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Introduction: Engaging in 4150 minutes of moderate-intensity or 75 minutes of vigorous-
intensity physical activity weekly is recommended for optimal health. The relationship between
walking, the most common activity especially for older adults, and total mortality is not well
documented.

Methods: Data from a large U.S. prospective cohort study including 62,178 men (mean age 70.7
years) and 77,077 women (mean age 68.9 years), among whom 24,688 men and 18,933 women died
during 13 years of follow-up (1999–2012), were used to compute multivariable-adjusted hazard rate
ratios and 95% CIs for walking as the sole form of activity or adjusted for other moderate- or
vigorous-intensity physical activity in relation to total and cause-specific mortality (data analysis
2015–2016).

Results: Inactivity compared with walking only at less than recommended levels was associated
with higher all-cause mortality (hazard rate ratio¼1.26, 95% CI¼1.21, 1.31). Meeting one to two
times the recommendations through walking only was associated with lower all-cause mortality
(hazard rate ratio¼0.80, 95% CI¼0.78, 0.83). Associations with walking adjusted for other
moderate- or vigorous-intensity physical activity were similar to walking only. Walking was most
strongly associated with respiratory disease mortality followed by cardiovascular disease mortality
and then cancer mortality.

Conclusions: In older adults, walking below minimum recommended levels is associated with
lower all-cause mortality compared with inactivity. Walking at or above physical activity
recommendations is associated with even greater decreased risk. Walking is simple, free, and does
not require any training, and thus is an ideal activity for most Americans, especially as they age.
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The health benefits from moderate- or vigorous-
intensity physical activity (MVPA) include lower
risk of developing or dying from chronic diseases,

such as cardiovascular disease, type 2 diabetes mellitus,
stroke, and some cancers.1–5 It is estimated that physical
inactivity accounts for 6%–10% of the world’s burden of
noncommunicable diseases,6 and approximately 11% of
healthcare expenditures in the U.S.7 The U.S. population
aged ≥65 years is expected to nearly double from
approximately 13% in 2010 to more than 20% by 20308

and the cost of providing health care is estimated to be
three to five times higher for persons aged ≥65 years
compared with younger people9; thus, identifying factors
associated with healthy aging is vitally important to
manage the burden of disease and related healthcare
costs.
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Public health guidelines10,11 state that adults should
engage in 4150 minutes of moderate-intensity or 75
minutes of vigorous-intensity physical activity per week;
however, only half of U.S. adults meet this recommen-
dation.12 Older adults are even less likely to meet
minimum recommendations (42% ages 65–74 years
and 28% ages ≥75 years).12 The U.S. Surgeon General
recently announced a Call to Action focused on walking
and the walkability of communities for overall health13 in
an effort to increase MVPA, because walking is the most
common type of MVPA. One national survey reported
approximately 60% of all adults and approximately 50%
of adults aged ≥65 years walked for 410 minutes in the
past week.14 Walking has been associated with lower
incidence of cardiovascular disease,15 type 2 diabetes,16

and breast and colon cancers.17,18 Despite numerous
epidemiologic studies having documented the associa-
tion between overall MVPA and mortality,19 relatively
few have examined associations with walking specifically.
A recent meta-analysis reported walking, after adjust-

ing for other types of activity, for just more than 3 hours
per week was associated with 11% lower mortality (95%
CI¼0.82, 0.96) compared with no or very little activity in
men and women combined.20 Earlier meta-analyses
reported reduced risk estimates between 3% and
32%21–23 for walking and mortality. However, few studies
have examined associations between walking and mortal-
ity among older adults (primarily aged ≥65 years).24–31

