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Abstract

Objective: To examine the association between leisure-time physical activity (LTPA) and long-term cancer
risk in a nationwide cohort of older adults.
Participants and Methods: The cohort comprised participants of a national survey conducted between
July 2005 and December 2006, constituting a random sample of Israeli community-dwelling adults aged
65 years or older. Based on self-reported LTPA habits, participants were classified as sufficiently active,
insufficiently active, or inactive according to published guidelines. Cancer diagnosis was assessed via the
Israeli National Cancer Registry through September 2015. Inverse probability weighted hazard ratios for
incident cancer, based on propensity score, were estimated for LTPA categories.
Results: Analysis included 1542 participants with no history of cancer at baseline (median [25th-75th
percentile] age, 73 years [69-78 years]; 826 [53.6%] women). Inactive participants (n¼641 [41.6%])
were more likely to be female, of lower socioeconomic status, and with higher body mass index and poorer
perceived health compared with their insufficiently active (n¼443 [28.7%]) and sufficiently active (n¼458
[29.7%]) counterparts. In the propensity scoreeweighted synthetic sample, the distribution of measured
baseline covariates was similar across LTPA categories. Over a median follow-up of 9 years, 254 new cancer
cases (16.5%) were diagnosed. Leisure-time physical activity was inversely associated with incident cancer,
with adjusted hazard ratios (95% CIs) of 0.66 (0.46-0.93) in insufficiently active and 0.59 (0.42-0.82) in
sufficiently active participants compared with inactive individuals (P value for trend ¼ .002).
Conclusion: Among older adults, engaging in LTPA, even at lower levels than officially recommended,
may have a beneficial effect on primary prevention of cancer.
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R egular engagement in leisure-time phys-
ical activity (LTPA) is considered to have
a protective effect against cancer among

the general population.1 In light of the aging of
the population, there is a growing interest in
whether this protective effect of LTPA equally ap-
plies to older age groups, characterized by
Mayo Clin Proc Inn Qual Out n April 2020;4(2):115-125 n https://d
www.mcpiqojournal.org n ª 2020 THE AUTHORS. Published by Else
access article under the CC BY-NC-ND license (http://creativecommons
decreased levels of physical activity2 and
increased cancer incidence.3 Few previous cohort
studies have focused specifically on adults aged
65 years or older,4-8 while others have reported
an overall risk for both middle-aged and old
adults9-16 or considered the older age groups
separately in their analyses,17-19 including several
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meta-analyses.20-24 Findings of these studies sup-
port an inverse association between LTPA and
cancer of the lung,11,12,21 colon and rectum,13

endometrium,23 and breast5,6,15,24 (although
lack of association with breast cancer was also re-
ported14), whereas no evidence was observed for
ovarian,9 prostate,20 or pancreatic10,17,22 cancers
(Supplemental Table 1, available online at
http://www.mcpiqojournal.org). Although
consistent with findings from the general popula-
tion,1 for older adults, some uncertainties still
remain regarding the nature of this association.
Studies of older adults are particularly vulnerable
to reverse causation25 because older individuals
who are healthy enough to exercise may experi-
ence a reduced health risk irrespective of their
physical activity level.26 Hence, attributes of ag-
ing, such as poor self-rated health, functional lim-
itations, cognitive impairment, and decreased
psychological functioning,27 may serve as impor-
tant confounders because they are strongly associ-
ated with both physical activity engagement28-30

and health outcomes,31 including cancer.32-34 So-
cioeconomic status (SES) constitutes another
important confounder in this context because it
is related to both exercise30 and cancer.35 Never-
theless, many previous investigations among
older adults have not addressed these potential
key confounders in their analyses. For example,
only a few studies have incorporated measures
of mental health,7,8 self-rated health,7,19 func-
tional limitations, or any additional SES aspects
beyond education,15 which may result in sub-
stantial residual confounding.36 Additionally, a
substantial proportion of the studies among older
adults examined cancer mortality rather than
incidence,7,8,16,18,19 which constitutes an inade-
quate measure for cancer risk assessment.37

Therefore, in the current investigation we utilized
a nation-wide cohort of community-dwelling
adults (median age of 73 years) with a wealth of
information on potential confounders and a com-
plete long-term follow-up of cancer incidence to
assess whether LTPA is predictive of a reduced
cancer risk.
PARTICIPANTS AND METHODS

