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FUNG, T. T., I-M. LEE, E. STRUIJK, F. R. ARTALEJO,W. C.WILLETT, and E. LOPEZ-GARCIA. Physical Activity and Risk of Frailty in

U.S.Women 60 Yr and Older.Med. Sci. Sports Exerc., Vol. 55, No. 2, pp. 273-280, 2023. Purpose: Several studies have shown a lower risk

of developing frailty with long-term higher levels of physical activity. However, most these studies lacked repeated measurement over the

follow-up period. Therefore, we examined the association between different types of physical activity and in frailty development using re-

peated measurements. Methods: A total of 69,642 nonfrail women 60 yr and older from the Nurses’ Health Study were followed from

1992 to 2016. Leisure time physical activity was assessed biennially. Frailty was defined as having 3+ of the following five criteria from

the FRAIL scale: fatigue, low strength, reduced aerobic capacity, having ≥5 illnesses, and ≥5%weight loss. Cox models adjusted for potential

confounders were used to estimate hazard ratios (HR) and 95% confidence interval (CI) for the association between total, moderate-intensity

physical activity, vigorous-intensity physical activity, walking, and incident frailty. Results: During 24 yr of follow-up, we documented

16,479 incident frailty cases. Comparing top to bottom quintiles of MET-hours per week of physical activity, the HR was 0.48 (95%

CI = 0.45–0.50) for total physical activity, 0.51 (0.48–0.54) for moderate, and 0.75 (0.71–0.79) for vigorous activity (Ptrend <0.001 for all ac-

tivities). For each hour per week increase, HR was 0.56 (0.53–0.58), 0.51 (0.48–0.54), and 0.63 (0.58–0.68) for total, moderate, and vigorous

activity, respectively. Walking was the most common activity, and each hour per day increase in walking was associated with an HR of 0.41

(0.38–0.44) for frailty incidence; this was evident even among those older than 70 yr and those with preexisting frailty characteristics.

Conclusions: Both moderate and vigorous physical activities were associated with a lower risk of frailty. In particular, walking, a broadly

accessible activity, was also associated with lower risk. Key Words: ELDERLY, FRAIL, WOMEN, ACTIVITY
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Frailty in older adults is the loss of physical and functional

reserve that manifests as decreasing capacity in perform-
ing more demanding activities as well as greater vulnera-

bility to even minor health stressors (1). It is often characterized
by fatigue, weakness, low physical stamina, and sometimes unin-
tentional weight loss. The prevalence of frailty globally among
individuals 50 yr and older, as measured by various frailty in-
dices, was estimated to be approximately 24% (2). In addition,
or correspondence: Teresa Fung, Sc.D., R.D.N., Department
n, Simmons University, 300 The Fenway, Boston, MA 02115;
ng@simmons.edu.
for publication June 2022.
or publication September 2022.
tal digital content is available for this article. Direct URL citations
he printed text and are provided in the HTML and PDF versions
le on the journal’s Web site (www.acsm-msse.org).

/23/5502-0273/0
E & SCIENCE IN SPORTS & EXERCISE®
© 2022 by the American College of Sports Medicine

49/MSS.0000000000003046

273

Copyright © 2022 by the American College of Sports Medicine
the prevalence in women (29%) was substantially higher than
that of men (20%). Frail individuals are at higher risk for falls,
poor quality of life, hospitalization, disability, and death (3).
Physical activity and nutrition have been the main treatment
approaches to improve strength, balance, and mobility (4). Al-
though intervention trials have shown success in frailty man-
agement, trial durations were short, often included participants
who were already frail, or only addressed specific components
of frailty. Given the substantial prevalence of frailty in the
older population, prevention strategies that can be widely and
economically implemented are valuable.

A few longitudinal studies have examined the association be-
tween physical activity and the development of frailty (5–10).
Although a lower risk of frailty was observed with higher levels
of physical activity, most studies lacked detailed examination of
different levels of intensity or specific types of physical activity,
and none assessed physical activity beyond a single measure
at baseline. In addition, some studies had a relatively short
follow-up time (7,10). An in-depth analysis that encompasses
different types of physical activity, including exploration of
nuances such as latency and effect modification by age and
. Unauthorized reproduction of this article is prohibited.
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other risk factors of frailty, would providemore detailed informa-
tion on the role of low physical activity for frailty development.

In this prospective analysis, we used data from the Nurses’
Health Study, with repeated measurement of physical activity
to examine total, moderate, and vigorous physical activity in
relation to risk of frailty in women 60 yr or older. In addition,
we examined frailty risk with walking, which is a low-cost ac-
tivity suitable for older individuals. We also explored several
durations of latency and potential difference in association
by risk factors of frailty.
METHODS

Study participants. Women in this analysis were partic-
ipants of the U.S. Nurses’ Health Study. This ongoing cohort
began in 1976 with 121,700 nurses 30–55 yr in 11 states (11).
Participants self-reported lifestyle and morbidity through a
questionnaire every 2 yr. In this analysis, we included women
≥60 yr old in 1992, with valid dietary information (intake be-
tween 500 and 3500 kcal·d−1) from the 1994 food frequency
questionnaire and without missing body mass index (BMI).
We used 1992 as baseline for this analysis as it was the first
time that frailty characteristics were assessed. Women youn-
ger than 60 yr in 1992 entered follow-up when they reached
60 yr of age in subsequent questionnaire cycles. After exclud-
ing those who were already frail in 1992 or at 60 yr of age (i.e.,
entry to follow-up), 69,642 women were included for analysis
and followed up to 2016. The Harvard School of Public
Health and Brigham and Women’s Hospital Institutional Re-
view Board approved the protocol of the study.