Furthermore, past studies have used various approaches
to adjust for other types of activity or not adjusted for
them at all; thus, it remains unclear whether reaching
recommended levels of physical activity through walking
alone provides a longevity benefit similar to that achieved
with a mix of MVPA.
Because walking is free, does not require special

training, and can be done almost anywhere, better
understanding the mortality benefit associated with
walking has important implications for tailoring public
health messages, increasing population-wide levels of
walking, and decreasing health costs, especially among
older adults. Therefore, a detailed analysis of the relation-
ship between walking, in the absence of and adjusted for
other types of activity, and mortality was conducted
using data from a large prospective U.S. cohort study of
primarily older (aged 47 to 89 years, 95% Z60 years)
men and women.
METHODS
Study Sample
Men and women were drawn from the 184,185 participants in the
American Cancer Society’s Cancer Prevention Study (CPS)-II
Nutrition Cohort, a prospective study of cancer incidence and
mortality begun in 1992.32 The Nutrition Cohort is a subgroup of
the approximately 1.2 million participants in the CPS-II mortality
cohort established in 198233 who resided in 21 states with
population-based state cancer registries, were aged 50–74 years
in 1992, and completed a mailed questionnaire that included
questions on demographic, medical, and lifestyle factors. Begin-
ning in 1997 and every 2 years thereafter, living participants were
sent a follow-up questionnaire to update information. Recruitment
and characteristics of the cohort are described in detail else-
where.32 CPS-II is approved by the Emory University IRB.
Measures
For this analysis, the 1999 follow-up survey served as the baseline
measure for exposure assessment because physical activity, as the
main exposure of interest, was asked about in more detail than
earlier surveys. Among 67,857 men and 83,486 women who
completed the 1999 survey, the authors sequentially excluded
those who were aged 490 years at survey completion (n¼60);
missing or extreme (top and bottom 0.1%) BMI (n¼8,448);
missing smoking status (n¼1,012); missing physical activity
(n¼2,562); or death date before the 1999 survey completion date
(n¼6). After exclusions, the analytic cohort consisted of 62,178
men and 77,077 women with a mean age of 70.7 years (SD¼5.8)
for men and 68.9 years (SD¼6.3) for women.

The primary endpoint was death from any cause occurring
between completion of the 1999 survey and December 31, 2012.
Deaths were identified through biennial automated linkage with
the National Death Index.34 Death certificates or cause of death
codes were obtained for 98.7% of all known deaths. Specific causes
of death were classified using ICD-1035 and grouped into four
categories: cardiovascular disease (ICD-10 codes I00–I99 and
R96), cancer (ICD-10 codes C00–C97 and D00–D48), respiratory
disease (ICD-10 codes J00–J99), and all other causes. During
follow-up, 24,688 deaths occurred in men and 18,933 in women.

Physical activity was assessed by asking: During the past year,
what was your average total time per week spent in each of the
following activities: walking, jogging/running, lap swimming, ten-
nis/racquetball, bicycling/exercise machines, aerobics/calisthenics,
and dancing? Responses were: none, 1–19 minutes, 20–59 minutes,
1 hour, 1–1.5 hours, 2–3 hours, 4–6 hours, 7–10 hours, or 11+
hours. MET is estimated by dividing the energy cost of a given
activity by resting energy expenditure.36 MET-hours/week were
calculated for each participant by multiplying the midpoint value
for each category (for 11+ hours, “11” was used) by the
corresponding MET-value according to the Compendium of
Physical Activities.36 MET-values assigned were: 3.5 for walking
and dancing, 4.0 for bicycling/exercise machines, 4.5 for aerobics/
calisthenics, 6.0 for tennis/racquetball, and 7.0 for jogging/running
and lap swimming. Normal outdoor walking pace was slow (less
than 2 mph), normal, average (2 to 2.9 mph), brisk pace (3 to
3.9 mph), and very brisk, striding (4 mph or faster), but the MET-
value corresponding to “walking for pleasure” was assigned to all
participants as pace was not asked relative to frequency of walking;
that is, inactive participants also reported a normal walking pace.

