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Abstract

IMPORTANCE Previous studies have shown that individuals who regularly walk, particularly 8000
daily steps or more, experience lower mortality. However, little is known about the health benefits of
walking intensively only a few days a week.

OBJECTIVE To evaluate the dose-response association between the number of days an individual
takes 8000 steps or more and mortality among US adults.

DESIGN, SETTING, AND PARTICIPANTS This cohort study evaluated a representative sample of
participants aged 20 years or older in the National Health and Nutrition Examination Surveys 2005-
2006 who wore an accelerometer for 1 week and their mortality data through December 31, 2019.
Data were analyzed from April 1, 2022, to January 31, 2023.

EXPOSURES Participants were grouped by the number of days per week they took 8000 steps or
more (0 days, 1-2 days, and 3-7 days).

MAIN OUTCOMES AND MEASURES Multivariable ordinary least squares regression models were
used to estimate adjusted risk differences (aRDs) for all-cause and cardiovascular mortality during
the 10-year follow-up, adjusting for potential confounders (eg, age, sex, race and ethnicity, insurance
status, marital status, smoking, comorbidities, and average daily step counts).

RESULTS Among 3101 participants (mean [SD] age, 50.5 [18.4] years; 1583 [51.0%] women and 1518
[49.0%] men; 666 [21.5%] Black, 734 [23.7%] Hispanic, 1579 [50.9%] White, and 122 [3.9%] other
race and ethnicity), 632 (20.4%) did not take 8000 steps or more any day of the week, 532 (17.2%)
took 8000 steps or more 1 to 2 days per week, and 1937 (62.5%) took 8000 steps or more 3 to 7
days per week. Over the 10-year follow-up, all-cause and cardiovascular deaths occurred in 439
(14.2%) and 148 (5.3%) participants, respectively. Compared with participants who walked 8000
steps or more 0 days per week, all-cause mortality risk was lower among those who took 8000 steps
or more 1 to 2 days per week (aRD, −14.9%; 95% CI −18.8% to −10.9%) and 3 to 7 days per week (aRD,
−16.5%; 95% CI, −20.4% to −12.5%). The dose-response association for both all-cause and
cardiovascular mortality risk was curvilinear; the protective association plateaued at 3 days per week.
Different thresholds for the number of daily steps between 6000 and 10 000 yielded similar results.

CONCLUSIONS AND RELEVANCE In this cohort study of US adults, the number of days per week
taking 8000 steps or more was associated with a lower risk of all-cause and cardiovascular mortality
in a curvilinear fashion. These findings suggest that individuals may receive substantial health
benefits by walking just a couple days a week.
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Introduction

Physical inactivity is one of the major public health issues worldwide, contributing to an estimated 3.2
million deaths and imposing $54 billion in direct health care costs annually.1,2 Several studies have
used the number of daily steps as a simple and valid measure of physical activity and have
investigated the association of daily steps with health outcomes, including cardiovascular disease
and dementia.3-6 Recently, a meta-analysis suggested that more daily steps are associated with a
steady decline in mortality risk up to approximately 8000 daily steps, at which point mortality risk
appeared to plateau.7 However, according to a study that relied on smartphone accelerometers, the
average number of daily steps in US residents was only 4800,8 far below the number that has been
shown to have substantial benefits, including a reduction in mortality risk. Given the challenges for
some people to take a larger number of steps every day, it is important to further elucidate the
minimum days throughout a week one should walk the recommended daily steps to incur health
benefits.

In modern society, lack of time is one of the major barriers to exercise.9 Some individuals choose
to concentrate their physical activity into 1 or 2 sessions per week, eg, “weekend warriors” who
exercise mainly during the weekend.10 Previous studies have shown lower all-cause and
cardiovascular mortality risks among weekend warriors compared with people consider to be
physically inactive.10-12 Moreover, the estimated health benefit for weekend warriors was similar to
that for people with regular physical activity patterns, indicating that concentration of physical
activity into 1 or 2 sessions per week may be sufficient to reduce mortality risks. Although a few
studies used objective measurements recorded by wearable devices (eg, accelerometers),13 most
studies derived data on physical activity levels from the time and intensity of self-reported activities,
which raises concerns about the accuracy of data due to social desirability bias (ie, participants may
overreport physical activity because it is deemed as socially desirable). Furthermore, to our
knowledge, evidence is lacking about the number of days per week one needs to take a certain
number of steps (a simpler and more convenient measurement than calculating time and intensity of
physical activity14,15) to prevent long-term adverse health outcomes.

To address this knowledge gap, we used a nationally representative sample of US adults to
investigate the dose-response association of the number of days taking 8000 steps or more (equal
to walking approximately 4 miles) throughout a week based on an accelerometer with all-cause and
cardiovascular mortality over 10 years. Refining our understanding of the association between daily
step patterns and mortality risk based on an objective and convenient measurement may provide
additional information to clinicians and decision makers, encouraging them to recommend a
minimum number of days in a week that individuals need to achieve a sufficient number of steps to
reduce mortality risk.