Study Design and Setting
The cohort comprised all participants inter-
viewed in the first National Health and Nutri-
tion Survey of the Elderly in Israel (“Mabat
Zahav”), carried out between 2005 and 2006
Mayo Clin Proc Inn Qual Out n April 2020
by the Israel Center for Disease Control and
the Nutrition Department of the Israel Ministry
of Health.38 The survey population constituted
a random sample of Israeli citizens aged 65
years or older, with the sampling framework
provided by the 2major healthmaintenance or-
ganizations in Israel (Clalit Health Services and
Maccabi Health Services), representing approx-
imately 86% of all elderly individuals in Israel.
The final sample included 1852 community-
dwelling participants residing in Israel for at
least 1 year. Data were obtained via a personal
interview in the interviewee’s place of residence
(own home or retirement home) using a struc-
tured questionnaire. Among the participants
interviewed, 53 were excluded because of se-
vere cognitive impairment (n¼46) or incom-
plete questionnaires (n¼7), yielding 1799
participants (for whom survey data are available
online at the Ministry of Health government
website39). For the current analysis, individuals
with a history of cancer at baseline (n¼257)
were additionally excluded, leaving 1542 par-
ticipants. All aspects of the studywere approved
by the institutional ethics committees.

Assessment of Physical Activity
Leisure-time physical activity was self-reported
during the baseline interview, based on a stan-
dard questionnaire (Supplemental Material,
The Physical Activity Questionnaire, available
online at http://www.mcpiqojournal.org), as
previously described in detail.40 In 2 sets of
questions, participants were asked about their
physical activity habits during leisure time.
One set of questions referred to vigorous-
intensity activity and another set addressed
any type of moderate physical activity that
lasted at least 10 minutes. Participants reported
the frequency (times per week) and average
time they devoted to each specific activity, as
follows: walking outdoors or on a treadmill,
jogging, swimming, bike riding or stationary
cycling, light exercise (such as yoga, the Fel-
denkrais method, the Alexander technique,
light gymnastics), body shaping, and strength
training; an “other activity” option was also
offered. Based on reported total weekly time
of LTPA and intensity, participants were classi-
fied into 3 LTPA categories according to the
official American College of Sports Medicine
guidelines41: sufficiently active, insufficiently
active, or inactive. Individuals who performed
;4(2):115-125 n https://doi.org/10.1016/j.mayocpiqo.2019.11.005
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moderate physical activity for at least 150 min/
wk or a vigorous-intensity activity for at least 75
min/wk or a combination of the two were clas-
sified as sufficiently active; those who engaged
in LTPA but in a lesser amount than these def-
initions were classified as insufficiently active;
and those who reported no activity or activity
less than once a week were classified as inactive.
Cancer Diagnosis Ascertainment
Members of the cohort were linked to the
Israel National Cancer Registry via their na-
tional identification numbers. The National
Cancer Registry records all incident cases of
malignant neoplasms (excluding basal and
squamous cell skin cancers), carcinoma in
situ and high-grade intraepithelial neoplasia,
and benign neoplasms of the brain and central
nervous system.42 The registry covers the
entire Israeli population (approximately 8.5
million as of 2016), with 97% estimated
completeness of ascertainment for solid tu-
mors.43 Data on date of diagnosis and the
diagnostic code, assigned according to the In-
ternational Classification of Diseases for
Oncology, Third Edition, regarding primary can-
cers only (ie, not metastases), were obtained,
and thereby incident as well as previous cases
of all-site cancer (codes C00.0-C80.9) were
identified. Individuals with previous cancer
diagnosis were excluded from the analysis.
Participants who did not have a diagnosis of
cancer by the end of follow-up were right-
censored at the date of death or last cancer up-
date date (September 2015). Data on all-cause
mortality (available until the end of cancer
follow-up) were obtained by linking the
cohort (also via national identification
numbers) to the nationwide database of causes
of death, managed by the Ministry of Health.
Additional Covariates
Comprehensive information on sociodemo-
graphic status, health conditions, disabilities,
mental health, cognitive function, anthropo-
metric measures, and nutritional status was
obtained at the baseline interview.38 All ques-
tionnaires are described in detail in the Minis-
try of Health website (English version
available).39
Mayo Clin Proc Inn Qual Out n April 2020;4(2):115-125 n https://d
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Statistical Analyses
A propensity score was constructed using a
multinomial logistic regression, through which
the probability of being classified into a specific
LTPA category (inactive, insufficiently active, or
sufficiently active), conditional on measured
baseline covariates, was estimated. Baseline
covariates included age, sex, multimorbidity in-
dex (calculated as the number of preexisting
chronic diseases, including stroke, kidney dis-
ease, chronic respiratory diseases, diabetes, hy-
percholesterolemia, osteoporosis, and
hypertension, and analyzed categorically [0 ¼
no morbidity; 1-3 ¼ moderate morbidity; and
4 or more ¼ severe morbidity]), smoking sta-
tus, pack-years ([age at interview e age of
smoking beginning] � [number of cigarettes
per day/20]), perceived general health,
perceived health 1 year before interview, car-
diovascular disease, hypertension, functional
status (measured via activities of daily living
score44), mental health (assessed via General
Health Questionnaire score45), cognitive status
(evaluated through the Mini-Mental State Ex-
amination score46), alcohol consumption, die-
tary fiber intake, total calorie intake (the latter
3 obtained via the multiple-pass 24-hour die-
tary recall questionnaire47), body mass index
(BMI; calculated as weight in kilograms divided
by height in meters squared), ethnicity, marital
status, employment, education, personal in-
come, and household income. Missing values
existed for BMI (10%), personal income
(10%), household income (22%) and General
Health Questionnaire score (37%) and were
handled using a missing indicator. Inverse
probability weights were calculated using the
propensity score48 by weighting each partici-
pant in each LTPA category inverse to their
probability of being classified into that specific
LTPA category. In this manner, we created a
pseudopopulation in which the distribution of
measured baseline covariates is independent
of LTPA category, thus accounting for differ-
ences between the individuals in LTPA cate-
gories that could influence the outcome.
Because of the instability that can be induced
by extreme weights, stabilized weights were
used to preserve the original sample size.49