Walking was categorized in two ways. For the main analysis,
participants who exclusively walked were categorized based on the
amount they walked: (1) insufficiently active if walking less than
the minimum recommended by physical activity guidelines (all
categories less than 2–3 hours/week); meeting approximately the
www.ajpmonline.org
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minimum up to twice the recommendations (categories 2–3 and
4–6 hours/week); and exceeding recommendations by twofold
(46 hours/week). All other participants were categorized as either
engaging in no MVPA (zero MET-hours/week) or any MVPA
based on their total MET-hours/week (o8.75, 8.75–17.5, 417.5).
Any MVPA may have included some MET-hours/week from
walking if participants engaged in walking with other activities.
Secondarily, two separate physical activity variables were created:
the first for categories of walking (none, o2, 2–6, or 46 hours/
week) and the second for all MET-hours/week accumulated from
activities other than walking (o8.75, 8.75–17.5, 417.5 MET-
hours/week). The lowest level of walking (o2 hours/week) served
as the reference group in all analyses. Inactive was not used as the
reference category because (1) the smaller size of this group was
not as statistically stable and (2) the possibility of residual
confounding by illnesses that were unaccounted for may impact
a person’s ability to be physically active and would lead to bias
away from the null.

Statistical Analysis
Participants contributed person-time from the date of their base-
line (1999) survey completion until their date of death or
December 31, 2012, whichever came first. First, deaths and
person-years were calculated according to walking/MVPA cate-
gory and 5-year attained-age groups, and mortality rates were then
standardized to the age distribution of the CPS-II Nutrition
Cohort population. Next, Kaplan–Meier survival curves were
created for categories of walking/any MVPA categories. Lastly,
Cox proportional hazards regression modeling was used to
compute hazard rate ratios (HR) for (1) the primary analysis of
walking only and any MVPA, and (2) models of any walking
adjusting for other MVPA. Risk was assessed in three models:
(1)
] 20
adjusted for sex and age (single year);

(2)
 adjusted for sex; age; education (high school graduate or less,

some college or trade school, college graduate); reported
personal history of chronic disease (includes cancer, heart
attack, stroke, or emphysema/other lung disease; yes, no);
smoking status (never, current, former), duration (r35, 435
years), and frequency (o20, Z20 cigarettes/day) among
current smokers, years since quitting among former smokers
(r5, 6–10, 11–15, 16–20, 21–25, 425 years); and BMI
(o18.5, 18.5–24.9, 25.0–29.9, Z30.0); and
(3)
 model 2 with additional adjustment for race (white, black,
other), leisure time spent sitting (o3, 3–5, Z6 hours/day),
self-reported diabetes (yes, no), marital status (married,
unmarried), occupational status (retired/homemaker, not
retired), alcohol consumption (zero, less than one, one, two
or more drinks/day), total caloric intake (sex-specific quar-
tiles), fruit/vegetable intake (sex-specific quartiles), and red/
processed meat intake (sex-specific quartiles).
Dietary intake was assessed using a modified Willett food-
frequency questionnaire.37 Linear trend was tested using the
median MET-hours/week value of each exposure category, and
the p-value was derived from the Wald chi-square statistic.
Associations between walking and mortality from cardiovascu-

lar disease, cancer, respiratory disease, and all other causes were
also examined. For each cause of death, participants who died from
17
other causes were censored at time of death. Several sensitivity
analyses were conducted: (1) restricting analyses to never and
long-term former (15 years since quitting) smokers; (2) restricting
analyses to participants who were retired or homemakers at
baseline because physical activity can change with retirement; (3)
excluding those who died within the first 2 years of follow-up; and
(4) restricted to individuals who reported normal walking pace as
“normal, average,” “brisk pace,” or “very brisk, striding.” Lastly,
associations stratified by sex, baseline age, BMI, leisure time spent
sitting, and prevalent disease status were examined. Interaction
terms between physical activity and follow-up time were also
created to test the Cox proportional hazards assumption. All tests
for statistical significance were two-sided and po0.05 was
considered statistically significant. All data analyses were con-
ducted in 2015–2016.

