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BACKGROUND: Taking fewer than the widely promoted “10 000 steps per day” has recently been associated with lower risk 
of all-cause mortality. The relationship of steps and cardiovascular disease (CVD) risk remains poorly described. A meta-
analysis examining the dose–response relationship between steps per day and CVD can help inform clinical and public 
health guidelines.

METHODS: Eight prospective studies (20 152 adults [ie, ≥18 years of age]) were included with device-measured steps 
and participants followed for CVD events. Studies quantified steps per day and CVD events were defined as fatal and 
nonfatal coronary heart disease, stroke, and heart failure. Cox proportional hazards regression analyses were completed 
using study-specific quartiles and hazard ratios (HR) and 95% CI were meta-analyzed with inverse-variance–weighted 
random effects models.

RESULTS: The mean age of participants was 63.2±12.4 years and 52% were women. The mean follow-up was 6.2 years 
(123 209 person-years), with a total of 1523 CVD events (12.4 per 1000 participant-years) reported. There was a significant 
difference in the association of steps per day and CVD between older (ie, ≥60 years of age) and younger adults (ie, <60 
years of age). For older adults, the HR for quartile 2 was 0.80 (95% CI, 0.69 to 0.93), 0.62 for quartile 3 (95% CI, 0.52 to 
0.74), and 0.51 for quartile 4 (95% CI, 0.41 to 0.63) compared with the lowest quartile. For younger adults, the HR for quartile 
2 was 0.79 (95% CI, 0.46 to 1.35), 0.90 for quartile 3 (95% CI, 0.64 to 1.25), and 0.95 for quartile 4 (95% CI, 0.61 to 1.48) 
compared with the lowest quartile. Restricted cubic splines demonstrated a nonlinear association whereby more steps were 
associated with decreased risk of CVD among older adults.

CONCLUSIONS: For older adults, taking more daily steps was associated with a progressively decreased risk of CVD. 
Monitoring and promoting steps per day is a simple metric for clinician–patient communication and population health to 
reduce the risk of CVD.
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Greater amounts of physical activity are associated 
with decreased risk of cardiovascular disease 
(CVD), including coronary heart disease, stroke, 

and heart failure.1–3 The 2018 US federal guidelines4 
and the 2019 ACC/AHA Guideline on the Primary Pre-
vention of CVD5 recommend at least 150 minutes of 
moderate-intensity or 75 minutes of vigorous-intensity or 
an equivalent combination of aerobic activity per week. 
Despite the evidence, many adults do not engage in rec-
ommended amounts of physical activity.6,7

Cardiovascular risk reduction interventions using 
devices, often monitoring steps per day, are effective 
strategies to increase physical activity.8 A standard goal 
is often 10 000 steps per day, although this goal is not 
evidence-based, having originated from a marketing 
campaign in Japan.9 A recent meta-analysis on steps and 
all-cause mortality demonstrated reductions in risk occur 
at fewer than 10 000 steps per day.10 A previous meta-
analysis of 4 published studies demonstrated a nonlinear 
association of daily steps and CVD risk.11 However, this 
meta-analysis included studies with large heterogeneity 
in CVD definition and analytic approach and was unable 
to investigate associations by age or sex.

A harmonized meta-analysis of prospective studies 
examining steps per day would be useful in providing 
health care professionals with a precise estimate of steps 
per day needed for CVD benefit, informing provider–
patient interactions and population health guidelines. 

Therefore, the primary objective of the present analysis 
is to test whether steps per day is associated with CVD 
risk. Because of the known age and sex differences in 
the risk of CVD,2,12,13 all associations were tested among 
female and male patients, and among younger and older 
adults. It was hypothesized that there would be a dose–
response association of steps per day and stepping rate 
with CVD.

METHODS
The data, methods used in the analyses, and materials that 
support the findings of this study are available from the cor-
responding author upon reasonable request.

Study Population
The Steps for Health Collaborative is a consortium formed 
to investigate the associations of device-measured step vol-
ume and rate with prospective health outcomes among adults. 
The Collaborative identified studies through a 2019 system-
atic review,14 of which 3 of 4 studies agreed to participate, but 
there were too few for a meta-analysis. An additional 5 studies 
were identified through awareness of studies measuring steps 
and CVD, culminating in 8 studies meeting inclusion criteria 
of device-measured steps and prospective follow-up for CVD 
events in adult populations (ie, ≥18 years of age).

