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Abstract

Purpose: This study aimed to examine the associations of accelerometer-derived steps volume and intensity with hospitalizations and all-cause mortal-

ity in older adults.

Methods: This prospective cohort study involved 768 community-dwelling Spanish older adults (78.8 § 4.9 years, mean § SD; 53.9% females)

from the Toledo Study for Healthy Aging (2012�2017). The number of steps per day and step cadence (steps/min) were derived from a

hip-mounted accelerometer worn for at least 4 days at baseline. Participants were followed-up over a mean period of 3.1 years for hospitalization

and 5.7 years for all-cause mortality. Cox proportional hazards regression models were used to estimate the individual and joint associations

between daily steps and stepping intensity with hospitalizations and all-cause mortality.

Results: Included participants walked 5835 § 3445 steps/day with an intensity of 7.3 § 4.1 steps/min. After adjusting for age, sex, body mass

index (BMI), education, income, marital status and comorbidities, higher step count (hazard ratio (HR) = 0.95, 95% confidence interval (95%CI:

0.90�1.00, and HR = 0.87, 95%CI: 0.81�0.95 per additional 1000 steps) and higher step intensity (HR = 0.95, 95%CI: 0.91�0.99, and

HR = 0.89, 95%CI: 0.84�0.95 per each additional step/min) were associated with fewer hospitalizations and all-cause mortality risk, respec-

tively. Compared to the group having low step volume and intensity, individuals in the group having high step volume and intensity had a lower

risk of hospitalization (HR = 0.72, 95%CI: 0.52�0.98) and all-cause mortality (HR = 0.60, 95%CI: 0.37�0.98).

Conclusion: Among older adults, both high step volume and step intensity were significantly associated with lower hospitalization and all-cause

mortality risk. Increasing step volume and intensity may benefit older people.
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1. Introduction

Walking is ubiquitous to daily life activities. Walking is the

most common physical activity, particularly in older people.1,2
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Walking is free, does not require a high level of fitness or

special equipment, and can be done almost anywhere, which

makes it a very practical activity.3 In addition, the develop-

ment of wearable devices, such as smartphones or pedometers,

has enabled the monitoring of walking activity (e.g., the

number of steps) in a simple and accessible manner, which

makes walking an attractive and feasible target for improving

the overall health of the population.
erometer-derived step volume and intensity with hospitalizations and mortality

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:asier.manas@uclm.es
https://doi.org/10.1016/j.jshs.2021.05.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jshs.2021.05.004&domain=pdf
http://www.sciencedirect.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jshs.2021.05.004&domain=pdf
https://doi.org/
https://doi.org/


Steps and hospitalizations and mortality in older adults 579
Step volume (i.e., number of steps in a given day) has been

associated with a lower incidence of cardiovascular events,

hypertension, diabetes, and obesity risk.4�7 A greater number

of steps has also been linked to lower mortality risk, although

the evidence is limited because of the use of self-reported

walking measures. For example, some studies, such as the

study by Dwyer et al.,8 have shown an inverse and linear

dose�response relationship between pedometer-measured

steps per day and all-cause mortality in individuals between

the ages of 50 years and 80 years. Hansen et al.9 observed a

nonlinear dose�response pattern between daily steps and

subsequent reduction in risk of all-cause mortality in a pre-

dominantly healthy sample of middle-aged adults. Lee et al.10

found that 4363 daily steps were significantly associated with

lower mortality rates compared to the referent (i.e., 2718

steps/day) among older women in the United States. In con-

trast, few previous studies have assessed the associations

between step intensity and health. Lee et al.10 reported that the

effect of step intensity disappears after controlling for total

steps per day. Similar results were recently reported in a

nationally representative cohort of U.S. adults in the United

States who were 40 years off age or older.11

Most of the previous studies included middle-aged adults in

their analyses, which may underestimate the relationship

between steps and hospitalizations and all-cause mortality in

older populations.8,9,11 Furthermore, none of these studies

have investigated the combined association of volume and

intensity of steps with the risk of premature mortality,8�10 and

none of them have explored the dose-response of these associ-

ations in other relevant endpoints, such as hospitalization.

Additionally, the 2018 Physical Activity Guidelines Advisory

Committee revealed the need for more research on the associa-

tion between steps and health outcomes.12 Detecting the com-

ponents of healthy aging that can be translated into intuitive

and easily quantifiable recommendations is essential in order

for more feasible and tailored health policies and programs to

be developed. To this end, the aim of this study was to describe

the prospective dose-response relationships between the vol-

ume (steps/day) and intensity (steps/min) of accelerometer-

measured steps and the risk of hospitalization and all-cause

mortality in a population-based cohort of community-dwelling

older adults.