RESULTS
In this study, 5.8% of men and 6.6% of women reported
no MVPA at baseline. Among active participants, 96.2%
of men and 95.4% of women reported some walking, and
46.9% of men and 49.3% of women walked as their only
form of MVPA. Inactive and the least active participants
were less-educated, more likely to be obese, non-
drinkers, have ever smoked cigarettes, have diabetes,
consume red or processed meat, and less likely to
consume fruits and vegetables (Table 1).
After multivariable adjustment, inactivity was associ-

ated with higher all-cause mortality compared with
walking only for o2 hours/week (HR¼1.26, 95%
CI¼1.21, 1.31; Table 2). There were statistically signifi-
cant inverse associations between meeting or exceeding
recommendations via walking only and all-cause mortal-
ity. Meeting one to two times the minimum (i.e., 7.5–15
MET-hours/week) recommendation through walking
only was associated with 20% lower mortality risk (95%
CI¼0.78, 0.83), which was similar to that for any MVPA
(HR¼0.77, 95% CI¼0.74, 0.80; Table 2). Results for
exceeding recommendations through walking only were
similar to those of meeting recommendations (HR¼0.78,
95% CI¼0.75, 0.81). Walking only was most strongly
associated with respiratory disease mortality with ≅35%
lower risk, comparing 46 hours/week of walking to the
least active group (Table 2). Walking only was also
inversely associated with cardiovascular disease mortality
(HR¼0.80, 95% CI¼0.76, 0.84 for one to two times
versus less than guidelines), and more modestly inversely
associated with cancer mortality (HR¼0.91, 95%
CI¼0.86, 0.96 for one to two times versus less than
guidelines).
Results for walking, adjusted for other types of MVPA,

were similar to those for walking only (Appendix Table 1,
available online). Results were similar when stratified on
sex, baseline age, BMI, prevalent disease status, and
leisure-time sitting (data not shown). Results also



Table 1. Baseline Characteristics of CPS-II Nutrition Cohort by Walking, 1999

Characteristics

Walking hours/week

None o2 2–6 46

Number of participants 14,172 40,088 61,017 23,978
Mean MVPA (MET-hours/week) 4.5 7.0 15.7 37.3
% Men 40.3 41.7 43.7 55.0
Mean age, years 71.3 69.9 69.4 69.2
Race
White 96.7 97.3 97.8 97.9
Black 2.0 1.5 1.0 0.9
Other/unknown 1.3 1.2 1.2 1.2

Education
High school graduate or less 41.4 32.9 28.7 28.0
Some college or trade school 29.0 28.6 28.7 28.8
College graduate 28.9 37.9 42.0 42.6

Reported prevalent diseasea 39.9 38.6 35.6 35.4
BMI
o18.5 2.3 1.7 1.5 1.7
18.5–o25.0 37.2 37.9 44.3 44.7
25.0–o30.0 37.3 39.4 39.8 40.9
≥30.0 23.3 21.1 14.4 12.7

Other MVPA (MET-hours/week)
0 60.6 54.0 49.0 48.1
0.875–o2.25 6.3 11.1 7.5 7.0
2.25–o8.75 16.1 20.4 22.5 20.2
≥8.75 17.0 14.5 21.0 24.7

Alcohol use
Nondrinker 42.8 41.7 36.8 33.3
o1 drink/day 22.3 28.4 32.0 30.1
1 drink/day 6.9 8.7 11.4 13.3
≥2 drinks/day 6.4 7.5 8.3 10.7

Smoking status
Nonsmoker 43.0 45.2 46.2 42.5
Former smoker 48.8 49.1 50.0 53.2
Current smoker 8.2 5.8 3.8 4.3

Reported diabetes 13.3 11.7 8.9 8.5
Occupational status
Working full-/part-time 14.6 18.2 16.7 16.9
Retired/not working outside home 85.4 81.8 83.3 83.1

Married 64.3 70.8 74.5 75.2
Leisure-time sitting (hours/day)
o3 54.5 64.0 54.3 44.3
3–5 25.4 22.8 31.0 35.8
45 18.0 12.6 14.1 19.5