Truncation was additionally applied by reset-
ting observations with weights below the 1st
percentile and above the 99th percentile to
oi.org/10.1016/j.mayocpiqo.2019.11.005 117
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TABLE 1. Selected Characteristics of Study Cohort Before and After Inverse Probability of Treatment Weightinga,b

Characteristic

Observed cohort Weighted cohortc

P value

Physical activity category Physical activity category

Inactive
(n¼641)

Insufficiently
active

(n¼443)

Sufficiently
active

(n¼458)
P

value
Inactive
(n¼636)

Insufficiently
active

(n¼438)

Sufficiently
active

(n¼433)

Age ( y) 74.8�6.6 74.7�6.0 73.7�5.9 .01 74.6�6.7 74.9�5.8 74.7�6.2 .91

Female sex 387 (60.4) 249 (56.2) 190 (41.5) <.01 349 (54.9) 230 (52.5) 214 (49.4) .35

Perceived poor health 364 (56.8) 193 (43.6) 112 (24.5) <.01 294 (46.2) 193 (44.1) 184 (42.5) .61

Cardiovascular disease 246 (38.4) 148 (33.4) 144 (31.4) .04 226 (35.5) 151 (34.6) 159 (36.7) .84

Hypertension 259 (40.4) 188 (42.4) 210 (45.9) .27 274 (43.1) 183 (41.8) 191 (44.1) .86

Health trajectoriesd <.01 .75
Better 46 (7.2) 49 (11.1) 40 (8.7) 54 (8.5) 39 (8.9) 37 (8.5)
Similar 262 (40.9) 218 (49.2) 288 (62.9) 307 (48.3) 218 (49.7) 229 (53.0)
Worse 333 (52.0) 176 (39.7) 130 (28.4) 275 (43.3) 181 (41.4) 167 (38.5)

Comorbidities <.01 .82
0 66 (10.3) 61 (13.8) 66 (14.4) 82 (13.0) 59 (13.5) 65 (14.9)
1-3 476 (74.3) 317 (71.6) 359 (78.4) 474 (74.5) 323 (73.8) 324 (74.8)
�4 99 (15.4) 65 (14.7) 33 (7.2) 80 (12.6) 56 (12.7) 44 (10.2)