Methods

Study Design and Setting
We used data from the 2005 and 2006 National Health and Nutrition Examination Survey (NHANES)
(eMethods 1 in Supplement 1) with linkage to the National Death Index until 2019.16 Among 4372
participants aged 20 years or older for whom daily step counts based on accelerometer data were
available, 3120 had information on 4 or more valid days of wearing an accelerometer (described
below). We excluded participants who lacked data on insurance status (n = 3), body mass index
(BMI) as measured by weight in kilograms divided by height in meters squared (n = 15), and follow-up
data on mortality at 10 years (n = 1). The research ethics review board of the National Center for
Health Statistics approved the study protocol, and all participants gave written informed consent.17

The final cohort for analysis included 3101 participants. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.18
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Exposure Ascertainment
In 2005-2006, NHANES participants were asked to wear an accelerometer (ActiGraph model 7164;
ActiGraph, LLC) at the waist during waking hours for 7 consecutive days.19 Step counts were
recorded over 60-second intervals each day.19 The validity of step counts collected with the
ActiGraph model 7164 has been confirmed in a previous study.20 Nonwear time was defined as 60
consecutive minutes or more of 0 counts per minute.19 To evaluate the daily step patterns over 1
week, we included individuals with at least 4 days of 10 hours or more of wear time during which step
counts were recorded by the accelerometer.19 We categorized participants into 3 groups according
to the number of days per week they took 8000 steps or more: 0 days, 1 to 2 days, and 3 to 7 days
(similar to the definition of weekend warriors for physical activity levels10-12). Average daily step
counts were computed by summing daily steps across the period and dividing them by the number
of days with sufficient hours of measurement for each participant.

Mortality Ascertainment
The primary outcome was all-cause mortality at 10 years of follow-up using death certification
information based on the National Death Index through record matching by Social Security number,
name, date of birth, race and ethnicity, sex, state of birth, and state of residence.16 The secondary
outcome was cardiovascular mortality at 10 years of follow-up defined by underlying causes of death
based on International Classification of Diseases, Tenth Revision codes I00 to I09, I11, I13, I20 to I51,
and I60 to I69. Details on covariates are described in eMethods 2 in Supplement 1.

Statistical Analysis
Analyses were conducted between April 1, 2022, and January 31, 2023. We used multivariable
ordinary least squares (OLS) models with Huber-White robust SEs to estimate adjusted risk
differences (aRDs) and 95% CIs for all-cause and cardiovascular mortality after 10 years for each
activity group defined by the number of days they took 8000 steps or more during the week (1-2
days and 3-7 days; reference group, 0 days). Model 1 included adjustment for age; sex; self-reported
race and ethnicity; insurance status; marital status; smoking; BMI; estimated glomerular filtration
rate (eGFR); statin use; and history of diabetes, hypertension, cardiovascular disease, cancer, and
emphysema. In model 2 (our primary model), we further adjusted for average daily step count. Step
intensity was not included in the model, given that a previous study using this cohort showed a null
association between step intensity and mortality.3

To further evaluate a possible dose-response association between the number of days per week
participants took 8000 steps or more and mortality, we used restricted cubic spline functions with
3 knots at the 10th, 50th, and 90th percentiles.21 In addition, to assess patterns of association by age
and sex, we included additive interaction terms between exposure and age (<65 years vs �65 years)
or sex (men vs women) in our final OLS regression model. For these analyses, we calculated the
adjusted probability for all-cause mortality in each group based on the OLS regression model using
the margins command in Stata; that is, we estimated the probability in each subgroup by fixing
individual characteristics at each level of the categories and averaged over our national sample
(known as the marginal standardization form of predictive margins).22

We also conducted several sensitivity analyses (eMethods 3 in Supplement 1). In all analyses,
NHANES survey weights were applied to account for unequal probabilities of selecting participants
and nonresponse of individuals eligible and approached.23 Statistical analyses were conducted using
R, version 4.0.2 (R Foundation for Statistical Computing) and Stata, version 17 (StataCorp LLC)
software. Statistical code examples are described in eMethods 4 in Supplement 1. All hypothesis tests
were 2-sided, and P < .05 was considered statistically significant.
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Results

The analytic sample included 3101 participants (mean [SD] age, 50.5 [18.3] years; 1583 [51.0%]
women and 1518 [49.0%] men; 666 [21.5%] Black, 734 [23.7%] Hispanic, 1579 [50.9%] White, and
122 [3.9%] other race and ethnicity). The median (IQR) of the average daily step counts was 8793
(6238-11 439) steps. Among the participants, 632 (20.4%) took 8000 steps or more 0 days per
week, 532 (17.2%) took 8000 steps or more 1 to 2 days per week, and 1937 (62.5%) took 8000 or
more steps 3 to 7 days per week. Participants with a higher number of days taking 8000 steps or
more throughout the week were more likely to be younger, men, Hispanic, insured, married, and
never smokers and less likely to have obesity, use statins, have comorbidities (ie, decreased eGFR,
diabetes, hypertension, cardiovascular disease, cancer, emphysema), have mobility limitations, or
rate their health as fair or poor compared with those with a lower number of days per week taking
8000 steps or more (Table 1).