Total energy intake (quartiles-cal/day)
Q1: (men: o1,480; women: o1,255) 22.1 24.3 21.0 17.2
Q2: (men: 1,480–1,829; women: 1,255–1,553) 18.8 21.5 22.3 20.4
Q3: (men: 1,830–2,232; women: 1,554–1,901) 17.6 20.2 22.5 22.8
Q4: (men 42,232; women: 41,901) 18.3 19.0 21.9 26.1

Total red/processed meat intake (quartiles-g/week)
Q1: (men: ≤150; women: ≤126) 31.7 24.7 23.9 24.3
Q2: (men: 151–311; women: 127–257) 22.8 25.3 25.6 24.0

(continued on next page)
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Table 1. Baseline Characteristics of CPS-II Nutrition Cohort by Walking, 1999 (continued)

Characteristics

Walking hours/week

None o2 2–6 46

Q3: (men: 312–507; women: 258–410) 21.8 24.9 25.8 25.2
Q4: (men: 4507; women: 4410) 23.6 25.1 24.7 26.5

Total vegetable intake (quartiles-g/week)
Q1: (men: ≤644; women: ≤758) 36.3 28.1 21.8 21.0
Q2: (men: 645–1,140; women: 759–1,280) 23.9 26.9 25.2 22.0
Q3: (men: 1,141–1,738; women: 1,281–1,901) 20.8 24.1 26.4 25.5
Q4: (men: 41,738; women: 41,901) 19.0 20.8 26.6 31.4

Total fruit intake (quartiles-g/week)
Q1: (men: ≤394; women ≤496) 36.6 27.8 21.7 21.9
Q2: (men: 395–975; women: 497–1,047) 23.7 27.0 24.9 22.6
Q3: (men: 976–1,583; women: 1,048–1,657) 19.6 24.0 26.8 25.3
Q4: (men: 41,583; women: 41,657) 20.1 21.3 26.6 30.2

Note: Beginning with the row Race, all data are presented as age-adjusted percentages. Age adjustments were based upon the distribution of the
CPS-II Nutrition Cohort. Some percentages may not add up to 100% due to missing data.
aPrevalent disease includes cancer, heart attack, stroke, or emphysema/other lung disease.
CPS-II, American Cancer Society’s Cancer Prevention Study; MVPA, moderate to vigorous physical activity.
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remained relatively unchanged when analyses were
restricted to long-term non-smokers and restricted to
individuals who were retired or homemakers (data not
shown). With regard to walking pace, 82.6% of men and
79.1% of women reported their normal walking pace was
“normal, average” or faster, and results were virtually
unchanged when restricted to this group (data not
shown). There was a statistical violation of the Cox
proportional hazards assumption observed for all-cause,
but not cause-specific mortality (interaction po0.0001).
Visual review of survival curves showed no meaningful
differences in the shape of the dose–response relation-
ship with increasing follow-up time (Figure 1). Partic-
ipants who died within the first 2 years of follow-up
(n¼4,227) or who reported no MVPA, no daily-life
activities, no light housekeeping, and sitting 48 hours
per day were excluded to reduce potential bias from
serious illness (n¼222), but the violation remained (data
not shown). Results were then stratified by follow-up
time (1999–2005, 2006–2012), and associations were
similar but attenuated in the second period; however,
no violation was observed within the individual follow-
up periods (Appendix Table 2, available online).