MMSE score 30.6�4.7 30.6�3.3 30.9�2.8 .29 30.6�3.7 30.5�3.8 30.4�3.2 .63

Functional limitationse <.01 .13
None 419 (65.4) 372 (84.0) 427 (93.2) 496 (78.0) 353 (80.7) 366 (84.5)
Moderate 182 (28.4) 58 (13.1) 29 (6.3) 118 (18.6) 68 (15.4) 63 (14.6)
Severe 40 (6.2) 13 (2.9) 2 (0.4) 22 (3.5) 17 (3.9) 4 (1.0)
GHQ score 2.2�2.2 1.8�2.2 2.1�2.6 .07 2.1�2.2 2.1�2.3 1.9�2.2 .60

Smoking status .03 .99
Current smoker 88 (13.7) 41 (9.3) 42 (9.2) 73 (11.4) 51 (11.6) 51 (11.9)
Former smoker 200 (31.2) 146 (33.0) 170 (37.1) 222 (34.9) 151 (34.5) 156 (36.0)
Never smoker 353 (55.1) 256 (57.8) 246 (53.7) 342 (53.7) 236 (53.8) 226 (52.1)

Pack-years 23.1�41.2 15.0�28.4 18.1�36.6 17.9�31.5 15.0�29.8 19.3�41.2 .67

BMI (kg/m2) 30.3�5.3 29.2�4.6 28.0�4.0 <.01 29.1�4.8 29.4�4.9 29.2�4.5 .64

Total calorie intake (kcal/d) 1371�585 1461�530 1549�625 <.01 1468�647 1446�510 1451�588 .89

Dietary fiber intake (g/d) 15.1�8.4 17.5�8.6 19.5�9.2 <.01 17.1�9.0 18.3�8.8 17.8�8.1 .38

Alcohol consumption (g/d) 0.8�3.9 1.4�5.9 2.0�6.1 <.01 1.2�4.5 1.7�6.8 1.5�4.8 .42

Married 370 (58.1) 268 (60.9) 330 (73.2) <.01 392 (62.1) 273 (63.0) 285 (66.3) .48

Arab ethnicity 203 (31.7) 30 (6.8) 49 (10.7) <.01 115 (18.1) 76 (17.3) 62 (14.3) .45

Employedf 550 (85.8) 333 (75.2) 320 (69.9) <.01 500 (78.6) 339 (77.4) 325 (75.1) .51

Education (y) 8.4�5.6 11.2�4.7 12.4�4.6 <.01 11.1�5.5 10.5�5.0 11.8�4.7 .04

Living arrangement <.01 .81
Living alone 160 (25.0) 102 (23.0) 98 (21.4) 152 (23.8) 104 (23.7) 99 (22.9)
Living with a spouse 365 (56.9) 271 (61.2) 328 (71.6) 392 (61.5) 273 (62.4) 283 (65.3)
Living with a kin/
companion/ caregiver/other

116 (18.1) 70 (15.8) 32 (7.0) 93 (14.6) 61 (13.9) 51 (11.8)

Personal income <.01 .62
Low 475 (83.0) 282 (71.0) 247 (59.7) 424 (74.3) 277 (70.4) 274 (70.1)
Intermediate 84 (14.7) 90 (22.7) 129 (31.2) 122 (21.3) 95 (24.2) 92 (23.5)
High 13 (2.3) 25 (6.3) 38 (9.2) 25 (4.4) 21 (5.4) 25 (6.4)

Continued on next page
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TABLE 1. Continued

Characteristic

Observed cohort Weighted cohortc

P value

Physical activity category Physical activity category

Inactive
(n¼641)

Insufficiently
active

(n¼443)

Sufficiently
active

(n¼458)
P

value
Inactive
(n¼636)

Insufficiently
active

(n¼438)

Sufficiently
active

(n¼433)