Number of Days Taking Recommended Steps and All-Cause
and Cardiovascular Mortality
Over the 10 years of follow-up, 439 deaths (14.2%) from all causes and 148 (5.3%) from
cardiovascular disease were identified. After adjusting for potential confounders, compared with
participants who took 8000 steps or more 0 days per week, 10-year all-cause mortality risk was
14.9% lower among those who took 8000 steps or more 1 to 2 days per week (aRD, −14.9%; 95% CI,
−18.8% to −10.9%) and 16.5% lower among those who took 8000 steps or more 3 to 7 days per week
(aRD, −16.5%; 95% CI, −20.4% to −12.5%) on the absolute scale (Table 2; eFigure 1 in Supplement 1).
Likewise, 10-year cardiovascular mortality risk was 8.1% lower among those who took 8000 steps or
more 1 to 2 days per week (aRD, −8.1%; 95% CI, −11.8% to −4.4%) and 8.4% lower among those who
took 8000 steps or more 3 to 7 days per week (aRD, −8.4%; 95% CI, −12.5% to −4.4%) compared
with 0 days per week. The restricted cubic spline model showed a curvilinear association between
the number of days per week taking 8000 steps or more and the risk of all-cause and cardiovascular
mortality; the risk of mortality at 10 years rapidly decreased as the number of days per week taking
8000 steps or more increased and plateaued at 3 to 4 days (Figure 1). This pattern was consistently
observed even after adjustment for average daily step counts.

Stratified Analyses by Age and Sex
In stratified analyses, both younger and older participants experienced lower 10-year all-cause
mortality risk when they took 8000 steps or more 1 to 2 days per week (aged <65 years: aRD, −7.4%
[95% CI, −11.2% to −3.7%]; aged �65 years: aRD, −19.9% [95% CI, −30.8% to −8.9%]; P = .04 for
interaction) or 3 to 7 days per week (aged <65 years: aRD, −7.8% [95% CI, −10.3% to −5.2%]; aged
�65 years: aRD, −27.7% [95% CI, −36.5% to −19.0%]; P < .001 for interaction) vs 0 days per week
(Figure 2; eTable 1 in Supplement 1). We also found lower 10-year all-cause mortality risk regardless
of sex when participants took 8000 steps or more daily 1 to 2 days per week (men: aRD, −20.8%
[95% CI, −28.6% to −13.0%]; women: aRD, −11.6% [95% CI, −16.5% to −6.7%]; P = .07 for
interaction) or 3 to 7 days per week (men: aRD, −23.8% [95% CI, −30.4% to −17.2%]; women: −12.2%
[−18.3% to −6.1%]; P = .03 for interaction) vs 0 days per week (Figure 2; eTable 2 in Supplement 1).

Sensitivity Analysis Using Different Thresholds of Daily Steps
We found similar patterns when we used different thresholds of recommended daily steps (eFigure 2
in Supplement 1). For example, the adjusted 10-year all-cause mortality risk was 8.1% among
participants who took 10 000 steps or more 1 to 2 days per week and 7.3% and 16.7% among those
who took 10 000 steps or more 3 to 7 days per week and 0 days per week, respectively. Similarly, the
adjusted 10-year cardiovascular mortality risk was 2.4% among participants who took 10 000 steps
or more 1 to 2 days per week and 2.3% and 7.0% among those who took 10 000 steps or more 3 to 7
days per week and 0 days per week, respectively.
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Other Sensitivity Analyses
E-values on the relative risk scale for all-cause mortality were 2.50 for 1 to 2 days per week and 2.66
for 3 to 7 days per week vs 0 days per week, indicating that the effect size for an unmeasured
confounder to be able to explain the observed association between the daily step patterns and
mortality would need to be quite large (ie, risk ratios of >2.50 conditional on measured covariates
included in the regression model when no association between daily steps and mortality exists).
Likewise, E-values on the relative risk scale for cardiovascular mortality were 2.34 for 1 to 2 days per
week and 2.40 for 3 to 7 days per week vs 0 days per week. In the inverse probability weighting

Table 1. Demographic Characteristics According to the Number of Days Taking 8000 Steps or More
Throughout the Week

Variable

Days per week taking ≥8000 steps, No. (%) of participants

0 1-2 3-7
No. of participants 632 (20.4) 532 (17.2) 1937 (62.5)

Age, mean (SD), y 63.7 (19.3) 51.5 (19.0) 46.0 (15.5)

Sex

Men 269 (42.6) 219 (41.2) 1030 (53.2)

Women 363 (57.4) 313 (58.8) 907 (46.8)

Race and ethnicity

Black 158 (25.0) 130 (24.4) 378 (19.5)

Hispanic 92 (14.6) 111 (20.9) 531 (27.4)

White 361 (57.1) 269 (50.6) 949 (49.0)

Othera 21 (3.3) 22 (4.1) 79 (4.1)

Insurance status

Uninsured 238 (37.7) 143 (26.9) 292 (15.1)

Private insurance 72 (11.4) 98 (18.4) 469 (24.2)

Public insurance 322 (50.9) 291 (54.7) 1176 (60.7)

Marital status

Married 300 (47.5) 315 (59.2) 1197 (61.8)

Not married 332 (52.5) 217 (40.8) 740 (38.2)

Smoking status

Current 109 (17.3) 96 (18.1) 388 (20.0)

Former 223 (35.3) 156 (29.3) 488 (25.2)

Never 300 (47.5) 280 (52.6) 1061 (54.8)

BMI, mean (SD) 30.3 (8.6) 29.5 (6.6) 28.0 (5.6)

eGFR, mean (SD), mL/min/1.73 m2 77.0 (25.9) 90.4 (24.0) 95.6 (19.8)