2. Methods

2.1. Study design and participants

Data were drawn from the Toledo Study for Healthy Aging

(TSHA), the details of which have been reported elsewhere.13

Briefly, the TSHA is a population-based prospective cohort

study originally conceived to explore the determinants and

consequences of aging and frailty in older adults from Toledo,

Spain. In the present study, we used data from participants

with valid accelerometer records from the second

(2012�2014) and third (2015�2017) TSHA waves and avail-

able hospitalization and mortality information at the censoring

time. Signed informed consent was obtained from all partici-

pants prior to involvement in the study. The study was
approved by the Clinical Research Ethics Committee of the

Toledo Hospital Complex and was conducted according to the

ethical standards defined in the 1964 Declaration of Helsinki.
2.2. Measurements

2.2.1. Stepping volume and intensity

Stepping volume and intensity were measured by acceler-

ometry (ActiTrainer and ActiGraph wGT3X-BT; ActiGraph,

Pensacola, FL, USA), as previously described.14,15 In brief, all

participants were asked to wear the accelerometer on the left

hip during waking hours of 1 whole week, with the exception

of water activities. Monitors were set to record accelerometer

counts in 1-min epochs. Nonwear time was defined as 60 con-

secutive minutes or longer of 0 intensity counts, with no more

than 2 min of counts between 0 and 100.16 The study included

data only from participants with at least 4 valid days with 8 or

more hours per day of wear time.17,18 Steps were determined

using the manufacturer’s step algorithm. To calculate step vol-

ume, we summed steps across all compliant days and divided

this by the number of compliant days to obtain mean steps per

day. For step intensity, the total step count was divided by the

total valid minutes of accelerometer wear time to obtain steps

per minute throughout the measurement period.

2.2.2. Hospitalization

Dates of hospitalizations were ascertained by reviewing the

Toledo Hospital Complex records and were defined as the

occurrence of a first admission to the hospital during follow-

up through December 2016. The mean follow-up for hospitali-

zation was 3.13 years (ranged 0.02�5.24 years).

2.2.3. Mortality

Vital status and dates of death were ascertained through

data provided by the Spanish National Death Index (Ministry

of Health, Consumer Affairs and Social Welfare). Participants

were followed-up to death or March 2019, whichever came

first. Mean follow-up for mortality was 5.74 years (ranged

1.30�7.48 years).

2.2.4. Confounding variables

Covariates were selected based on the literature and the bio-

logical plausibility for confounding the main associations of

interest.9,11,19 Participants self-reported their age and sex. Edu-

cation (no studies, primary school completed, secondary

school completed, or more), marital status (single, married/liv-

ing together, widowed, or divorced/separated), and income

(coded into 3 categories ranging from any income to EUR

3000/month) were also self-reported in face-to-face inter-

views. Body mass index (BMI) was calculated as weight (kg)

divided by height squared (m2). The Charlson Comorbidity

Index was used to account for comorbidity status of partici-

pants in the study.20 Diseases included in this index and their

weighting are myocardial infarction, congestive heart failure,

peripheral vascular disease, dementia, cerebrovascular disease,

chronic lung disease, connective tissue disease, ulcer, chronic

liver disease, and diabetes (Weight 1); hemiplegia, moderate



Table 1

Comparison of characteristics between those included and excluded from the

study (mean § SD or n (%)).

Included sample

(n = 768)

Excluded sample

(n = 103)

p

Age (year) 78.8 § 4.9 77.4 § 5.6 0.065

Sex 0.309

Male 354 (46.1) 42 (40.8)

Female 414 (53.9) 61 (59.2)

BMI (kg/m2) 30.3 § 4.8 30.7 § 5.5 0.558

Education <0.001

None 251 (32.7) 70 (68.0)

Primary school 240 (31.3) 24 (23.3)

Secondary or more 273 (35.5) 7 (6.8)

Missing 4 (0.5) 2 (1.9)

Income 0.620

Low 368 (47.9) 50 (48.5)

Medium 298 (38.8) 34 (33.0)

High 56 (7.3) 9 (8.8)

Missing 46 (6.0) 10 (9.7)

Marital status 0.225

Single 42 (5.5) 1 (1.0)

Married 540 (70.3) 73 (70.9)

Widower 170 (22.1) 26 (25.2)

Separated/divorced 12 (1.6) 1 (1.0)

Missing 4 (0.5) 2 (1.9)
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or severe kidney disease, diabetes with complication, tumor,

leukemia, and lymphoma (Weight 2); moderate or severe liver

disease (Weight 3); metastatic solid tumor and acquired immu-

nodeficiency syndrome (Weight 6).