Household income <.01 .47

Low 331 (69.4) 180 (52.2) 161 (42.4) 285 (58.1) 182 (53.1) 185 (53.8)
Intermediate 108 (22.6) 104 (30.1) 136 (35.8) 145 (29.5) 106 (30.9) 100 (29.1)
High 38 (8.0) 61 (17.7) 83 (21.8) 61 (12.4) 55 (16.0) 59 (17.1)

aADL ¼ activities of daily living; BMI ¼ body mass index; GHQ ¼ General Health Questionnaire; MMSE ¼ Mini-Mental State Examination.
bData are presented as mean � SD or No. (percentage) of participants.
cWeighted by inverse probability of treatment, as described in the Statistical Analyses section.
dPerceived health at the time of the interview in comparison to preceding year.
eEvaluated via ADL score, as described in the Statistical Analyses section.
fIncluding salaried/unsalaried/volunteer.
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the values of the 1st and 99th percentiles,
respectively.48,50 Weighted Cox proportional
hazards regression models51 with age as the
time scale were constructed to estimate the haz-
ard ratios (HRs) and 95% CIs for all-site cancer
incidence in LTPA categories. Hazard ratios
were further estimated individually for cancer
of the breast, lung, colon, and prostate, as
well as for all other cancers combined. Addi-
tional cancer sites were not analyzed individu-
ally because of power considerations. Linear
trend across LTPA categories was tested by
treating LTPA categories as a continuous vari-
able in the regression model. The heterogeneity
in the association with different cancer sites was
formally tested.52 We repeated the main anal-
ysis by using a conventionally adjusted Cox
model adjusted for age, sex, number of comor-
bidities, activities of daily living score, Mini-
Mental State Examination score, smoking sta-
tus, BMI, dietary fiber intake, total calorie
intake, ethnicity, marital status, education,
and household income included as covariates
in the model. Multivariable adjustment was
not performed for the site-specific cancers
because of power limitations. To reduce the
likelihood of reverse causality, we repeated
the primary analysis after excluding partici-
pants with cancer diagnosed during the first 2
years of follow-up. Cumulative cancer inci-
dence rates across LTPA categories were deter-
mined using the Fine-Gray subdistribution
hazard regression model,53 with death treated
as a competing event. We used the Fine-Gray
models because standard survival indicators
Mayo Clin Proc Inn Qual Out n April 2020;4(2):115-125 n https://d
www.mcpiqojournal.org
are known to produce biased estimates in the
presence of competing risks,54 particularly
among populations of older individuals in
which a substantial number of participants die
during a long follow-up.55 To assess whether
the observed association differs across major
subgroups in the cohort, the HRs were esti-
mated according to sex, age category (young-
old vs middle- and oldest-old), ethnicity (Jews
vs Arabs), obesity (BMI <30 kg/m2 vs �30
kg/m2), and smoking status (never smoker vs
previous smoker vs current smoker). In a sensi-
tivity analysis, the weighted Cox model was
further adjusted for sex, smoking, obesity,
and education. In addition, we calculated the
total time (minutes) of LTPA summing all the
activities reported. We then applied spline
methodology, using a penalized spline term to
assess the relationship between total time of
LTPA and cancer incidence in a Cox regression
model. The proportional hazards assumption
was tested using the Schoenfeld residuals,
with no violations found in any of the models.
Analyses were performed using R software,
version 3.4.1 (R Development Core Team).

RESULTS
At baseline, the median (25th-75th percentile)
age of the 1542 participants included in the
analysis was 73 (69-78) years, and 826
(53.6%)were women.Overall, 669 participants
(43.4%) perceived their health as poor, and 324
(21.0%) had some level of functional impair-
ment. A total of 641 participants (41.6%) did
not engage in any type of LTPA, 443 (28.7%)
oi.org/10.1016/j.mayocpiqo.2019.11.005 119
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FIGURE 1. Propensity scoreeadjusted cumulative incidence curves for
cancer according to physical activity category. The cumulative incidence was
calculated as a function of age with minimum age of 65 years and truncated
at age 81 years (cohort’s median age at diagnosis/death/censoring). Death
was treated as a competing event in the Fine and Gray model. Model was
adjusted for the propensity score for being insufficiently active and suffi-
ciently active (derived from a multinomial regression model as described in
the Statistical Analyses section).
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engaged in LTPA below official American Col-
lege of Sports Medicine guidelines, and 458
(29.7%) met the guidelines. Among the 901
active individuals (insufficiently and suffi-
ciently), the median (25th-75th percentile) to-
tal weekly time of LTPA was 80 minutes (40-
160 minutes). Major differences were seen in
baseline characteristics across LTPA categories.
Compared with active participants, inactive in-
dividuals were more likely to perceive their
health as poor and had more functional limita-
tions, higher BMI, and lower SES. Stabilized
weighting using the inverse propensity score
resulted in a balance in baseline characteristics
between the groups (Table 1). The median
(25th-75th percentile) follow-up until cancer
diagnosis, death, or censoring was 9 years (6-
10 years). During this period, 254 new cancer
cases (16.5%) were identified, of which 71
were diagnosed in the first 2 years of follow-
up. The most common cancers in the cohort
were breast (33 [13.0%]), lung (30 [11.8%]),
colon (25 [9.8%]), and prostate (23 [9.1%])
(Supplemental Figure 1, available online at
http://www.mcpiqojournal.org). In addition, a
total of 370 participants died during follow-
up with no preceding cancer diagnosis.