Assessment of physical activity. Data on physical ac-
tivity were self-reported via questions on common leisure time
physical activities in the questionnaires in years 1992, 1996,
2000, 2004, 2008, and 2012. The validity of the physical activ-
ity questions was assessed in a sample of participants using
four separate 1-wk diaries administered over the course of a
year (12). The correlation coefficient between activity diaries
and the questionnaire was 0.62, indicating that the questions
were reasonably valid. Participants reported the average hours
spent per week during the past year for each activity. We then
assigned a metabolic equivalent task (MET), which indicates
the energy cost of that particular activity relative to resting
metabolic rate, based on a compendium of physical activity
(13), to quantify the intensity of physical activities. Total phys-
ical activity was calculated by summing all physical activities
in MET-hours per week. Among the specific physical activi-
ties, those of 6 METs or higher (jogging, running, swimming,
bicycling, calisthenics, other aerobic exercises, squash/racquetball/
tennis) were classified as vigorous physical activity, and those of 3
to <6 METs (walking, other low-intensity activity such as yoga,
and beginning in year 2000 upper and lower extremities weight
training) were considered moderate physical activity (14).

Assessment of frailty. Frailtywas defined using the FRAIL
scale that includes five self-reported criteria: fatigue, lowstrength (re-
duced resistance), reduced aerobic capacity, history of several major
chronic illnesses, and a significant weight loss during the previous
274 Official Journal of the American College of Sports Medicine
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year (15). The FRAIL scale correlates well with the Fried frailty
phenotype, and it has been adapted and validated to be used in
several populations (16,17). The simple structure is based on
self-reported data, which makes the definition suitable for re-
search purposes and repeated measurements in large cohorts.
The FRAIL scale has been shown to be moderately correlated
with the Fried index (r = 0.617, P < 0.001) (18).

In 1992, 1996, 2000, 2004, 2008, and 2012, participants com-
pleted the Medical Outcomes Study Short-Form (SF-36), a
36-item questionnaire with eight health dimensions, including
physical and mental components (19). From the SF-36, we
assessed three frailty criteria with the following questions:
(a) for fatigue, “Did you have a lot of energy?” with replies
“some of the time” or “none of the time,” or with the question
“I could not get going,” with responses “moderate amount” or
“all of the time”; (b) for poor strength (reduced resistance), “In
a normal day, is your health a limitation to walk up 1 flight of
stairs?”with responses “yes” or “a lot”; and (c) for low aerobic
capacity, “In a normal day, is your health a limitation to walk
several blocks or several miles?” with responses “yes” or “a
lot.” In addition, the illness criterion was ascertained from the
question “In the last 2 years, have you had any of these
physician-diagnosed illnesses?” Participants reporting five or
more of the following diseases were considered to meet this cri-
terion: cancer, hypertension, type 2 diabetes, angina, myocar-
dial infarction, stroke, congestive heart failure, asthma, arthritis,
chronic obstructive lung disease, Parkinson’s disease, kidney
disease, and depression. Finally, the weight loss criterion was
defined as a ≥5% decrease in the weight reported in two consec-
utive follow-up cycles. At the end of each 4-yr follow-up cycle,
incident cases of frailty were defined as participants having ≥3
criteria in the FRAIL scale. Missing responses in three or more
components were assumed as missing on frailty status and were
excluded. During follow-up, frailty was defined when partici-
pants reported having developed three criteria; therefore, if three
or more are missing, it was assumed as missing on frailty and
excluded, but if one or two are missing, we were able to assess
frailty status using remaining frailty components, assuming
missing in each component as not having it.

Assessment of health and lifestyle characteristics.
Height was self-reported in 1976, and weight was reported at
each biennial questionnaire. The biennial questionnaire also
assessed smoking status and the quantity of cigarette use; use
of medication for hypertension, diabetes, and hyperlipidemia;
and postmenopausal hormones. Diet was assessed at baseline
and in 1994, 1998, 2002, 2006, and 2010 using a validated
self-administered semiquantitative FFQ (20) that contained ap-
proximately 135 items. Standard portion sizes were provided
for each item, and nine frequency choices, ranging from <1 time
per month to ≥6 times per day, were available. Highest level of
education was assessed in 1992.

Statistical analysis. The primary exposures in this anal-
ysis were total, moderate, and vigorous physical activity expressed
in MET-hours per week and as duration in hours per week.
Correlations between the different types of physical activity
were obtained using Spearman correlation coefficients. We
http://www.acsm-msse.org
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computed cumulative averages from each physical activity as-
sessment year to reduce within-person variation and represent
long-term activity habits (21). MET-hours per week were then
classified into quintiles, and activity duration was classified
into specific categories. Hazard ratios (HR) for incident frailty
by different levels of physical activity were computed using
Cox proportional hazard models. Tests of trends were con-
ducted by modeling physical activity as a continuous variable.