Statin use 360 (20.7) 179 (13.0) 114 (9.4)

History

Diabetes 128 (20.3) 61 (11.5) 146 (7.5)

Hypertension 354 (56.0) 214 (40.2) 499 (25.8)

Cardiovascular disease 188 (29.8) 63 (11.8) 99 (5.1)

Cancer 116 (18.4) 62 (11.7) 112 (5.8)

Emphysema 35 (5.5) 17 (3.2) 15 (0.8)

Mobility limitationb 319 (50.5) 108 (20.3) 132 (6.8)

Self-rated health

Excellent 34 (5.4) 49 (9.2) 202 (10.4)

Very good 118 (18.7) 153 (28.8) 611 (31.5)

Good 222 (35.1) 195 (36.6) 719 (37.1)

Fair or poor 213 (33.7) 109 (20.5) 298 (15.4)

Missing 45 (7.1) 26 (4.9) 107 (5.5)

Poverty income ratio, mean (SD), % 2.3 (1.5) 2.8 (1.6) 2.9 (1.6)

Missing 43 (6.8) 25 (4.7) 61 (3.2)

Daily step counts throughout the week,
median (IQR)

4345 (3229-5262) 6657 (5963-7330) 10 746 (9082-13 193)

Abbreviations: BMI, body mass index as measured by
weight in kilograms divided by height in meters
squared; eGFR, estimated glomerular filtration rate.
a Other race and ethnicity includes American Indian or

Alaska Native, Asian, Native Hawaiian or Pacific
Islander, multiple races or ethnicities, or unknown.

b Mobility limitations were defined as self-report of
difficulty walking 0.25 miles without special
equipment or climbing 10 stairs. Participants who did
not report these difficulties were considered to have
no mobility limitations.
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approach that included all covariates in model 1, we estimated RDs closer to the null for all-cause
mortality (aRD, −7.2% [95% CI, −11.4% to −3.0%] and −10.6% [95% CI, −14.5% to −6.6%] for 1-2 days
per week and 3-7 days per week vs 0 days per week, respectively) and cardiovascular mortality (aRD,
−2.0% [95% CI, −4.6% to 0.6%] and −4.0% [95% CI, −6.2% to −1.7%] for 1-2 days per week and 3-7
days per week vs 0 days/week, respectively). The estimated RDs were also closer to null when we
additionally adjusted for poverty income ratio, mobility limitations, and self-rated health (eTable 3 in
Supplement 1). Results did not qualitatively change when we restricted analyses to individuals with
a minimum of 6 days with valid accelerometer measurements (eTable 4 in Supplement 1) and to
those with at least an average daily step count of 2000 or more (eTable 5 in Supplement 1). In

Table 2. Adjusted Risk Difference (aRD) for Associations of Number of Days Taking 8000 Steps or More
Throughout the Week With All-Cause and Cardiovascular Mortality at 10 Years With and Without Adjusting
for Average Daily Step Countsa

Event,
No./Total (%)

aRD, % (95% CI)

Age and sex Model 1 Model 2
All-cause mortality at 10 y

Daily steps ≥8000,
d/wk

0 257/632 (40.7) [Reference] [Reference] [Reference]

1-2 75/532 (14.1) −18.7 (−23.2 to −14.4) −15.9 (−20.0 to −11.8) −14.9 (−18.8 to −10.9)

3-7 107/1937 (5.5) −23.0 (−26.8 to −19.3) −19.4 (−23.0 to −15.8) −16.5 (−20.4 to −12.5)

Cardiovascular mortality at 10 y

Daily steps ≥8000,
d/wk

0 87/462 (18.8) [Reference] [Reference] [Reference]

1-2 26/483 (5.4) −9.6 (−12.9 to −6.3) −8.5 (−12.2 to −4.9) −8.1 (−11.8 to −4.4)

3-7 35/1865 (1.9) −11.1 (−14.4 to −7.9) −9.8 (−13.4 to −6.2) −8.4 (−12.5 to −4.4)

a Model 1 included age; sex; race and ethnicity;
insurance status; marital status; smoking; body mass
index; estimated glomerular filtration rate; statin use;
and history of diabetes, hypertension, cardiovascular
disease, cancer, and emphysema. Model 2 included
average daily step counts in addition to the
covariates in model 1. The results of sensitivity
analysis additionally adjusting for income, mobility
limitation, and self-rated health status are shown in
eTable 3 in Supplement 1.

Figure 1. Number of Days Taking 8000 Steps or More Throughout the Week and 10-Year Risk of All-Cause
and Cardiovascular Mortality With and Without Adjusting for Average Daily Step Counts
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modified Poisson regression models, the adjusted relative risks for all-cause mortality were 0.75
(95% CI, 0.59-0.96) and 0.64 (95% CI, 0.42-0.99) for 1 to 2 days per week and 3 to 7 days per week,
respectively, vs 0 days per week (eTable 6 in Supplement 1).

Discussion

In this cohort study using nationally representative data for US adults, we estimated that a higher
number of days taking 8000 steps or more throughout the week is associated with a decreased risk
of all-cause and cardiovascular mortality at 10 years. Even participants who only took 8000 steps
or more 1 or 2 days during the week showed a substantial reduction in all-cause and cardiovascular
mortality compared with those who were active more regularly (ie, took �8000 steps for 3-7 days
per week). The estimated association was also robust to using different thresholds between 6000
and 10 000 steps for the daily step counts. Our study findings suggest that for those individuals who
face difficulties in exercising regularly (eg, due to work and/or family obligations), achieving
recommended daily steps only a couple days per week can have meaningful health benefits.

