a 

comparison between randomized groups, there are a 

number of potential threats to validity, and the pooled 

estimate of approximately a 1.30-kg weight loss may 

either overestimate or underestimate the effect of the 

pedometer-based walking inter-

vention. Participants who elect 

to join a walking program may 

be particularly motivated to 

change both their diet and exer-

cise habits. Although none of the 

study interventions included in 

the meta-analysis had a dietary 

component, participants may 

have decreased their caloric 

intake on their own; therefore, 

the real cause of the weight loss 

might be dietary change rather 

than increased physical activity. 

To the extent that the weight 

loss observed in this review is 

attributable to participants’ self-

initiated diet changes, we would 

be overestimating the impact of 

the increased energy expendi-

ture due to the pedometer-based 

walking program on weight loss. 

It would not take much of a 

change in dietary intake to cause 

a 1-kg weight loss. Only a study in which meticulous 

records of dietary intake are kept for all participants 

could ensure that the weight loss we observed was 

not due to changes in diet. Evidence supporting the 

theory that walking programs can result in weight loss 

includes the results of 1 study that examined prein-

tervention and postintervention strength and fi tness 

levels.20 This study showed improved cardiorespiratory 

fi tness and leg strength in addition to weight loss, sug-

gesting that the exercise was of suffi cient intensity to 

have a training effect. 

It is more likely, however, that we have under-

estimated the impact of a pedometer-based walking 

program on weight loss. To the extent that individu-

als who did not start a walking program would have 

continued to slowly gain weight rather than maintain 

a stable weight, our weight loss estimate is lower than 

the actual change in weight attributable to the walking 

program. A large randomized controlled trial with a 

no-walking-program control arm for comparison would 

allow us to measure both the decreased weight gain 

and the weight lost from the walking program. The 

fi ndings of a dose-response association with interven-

tions that lasted longer resulting in larger amounts of 

weight loss adds evidence to our conclusion that the 

weight loss detected in this meta-analysis was in fact 

caused by the intervention itself. 

In this study, we pooled the results from 9 cohorts 

of overweight or obese and sedentary individuals, all 

of whom participated in a pedometer-based walking 

Figure 4. Weight change by study intervention duration.
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program. All of the studies included in this meta-anal-

ysis were published since 2001, and most are prelimi-

nary investigations with small numbers of participants. 

As we learn more about pedometer-based walking 

programs and how to study them, both the quality of 

individual studies and the robustness of meta-analytic 

results will improve. 

In conclusion, pedometer-based walking programs 

without a dietary intervention component do result 

in a modest amount of weight loss. Pedometer-based 

walking programs also do increase step counts and 

thus can be expected to confer health benefi ts that are 

associated with both a modest decrease in weight and 

an increase in physical activity. 

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/6/1/69. 

Key words: Pedometer; obesity; overweight; weight loss; physical 
activity; walking; exercise
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