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TABLE 3
Multivaniate Odds Ratios (ORs) for Depressive Symptoms in 1999 (CES—I3 16+4) in Relation to Leisure Time
Phrysical Actvity, Stratified by Age and Body Mass Index (BMI) ar Baseline

“Younger Than Age 40 Age 40 or Older
Type of Fhysical o CES—D Multivasiate OR. No. CES—Dz Mhdtivariate OR
Activity 16 ey {935% CO® 6 3% (95% CIA
Auhalt vigoTous sctivity, briveek
Nowme 3522 373 1.00% 4,015 23.8 1.00%
w2 8902 313 283077091 5.850 219 .52 ©.81-0. 98)
2= 5758 261 2.7 €0 ebR 182 0.75 &
S+ 2438 285 ©.77 0. sw $5) 1110 1956 078 (o :,s—-o 93)
Test for contimuous p=017
Adult walking for exercise, hirveek
Nove & 2,120 324 1.00% 1,272 25.6 1.00%
w2 10282 314 1.08 (0.97-1.20) 6.832 231 0.99 €0.86—1 .1.4)
2 6187 283 101 {0.90-1.14) 2652 183 0.85 ¢0.73-1 .00}
5+ 2092 303 105 {0.91-1.21) 1,787 21¢ .98 L0831 1%
Test for conrinuous p=41 p=20
Lifetime vigorous activity, hriweek
Never active o 455 332 1.00Y 7,082 3.3 1008
Active in bigh 5037 31.1 .93 (0.87-1.01) 3,725 218 0.86 {0.78-0.95)
school, insctive in
adusith
Inactive in high 2560 7.4 .85 (0770941 1271 190 0.79 0.67-0.92)
school, sctve in
adulthood
Arways active 3,138 360 077 0.71--0.84) 1,659 18.6 0.75 (0.65-0.86)
BME ~ 30 BME 30+
TNo. D Multivariate OR. No. 5D = tivariate OR
16 (%ay 95% CDY 163 (95% CTF7
Adnit vigorous activity, Braveak
MNone i 5077 270 1.00% 3,360 331 0P
w2 16,292 258 .88 (0.81-0.96) 1,460 316 0.85 (G.76-09
24 5.743 238 0.75 {0.68-0.82) 1,524 26! 0.68 (0. S5-0 7%
5+ 2971 233 D78 {0.65-0.87) 397 318 086 (0701 0
Test for continuous P 001 P39
Adult walking for exercise, hriweek
None 2364 27.8 1,028 343 1.00%
=2 13,853 259 101 {0 sax»x 13 5271 325 1.10 €U.50—1 27y
24 7.981 231 0.95 gcxss—l.osy 2,858 273 0.9%00.79-1.10%
5+ 27395 25t 165 {0/92--1.20) 84 392 093 D76 1155
Teet for comtimous pP=.54 P=.007
ifeticos vigorous activity, hriweek?
Never active 10,394 26.3 1.00% 5,143 33.6 1.00
Active in high 5959 256 025 (0.88-1.02) 2,803 293 0.83 (C.75-0.923
3535 240 .88 £0.80-0.97) 715 273 0.7 €0.59-0.85)
£716 22.8 0.7% (0.72-0.85) 1,081 286 .73 £0.63-0.85)
Note. CES—D = Centex for Epi ic Studies—Ik ion Seale; CI= interval

“Adjusted for sge, education, ocougation, marital statss, preexisting healths conditions, energy ik, smoking, current alcohal consumaption, and child
care A for eack form of physical activity.
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Physical Activity and Osteoporotic Fracture Risk in Older Women

Edward W, Gregg, PhD); Jane A, Cauley, DrPH; Dana G. Seeley, PhD; Kristine E. Ensrud, MD, MPH; and
Douglas C. Bauer, MD, for the Study of Osteoporotic Fractures Research Group*

Background: Physical activity has been related to en-
hanced bone mass and improved physical functioning and
thusmay reduce the risk for osteoporotic fracture.
Objective: To determine whether higher levels of physi-
cal activity are related to lower incidence of hip, wrist, and
vertabral fractures.

Design: Prospective cobort study.

Setting: Four clinical centers in Baltimore, Maryiand

Portland, Oregon; Minneapolis, Minnesota; and the
Monongahela Valley, Pennsylvania.

Participants: 9704 nonblack women &5 years of age or
older, ’

mawam&ats. Physical activity was assessed by fues-
tionnaire at baseline. Hip and wrist fractures were fol-
lowed for an average of 7.6 years, The incidence of verte-
bral fracture was determined morphametrically by using
radiography at baseline and an average of 3.7 years later,
Hesults: Higher levels of laisure time, sport activity, and
household chores and fewer hours of sitting daily were
associated with a significantly reduced relative risk for hip
fracture after adjustment for age, dietary factors. falls at
baseline, and functional and health status. Very active

women {fourth and fifth quintiles) had a statistically sig-
nificant 36% reduction in hip fractures {relative risk, 0.64
[95% CI, 0.45 to 0.89]) compared with the least active
women {owest quintile). The intensity of physical activity
was also refated to fracture risk: Moderately to vigorously
active women had stahstsﬁaééy significant reductions of
A2% and 33% in risk for hip and vertebral fractures, re-
spactively, compared with inactive women. Total physical
activity, hours of household chores per-day, and hours of
sitting per day were not significantly associated with wrist
or vertebral fractures.