Our findings add to the knowledge base from previous studies on the association between
frequency of physical activity and long-term health outcomes. In the Harvard Alumni Health Study
that enrolled 8421 men, Lee et al10 found that the hazard ratios (HRs) for all-cause mortality among
weekend warriors and people engaging in regular exercise compared with those with sedentary
behavior were 0.85 (95% CI, 0.65-1.11) and 0.64 (95% CI, 0.55-0.73), respectively. In a population-
based cohort of 63 591 adults from the Health Survey for England and the Scottish Health Survey,
O’Donovan et al11 estimated similar-magnitude HRs for all-cause mortality among weekend warriors
(HR, 0.70; 95% CI, 0.60-0.82) and regularly active participants (HR, 0.65; 95% CI, 0.58-0.73)
compared with inactive participants. A more recent study in 350 978 participants from the US
National Health Interview Survey12 supports these findings, wherein all-cause and cause-specific
mortality risks did not differ between weekend warriors and regularly active participants, even after
accounting for the total amount of moderate to vigorous physical activity. While all these studies
defined physical activity based on self-reported duration and intensity of the activity, Shiroma et al13

used data from 3438 NHANES participants to show protective associations between

Figure 2. Subgroup Analyses for the Association Between the Number of Days Taking 8000 Steps or More
Throughout the Week and 10-Year All-Cause Mortality Risk by Age and Sex
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Based on the regression models, adjusted probability
for all-cause mortality in each exposure status was
estimated, fixing individual characteristics at each level
of the categories and averaging over the national
sample. The model adjusted for age; sex; race and
ethnicity; insurance status; marital status; smoking;
body mass index; estimated glomerular filtration rate;
statin use; history of diabetes, hypertension,
cardiovascular disease, cancer, and emphysema; and
average daily step counts.
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accelerometer-assessed higher physical activity and mortality. However, to our knowledge, no
studies to date have evaluated whether taking the recommended daily steps only 1 to 2 days per
week is sufficient to reduce all-cause and cardiovascular mortality.

In line with the proliferation and popularity of smartphones and wearable devices that count
daily steps, monitoring and targeting daily steps has been considered a practical strategy for
promoting physical activity in the population by clinicians, patients, and public health
professionals.24 Indeed, dose-response associations of step count with all-cause mortality and
cardiovascular events have been reported in several systematic reviews and meta-analyses.25-27

Particularly, a recent meta-analysis showed decreasing mortality risks with an increasing number of
daily steps until 6000 to 8000 steps are reached for adults older than 60 years and at 8000 to
10 000 steps per day for those younger than 60 years.7 Yet, not all people have sufficient time and
energy for achieving the recommended daily steps every day of the week in part due to their work
and comorbidities, resulting in a lower average number of daily steps taken by US residents.8 Given
the simplicity and ease of counting daily steps, our findings indicate that the recommended number
of steps taken on as few as 1 to 2 days per week may be a feasible option for individuals who are
striving to achieve some health benefits through adhering to a recommended daily step count but
are unable to accomplish this on a daily basis.

Strengths and Limitations
Our study has 2 major strengths. First, we used objective measurements of daily steps throughout a
week based on accelerometer data, which allowed us to avoid potential bias from exposure
misclassification due to faulty self-report. Second, by leveraging the fact that almost all participants
(>99.9%) had follow-up data from national death records, we calculated an aRD (absolute scale) for
all-cause and cardiovascular mortality after 10 years. Although the previous literature on this topic
generally presented HRs, such calculation may obscure the reduction in the mortality risk associated
with exposure.28,29 In this context, our findings reveal new quantitative evidence for a potential
reduction in all-cause and cardiovascular mortality by approximately 15 and 8 percentage points,
respectively, when taking 8000 steps or more for at least 1 to 2 days per week.

This study also has several limitations. First, because daily steps were only measured for 1 week
at baseline, we did not have information on how changes in physical activity contribute to risk of
mortality. Second, given previous work showing that the ActiGraph accelerometer missed 20% of
the daily steps when adults with obesity walked at moderate speed,30 we cannot rule out the
possibility of measurement error of exposure. Moreover, as a result of knowledge that they are
wearing the device, participants might have a tendency to be more active, a phenomenon known as
the Hawthorne effect.31,32 Such reactivity might cause misclassification such that some people who
are typically physically inactive were categorized as physically active (based on a reaction to wearing
the accelerometer) particularly because NHANES measured their daily step pattern for only 1 week.
If only healthy people who are physically less active are able to increase their physical activity levels
during the measurement period, this type of misclassification might introduce bias away from the
null. Third, covariates such as socioeconomic status and medical history might have been
mismeasured due to their self-reported nature, as they were obtained via survey. Fourth, although
we included an extensive set of covariates and conducted several sensitivity analyses, our findings
still have residual confounding bias (ie, poor health could influence daily step counts and mortality
risk). Fifth, our findings might suffer from selection bias due to restricting study samples to those
who wore an accelerometer for 1 week during the survey. Sixth, because of the limited number of
events, we did not assess cause-specific mortality other than cardiovascular deaths (eg, cancer
deaths). Further longitudinal studies with larger sample sizes and time-varying measures of physical
activity or step counts would be warranted to overcome this limitation.
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Conclusions

Among US adults, we estimated a curvilinear dose-response association between the number of days
taking 8000 steps or more throughout the week and decreased all-cause and cardiovascular
mortality risks. The protective association plateaued when individuals took sufficient daily steps for
3 days or more. Although our findings might suffer from residual confounding that should be
addressed in future research, they suggest that people may receive substantial health benefits even
if a sufficient number of steps are taken on only a couple days of the week.