DISCUSSION
In this large prospective study, physical inactivity com-
pared with any activity was associated with higher
mortality from all causes, cardiovascular disease, cancer,
and respiratory disease. For older adults, reaching the
minimum threshold of physical activity recommenda-
tions through walking only conferred a similar mortality
] 2017
benefit to that achieved through other types of MVPA.
Exceeding approximately twice recommendations via
walking only was associated with a 29% lower all-cause
death rate compared with being insufficiently active.
The present findings fall within the range of 3%–32%

lowered risks of all-cause mortality reported in previous
meta-analyses.20–23 The primary limitations of previous
meta-analyses include the different ways in which studies
adjusted for other MPVA or lack of adjustment for other
MVPA, and choice of reference group. Furthermore, few
individual studies examined associations between walk-
ing and mortality among older adults,24–31 and among
these studies, some were restricted to one gender or to
individuals with type 2 diabetes,24,29,31 thus limiting their
generalizability. The present study is the first to examine
walking only in relation to mortality in older men and
women. This approach reduces possible confounding by
other types of MVPA.
Walking only was associated most strongly with

respiratory disease mortality. This is the first study to
examine walking in relation to respiratory disease
mortality; thus, this finding requires confirmation in
other large studies. It is plausible that individuals with
early indictors of respiratory disease or more advanced
disease may be less active, which would lead to reverse
causality in higher activity levels. However, this bias was
unlikely to have a meaningful impact because inverse
associations were observed in both the 1999–2005 and
2006–2012 follow-up time periods.
Walking was also associated with lower risk of

cardiovascular disease mortality. Physical activity and
walking only have been associated with lower



Table 2. Hazard Rate Ratios (HR) and 95% CIs Between Walking, All Other MVPA, and Mortality, 1999–2012

Cause of death No MVPA

Less than guidelines 1–2X guidelines 42X guidelines

p-trend

Walking only,
o2 hours/

week

Any MVPA,
o8.75 MET-
hours/week

Walking only,
2–6 hours/

week

Any MVPA, 8.75–
o17.5 MET-hours/

week

Walking only,
46 hours/

week

Any MVPA,
≥17.5 MET-
hours/week

Median MET-hours/week 0 3.5 5.5 7.0 12.5 24.5 29.5
Death from any cause
Deaths, N 4,514 8,443 4,665 9,055 5,537 3,443 7,964
Person-years 81,601 230,750 154,588 339,232 231,818 131,367 398,619
Age, standardized ratea 4,293 2,851 2,404 2,088 1,902 2,052 1,615
Model 1 HR (95% CI) 1.36 (1.31,

1.41)
1 (–) 0.86 (0.83,

0.89)
0.74 (0.72,

0.76)
0.69 (0.67, 0.72) 0.74 (0.71,

0.77)
0.60 (0.58,

0.61)
Model 2 HR (95% CI) 1.31 (1.27,

1.36)
1 (–) 0.88 (0.85,

0.91)
0.78 (0.76,

0.80)
0.74 (0.71, 0.76) 0.77 (0.74,

0.80)
0.64 (0.62,

0.66)
Model 3 HR (95% CI) 1.26 (1.21,

1.31)
1 (–) 0.89 (0.86,

0.92)
0.80 (0.78,

0.83)
0.77 (0.74, 0.80) 0.78 (0.75,

0.81)
0.67 (0.65,

0.69)
o0.0001

Death from CVD
Deaths, N 1,555 – 1,624 3,001 1,865 1,107 2,589
Person-years 81,601 230,750 154,588 339,232 231,818 131,367 398,619
Age, standardized ratea 1,412 932 805 675 619 639 512
Model 1 HR (95% CI) 1.33 (1.25,

1.41)
1 (–) 0.89 (0.84,

0.94)
0.73 (0.70,

0.77)
0.70 (0.66, 0.75) 0.72 (0.67,

0.77)
0.59 (0.56,

0.62)
Model 2 HR (95% CI) 1.28 (1.21,

1.37)
1 (–) 0.91 (0.86,

0.97)
0.78 (0.74,

0.82)
0.75 (0.71, 0.80) 0.75 (0.70,

0.81)
0.64 (0.61,

0.68)
Model 3 HR (95% CI) 1.23 (1.15,

1.31)
1 (–) 0.92 (0.87,

0.98)
0.80 (0.76,

0.84)
0.78 (0.74, 0.83) 0.76 (0.71,

0.82)
0.67 (0.63,

0.71)
o0.0001

Death from cancer
Deaths, N 1,095 2,314 1,279 2,881 1,705 1,167 2,745
Person-years 81,601 230,750 154,588 339,232 231,818 131,367 398,619
Age, standardized ratea 1,153 854 721 718 626 742 590
Model 1 HR (95% CI) 1.26 (1.17,