2.2.5. Analytical approach

Summary statistics were used to describe variables of inter-

est. Mean § SD and frequency (percentage) are provided for

continuous and categorical variables, respectively. Descriptive

variables were compared between participants retained and

participants not retained due to invalid data from accelerome-

try or missing variables, with an independent t test or x2 test

used for continuous and categorical variables, respectively.

Cox proportional hazards regression models were used to

estimate hazard ratios (HR) and 95% confidence intervals

(95%CIs) for the associations between daily steps and step

intensity with hospitalizations and all-cause mortality. Two

separate models were fitted for each of the outcomes (i.e., 1 set

of models with steps per min as the main predictor of interest

and a separate set of models with number of daily steps as the

main predictor of interest). Initial models (Model 1) estimated

HRs of hospitalizations and mortality, adjusting for accelerom-

eter wear time. Model 2 additionally adjusted for potential

confounders: age, sex, and BMI. In Model 3, sociodemo-

graphic variables such as education, income and marital status

were also included as covariates. Given the close relationship

among hospitalization, mortality and comorbidity, we addi-

tionally adjusted for comorbidity status in Model 4. For all

regression models related to step intensity, the accelerometer

wear-time covariate was removed.

Participants were also categorized into 4 mutually exclusive

behavioral groups in order to investigate the joint associations

between step volume and step intensity with the risk of hospi-

talization and all-cause mortality. Categories for low step vol-

ume (i.e., at or below the 50th percentile) and intensity (i.e., at

or below the 50th percentile) vs. high step volume (i.e., above

the 50th percentile) and intensity (i.e., above the 50th percen-

tile) were compared solely because they were the only catego-

ries that presented a large enough sample size (356 vs. 355

participants, respectively). The data were analyzed using the

same models as described above (excluding accelerometer

wear time).

In addition, sensitivity analyses were conducted. These

analyses excluded participants who experienced events within

the first 2 years of follow-up.21

Statistical analyses were conducted using R software (R

project Version 3.5.1; Foundation for Statistical Computing,

Vienna, Austria). Significance levels were set at p < 0.05.
Charlson comorbidity indexa 2.1 § 1.8 1.8 § 1.4 0.045

Accelerometry

Valid wear time (min) 786.3 § 82.4 —

Steps/day 5835 § 3445 —

Steps/min 7.3 § 4.1 —

Note: Boldface type indicates statistical significance (p < 0.05).
a Quantifies an individual’s burden of disease with a weighted composite

score in which the higher the score, the more comorbidity. Three or more

points is considered high risk of hospitalization and mortality.
36

Abbreviation: BMI = body mass index.
3. Results

After removing 103 individuals who had invalid accelerom-

eter data, the final sample was made up of 768 individuals (n

corresponding to Model 1 for mortality). Participants included

in this analysis had an age of 78.8 § 4.9 years, mean § SD,

and 53.9% were women. They had a higher educational level

and greater comorbidities than those excluded from the study.
The baseline characteristics of included and excluded partici-

pants are displayed in Table 1. In the analytical sample, the

accelerometer was worn for 12.8 § 1.4 h/day, during which

the participants performed 5835 § 3445 steps/day with

intensity of 7.3 § 4.1 steps/min.

A total of 201 participants out of 760 participants (26.4% of

the analytical sample) were hospitalized during a mean fol-

low-up of 3.1 years. Associations between total steps and

intensity of steps with risk for hospitalization are shown in

Table 2. Higher daily step-count and higher step intensity

were both associated with lower risk of hospitalization

(HR = 0.94, 95%CI: 0.89�0.99 per additional 1000 step

counts, and HR = 0.94, 95%CI: 0.90�0.98 for an additional

steps/min, respectively, for Model 1). Adjustments for age,

sex, BMI, and sociodemographic confounders did not alter any

associations (Model 2 and Model 3). For the most complete

model that also adjusted for comorbidity status (Model 4),

results were similar, although confidence intervals overlapped.