ARTICLE INFORMATION
Accepted for Publication: January 30, 2023.

Published: March 28, 2023. doi:10.1001/jamanetworkopen.2023.5174

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2023 Inoue K
et al. JAMA Network Open.

Corresponding Author: Kosuke Inoue, MD, PhD, Department of Social Epidemiology, Graduate School of
Medicine, Kyoto University, Science Frontier Laboratory, Floor 2, Yoshida-konoe-cho, Sakyo-ku, Kyoto 604-8146,
Japan (inoue.kosuke.2j@kyoto-u.ac.jp).

Author Affiliations: Department of Social Epidemiology, Graduate School of Medicine, Kyoto University, Kyoto,
Japan (Inoue); Division of General Internal Medicine and Health Services Research, David Geffen School of
Medicine at UCLA, Los Angeles, California (Tsugawa); Department of Health Policy and Management, Fielding
School of Public Health, University of California, Los Angeles (Tsugawa); Department of Epidemiology, Fielding
School of Public Health, University of California, Los Angeles (Mayeda, Ritz); Department of Environmental Health
Sciences, Fielding School of Public Health, University of California, Los Angeles (Ritz); Department of Neurology,
David Geffen School of Medicine at UCLA, Los Angeles, California (Ritz).

Author Contributions: Dr Inoue had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: Inoue, Tsugawa.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Inoue.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Inoue.

Obtained funding: Inoue.

Administrative, technical, or material support: Tsugawa.

Supervision: Inoue, Tsugawa.

Conflict of Interest Disclosures: Dr Mayeda reported receiving grants from the National Institute on Aging and
the California Department of Public Health outside the submitted work. Dr Tsugawa reported receiving grants
from the National Institute on Minority Health and Health Disparities and National Institute on Aging outside the
submitted work. No other disclosures were reported.

Funding/Support: This study was supported by grants from the Japan Agency for Medical Research and
Development (AMED; JP22rea522107), grants 21K20900 and 22K17392 from the Japan Society for the Promotion
of Science; Japan Endocrine Society; Meiji Yasuda Life Foundation of Health and Welfare; and Program for the
Development of Next-Generation Leading Scientists With Global Insight sponsored by the Ministry of Education,
Culture, Sports, Science and Technology, Japan (Dr Inoue).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: This article does not necessarily represent the views and policies of the National Institutes of Health.

Data Sharing Statement: See Supplement 2.

REFERENCES
1. Physical activity. World Health Organization. Accessed July 18, 2022. https://www.who.int/westernpacific/health-
topics/physical-activity

JAMA Network Open | Public Health Association of Daily Step Patterns With Mortality in US Adults

JAMA Network Open. 2023;6(3):e235174. doi:10.1001/jamanetworkopen.2023.5174 (Reprinted) March 28, 2023 9/11

Downloaded From: https://jamanetwork.com/ on 04/15/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.5174&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
mailto:inoue.kosuke.2j@kyoto-u.ac.jp
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.5174&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://www.who.int/westernpacific/health-topics/physical-activity
https://www.who.int/westernpacific/health-topics/physical-activity


2. Ding D, Lawson KD, Kolbe-Alexander TL, et al; Lancet Physical Activity Series 2 Executive Committee. The
economic burden of physical inactivity: a global analysis of major non-communicable diseases. Lancet. 2016;388
(10051):1311-1324. doi:10.1016/S0140-6736(16)30383-X

3. Saint-Maurice PF, Troiano RP, Bassett DR Jr, et al. Association of daily step count and step intensity with
mortality among US adults. JAMA. 2020;323(12):1151-1160. doi:10.1001/jama.2020.1382

4. Lee IM, Shiroma EJ, Kamada M, Bassett DR, Matthews CE, Buring JE. Association of step volume and intensity
with all-cause mortality in older women. JAMA Intern Med. 2019;179(8):1105-1112. doi:10.1001/jamainternmed.
2019.0899

5. Del Pozo Cruz B, Ahmadi M, Naismith SL, Stamatakis E. Association of daily step count and intensity with
incident dementia in 78 430 adults living in the UK. JAMA Neurol. 2022;79(10):1059-1063. doi:10.1001/
jamaneurol.2022.2672

6. Del Pozo Cruz B, Ahmadi MN, Lee IM, Stamatakis E. Prospective associations of daily step counts and intensity
with cancer and cardiovascular disease incidence and mortality and all-cause mortality. JAMA Intern Med. 2022;
182(11):1139-1148. doi:10.1001/jamainternmed.2022.4000