The overall cancer incidence rates per
1000 person-years in the weighted cohort
were 28.3 (95% CI, 23.8-33.8), 18.7 (95%
Mayo Clin Proc Inn Qual Out n April 2020
CI, 14.4-23.8), and 16.8 (95% CI, 12.6-
21.6) among inactive, insufficiently active,
and sufficiently active participants, respec-
tively (P value for trend ¼ .002). The cumula-
tive incidence rates of cancer during follow-up
across LTPA categories, with death treated as a
competing event, are presented in Figure 1.
The cancer rate among inactive individuals
was significantly higher than among insuffi-
ciently active and sufficiently active partici-
pants (P¼.006).

In an unadjusted Cox model, the HRs for
all cancer were 0.76 (95% CI, 0.56-1.04) in
insufficiently active and 0.84 (95% CI, 0.63-
1.12) in sufficiently active participants
compared with inactive individuals. In the
propensity scoreeweighted model, a stronger
association was seen: 0.66 (95% CI, 0.46-
0.93) and 0.59 (95% CI, 0.42-0.82), respec-
tively (Table 2). Including sex, smoking,
BMI, and education as additional covariates
in the weighted model did not attenuate the
HRs (0.64 [95% CI, 0.45-0.91] and 0.57
[95% CI, 0.40-0.80], respectively [data not
shown]). Excluding cases diagnosed during
the first 2 years of follow-up slightly strength-
ened the association. A conventionally
adjusted Cox model yielded similar results in
both analyses (Table 2). In site-specific anal-
ysis (P value for heterogeneity ¼ .81),
although limited due to the small number of
events for each site, an inverse association
with LTPA was seen for most cancer out-
comes, yet with CIs exceeding unity
(Supplemental Table 2, available online at
http://www.mcpiqojournal.org). Effect esti-
mates for breast and colon cancers were
most pronounced, with the insufficiently
active participants experiencing the most
favorable outcome. In an exploratory sub-
group analysis, albeit limited in statistical po-
wer (all P values for interaction �.10), there
were some suggestive patterns regarding the
LTPA-cancer association (Supplemental
Figure 2, available online at http://www.
mcpiqojournal.org). Although similar benefit
from LTPA was seen among insufficiently
active and sufficiently active women, a clear
dose-response relationship was evident among
men. A greater benefit was also seen among
older individuals (�75 years) and current
smokers, particularly with sufficient levels of
LTPA. In addition, the LTPA-cancer
;4(2):115-125 n https://doi.org/10.1016/j.mayocpiqo.2019.11.005
www.mcpiqojournal.org
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PHYSICAL ACTIVITY AND CANCER IN THE ELDERLY
association varied by ethnic group, with a
weaker effect estimated among Arabs.

Applying spline methodology, a nonlinear
relationship between the total time of LTPA
(minutes per week) and cancer incidence was
seen; as the total weekly minutes increased,
the risk of all cancers decreased exponentially
(Figure 2). The protective effect of LTPA was
evident up to 220 to 240 minutes per week
(approximately 80th percentile among the
901 active individuals), beyond which no as-
sociation was seen.