The Newcastle-Ottawa quality assessment scale was 
used to assess the methodologic quality of each study.15 
Assessments were performed independently by 2 reviewers 
(A.P., S.B.), and disagreements were resolved by consensus.

Individual Study Data Processing and Analyses
Investigators from each study processed their participant-
level data using a standardized protocol to limit heterogeneity 
in analyses across studies developed by the Steps for Health 
Collaborative. Studies quantified step volume as steps per 
day, averaged for the 3 to 7 days where step data were col-
lected. Baseline was designated as the time point when steps 
data were collected. A participant’s first subsequent fatal or 
nonfatal CVD event was considered the primary outcome. 
Each study defined CVD as adjudicated stroke, coronary heart 
disease, or heart failure (Table S1). All studies were approved 
by an institutional review committee and participants gave 
informed consent.

Study-Level Analyses
All studies followed a standardized analytic plan developed 
by the Collaborative. Studies categorized steps per day into 
study-specific quartiles and examined associations with CVD 
events (reference: lowest quartile) using Cox proportional 
hazards regression (satisfying proportional hazards assump-
tions) producing hazard ratios (HRs) and 95% CIs. Models 
were completed for each study’s overall sample, by age group 
and by sex, where applicable. Age was grouped at <60 years 
or ≥60 years based on the World Health Organization’s defi-
nition of “older persons” from the 2020 Decade of Healthy 
Ageing Baseline Report.16,17 Model 1 adjusted for age and 
sex (when studies had both sexes). Model 2 adjusted for age, 

Clinical Perspective

What Is New?
• In this meta-analysis of 8 studies, taking more daily

steps was associated with a progressively lower
risk of cardiovascular disease (CVD) among older
adults (ie, ≥60 years of age).

• Among older adults, taking ≈6000 to 9000 steps
per day was associated with 40% to 50% lower
risk of cardiovascular disease, compared with tak-
ing ≈2000 steps per day.

What Are the Clinical Implications?
• Monitoring and promoting steps per day can be a

simple, easy to interpret metric used for clinician–
patient communication and population health to
reduce the risk of cardiovascular disease events.

• Findings from the present study suggest that inter-
ventions may consider setting attainable step goals
for cardiovascular health in older adults that take
fewer than 10 000 steps per day.

Nonstandard Abbreviations and Acronyms

CVD cardiovascular disease
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sex, race/ethnicity, education or income, body mass index, 
device wear time, lifestyle factors (eg smoking, alcohol use), 
and study-specific variables representing diabetes, hyperten-
sion, high cholesterol, other chronic conditions, and self-rated 
health or functional status (Table S1). For the 4 studies with 
step rate, the same analytic approach was followed; an addi-
tional model (model 3) adjusted for steps per day using the 
residual method where step rate was regressed on steps per 
day and the resulting step rate residuals and steps per day 
were independent variables in the model.18,19

Meta-Level Analysis
The total number of participants, CVD events, and person-
years of follow-up were summed across all studies. For the 
total sample, median steps per day by quartile were calculated 
from the medians of the individual studies. Pooled HRs and 
95% CIs were computed using inverse-variance weighted 
random effects models. The final adjusted model (model 2) 
was the primary model. Because of the known associations 
of age and sex with CVD,13 a priori stratified analyses were 
conducted by age and sex for the associations of CVD with 
steps per day. Heterogeneity across studies was determined 
by I2 statistics,20 representing the proportion of total variation 
attributable to systematic differences between studies rather 
than chance. I2 values were considered low (<25%), moder-
ate (25%-75%), or high (>75%).20 Funnel plots were used to 
assess study bias by comparing study HRs against SEs; an 
Egger test was used for funnel plot symmetry.21

Restricted cubic spline models were used to generate log-
transformed hazard ratios from model 2 with knots at 10th, 
50th, and 90th percentiles of steps per day for the total sample, 
by age and sex.22 References were set at the median of the 
study-level medians in the lowest quartile group. Multiplicative 
interaction terms were used to test for differences by age and 
sex. The Wald test was used to evaluate nonlinearity.23,24

To evaluate the robustness of findings, the following series of 
sensitivity analyses was conducted: (1) participants with CVD at 
baseline were excluded to investigate incident CVD; (2) findings 
were stratified by publication status to test for publication bias 
(3 published, 5 unpublished); (3) a “leave-one-out analysis” to 
exclude 1 study at a time to determine the influence of any single 
study with an extreme result; (4) stratification by device type (ie, 
pedometer vs accelerometer); and (5) analysis of stepping rate 
using several different thresholds—peak 30-minute stepping rate; 
peak 60-minute stepping rate; minutes per day at a stepping rate 
>40 steps per minute (intentional walking); and minutes per day
at a stepping rate ≥100 steps per minute (moderate intensity
walking pace).25 Peak 30- and 60- minute stepping rates were
calculated by selecting the 30- or 60-minute time periods (not
necessarily consecutive) throughout each day with the most num-
ber of steps per minute. Stepping rate variables were calculated
per day and averaged across all days.25 Meta-analyses were per-
formed using Rv4.1 and SAS v9.4 (Cary, NC).