1.35)
1 (–) 0.85 (0.79,

0.91)
0.85 (0.81,

0.90)
0.76 (0.71, 0.81) 0.90 (0.84,

0.97)
0.72 (0.68,

0.76)
Model 2 HR (95% CI) 1.20 (1.12,

1.30)
1 (–) 0.87 (0.81,

0.93)
0.90 (0.86,

0.96)
0.82 (0.77, 0.87) 0.93 (0.87,

1.00)
0.78 (0.74,

0.83)

(continued on next page)
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Table 2. Hazard Rate Ratios (HR) and 95% CIs Between Walking, All Other MVPA, and Mortality, 1999–2012 (continued)

Cause of death No MVPA

Less than guidelines 1–2X guidelines 42X guidelines

p-trend

Walking only,
o2 hours/

week

Any MVPA,
o8.75 MET-
hours/week

Walking only,
2–6 hours/

week

Any MVPA, 8.75–
o17.5 MET-hours/

week

Walking only,
46 hours/

week

Any MVPA,
≥17.5 MET-
hours/week

Model 3 HR (95% CI) 1.18 (1.10,
1.27)

1 (–) 0.88 (0.82,
0.94)

0.91 (0.86,
0.96)

0.83 (0.78, 0.89) 0.93 (0.87,
1.00)

0.80 (0.75,
0.84)

o0.0001

Death from respiratory disease
Deaths, N 526 943 499 850 494 317 633
Person-years 81,601 230,750 154,588 339,232 231,818 131,367 398,619
Age, standardized ratea 483 309 248 186 164 180 122
Model 1 HR (95% CI) 1.41 (1.26,

1.57)
1 (–) 0.83 (0.74,

0.92)
0.62 (0.57,

0.68)
0.56 (0.50, 0.62) 0.61 (0.54,

0.70)
0.43 (0.39,

0.47)
Model 2 HR (95% CI) 1.34 (1.20,

1.49)
1 (–) 0.88 (0.79,

0.99)
0.68 (0.62,

0.75)
0.63 (0.56, 0.70) 0.65 (0.57,

0.74)
0.49 (0.45,

0.55)
Model 3 HR (95% CI) 1.28 (1.15,

1.42)
1 (–) 0.91 (0.81,

1.01)
0.70 (0.64,

0.77)
0.67 (0.60, 0.75) 0.65 (0.57,

0.74)
0.53 (0.47,

0.59)
o0.0001

Death from all other causes
Deaths, N 1,338 2,321 1,263 2,323 1,473 852 1,997
Person-years 81,601 230,750 154,588 339,232 231,818 131,367 398,619
Age, standardized ratea 1,245 756 631 509 493 491 392
Model 1 HR (95% CI) 1.46 (1.37,