Fig. 1A and Fig. 1B display the dose�response relationship

between hospitalizations and step volume and intensity,

respectively. We observed a linear dose�response association

between daily steps and step intensity with risk of hospitaliza-

tion. Compared with the referent, a 50% higher total step count

was associated with an approximately 12% lower risk.



Table 2

Hazard ratios and 95%CIs for hospitalization and all-cause mortality by step volume and step intensity.

Hazard ratio (95%CI)

Model 1a Model 2b Model 3c Model 4d

Hospitalization

Steps/day (per additional 1000 steps) 0.94 (0.89�0.99)* 0.95 (0.90�1.00)* 0.95 (0.90�1.00)* 0.95 (0.90�1.00)

Steps/min 0.94 (0.90�0.98)* 0.95 (0.91�0.99)* 0.95 (0.91�0.99)* 0.95 (0.91�0.99)*

All-cause mortality

Steps/day (per additional 1000 steps) 0.88 (0.81�0.95)* 0.87 (0.81�0.95)* 0.87 (0.80�0.94)* 0.87 (0.81�0.95)*

Steps/min 0.89 (0.84�0.95)* 0.89 (0.84�0.95)* 0.89 (0.83�0.95)* 0.89 (0.84�0.95)*

Notes: The estimate reported is the effect on either mortality or hospitalization for every unit increase in the predictor of interest. The reference is the median value

for each predictor of interest (5310 for daily steps and 6.7 for steps/min).
a Adjusted for accelerometer wear time (covariate excluded in the steps/min models).
b Adjusted for Model 1 variables plus age, sex, and BMI.
c Adjusted for Model 2 variables plus education, income, and marital status.
d Adjusted for Model 3 variables plus comorbidities.

* Significant at p < 0.05.

Abbreviations: 95%CI = 95% confidence interval; BMI = body mass index.
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A total of 89 deaths (11.6% of the analytical sample)

occurred during an average follow-up of 5.7 years. Table 2 also

provides the results of the association between step volume and

step intensity and all-cause mortality, with the same levels of

adjustment as above. Higher numbers of daily steps and higher

step intensity were associated with significantly lower mortality.

Hazards ratios for Model 1 were HR = 0.88, 95%CI: 0.81�0.95

for every additional 1000 steps/day, and HR = 0.89, 95%CI:

0.84�0.95 for each additional steps/min in intensity. Further

adjustments for potential confounders did not attenuate the

observed associations (Models 2, 3, and 4). The dose�response

relationship between all-cause mortality and step volume and
Fig. 1. Dose�response relationship between step volume, step intensity, and risk of

idline) with 95%CIs (dotted lines) for the most adjusted model (i.e., Model 4). Exp

(5310 for daily steps (A); and 6.7 for steps/min (B)). Darker colors in the lower

95%CI = 95% confidence interval.
intensity are shown in Fig. 2A and Fig. 2B, respectively. A lin-

ear dose�response association between all-cause mortality and

daily steps and step intensity was detected. Compared with the

referent, a 50% higher total step count was associated with an

approximately 25% lower risk.

Next, we examined the joint associations between step vol-

ume and step intensity with the risk of hospitalization and all-

cause mortality (Table 3). The group having high step volume

and intensity (8627§ 2526 steps/day and 10.7§ 3.0 steps/min,

respectively) had a significantly lower risk of hospitalization

and all-cause mortality by 32% and 41%, respectively, com-

pared to the reference group (the group having low step
hospitalization. (A) Steps per day and (B) Steps per minute. Hazard ratios (sol-

osures are modelled in its continuous form and use the median as a reference

bars represent a higher sample clustering (top-coded at the 99th percentile).



Fig. 2. Dose-response relationship between step volume, step intensity and all-cause mortality. (A) Steps per day and (B) Steps per minute. Hazard ratios (solid line) with

95%CIs (dotted lines) for the most-adjusted model (i.e., Model 4). Exposures are modeled in continuous form and use the median as a reference (5310 for daily steps (A);

and 6.7 for steps/min (B)). Darker colors in the lower bars represent a higher sample clustering (top-coded at 99th percentile). 95%CI = 95% confidence interval.
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volume and intensity) (3050 § 1361 steps/day and 3.9 §
1.7 steps/min, respectively). Results were materially

unchanged following adjustment for sex, age, BMI, sociode-

mographic factors, and comorbidity (Models 2, 3, and 4).