RESULTS
The total sample included 20 152 participants (mean age, 
63.2±12.4 years; female sex, 52%; race/ethnicity, >70% 
non-Hispanic White) with a mean study follow-up time 
of 6.2 years (range, 2.8 to 12.6 years; 123 209 person-

years; Table 1). The overall median of the median steps 
per day was 4323 [IQR, 2760 to 6924] for older adults 
and 6911 [IQR, 4783 to 9794] for younger adults. A total 
of 1523 events were reported (12.4 per 1000 person-
years). The Newcastle Ottawa quality scores were high, 
ranging from 7 to 9 out of a possible 9 points (Table S2).

There were significant subgroup differences by age in 
the association of steps per day with CVD events in third 
(P value = 0.048) and fourth quartile comparisons (P value 
= 0.014) compared to the first quartile (Figure 1). Among 
7 studies of older adults (ie, ≥60 years of age), there were 
1210 events among 12 741 individuals (19.3 events per 
1000 person-years). There was a significant association in 
age- and sex-adjusted model 1 and results remained signifi-
cant in the final adjusted model. In the final adjusted model 
2, the HR for risk of CVD was 0.80 (0.69 to 0.93) in the sec-
ond quartile, 0.62 (0.52 to 0.74) in the third quartile, and 0.51 
(0.41 to 0.63) in the fourth quartile (Figure 1), compared 
with the lowest quartile. In the spline model, there was a sig-
nificant curvilinear association among older adults ([ie, ≥60 
years of age] P value for nonlinearity <0.0001; Figure 2).

Among 4 studies of younger adults (ie, <60 years of 
age), there were 313 events among 7411 individuals (5.1 
events per 1000 person-years). Compared with the first 
quartile, there was a significant association in the age- 
and sex-adjusted model 1’s third (0.72 [0.53 to 0.99]) and 
fourth (0.74 [0.54 to 0.99]) quartiles. Results were no lon-
ger significant in the final adjusted model. Compared with 
the lowest quartile, the HR for risk of CVD was 0.79 (0.46 
to 1.35) in the second quartile, 0.90 (0.64 to 1.25) in the 
third quartile, and 0.95 (0.61 to 1.48) in the fourth quar-
tile in the final adjusted model 2 (Figure 1). There was no 
significant association of steps per day and CVD events in 
the spline model for younger adults (Figure 2).

The HR in the final adjusted model in female partic-
ipants was 0.81 (0.62 to 1.04) in the second quartile, 
0.68 (0.48 to 0.97) in the third quartile, and 0.51 (0.35 to 
0.76) in the fourth quartile (Figure 1), compared with the 
lowest quartile. The HR for male participants was 0.76 
(0.63 to 0.90) in the second quartile, 0.63 (0.52 to 0.76) 
in the third quartile, and 0.68 (0.51 to 0.89) in the fourth 
quartile (Figure 1), compared with the lowest quartile. 
There were no significant subgroup differences by sex 
in quartile comparison or spline models. The spline mod-
els demonstrated a nonlinear (P value = 0.001 for male 
participants, P value = 0.012 for female participants for 
nonlinearity) dose–response association with the level-
ing of the curve observed at ≈8000 steps per day for 
male and female patients (Figure S3).

Restricting the analysis to individuals without known 
CVD at baseline showed similar results. Among 6 studies 
excluding participants with a history of CVD at baseline, 
compared with the lowest quartile, the HR for incident 
CVD events was 0.74 (0.60 to 0.91) in the second quar-
tile, 0.60 (0.47 to 0.77) in the third quartile, and 0.55 
(0.40 to 0.76) in the fourth quartile (Table 2).