In multivariable analysis, we adjusted for age (in months),
energy intake (quintiles), alcohol intake (0, 1 to <5 g·d−1, 5
to <10 g·d−1, 10 to <15 g·d−1, and 15 + g·d−1), smoking (never,
past, current 1–14 cigarettes per day, 15–24 cigarettes per day,
and 25+ cigarettes per day), protein intake (quintiles), highest
academic degree earned (RNonly, bachelor’s degree, and graduate
degree), predicted lean body mass (22), use of postmenopausal
hormone treatment, aspirin, diuretics, beta blockers, calcium
channel blockers, angiotensin converting enzyme inhibitors,
and other antihypertensivemedication, lipid-loweringmedica-
tions, insulin, and oral hypoglycemicmedication. The sex-specific
lean body mass equation using height, weight, and age showed
an R2 of 0.84 when validated against a nationally representative
sample of women with DXA-measured body composition (22).
To account for dietary quality, we used FFQ data to compute
the Alternate Healthy Eating Index 2010 (23) and modeled it
in quintiles. Missing data were categorized into a missing indi-
cator. In analysis of moderate and vigorous physical activities,
these two activity intensities were mutually adjusted for in the
model. Covariates were selected based on their potential as con-
founders and as predictors of components of the FRAIL score.

We explored potential differences in associations by lean body
mass and age with an analysis stratified by lean body mass at the
median and at 70 yr old. Test for interactionwas performed using
the likelihood ratio test comparing regression models with and
without interaction terms.We also examined changes in physical
activity over 4 yr asMET-hours perweek and duration in hours per
week, using little change (i.e., ±2MET-h·wk−1 or ±1 h·wk−1) as ref-
erence. To explore the lag time between physical activity level and
frailty development, and to examine potential reverse causation,
we modeled the association with 4, 8, and 12 yr of lag time.

Although we did not include any women who were already
frail at baseline, some already had one or two preexisting frailty
components. Therefore, we repeated the analysis among those
with 0, 1, or 2 of any frailty components at baseline to explore
if the association of physical activity and frailty may differ de-
pending on the baseline status. We also used the subset of par-
ticipants without any frailty criterion at baseline to explore the
association between physical activity and risk of developing
each component of the FRAIL scale.

Walking was the most common physical activity among the
participants, and all other physical activities were less often re-
ported (see Supplemental Fig. 1, Supplemental Digital Content,
MeanMET -hours per week for total and specific physical activ-
ities from 1992 to 2012, http://links.lww.com/MSS/C719). We
examined the overall association between increments of 1 h·d−1

walking with risk of frailty and each frailty criterion, as well as
stratified analysis by lean body mass (median), age (at 70 yr),
PHYSICAL ACTIVITY AND FRAILTY
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lag time of 4, 8, and 12 yr, and number of baseline preexisting
frailty criteria.We also conducted a stratified analysis by weight
training exercises as our biennial questionnaires included two
questions on arm and legweight training in 2000. However, less
than 50% of our participants reported any weight training since
year 2000; therefore, the stratified analysis was conducted with
classifying weight training as a binary category (none/any).
RESULTS

In up to 24 yr of follow-up, we documented 16,479 incident
cases of frailty. Total MET-hours per week declined slightly
over the follow-up period, but there was an increase in moder-
ate activity and a decline in vigorous activity (see Supplemen-
tal Fig. 1, Supplemental Digital Content, Mean MET-hours
per week for total and specific physical activities from 1992
to 2012, http://links.lww.com/MSS/C719). Total physical ac-
tivity inMET-hours per weekwas highly correlatedwithmod-
erate (Spearman r = 0.76, P < 0.001) and vigorous activity
(r = 0.79, P < 0.001) (see Supplemental Table 1, Supplemental
Digital Content, Spearman correlation coefficients of cumula-
tive averages of physical activity, http://links.lww.com/MSS/
C719), whereas moderate and vigorous physical activity were
moderately correlated (r = 0.31, P < 0.001). Walking was re-
ported at the highest level among different leisure activities
(see Supplemental Fig. 1, Supplemental Digital Content,
http://links.lww.com/MSS/C719) and highly correlated with
total physical activity (r = 0.93, P < 0.001) (Supplemental Ta-
ble 1, Supplemental Digital Content, http://links.lww.com/
MSS/C719). Women with higher levels of activity tended to
have a lower BMI, were less likely to be current smokers, but
they were more likely to use postmenopausal hormones, con-
sumed more alcohol, and had better diet quality (Table 1).

After multivariable adjustment, total physical activity, mod-
erate, and vigorous physical activity were all inversely associ-
ated with risk of frailty (Tables 2 and 3). Comparing top to bot-
tom quintiles of MET-hours per week, the HR was 0.48 (95%
confidence interval [CI] = 0.45–0.50) for total physical activ-
ity, 0.51 (0.48–0.54) for moderate activity, and 0.75 (0.71–0.79)
for vigorous activity (Table 2). Similarly, the HR comparing
≥10.0 h·wk−1 versus <1.0 h·wk−1 of total physical activity
was 0.40 (0.37–0.44) (Table 3). The HR comparing ≥4.0 versus
<1.0 h·wk−1 of moderate physical activity was 0.58 (0.55–0.62)
and for vigorous physical activity was 0.71 (0.66–0.76). For
each hour per day increase in physical activity, the HR was
0.56 (0.53–0.58) for total physical activity, 0.51 (0.48–0.54)
for moderate activity, and 0.63 (0.58–0.68) for vigorous activity.