1.56)
1 (–) 0.84 (0.79,

0.90)
0.69 (0.65,

0.73)
0.67 (0.63, 0.72) 0.67 (0.62,

0.72)
0.54 (0.51,

0.58)
Model 2 HR (95% CI) 1.44 (1.35,

1.54)
1 (–) 0.85 (0.80,

0.91)
0.70 (0.66,

0.74)
0.68 (0.64, 0.73) 0.67 (0.62,

0.73)
0.55 (0.52,

0.59)
Model 3 HR (95% CI) 1.36 (1.27,

1.46)
1 (–) 0.87 (0.81,

0.93)
0.73 (0.69,

0.77)
0.73 (0.68, 0.78) 0.69 (0.64,

0.75)
0.59 (0.56,

0.63)
o0.0001

Note: Boldface indicates statistical significance (po0.001). Model 1: Adjusted for age and sex. Model 2: Additional adjustment for education, BMI, smoking history, and prevalent disease. Model 3:
Additional adjustment for race, marital status, alcohol use, energy intake, red/processed meat intake, vegetable and fruit intake, pre-existing diabetes, occupational status, and leisure-time sitting.
aRate standardized to the age distribution of the population of Nutrition Cohort.
HR, hazard rate ratio; MVPA, moderate to vigorous physical activity.
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Figure 1. Kaplan-Meier survival curve by walking and other MVPA in men and women, 1999–2012.
MVPA, moderate to vigorous physical activity.
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cardiovascular disease incidence and mortality38,39 and
with lower insulin, cholesterol, blood pressure, and other
cardiometabolic biomarkers.40–42 For example, in the
Nurses’ Health Study,38 women who walked approxi-
mately 3 hours per week had a 35% lower risk of
cardiovascular disease incidence compared with the least
active. A 23% lower risk was seen in the present study
with similar amounts of walking, albeit with cardiovas-
cular disease mortality.
Walking only was modestly associated with lower

cancer mortality rates, but a higher level of MVPA was
associated with even lower cancer mortality risk. Other
studies suggest that higher physical activity levels may be
required for cancer prevention,5 and, in fact, higher levels
of MVPA have been associated with incidence of specific
types of cancer, such as breast and colon cancers,17,18,43

and better chances of survival after diagnosis of these
cancers44 in this study population. Although it is possible
that a lower level of physical activity has only a modest
association with cancer mortality overall, stronger asso-
ciations with death from some types of cancer cannot be
ruled out, but statistical power to examine associations
with specific cancers was limited.

Limitations
Strengths of this study include the prospective design,
large sample size of older men and women, large
proportion of participants who solely walked for exercise,
and ability to control for many potential confounding
factors. Occupational activity data were not available;
however, the majority of participants were retired/home-
makers (82% of men and 84% of women) and restricting
analyses to retired participants did not change risk
estimates. Another limitation is the use of self-reported
physical activity. These questions are very similar to
those validated in the Nurses’ Health Study II, a cohort
with similar participant characteristics, who found a
correlation of 0.79 between activity reported on recalls
and questionnaire.45 These measures have also been
associated with various cancers in this cohort.17,18 Even
though it is possible that physical activity levels may
change over time, exposure information was not updated
during follow-up because of the strong possibility of
reverse causality that would bias results away from the
null as physical activity levels decrease with illness and
proximity to death. Walking pace in relation to the
frequency of reported walking was also not directly
captured in this study. A recent meta-analysis46 examin-
ing studies of walking pace and mortality reported that
slowest versus fastest walking speed was associated with
higher mortality (relative risk¼1.89, 95% CI¼1.46, 2.46).
The vast majority of participants in this study reported a
normal outdoor pace consistent with moderate-intensity
activity (i.e., 3.0 METs, which is achieved by walking 2.5
mph on a level street), and when excluding those
reporting a slow pace, results were virtually unchanged.

CONCLUSIONS
Engaging in any walking or other MVPA, even if not
meeting the minimum recommended levels, is associated
with lower mortality compared with inactivity. Meeting
minimum MVPA recommendations through walking
only is associated with a further increase in longevity in
older adults. Although physical activity has been asso-
ciated with numerous health benefits for older adults,
including longevity,19 better mental health,47,48 improved
cognitive functioning,49 and lower risk of various chronic
diseases,5,50,51 less than half of older adults meet physical
activity recommendations. With the near doubling of
adults aged ≥65 years expected by 2030,8 clinicians
should encourage patients to walk even if less than the
www.ajpmonline.org
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recommended amount, especially as they age, for health
and longevity. Walking has been described as the “perfect
exercise”52 because it is a simple action that is free,
convenient, does not require any special equipment or
training, and can be done at any age. This study shows
that engaging in walking is associated with increased
longevity and has the potential to improve the public’s
health significantly.
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