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.122.061288
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In sensitivity analyses, there were no subgroup dif-
ferences by publication status (3 published vs 5 unpub-
lished; Figure S4) or by device type (6 accelerometer vs 
2 pedometer; Figure S5). There was no significant effect 
modification by device type influencing the studies’ 
effect sizes when including device type as a covariate in 
the meta-regression model (P values for test of interac-
tion > 0.05). The magnitude or direction of association 
between steps per day and CVD did not change when 
excluding any one study (Table S3). We reanalyzed data 
using fixed effects inverse–variance method, and the 
main findings were unchanged (Table S4). Heterogeneity 
(I2) was low to moderate, ranging from 0 to 54% across 
quartiles (Figure 1). Funnel plots had minor asymmetry 
among lower weighted studies with visual inspection 
(Figure S2B). Egger’s test for symmetry suggested no 
evidence of study selection bias. There was no associa-
tion between any threshold of stepping rate (30-minute, 
60-minute, or time spent at ≥40 or ≥100 steps per min-
ute) and CVD events before or after adjusting for steps 
per day (Table S5, Figures S5 to S9).

DISCUSSION
In this meta-analysis of 8 prospective studies, taking 
more steps per day was associated with lower CVD in 
older adults (ie, ≥60 years of age). Taking 6000 to 9000 
steps per day was associated with a 40% to 50% lower 

risk of CVD, compared with taking 2000 steps per day. 
Findings from this meta-analysis can be used to gener-
ate evidence-based guidelines for cardiovascular benefit.

The curvilinear pattern observed in the steps and 
CVD dose–response curves are similar to a recent meta-
analysis on steps and all-cause mortality in which there 
was an incrementally lower risk of mortality until level-
ing occurred at ≈6000 to 8000 in older adults.10 These 
recent results on steps and mortality included 15 studies, 
7 of which are included in the present meta-analysis on 
CVD. The steep early slope suggests that taking more 
steps is better, particularly for less active individuals tak-
ing fewer steps per day. In addition, although the slope is 
not as steep after 6000 steps per day, larger step counts 
appear to be associated with a continuing reduced risk of 
CVD in older adults. This curvilinear relationship is consis-
tent with meta-analyses on self-reported physical activ-
ity and coronary heart disease and stroke.1,26 Conversely, 
a meta-analysis on heart failure risk reported a linear 
dose–response relationship with self-reported physical 
activity.27 The present study was unable to examine asso-
ciations of steps with subtypes of CVD (eg, heart failure, 
stroke) representing an area for future investigation.

Older adults who achieve higher thresholds of steps 
per day demonstrate a 40% to 50% lower risk for CVD, 
a magnitude that is similar to previous studies using 
accelerometer-measured total minutes per day of physi-
cal activity.28,29 This magnitude of association is stronger 

Table 1. Selected Characteristics of Studies

 Country Study entry 
Step  
device 

No. of 
partici-
pants 

Age, 
mean±SD, 
y 

Female 
sex (%) 

Steps per day, me-
dian [interquartile 
range] 

Follow-
up, 
mean, y 

No. of car-
diovascular 
events* 

Published studies

  British Regional Heart 
Study41

United King-
dom

2010–2012 ActiGraph 
GT3X

1172 78.4±4.6 0% 4572 [2848–6296] 4.6 122

  Lifestyle Interventions and 
Independence for Elders42

United States 2010–2013 ActiGraph 
GT3X

1341 78.7±5.2 67% 2415 [1627–3353] 3.1 202

  Nateglinide and Valsartan in 
Impaired Glucose Tolerance 
Outcomes Research43

40 Countries 2002–2004 Accusplit 
AE120

7271 63.7±6.9 51% 5662 [3435–8563] 6.3 730

Unpublished studies

  Atherosclerosis Risk in 
Communities Study 

United States 2016–2017 ActiGraph 
GT3X

452 78.4±4.7 59% 3065 [2083–4454] 2.8 34

  Coronary Artery Risk Devel-
opment in Young Adults 

United States 2005–2006 ActiGraph 
7164

2085 45.2±3.6 57% 9164 [7324–11163] 10.7 71

  Framingham Heart Study United States 2008–2014 Actical 4223 55.3±13.9 54% 6906 [4809–9419] 7.0 151

  Healthy Ageing Initiative Sweden 2012–2018 ActiGraph 
GT3X

3207 70.4±0.1 51% 6967 [5032–8991] 3.2 139

  Jackson Heart Study United States 2000 Yamax 
SW200

401 60.2±9.8 61% 4748 [2847–7284] 12.6 74

  Summary† Range, 
2000–2018

5 devices 
(all waist-
worn)