When these analyses were re-run excluding participants

with a follow-up periods of less than 2 years, the results

remained consistent (Supplementary Table 1).
4. Discussion

In this study, we observed a linear dose�response relation-

ship between daily steps and step intensity with the risk of hos-

pitalization and all-cause mortality in older adults. Compared

with individuals who took fewer steps and at a lower intensi-

ties, those with higher step volumes and intensities had a 28%

and 40% lower risk of hospitalization and all-cause mortality,

respectively. Encouraging older adults to increase their total
Table 3

Joint associations between step volume and step intensity with the risk of hospitaliza

Ha

Model 1a

Hospitalization (n = 711) 1 (Reference) 0.68 (0.51�0.90)*

All-cause mortality (n = 719) 1 (Reference) 0.59 (0.38�0.92)*

a Raw model.
b Adjusted for Model 1 variables plus age, sex, and BMI.
c Adjusted for Model 2 variables plus education, income, and marital status.
d Adjusted for Model 3 variables plus comorbidities.

* Significant at p < 0.05.

Abbreviations: 95%CI = 95% confidence interval; BMI = body mass index.
daily steps and their step intensity may have significant public

health implications.

Our study provides a unique contribution to the literature

because it adds to the limited data available on the relationship

between device-measured steps and mortality. It also provides

data where there once was an absence of data on the associa-

tion between steps and the risk of hospitalization. Previous

studies conducted with older adults have also shown that a

greater number of steps is associated with lower mortality.

Yamamoto et al.22 showed that older adults in the highest

quartile of daily steps (i.e., 10, 241 steps/day) had a 54% lower

risk of death compared to the least active group (i.e., 3394

steps/day). However, Yamamoto et al.22 did not observe a

significant linear relationship between daily step count and

all-cause mortality, probably because of a small sample size and

selection bias. Lee et al.10 observed a nonlinear dose�response

pattern between step volume and mortality in women in the
tion and all-cause mortality.

zard ratio (95%CI); Low vs. high step volume and intensity

Model 2b Model 3c Model 4d

0.73 (0.53�0.99)* 0.71 (0.52�0.98)* 0.72 (0.52�0.98)*

0.60 (0.37�0.96)* 0.59 (0.36�0.96)* 0.60 (0.37�0.98)*



Steps and hospitalizations and mortality in older adults 583
United States, with benefits starting from as few as 4363

daily steps and flattening out from 8442 steps per day. In

results that were similar to those in our study, Dwyer et al.8

observed an inverse and linear dose�response relationship

between steps per day and all-cause mortality, showing a 6%

lower risk for every additional 1000 steps per day. Nonethe-

less, our analyses showed more remarkable results in the risk

of all-cause mortality (i.e., 13% for every additional 1000 steps

per day). These results were similar to the results found in a

study of a British cohort of older men, which reported a 14%

lower risk for every additional 1000 steps per day.23 We also

found a 5% lower risk for hospital admission per every addi-

tional 1000 steps per day. Previous research has already

reported the benefits of physical activity in reducing the risk of

hospitalization,24‒26 but ours is the first study to analyze the

association between steps and risk of hospitalization.

Previous investigations have reported that higher walking

speeds performed through field tests were associated with a

lower risk of mortality.27,28 However, these studies were not

conducted in free-living conditions. Some exceptions, such as

the study by Lee et al.,10 have found no significant association

between intensity and all-cause mortality risk after accounting

for total steps per day. Similar results were also found in a

recent study using a sample of adults from the National Health

and Nutrition Examination Survey.11 In contrast, our findings

support the idea that higher step intensity among free-living

populations is associated with a 5% lower risk for hospitaliza-

tion and an 11% lower risk for all-cause mortality for every

additional step per minute. There may be 2 reasons for the dis-

crepancy between our results and the results from previous

studies. First, previous studies defined step intensity differ-

ently. For example, in the studies by Lee et al.10 and Saint-

Maurice et al.,11 diverse peaks of cadence were used, whereas

we used the average step intensity throughout the measure-

ment period. Second, these 2 studies10,11 adjusted for step vol-

ume. We decided not to adjust for step volume because of the

high correlation between step intensity and total step count.