When we stratified the analyses by median estimated lean
body mass, we found that higher total or vigorous physical ac-
tivity was more strongly associated with a lower risk of frailty
among those with lower lean body mass (Table 4). However,
the association between moderate physical activity and risk
for frailty did not appear to differ by lean body mass. In addi-
tion, physical activity was more strongly associated with lower
risk of frailty among women <70 yr than in those who were
older. For example, HR comparing top to bottom quintile for
Medicine & Science in Sports & Exercise® 275
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TABLE 1. Characteristics (mean ± SD) of women by quintiles of total physical activity (MET·h·wk−1) at age 60.

Q1 Q2 Q3 Q4 Q5

BMI (kg·m−2) 26.6 ± 5.8 26.0 ± 5.1 25.6 ± 4.8 25.2 ± 4.5 24.4 ± 4.2
Body weight (kg) 71.4 ± 16.1 69.9 ± 14.5 69.0 ± 13.6 67.8 ± 12.9 52.2 ± 12.1
Estimated lean body mass (kg)* 10.3 ± 5.7 9.8 ± 5.2 9.5 ± 4.8 9.1 ± 4.6 8.5 ± 4.3
Estimated fat mass (kg)* 30.3 ± 10.1 29.3 ± 9.0 28.6 ± 8.5 27.9 ± 8.0 26.5 ± 7.4
Current smoker (%) 4.9 3.7 3.0 2.6 2.6
Physical activity (MET-h·wk−1)

Total physical activity 1.3 ± 1.1 5.4 ± 2.1 12.2 ± 3.5 23.4 ± 5.5 54.6 ± 28.0
Moderate physical activity 1.0 ± 1.0 4.0 ± 2.2 8.5 ± 4.5 15.2 ± 7.8 29.1 ± 18.2
Vigorous physical activity 0.06 ± 0.3 0.9 ± 1.8 3.3 ± 4.1 7.6 ± 7.4 24.9 ± 24.0
Walking 0.9 ± 1.0 3.3 ± 2.2 6.3 ± 4.5 11.0 ± 7.9 19.5 ± 13.4

Physical activity (h·wk−1)
Total physical activity 0.4 ± 0.4 1.5 ± 0.7 3.3 ± 1.2 6.0 ± 1.9 12.4 ± 5.7
Moderate physical activity 0.4 ± 0.4 1.4 ± 0.8 2.7 ± 1.5 4.7 ± 2.6 8.5 ± 5.0
Vigorous physical activity 0.01 ± 0.04 0.1 ± 0.3 0.5 ± 0.6 1.2 ± 1.2 3.9 ± 3.7
Walking 0.4 ± 0.4 1.2 ± 0.8 2.2 ± 1.6 3.7 ± 2.7 6.1 ± 4.0

Medication use (% yes)
Postmenopausal hormones 5.5 7.2 8.3 9.8 11.7
Diuretics 18.0 19.6 20.1 19.9 17.4
Beta blockers 24.3 25.8 24.0 23.5 20.6
Calcium channel blockers 18.4 18.2 17.4 16.3 14.3
Other antihypertensive medication 10.1 9.9 9.4 8.8 8.3
ACE inhibitors 9.4 10.8 11.5 11.6 11.6
Lipid-lowering medications 51.7 53.0 51.6 49.1 45.4
Insulin 4.4 2.7 2.1 1.5 1.1
Oral hypoglycemics 5.3 4.1 3.8 2.9 2.1

Dietary intake
Energy-adjusted protein (g·d−1) 65.3 ± 13.1 66.4 ± 12.8 67.4 ± 12.6 67.9 ± 12.5 68.1 ± 12.3
Alcohol (g·d−1) 4.7 ± 9.8 5.3 ± 10.1 6.0 ± 10.4 6.6 ± 10.5 7.4 ± 11.3
Alternate Healthy Eating Index 2010 score 57.0 ± 11.1 59.1 ± 11.4 61.3 ± 11.5 63.3 ± 11.8 65.7 ± 12.1

EP
ID
EM

IO
LO

G
Y

total physical activity was 0.40 (0.36–0.45) among women
<70 yr old and 0.51 (0.47–0.54) for those older.

When examining 4- or 8-yr change in physical activity, a
higher risk of frailty was observed when activity reduction
was ≥10 MET-h·wk−1 or ≥3 h·wk−1 compared with women
with little (±2 MET-h·wk−1 or ±1 h·wk−1) change (see Supple-
mental Table 2, Supplemental Digital Content, Multivariable
HR for risk of frailty according to categories of change in leisure
time physical activity in women ≥60yr, http://links.lww.com/MSS/
C719). However, a progressively stronger inverse association
was observed with increasing levels of physical activity level.