20 152 63.2±12.4 52% 5459 [3353–8029] 6.2 1523

*Cardiovascular events are defined as fatal or nonfatal and include coronary heart disease, stroke, and heart failure. 
†Summary age, percentage female, and years of follow-up are calculated as means at the individual-level; summary steps per day is calculated as the median at 

the study-level.
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Figure 1. Association of steps per day and CVD events stratified by age and sex.
Model 1: age- and sex-adjusted (if applicable). Model 2: Model 1 + device wear time, race/ethnicity (if applicable), education or income, and 
body mass index, plus study-specific variables for lifestyle factors (eg, smoking, alcohol), hypertension, diabetes, dyslipidemia, chronic conditions, 
and general health status. I2 values were considered low (<25%), moderate (25–75%), or high (>75%). The x-axis is a log scale. *P<0.05 for 
subgroup difference. CVD indicates cardiovascular disease; and HR, hazard ratio.



OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

January 10, 2023 Circulation. 2023;146:00–00. DOI: 10.1161/CIRCULATIONAHA.122.0612886

Paluch et al Steps Per Day and CVD Meta-Analysis

Figure 2. Association of steps per day with CVD events. 
A, Older adults ≥60 years of age. B, Younger adults <60 years of age. Restricted cubic splines of hazard ratios of steps per day with CVD 
events. Knots set at 10th, 50th, and 90th percentiles of steps per day. Reference set at median of lowest quartile (2000 for older adults; 3000 
for younger adults). Hazard ratios are indicated by solid lines and 95% CIs are indicated by dotted lines. Model 1: age- and sex-adjusted (if 
applicable). Model 2: Model 1 + device wear time, race/ethnicity (if applicable), education or income, body mass index, lifestyle (smoking, alcohol), 
hypertension, diabetes, dyslipidemia, and self-rated health. The y-axis is a log scale. CVD indicates cardiovascular disease.
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compared with studies using self-reported physical activ-
ity, which report a 20% to 30% lower risk of CVD.1,26,27 For 
example, adults reporting high levels of physical activity 
(ie, ≥300 minutes of moderate-intensity per week) had a 
20% (0.74 to 0.88) lower risk of coronary heart disease 
compared with adults reporting no leisure-time physical 
activity.1 The stronger associations may be attributable to 
the improved precision and lower bias seen with device-
measured activity compared to self-reported question-
naires.30

An earlier meta-analysis included only 4 studies dem-
onstrating a nonlinear association with CVD; however, 
that meta-analysis reported a high degree of heteroge-
neity (I2=80%).11 Heterogeneity in the present study was 
lower because the analytic approaches were uniform and 
events were similarly defined and adjudicated. The pres-
ent study was also sufficiently large enough to conduct 
subgroup analyses by age and sex.

Despite an inverse association of steps with CVD in 
older adults, there was no association in younger adults. 
CVD is a disease of aging and often does not pres-
ent itself as a diagnosed condition until years of pro-
gression. Therefore, the follow-up period may not be 
long enough to capture incidence of CVD for younger 
adults. Only 4.2% of younger adults (5.1 per 1000 per-
son-years) versus 9.5% of older adults (19.3 per 1000 
person-years) in the present study had a subsequent 
CVD event. These findings are consistent with a nation-
ally representative sample of US adults, showing the 
percentage of deaths attributed to inadequate physical 
activity levels was only significant among older adults.31 
The association of steps per day with intermediate CVD 
risk factors such as hypertension, high cholesterol, 

and diabetes may be the most appropriate outcome in 
young to middle-aged adults.

Stepping rate (ie, pace or cadence) was not associ-
ated with CVD risk beyond that of total steps per day. 
The absence of an association of stepping rate is con-
sistent with earlier research evaluating device-mea-
sured stepping rate and mortality risk.10,32 However, this 
finding is converse to a previous meta-analysis of self-
reported walking that demonstrated walking pace was 
a stronger independent predictor of CVD risk compared 
with walking volume.33 The present findings should be 
viewed as preliminary because only 4 studies reported 
data on stepping rate.

Implications of the present results for clinical care 
and public health guidelines reporting are multifold. 
Steps per day is a simple metric health care profes-
sionals can use during patient encounters to help 
monitor and promote physical activity. During the past 
decade, there has been a rapid rise in the adoption of 
step-monitoring fitness trackers and smartphones; this 
rise is expected to continue. Steps per day estimates 
from waist-worn devices used in research studies may 
not precisely match consumer devices, which are often 
worn on the wrist. However, steps per day measured by 
research and consumer devices are highly correlated.34 
In addition, some step-counting devices are less accu-
rate at very slow walking speeds that are common in 
many patient populations.35 Because of the low levels 
of activity in older adults,36,37 empirical findings from 
the present study suggest that interventions may con-
sider setting attainable step goals for cardiovascular 
health in older adults taking fewer than 10 000 steps 
per day.