DISCUSSION
Our findings in this study suggest that
community-dwelling adults aged 65 years or
older who engaged in any regular LTPA (weekly
or more often), even at lower levels than recom-
mended by official guidelines, were at lower
risk of incident cancer than counterparts who
did not engage in any LTPA. This association
was robust to multiple sensitivity analyses. In
site-specific analysis, although limited due to
small number of events, an inverse association
was observed for most cancer sites.

The association we observed is similar to
findings from previous cohort studies among
older adults, yet somewhat stronger in magni-
tude than most previously seen associations.
For example, among adults aged 65 years or
older, adjusted HRs for all cancer mortality
in previous investigations were no stronger
than 0.70,7,8,16,18 with one exception.19 In
the present analysis of cancer incidence (rather
than cancer death), we observed propensity
scoreeweighted HRs of 0.66 (95% CI, 0.46-
0.93) among the insufficiently active and
0.59 (95% CI, 0.42-0.82) among the suffi-
ciently active participants compared with inac-
tive individuals. Importantly, results derived
from cancer mortality analysis combine the
complex influence of LTPA on both cancer
incidence and case fatality rate,37 so they
cannot be directly compared with our inci-
dence analysis results. The differences between
HRs observed in the present study and previ-
ous investigations may also be related to the
different age ranges of the cohorts studied.
Most previous cohort studies on cancer inci-
dence considered adults in their 50s as older
adults, whereas in the present cohort, the me-
dian age was 73 years at study entry. Unlike
pancreatic cancer, for which the inverse
Mayo Clin Proc Inn Qual Out n April 2020;4(2):115-125 n https://doi.org/10.1016/j.mayocpiqo.2019.11.005
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FIGURE 2. Spline-based hazard ratios (95% CIs) for cancer incidence
associated with the total amount of leisure-time physical activity (minutes
per week). The curve is based on a spline-based Cox model, adjusted for
baseline covariates including age, sex, cardiovascular disease, multimorbidity
index, smoking status, pack-years, perceived general health, perceived health
1 year before interview, hypertension, activities of daily living score, General
Health Questionnaire score, Mini-Mental State Examination score, alcohol
consumption, dietary fiber intake, total calorie intake, body mass index,
ethnicity, marital status, living arrangement, employment, education, per-
sonal income, and household income. Total amount of physical activity was
calculated as the sum of all leisure activities reported at the baseline
interview, based on duration and frequency of each activity. The histogram
at the bottom shows the relative overall distribution of total physical activity
time. The highest 5% of total times have been trimmed for visualization
purposes.
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association with LTPA was weaker among
older adults,17,22 increasing evidence suggests
stronger associations among older vs younger
adults for overall cancer mortality18,19 and
breast cancer incidence.56

The inverse association between LTPA and
cancer incidence in our study also applied to
insufficiently active individuals. In terms of cu-
mulative risk, although incidence curves of inac-
tive and sufficiently active participants have
clearly diverged, no clear divergence was seen
between the insufficiently active and sufficiently
active groups (Figure 1). Recent evidence sug-
gests a protective effect of LTPA against mortal-
ity among older adults even at levels below
current recommendations. This effect was
observed both when LTPA was self-reported57

and when it was measured objectively.58 Yet,
interestingly, in the exploratory subgroup anal-
ysis in our study, sufficient levels of LTPA had
Mayo Clin Proc Inn Qual Out n April 2020
the potential for most prevention benefit among
several subgroups, including men, middle- and
oldest-olds (�75 years), and current smokers.
In relation to ethnicity, although a robust in-
verse association between LTPA and cancer
was evident among Jews, it was less apparent
among Arabs. The mechanism behind this
finding is not completely clear; yet, there remain
differences in recreational activity habits,59 as
well as in cancer incidence rates,60 between
Arabs and Jews in Israel.