For sensitivity analysis, HR for latency of 4, 8, and 12 yr were
computed (see Supplemental Table 3, Supplemental Digital
TABLE 2. HR (95% CI) for risk of frailty according to categories of cumulative average of leisure ti

Quintiles

1 2 3

Total physical activities
Median MET (h·wk−1) 3.2 8.6 14.7
No. of cases 5598 3757 3052
Person-time 221,776 223,719 223,740
Age adjusted 1 0.68 (0.65–0.71) 0.56 (0.53–0.58)
Multivariablea 1 0.78 (0.75–0.81) 0.69 (0.66–0.72)

Moderate activities
Median MET (h·wk−1) 1.1 3.6 6.9
No. of cases 5474 3793 3174
Person-time 221,978 223,048 229,698
Age adjusted 1 0.69 (0.66–0.72) 0.57 (0.55–0.60)
Multivariablea 1 0.80 (0.76–0.83) 0.72 (0.69–0.76)

Vigorous activities
Median MET (h·wk−1) 0.0 2.3 5.5
No. of cases 5052 3468 3183
Person-time 249,643 193,390 225,813
Age adjusted 1 0.84 (0.80–0.87) 0.72 (0.69–0.76)
Multivariablea 1 0.91 (0.87–0.95) 0.85 (0.81–0.89)

aMultivariable adjusted for age, estimated lean body mass, estimated fat mass, body weight, energy
degree earned, use of the following medications: aspirin, beta blockers, hydrochlorthiazide, ACE inh
cemics, lipid-lowering medication. Moderate and vigorous activities were mutually adjusted for eac
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Content, Multivariable hazard ratio for risk of frailty accord-
ing to categories of leisure time physical activity in women
≥60yr of different latency periods, http://links.lww.com/MSS/
C719). Although an attenuation of associations was observed
with longer latency, the inverse association remained strong
(HR comparing 10 h·wk−1 vs <1.0 h·wk−1 total physical activity
was 0.69 [95% CI = 0.65–0.74] for a latency of 12 yr). In addi-
tion, we examined the influence of the number of preexisting
frailty criteria at baseline as these women were closer to accu-
mulating a total three criteria tomeet the frailty definition. The in-
verse association between physical activity and frailty risk was
generally stronger amongwomenwith fewer number of preexist-
ing criteria (Table 5). For example, HR for each 1 h·d−1 increase
me physical activity MET-hours per week in women ≥60 yr.

Ptrend Per 3 MET-h·wk−14 5

23.3 42.2
2386 1686

224,409 224,685
0.44 (0.42–0.47) 0.32 (0.31–0.34) <0.001 0.92 (0.92–0.93)
0.59 (0.56–0.62) 0.48 (0.45–0.50) <0.001 0.95 (0.95–0.95)

11.3 20.3
2412 1626

221,618 221,987
0.45 (0.43–0.47) 0.31 (0.29–0.33) <0.001 0.85 (0.84–0.85)
0.63 (0.60–0.66) 0.51 (0.48–0.54) <0.001 0.91 (0.90–0.92)

11.1 25.5
2708 2068

226,164 223,319
0.62 (0.59–0.64) 0.48 (0.46–0.51) <0.001 0.93 (0.93–0.94)
0.80 (0.76–0.84) 0.75 (0.71–0.79) <0.001 0.97 (0.97–0.98)

intake, alcohol intake, AHEI-2010 score, postmenopausal hormone use, smoking, highest
ibitors, calcium channel blockers, other antihypertensive medications, insulin, oral hypogly-
h other.

http://www.acsm-msse.org
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TABLE 3. HR (95% CI) for risk of frailty according to categories of cumulative average of leisure time physical activity time (h·wk−1) in women ≥60yr.

<1.0 1 to <3.0 3.0 to <7.0 7.0 to <10.0 ≥10.0 Per 1 h·d−1

Total activity
Median (h·wk−1) 0.5 2.0 4.5 8.2 12.5
No. of cases 3832 6222 5019 931 475
Person-time 155,474 358,170 415,386 111,743 77,557
Age adjusted 1 0.65 (0.63–0.68) 0.45 (0.43–0.46) 0.31 (0.29–0.34) 0.25 (0.22–0.27) <0.001 0.40 (0.38–0.42)
Multivariablea 1 0.76 (0.73–0.80) 0.60 (0.57–0.63) 0.47 (0.44–0.50) 0.40 (0.37–0.44) <0.001 0.56 (0.53–0.58)

<1.0 1 to <2.0 2 to <4.0 ≥4.0

Moderate activity
Median (h·wk−1) 0.5 1.4 2.8 5.4
No. of cases 6286 4101 4058 2034
Person-time 292,486 261,034 322,461 242,349
Age adjusted 1 0.69 (0.66–0.71) 0.54 (0.52–0.56) 0.37 (0.35–0.39) <0.001 0.28 (0.26–0.30)
Multivariablea 1 0.81 (0.77–0.84) 0.71 (0.68–0.74) 0.58 (0.55–0.62) <0.001 0.51 (0.48–0.55)