Table 2. Associations of Steps per Day With Overall CVD Events and Incidence CVD Events

No. of studies 
Steps per day, 
median 

No. of  
participants Events 

Hazard ratio  
(95% CI) 

Q1

Overall CVD events 8 1985 5034 551 1

Incidence CVD events* 6 2778 3005 264 1

Q2

Overall CVD events 8 4178 5038 396 0.81 (0.71–0.93)

Incidence CVD events* 6 4831 3008 160 0.74 (0.60–0.91)

Q3 vs Q1

Overall CVD events 8 6327 5043 312 0.67 (0.58–0.78)

Incidence CVD events* 6 6794 3013 127 0.60 (0.47–0.77)

Q4 vs Q1

Overall CVD events 8 10 090 5037 264 0.57 (0.45–0.74)

Incidence CVD events* 6 10 105 3007 107 0.55 (0.40–0.76)

CVD indicates cardiovascular.
*For incidence CVD: NAVIGATOR (Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes Research) and ARIC (Athero-

sclerosis Risk in Communities) removed, and subsample of LIFE (Lifestyle Interventions and Independence for Elders) study participants 
(sample size reduced from n=1341 to 945 participants without previous CVD history at baseline for LIFE study). Hazard ratios (95% CI) 
are adjusted for age, device wear time, race/ethnicity (if applicable), sex (if applicable), education or income, body mass index, and study-
specific variables for lifestyle, chronic conditions or risk factors, and general health status. 
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Our study has several limitations. Despite adjusting 
for sociodemographic, lifestyle, and health status factors, 
the potential for residual confounding and reverse cau-
sality remains. The study level analyses did not account 
for competing risk of non–CVD-related death, and there-
fore may overestimate CVD events and predicted risk. 
Although the present meta-analysis used study-level data 
and standardized analyses across studies, the heteroge-
neity in participants between studies (eg, demographics, 
health status) and design (eg, step device, covariates) 
may not be fully accounted for compared to individual-
level pooled meta-analysis. Because this study did not 
have access to individual-level data we were limited to 
study-specific quartiles and unable to investigate differ-
ential effects across individuals or distinct subgroups. For 
example, further stratification by age and sex subgroups 
was not possible because of sample size limitations 
within each study. In addition, this study was unable to 
investigate associations in patients with CVD at baseline 
and risk of secondary CVD events. Conclusions in the 
present study are generalizable only to the range of step 
counts observed in those samples—thus the very high-
est levels are activity are not represented (eg, >15 000 
steps per day). Participants were primarily non-Hispanic 
White adults, limiting generalizability to other racial/eth-
nic groups even though there is no a priori hypothesis 
to suggest a differential association of activity with CVD 
by race or ethnicity. The subset of studies included in 
older versus younger adult comparisons were not identi-
cal, limiting the ability to directly compare age groups. 
As all studies did not have longitudinal measurement of 
steps, this study only evaluated steps at a single time 
point and did not investigate the influence of changes 
in steps per day over time. Other studies, however, have 
demonstrated that 3 to 7 days of device measurement 
is representative of usual physical activity.38,39 This study 
represents associations assuming an unchanging level of 
steps/d with CVD risk. Conclusions on causality require 
a prospective trial demonstrating that increased step 
count leads to reduced CVD risk. The majority of the data 
was obtained from unpublished studies, allowing for a 
harmonized approach where all studies used a standard-
ized analytic approach to reduce study heterogeneity. In 
addition, unpublished studies were invited to participate 
to reduce publication bias. Positive findings tend to be 
published earlier and more often compared with negative 
or null findings; relying only on published evidence may 
result in overestimated pooled effect size.40 Our meta-
analysis demonstrated associations in both published 
and unpublished work, providing robust evidence of the 
association between step count and CVD risk.

Conclusions
Step goals based on empirical evidence are needed to 
guide technology-based monitoring and promotion of 

physical activity. The present meta-analysis is responsive 
to this gap in the literature since pedometers and accel-
erometers are more accurate for measuring ambulatory 
physical activity than self-report methods.30 Among older 
adults, taking 6000 to 9000 steps per day was associ-
ated with 40% to 50% lower risk of CVD. Findings from 
this meta-analysis can inform step guidelines for the pro-
motion of physical activity for cardiovascular health.
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