Several biological pathways, both hormonal
and nonhormonal, were suggested to play a role
in the protective effect of exercise on malig-
nancy development. Hormonal systems include
sex steroids, insulin and insulinlike growth fac-
tors, and adipokines; nonhormonal mecha-
nisms include inflammation, immune
function, oxidative stress, anddfor colon and
breast cancerdreduced gastrointestinal transit
time.61 In the context of aging, it has been
implied that habitual physical exercise may
help prevent or possibly reverse many aspects
of age-related declines in the normal func-
tioning of the immune system.62 “Inflammag-
ing,” the chronic low-grade inflammation that
characterizes the aging process,63 was found
to constitute a tumor-promoting environment
in older age.64 Recent evidence suggests that
training programs among sedentary elders
may reduce inflammation65 and enhance anti-
gen presentation.66 Aerobic exercise training
was further reported to reduce inflammaging
and the incidence of several types of cancer in
a naturally aging mouse model.67 Hence, the
ameliorating effects of exercise on the aging im-
mune system may serve as a key mechanism in
its role in cancer prevention in older age.63

The present investigation has several merits.
Only a few studies have specifically explored
the association between LTPA engagement
and cancer among individuals aged 65 years
or older while accounting for myriad potential
confounders related to aging.7,8 The wealth of
aging-related information constitutes the pri-
mary strength of this study. This factor enabled
us to construct a balanced cohort of older indi-
viduals who differed with respect to regular
engagement in LTPA but were similar with
respect to multiple measured characteristics.48

Our analytic approach constitutes another
strength, enabling us to control for a multitude
of confounders despite the relatively small
;4(2):115-125 n https://doi.org/10.1016/j.mayocpiqo.2019.11.005
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number of events that occurred. Thus, the
approach to confounder adjustment and the
rich data set used in our study might overcome
some of the limitations faced by previous
studies. Also, unlike previous investigations,
time to cancer incidence rather than mortality
served as the outcome. Furthermore, data on
cancer diagnosis were ascertained through a na-
tional registry with high completeness of case
ascertainment and accuracy.43

Several weaknesses should be acknowl-
edged. The main limitation of our study is
our reliance on self-reported LTPA. Although
found to be reasonably valid among older
populations,68,69 self-reported physical activ-
ity may lead to an erroneous estimation of ac-
tivity levels, which may result in exposure
misclassification across activity groups. It
cannot be ruled out that the similar risk
observed in the sufficiently and insufficiently
active groups reflects this misclassification.
However, considering the discrete, structured
nature of LTPAs that make them compara-
tively easy to recall,70 we assume that our
approach to exposure measurement would
have satisfactorily captured the habitual LTPAs
of the study participants and was particularly
useful to distinguish between active and inac-
tive individuals.71 Another limitation that
should be recognized is the fairly small num-
ber of cases in the major cancer sites in our
cohort. Although a site-specific analysis was
included, the number of cases was too low
to examine these associations with a satisfac-
tory statistical precision. Power considerations
also limited the subgroup analysis. Lack of in-
formation on nonleisure activities, such as
household, occupational, and transportation
physical activity, constitutes another limitation
of our study, and thus, only a subset of the to-
tal physical activity in this population has been
captured in this study. Yet, it should be noted
that our questionnaire was able to capture
other types of moderate physical activity
(such as a habitual 10-minute walk to the gro-
cery store) under the category of “any type.”
Finally, our cohort consists of community-
dwelling adults, excluding individuals with
cancer history and those with severe cognitive
decline. Hence, the results may not be general-
izable to these subgroups.

Obviously, randomized controlled trials
would be helpful to assess whether a causal
Mayo Clin Proc Inn Qual Out n April 2020;4(2):115-125 n https://d
www.mcpiqojournal.org
relationship exists between engagement in
LTPA in older age and cancer risk reduction.72

However, because randomized controlled trials
are not feasible for the long term, carefully
designed observational studies will continue
to serve as the primary tool for assessing the
LTPA-cancer relationship.73 Because studies of
older adults are particularly vulnerable to
reverse causation,25 residual confounding may
be evenmore of a concern than in observational
studies of younger populations. Only settings
and data sets with extensive and high-quality
data on potential confounders can properly
address this question. Because cancer preven-
tion intervention among older adults is an
area of great interest,74 although currently
underutilized and notwell understood,3 further
research is clearly needed. In future investiga-
tions, accelerometer-based assessments should
be more commonly incorporated to study the
relationship between LTPA and cancer inci-
dence among older adults.75
CONCLUSION
In this cohort of older adults with a median
age of 73 years and abundant information on
potential confounders, habitual engagement
in LTPAdeven at lower levels than officially
recommendeddwas associated with a
reduced cancer risk. Results of this investiga-
tion highlight the potential role of physical ac-
tivity in primary prevention of cancer among
older individuals.
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