Vigorous activity
Median (h·wk−1) 0.2 1.4 2.7 5.6
No. of cases 10,563 2964 2081 871
Person-time 589,465 228,530 187,951 112,383
Age adjusted 1 0.73 (0.70–0.76) 0.63 (0.60–0.66) 0.46 (0.43–0.49) <0.001 0.34 (0.32–0.37)
Multivariablea 1 0.85 (0.81–0.88) 0.82 (0.78–0.86) 0.71 (0.66–0.76) <0.001 0.63 (0.58–0.68)

aMultivariable adjusted for age, BMI, energy intake, alcohol intake, AHEI-2010 score, postmenopausal hormone use, smoking, highest degree earned, use of the following medications: aspirin,
beta blockers, hydrochlorthiazide, ACE inhibitors, calcium channel blockers, other antihypertensive medications, insulin, oral hypoglycemics, lipid-lowering medication. Moderate and vigorous
activities were mutually adjusted for each other.
of total physical activity was 0.61 (95% CI = 0.57–0.65) among
women with no preexisting frailty criterion versus 0.71 (95%
CI = 0.60–0.84) for those with two preexisting criteria. In
examining the association between physical activity and indi-
TABLE 4. Multivariablea HR (95% CI) for risk of frailty according to categories of cumulative avera

Quintiles of Physical Ac

1 2 3

Total MET-hours per week
Lean body mass < median 1 0.74 (0.69–0.80) 0.65 (0.60–0.70)
Lean body mass ≥ median 1 0.80 (0.76–0.84) 0.71 (0.67–0.75)
Age <70 yr 1 0.70 (0.64–0.75) 0.59 (0.53–0.64)
Age ≥ 70 yr 1 0.81 (0.77–0.85) 0.73 (0.69–0.77)

Moderate activity MET-hours per week
Lean body mass < median 1 0.76 (0.71–0.82) 0.71 (0.66–0.77)
Lean body mass ≥ median 1 0.81 (0.77–0.85) 0.73 (0.69–0.77)
Age <70 yr 1 0.74 (0.69–0.81) 0.62 (0.56–0.67)
Age ≥ 70 yr 1 0.82 (0.78–0.86) 0.77 (0.73–0.81)

Vigorous activity MET-hours per week
Lean body mass < median 1 0.92 (0.86–0.99) 0.81 (0.75–0.87)
Lean body mass ≥ median 1 0.90 (0.85–0.95) 0.87 (0.83–0.92)
Age <70 yr 1 0.84 (0.77–0.91) 0.76 (0.70–0.83)
Age ≥ 70 yr 1 0.94 (0.89–0.99) 0.89 (0.84–0.93)

Activity duration (

<1.0 1 to <3.0 3.0 to <7.0

Physical activity time
Lean body mass < median 1 0.72 (0.67–0.77) 0.55 (0.51–0.59)
Lean body mass ≥ median 1 0.79 (0.75–0.83) 0.63 (0.60–0.67)
Age <70 yr 1 0.70 (0.65–0.76) 0.50 (0.46–0.54)
Age ≥ 70 yr 1 0.80 (0.76–0.84) 0.64 (0.61–0.68)

<1.0 1 to <2.0 2 to <

Moderate activity time
Lean body mass < median 1 0.81 (0.75–0.86) 0.69 (0.6
Lean body mass ≥ median 1 0.80 (0.76–0.84) 0.72 (0.6
Age <70 yr 1 0.75 (0.70–0.81) 0.62 (0.5
Age ≥ 70 yr 1 0.83 (0.79–0.87) 0.74 (0.7

Vigorous activity time
Lean body mass < median 1 0.80 (0.74–0.85) 0.78 (0.7
Lean body mass ≥ median 1 0.88 (0.84–0.93) 0.86 (0.8
Age <70 yr 1 0.81 (0.74–0.88) 0.70 (0.6
Age ≥ 70 yr 1 0.86 (0.82–0.90) 0.87 (0.8

aMultivariable adjusted for age, BMI, energy intake, alcohol intake, AHEI-2010 score, postmenopaus
beta blockers, hydrochlorthiazide, ACE inhibitors, calcium channel blockers, other antihypertensive
activities were mutually adjusted for each other.
bLean body mass < median: case = 6129; lean body mass ≥ median: case = 10,350; age <70 yr: c
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vidual frailty criterion amongwomenwith no preexisting frailty
criterion, inverse associations across different activity intensities
were observed for fatigue, low aerobic capacity, and reduced
resistance (see Supplemental Table 4, Supplemental Digital
ge leisure time physical activity in women ≥60yr stratified by lean body mass and age.b

tivity (MET-h·wk−1)

Ptrend Pinteraction4 5

0.54 (0.50–0.58) 0.44 (0.40–0.48) <0.001
0.63 (0.59–0.67) 0.51 (0.47–0.55) <0.001 0.002
0.48 (0.43–0.53) 0.40 (0.36–0.45) <0.001
0.64 (0.60–0.67) 0.51 (0.47–0.54) <0.001 <0.001

0.61 (0.56–0.66) 0.49 (0.45–0.54) <0.001
0.64 (0.60–0.68) 0.53 (0.49–0.58) <0.001 0.33
0.53 (0.48–0.58) 0.47 (0.41–0.53) <0.001
0.67 (0.63–0.70) 0.53 (0.49–0.56) <0.001 <0.001

0.75 (0.70–0.82) 0.70 (0.65–0.77) <0.001
0.83 (0.78–0.88) 0.79 (0.73–0.85) <0.001 0.004
0.72 (0.66–0.79) 0.64 (0.57–0.71) <0.001
0.83 (0.79–0.88) 0.79 (0.75–0.84) <0.001 <0.001

h·wk−1)