7. Paluch AE, Bajpai S, Bassett DR, et al; Steps for Health Collaborative. Daily steps and all-cause mortality: a meta-
analysis of 15 international cohorts. Lancet Public Health. 2022;7(3):e219-e228. doi:10.1016/S2468-2667(21)
00302-9

8. Althoff T, Sosič R, Hicks JL, King AC, Delp SL, Leskovec J. Large-scale physical activity data reveal worldwide
activity inequality. Nature. 2017;547(7663):336-339. doi:10.1038/nature23018

9. Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of adults’ participation in physical activity: review
and update. Med Sci Sports Exerc. 2002;34(12):1996-2001. doi:10.1097/00005768-200212000-00020

10. Lee IM, Sesso HD, Oguma Y, Paffenbarger RS Jr. The “weekend warrior” and risk of mortality. Am J Epidemiol.
2004;160(7):636-641. doi:10.1093/aje/kwh274

11. O’Donovan G, Lee IM, Hamer M, Stamatakis E. Association of “weekend warrior” and other leisure time physical
activity patterns with risks for all-cause, cardiovascular disease, and cancer mortality. JAMA Intern Med. 2017;177
(3):335-342. doi:10.1001/jamainternmed.2016.8014

12. Dos Santos M, Ferrari G, Lee DH, et al. Association of the “weekend warrior” and other leisure-time physical
activity patterns with all-cause and cause-specific mortality: a nationwide cohort study. JAMA Intern Med. 2022;
182(8):840-848. doi:10.1001/jamainternmed.2022.2488

13. Shiroma EJ, Lee IM, Schepps MA, Kamada M, Harris TB. Physical activity patterns and mortality: the weekend
warrior and activity bouts. Med Sci Sports Exerc. 2019;51(1):35-40. doi:10.1249/MSS.0000000000001762

14. Kraus WE, Janz KF, Powell KE, et al; 2018 Physical Activity Guidelines Advisory Committee. Daily step counts
for measuring physical activity exposure and its relation to health. Med Sci Sports Exerc. 2019;51(6):1206-1212. doi:
10.1249/MSS.0000000000001932

15. Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines for Americans. JAMA. 2018;320(19):
2020-2028. doi:10.1001/jama.2018.14854

16. National Health and Nutrition Examination Survey. National Center for Health Statistics, Centers for Disease
Control and Prevention. Published January 29, 2019. Accessed February 11, 2019. https://www.cdc.gov/nchs/
nhanes.htm

17. NCHS research ethics review (ERB) approval. National Center for Health Statistics, Centers for Disease Control
and Prevention. Published December 1, 2017. Accessed February 18, 2019. https://www.cdc.gov/nchs/nhanes/
irba98.htm

18. Vandenbroucke JP, von Elm E, Altman DG, et al; STROBE Initiative. Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE): explanation and elaboration. PLoS Med. 2007;4(10):e297. doi:
10.1371/journal.pmed.0040297

19. Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert T, McDowell M. Physical activity in the United States
measured by accelerometer. Med Sci Sports Exerc. 2008;40(1):181-188. doi:10.1249/mss.0b013e31815a51b3

20. Feito Y, Bassett DR, Thompson DL. Evaluation of activity monitors in controlled and free-living environments.
Med Sci Sports Exerc. 2012;44(4):733-741. doi:10.1249/MSS.0b013e3182351913

21. Greenland S. Avoiding power loss associated with categorization and ordinal scores in dose-response and
trend analysis. Epidemiology. 1995;6(4):450-454. doi:10.1097/00001648-199507000-00025

22. Williams R. Using the margins command to estimate and interpret adjusted predictions and marginal effects.
Stata J. 2012;45(2):308-331. doi:10.1177/1536867X1201200209

JAMA Network Open | Public Health Association of Daily Step Patterns With Mortality in US Adults

JAMA Network Open. 2023;6(3):e235174. doi:10.1001/jamanetworkopen.2023.5174 (Reprinted) March 28, 2023 10/11

Downloaded From: https://jamanetwork.com/ on 04/15/2023

https://dx.doi.org/10.1016/S0140-6736(16)30383-X
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2020.1382&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2019.0899&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2019.0899&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2022.2672&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2022.2672&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2022.4000&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://dx.doi.org/10.1016/S2468-2667(21)00302-9
https://dx.doi.org/10.1016/S2468-2667(21)00302-9
https://dx.doi.org/10.1038/nature23018
https://dx.doi.org/10.1097/00005768-200212000-00020
https://dx.doi.org/10.1093/aje/kwh274
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.8014&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2022.2488&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://dx.doi.org/10.1249/MSS.0000000000001762
https://dx.doi.org/10.1249/MSS.0000000000001932
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.14854&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5174
https://www.cdc.gov/nchs/nhanes.htm
https://www.cdc.gov/nchs/nhanes.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://dx.doi.org/10.1371/journal.pmed.0040297
https://dx.doi.org/10.1249/mss.0b013e31815a51b3
https://dx.doi.org/10.1249/MSS.0b013e3182351913
https://dx.doi.org/10.1097/00001648-199507000-00025
https://dx.doi.org/10.1177/1536867X1201200209


23. Specifying Weighting Parameters. Centers for Disease Control and Prevention. Accessed February 25, 2023.
http://medbox.iiab.me/modules/en-cdc/www.cdc.gov/nchs/tutorials/nhanes/SurveyDesign/Weighting/intro.htm