Interestingly, the same high correlation between these 2 meas-

ures has been reported in a study by Saint-Maurice et al.11

Our study also provides novel estimations on the joint associ-

ations of step volume and intensity with risk of hospitalization

and mortality. In our study, participants doing more steps and

doing them with more intensity had lower risk of hospitalization

and early mortality compared to those doing fewer steps and

doing them with less intensity. Interestingly, few participants

were clustered into the group having low step volume and high

step intensity or into the group having high step volume and

low step intensity. Instead, a majority of participants were clas-

sified into the group having low step volume and low step inten-

sity or into the group having high step volume and high step

intensity. This observation is of interest because it suggests

that both step volume and step intensity are highly corre-

lated and that modeling them as covariates rather than as

joint associations may introduce bias. The comparison of

the 2 extreme groups (low volume and intensity as well as

high volume and intensity) may have determined the found

association. Whether this association is present when
comparing intermediate groups might be determined in

future studies using larger samples.

Our findings provide novel and relevant insights that can

guide the development of future interventions seeking to

improve the health of older adults. Those individuals who per-

formed 50% more steps compared to the median reference

(5310 steps per day) had a 12% and 25% lower risk of hospitali-

zation and mortality, respectively. This difference of 2650 daily

steps (»2 km) may be feasible only for older adults who are

more fit than others. However, the association between these

variables is inversely linear, so individuals who are most inac-

tive should be encouraged to increase the number of their steps.

A similar approach should be used regarding step intensity.

Steps can be intuitively understood by almost everyone, and the

results presented here can, therefore, be easily translated into

public health recommendations or used in the form of clinical

advice. Increasing both the volume and the intensity of steps

can be accomplished through a wide range of activities (e.g.,

purposely walking or walking that is embedded in chores), is

relatively inexpensive or even free, and can easily be adapted to

the physical fitness and characteristics of the person; thus, walk-

ing can be a very practical recommendation. It is relevant that

previous studies have shown a high correlation when comparing

the brand of accelerometer used in our study with different

available commercial devices,29,30 although these other devices

may overestimate the total number of steps.30,31

The key strengths of our work include the fact that it

involved a relatively large sample of community-dwelling

older adults at an advanced age and had a mean follow-up of

5.7 years. Our study sample also comprised a free-living popu-

lation, and we derived the number of steps by using accelerom-

eter-measured steps over 7 days of administration.

Accelerometers are capable of capturing step data continu-

ously and storing the data in memory, thus avoiding participant

errors in self-reporting the details of their physical activity and

avoiding other inconveniences, such as misreported or missing

data.32,33 Another advantage of using devices to measure steps

is that they take into account the steps involved in any type of

ambulatory activity (e.g., household chores, gardening, and

sports) rather than just conscious walks. To our knowledge,

this is the first study estimating the joint associations between

step volume and step intensity with long-term outcomes,

including the risk of all-cause mortality and the risk of hospi-

talization, an outcome with limited evidence. Furthermore, our

analyses controlled for many potential confounders, including

comorbidity status, thus statistically reducing bias.

Some limitations to our study must be acknowledged. The

data reported here are observational, and residual confounding

may still persist from unmeasured confounders. There is also

the possibility of reverse causality due to short-term follow-

up. However, the results from the sensitivity analysis per-

formed after removing participants with a follow-up of fewer

than 2 years remained similar. There were significant differen-

ces in some characteristics between retained individuals and

those excluded because of missing data. Thus, the results may

not be generalizable to nonretained individuals, and it is

unclear whether our estimates may be applicable to other
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populations who have a different comorbidity or physical

activity statuses. Furthermore, hospitalization was ascertained

only by reviewing Toledo Hospital Complex registers.

Although this facility is the reference hospital for the Toledo

province, where the full sample lived at baseline, some partici-

pants may have traveled or moved out of the area during fol-

low-up, so some hospitalization events might not have been

reported. In addition, the cause of hospitalization could not be

retrieved. Additionally, accelerometers do not detect nonam-

bulatory movements such as those produced by swimming or

cycling. Therefore, the estimations in our study could be

potentially biased, although these nonambulatory exercise

activities are not common among older adults. Last, our study

includes only a single step evaluation and, therefore, does not

account for changes in step counts over time. However, other

studies have shown a relatively high stability of accelerometer

measurements over the years.34,35

5. Conclusion

The current study extends the contemporary evidence con-

firming that a greater number of daily steps is significantly

associated with a lower risk of all-cause mortality and a lower

risk of hospitalization. Additionally, we observed that step

intensity is related to the mortality and hospitalization risk.

The associations are based on a linear dose�response pattern.

When the step volume and intensity were jointly analyzed, the

group having high step volume and intensity had a 28% and

40% lower risk of hospitalization and all-cause mortality,

respectively, compared with the group having low step volume

and intensity. From a public health perspective, interventions

targeting both step volume and step intensity in older adults

may result in important public health benefits.
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