7.0 to <10.0 ≥10.0

0.43 (0.38–0.48) 0.35 (0.30–0.40) <0.001
0.50 (0.45–0.55) 0.47 (0.41–0.53) <0.001 0.02
0.43 (0.37–0.50) 0.40 (0.34–0.48) <0.001
0.49 (0.45–0.53) 0.41 (0.36–0.46) <0.001 <0.001

4.0 ≥4.0

4–0.74) 0.58 (0.53–0.63) <0.001
9–0.76) 0.59 (0.55–0.64) <0.001 0.25
7–0.67) 0.56 (0.50–0.63) <0.001
1–0.78) 0.59 (0.55–0.63) <0.001 <0.001

2–0.84) 0.67 (0.60–0.74) <0.001
0–0.91) 0.76 (0.69–0.83) <0.001 0.005
3–0.77) 0.73 (0.63–0.84) <0.001
2–0.92) 0.71 (0.65–0.77) <0.001 <0.001

al hormone use, smoking, highest degree earned, use of the following medications: aspirin,
medications, insulin, oral hypoglycemics, lipid-lowering medication. Moderate and vigorous

ase = 4406; age ≥ 70: case = 12,073.
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TABLE 5. Multivariablea HR (95% CI) for risk of frailty according to the number of preexisting frailty criteria at entry to follow-up.

0 Criterion (Case = 7241) 1 Criterion (Case = 3832) 2 Criteria (Case = 1380)

METs (per 3 MET-h·wk−1)
Total activity 0.96 (0.95–0.96) 0.96 (0.95–0.96) 0.97 (0.96–0.99)
Moderate activity 0.92 (0.91–0.93) 0.92 (0.90–0.94) 0.94 (0.91–0.97)
Vigorous activity 0.98 (0.97–0.99) 0.98 (0.96–0.99) 0.99 (0.97–1.01)

Duration (per 1 h·d−1)
Total activity 0.61 (0.57–0.65) 0.61 (0.55–0.67) 0.71 (0.60–0.84)
Moderate activity 0.55 (0.50–0.60) 0.58 (0.50–0.67) 0.66 (0.52–0.84)
Vigorous activity 0.70 (0.63–0.78) 0.65 (0.55–0.77) 0.79 (0.59–1.05)

aMultivariable adjusted for age, BMI, energy intake, alcohol intake, AHEI-2010 score, postmenopausal hormone use, smoking, highest degree earned, use of the following medications: aspirin,
beta blockers, hydrochlorthiazide, ACE inhibitors, calcium channel blockers, other antihypertensive medications, insulin, oral hypoglycemics, lipid-lowering medication. Moderate and vigorous
activities were mutually adjusted for each other.
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Content, Multivariable hazard ratio for risk of specific frailty
criteria among women with no preexisting frailty criterion at
baseline, http://links.lww.com/MSS/C719).

For walking, we found that each hour per day of walking
was strongly associated with a lower risk of frailty (HR = 0.41,
95% CI = 0.38–0.44) (Fig. 1) but was somewhat stronger for
women <70 yr than for older women (HR 0.36 vs 0.42,
Pinteraction < 0.001). The association did not differ by participation
of upper or lower extremities weight training (Pinteraction = 0.73)
(see Supplemental Table 5, Supplemental Digital Content, Mul-
tivariable hazard ratio risk of quintiles of walking byweight train-
ing status, http://links.lww.com/MSS/C719). Moreover, the
inverse association held across different latency periods but at-
tenuated with longer latency (Fig. 1). It also remained regard-
less of the number of preexisting frailty criteria, but it was
slightly weaker with higher number of preexisting criteria.
DISCUSSION

We observed a clear inverse association between physical
activity and risk of frailty in women 60 yr and older. Both
moderate- and vigorous-intensity physical activity were associated
FIGURE 1—Multivariable HR (95%CI) for risk of frailty according to walking
istics. Results are also presented for the risk of each individual frailty criterion am
BMI, energy intake, alcohol intake, AHEI-2010 score, postmenopausal hormone
pirin, beta blockers, hydrochlorthiazide, ACE inhibitors, calcium channel blo
lipid-lowering medication, nonwalking physical activity time.
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with a lower frailty risk, even at durations of 30min to <1 h·d−1.
Notably, walking, themost common physical activity in this co-
hort of women, was associated with a lower risk of frailty, even
among those older than 70 yr or with one or two preexisting
frailty criteria. Various sensitivity analyses showed that our re-
sults were robust in subgroups within the cohort and unlikely to
have substantial bias. Development of frailty has a varied pro-
gression rate (24). To our knowledge, these results on physical
activity and walking are the first to demonstrate an association
with lower risk of frailty in different latency periods.

Exercise trials have shown mixed results in reducing frailty
risk. A 6-month strength and endurance exercise intervention
showed a reduction of frailty score (25), but a longermulticompo-
nent moderate-intensity intervention involving strength training
and walking carried out up to 3.5 yr showed no effect on frailty
risk (26). By contrast, a 12-month intervention among prefrail in-
dividuals showed a significantly lower progression to frailty (27).
These trials focused on prescribed exercise programs and the du-
rations were short relative to the development of frailty.