24. DiPietro L, Buchner DM, Marquez DX, Pate RR, Pescatello LS, Whitt-Glover MC. New scientific basis for the
2018 U.S. Physical Activity Guidelines. J Sport Health Sci. 2019;8(3):197-200. doi:10.1016/j.jshs.2019.03.007

25. Del Pozo Cruz B, Gallardo-Gomez D, Del Pozo-Cruz J, Ding D. How many steps a day to reduce the risk of
all-cause mortality? A dose-response meta-analysis. J Intern Med. 2022;291(4):519-521. doi:10.1111/joim.13413

26. Sheng M, Yang J, Bao M, et al. The relationships between step count and all-cause mortality and cardiovascular
events: a dose-response meta-analysis. J Sport Health Sci. 2021;10(6):620-628. doi:10.1016/j.jshs.2021.09.004

27. Hall KS, Hyde ET, Bassett DR, et al. Systematic review of the prospective association of daily step counts with
risk of mortality, cardiovascular disease, and dysglycemia. Int J Behav Nutr Phys Act. 2020;17(1):78. doi:10.1186/
s12966-020-00978-9

28. Noordzij M, van Diepen M, Caskey FC, Jager KJ. Relative risk versus absolute risk: one cannot be interpreted
without the other. Nephrol Dial Transplant. 2017;32(suppl 2):ii13-ii18. doi:10.1093/ndt/gfw465

29. Rothman K, Grenland S, Lash TL. Modern Epidemiology. 3rd ed. Lippincott Williams and Wilkins; 2008.

30. Feito Y, Bassett DR, Thompson DL, Tyo BM. Effects of body mass index on step count accuracy of physical
activity monitors. J Phys Act Health. 2012;9(4):594-600. doi:10.1123/jpah.9.4.594

31. Baumann S, Groß S, Voigt L, et al. Pitfalls in accelerometer-based measurement of physical activity: the
presence of reactivity in an adult population. Scand J Med Sci Sports. 2018;28(3):1056-1063. doi:10.1111/sms.12977

32. Sedgwick P, Greenwood N. Understanding the Hawthorne effect. BMJ. 2015;351:h4672. doi:10.1136/
bmj.h4672

SUPPLEMENT 1.
eMethods 1. Details of Study Cohort: The National Health and Nutrition Examination Survey
eMethods 2. Covariates Ascertainment
eMethods 3. Details of Sensitivity Analyses
eMethods 4. Statistical Code Examples
eFigure 1. Association Between the Number of Days Taking 8000 Steps or More Throughout the Week and
10-Year Mortality Risk
eFigure 2. Sensitivity Analysis: Adjusted Risk of All-Cause and Cardiovascular Mortality at 10 Years According to
Daily Step Patterns Throughout 1 Week Using Different Thresholds of Steps per Day
eTable 1. Stratified Analyses for the Association Between the Number of Days Taking 8000 Steps or More and the
Risks of All-Cause Mortality at 10 Years by Age
eTable 2. Stratified Analyses for the Association Between the Number of Days Taking 8000 Steps or More and the
Risks of All-Cause Mortality at 10 Years by Sex
eTable 3. Sensitivity Analyses for the Association Between the Number of Days Taking 8000 Steps or More and
the Risks of All-Cause and Cardiovascular Mortality at 10 Years Additionally Adjusted for Poverty Income Ratio,
Mobility Limitations, and Self-Rated Health Status (n = 2810)
eTable 4. Sensitivity Analyses for the Association Between the Number of Days Taking 8000 or More Steps and
the Risks of All-Cause and Cardiovascular Mortality at 10 Years Among Individuals With a Minimum of 6 Valid Days
of Accelerometer Measurements Throughout the Week (n = 2252)
eTable 5. Sensitivity Analyses for the Association Between the Number of Days Taking 8000 or More Steps and
the Risks of All-Cause and Cardiovascular Mortality at 10 Years Among Individuals With at Least an Average Daily
Step Count of 2000 or More (n = 3052)
eTable 6. Sensitivity Analyses for the Association Between the Number of Days Taking 8000 or More Steps and
the Risks of All-Cause and Cardiovascular Mortality at 10 Years After Using Modified Poisson Regression Models (on
Relative Scale)
eReferences.

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Public Health Association of Daily Step Patterns With Mortality in US Adults

JAMA Network Open. 2023;6(3):e235174. doi:10.1001/jamanetworkopen.2023.5174 (Reprinted) March 28, 2023 11/11

Downloaded From: https://jamanetwork.com/ on 04/15/2023

http://medbox.iiab.me/modules/en-cdc/www.cdc.gov/nchs/tutorials/nhanes/SurveyDesign/Weighting/intro.htm
https://dx.doi.org/10.1016/j.jshs.2019.03.007
https://dx.doi.org/10.1111/joim.13413
https://dx.doi.org/10.1016/j.jshs.2021.09.004
https://dx.doi.org/10.1186/s12966-020-00978-9
https://dx.doi.org/10.1186/s12966-020-00978-9
https://dx.doi.org/10.1093/ndt/gfw465
https://dx.doi.org/10.1123/jpah.9.4.594
https://dx.doi.org/10.1111/sms.12977
https://dx.doi.org/10.1136/bmj.h4672
https://dx.doi.org/10.1136/bmj.h4672