In prospective observational studies, results consistently
showed that longer physical activity duration was associated
with lower risk of frailty, regardless of how frailty was defined
(each 1 h·d−1 increment), overall and stratified by participants’ character-
ong women with no preexisting criterion. Multivariable adjusted for age,
use, smoking, highest degree earned, use of the following medications: as-
ckers, other antihypertensive medications, insulin, oral hypoglycemics,

http://www.acsm-msse.org
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(5–10,28). However, data were mixed for physical activity in-
tensity. Some studies reported a lower risk for frailty only with
vigorous-intensity activity (5,9,28), but others reported significant
inverse associations with both moderate- and high-intensity activ-
ities (6,8). Our study with repeated measurements of physical
activity showed that even moderate duration or moderate-intensity
physical activity were associated with a meaningful magni-
tude of lower risk.

Data on specific activity type and risk of frailty are scarce.
Although a number of studies showed walking was associated
with a lower risk of death (29,30), physical activity trials that
targeted frailty used a combination of physical activity type and thus
were difficult to compare. Among longitudinal studies, a 7-yr
Finnish study on city workers showed that conditioning exercise
was associated with maintenance of good physical function (28).

Our results add to the body of literature supporting physical
activity as a strategy to prevent frailty development. We also
observed that a significant inverse association was achieved
at moderate durations of activity. The lack of difference be-
tween moderate and vigorous activity in our findings may sug-
gest that any potential benefit may come from different types
of activities. However, as the women in the cohort aged, the
intensity of vigorous activitymight decline while still perform-
ing activities are usually considered as vigorous. Hence, the
difference in intensity between moderate and vigorous catego-
ries of activities might not be greatly different.

Physical activity may reduce the development of frailty by
maintaining or improving physical functioning, preventing
falls and developing components of the frailty syndrome. Inter-
vention trials generally showed improvements in balance (31),
mobility (32,33), or gait ability (34). However, results were
mixed for fall risk, balance, functional ability, and muscle
strength (32). Exercise trials appeared to have limited effective-
ness in improving sarcopenia (35). By contrast, resistance train-
ing multiple times a week showed improvement in gait and
muscle strength (34).

A major strength of this analysis is the repeated measurement
of physical activity to capture changes as these women aged.
Similarly, we had detailed and updated lifestyle information for
better control of confounders. The long follow-up period allowed
for exploration of different latency periods and examination of
potential for reverse causation. We were able to examine various
subgroups, individual components of frailty, and potential differ-
ential association because of preexisting frailty characteristics.

Although we assessed specific types of physical activity,
the list was not comprehensive. However, the list of leisure
time physical activity was selected to represent the most com-
mon types and a validation study showed them to be suitable
PHYSICAL ACTIVITY AND FRAILTY
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for use in this group of women (12). Although work-related
activity was not captured, women in this analysis were at least
60 yr old, and progressively fewer were employed over the
course of the follow-up period. We were unable to examine
in detail other types of leisure time physical activities, apart
from walking, because few women engaged in them.

The study of frailty development is complicated by the lack
of a standard definition of frailty and a universally accepted
measurement tool for large epidemiological studies. Neverthe-
less, our frailty definition was based on the FRAIL scale and
captured the most currently agreed upon characteristics of frailty
(15,36). Reverse causation is also a possible bias in any observa-
tional study of physical activity and frailty development. Indi-
viduals becoming frail may have increasing mobility difficulties
and, thus, reduce their physical activity which could accelerate
the progression to frailty. We addressed this possibility by ex-
amining different latency periods to capture the time in which
physical activity level may not be affected by developing frailty.
Although we did observe some attenuation of the inverse asso-
ciation between physical activity and frailty, the association re-
mained significant with 4-, 8-, or 12-yr latency periods. There-
fore, our results are unlikely to be due to reverse causation.

Both the World Health Organization (37) and the current
Physical Activity Guidelines (14) for Americans recommend
older adults to engage in multicomponent activities that in-
clude balance and strength training as well as aerobic activi-
ties. Older adults should also aim for at least 150 min·wk−1

of moderate-intensity or 75 min of vigorous-intensity activi-
ties. Those who are unable because of chronic diseases or dis-
ability should aim to be as physical active as their condition al-
lows (14). Our results support the current recommendation on
overall activity time and intensity. In addition, walking as an
endurance exercise promotes cardiopulmonary fitness and
strengthens the lower extremities for better balance ability. It
is also low cost and can be undertaken with limited location,
time, and equipment.

CONCLUSIONS

In conclusion, physical activity, regardless of moderate or
vigorous intensity, was associated with a lower risk of frailty.
In particular, we observed an inverse association with walking
at a level that is feasible for most people.

The results of the study are presented clearly, honestly, and without
fabrication, falsification, or inappropriate datamanipulation. The results
of the present study do not constitute endorsement by the American
College of Sports Medicine. This work is funded by the Instituto de
Salud Carlos III, State Secretary of R + D + I of Spain, and FEDER/
FSE grants FIS 20/1040, and NIH grant UM1 CA186107. None of the
authors have any conflicts of interest to disclose.
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