Conclusions: Among older community-dwelling women,
physical activity is associated with & reduced risk for hip
fracture but not weist or vertebral fracture,

This paper is also avaflable st bupieww.scponline.org.

A Fatern Med, 19981298188,

For author affitiations and current author addresses, sue end of wat,

*For members of the Stady of Osteoporitic Frwum'; Research
Grong, see the Appeadis

L 11 estimated 6 million to 9 million women in
Lthe United States have osteoporosis, and ap-
proximately 1.3 million women each year have frac-
tures { i-s?z} For 16% of women, the most severe
outcome is hip fracture, which is often followed by
an array of comorbid conditions and is a precursor
of death within 6 months in 12% to 40% of cases
{(3-6). Prevention of osteoporotic fractures is thought
to hinge on the ability to reduce bone loss and risk
for falling in older women (6-10). Physical activity
has been associated with enhanced bone mass or
reduced bone loss and may reduce the risk for
falling in older women by improving muscle
strength, balance, mobility, and overall physical
function (11-17). This combination of effects raises
the question of whether physical activity prevents
osteoporotic fractures.

Epidemiologic studies of the relation between
physical activity and risk for mst;e&p{)mtw fracture
have been suggestive but inconclusive. Case-control
studies have shown that persons with fractures are
more lgkﬁig to report iaavmg been inactive recently
and earlier in their lives (18-23). In a prospective
study {24), Paganini-Hill and colleagues found that
women and men who were active for at least 1 hour
daily had @ 38% and 49% reduced risk for hip
fracmrc, r&sp{-ﬁtw&ly, mmpamé with their less ac-
tive peers. Other prospective studies with lower sta-
tistical ‘power have suggested that physical activity
protects against hip fracture but have not found
these relations to be statistically significant in mul-
tivariate analyses (25, 26). In an earlier examination
of the risk factors for hip fracture among women in
the Study of Osteoporotic Fractures, Cummings and
colleagues (10} found that women who reported
walking for exercise had a statistically significant
30% veduction in risk fm’ hip fracture gﬂmpareé
with women who did not walk for exercise.

See editorial comment an pp 133134,
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We expanded our analysis of the Study of Osteo-
porotic Fractures cohort to examine the relation of
several domains of physical activity to the risk for
osteoporotic fractures. To determine the association
of types, amounts, and intensity of physical activity
with risk for fracture in older wamm, we measured
baseline levels of physical activity and mactwaty in
9704 women 65 years of age and older who were
enrolled in the Study of Osteoporotic Fractures and
followed them for incident hip, wrist, and vertebral
fractures.

Methods

Patients

The study population consisted of 9704 nonblack
women 65 years of age and older who were partic-
ipating in the Study of Osteoporotic Fractures (9).
Participants were recruited from pﬁpﬁiammnbased
Hists (health maintenance mgan;.'e:anm’mi8 voter regis-
tration, and motor vehicle tapes) in Baltimore,
Maryland; Minneapolis, Minnesota; Portland, Ore-
gon; and the Monongahela Valley, Pennsylvania,
from 1986 to 1988. Women were excluded from the
Study of Osteoporotic Fractures if they had had
hilateral iz:p replacement, were unable to walk with-
out the assistance of another person, or were insti-
tutionalized. All participants gave written informed
consent and attended a clinic visit during which
questionnaires were given, interviews were conducted,
and measurements were taken,

Assessment of Physical Activity and Inactivity

Ph}&e:at activity was assessed by using 2 modified
version of the Harvard Alumni Questionnaire (27,
28). Participants were asked to report the frequency
and duration of their participation in 33 physical
activities during the past year. They were also asked
to give the number of city blocks or the equivalent
walked each day for exercise or as part of daily
activities and how many flights of stairs they climbed.
A summary estimate of total energy expenditure
was calculated according to methods described else-
where (27, 28). Leisure-time physical activities were
attributed an intensity weighting of 5 keal/min for
low intensity, 7.5 keal/min for medium intensity, or
ii} Lcaffmm for hzgh mmmsty, mﬁh caw bimk

cixm ed was amgﬁed 4 &fatfmm 'I"he iomt phymf:al
activity index, expressed in kilocalories per week, is
the sum of kilocalories expended in sport and rec-
reational activities, blocks walked, and stairs climbed.
To estimate physical activity related to household
chores, participants were asked, “About how many
hours per week do you usually spend doing heavy

household chores, such as scrubbing floors, vacuum-
ing, sweeping, yard work, gardening, or shoveling
snow?” To estimate inactivity, women were asked
how many hours per day they spend sitting upright.

Other Measurements

Body weight and height were measured by using
4 balance-beam scale and a stadiometer. Bone min-
eral density (giom®) was measured by using single-

photon absorptiometry (OsteoAnalyzer, Siemens-

Osteon, Wahiawa, Hawaii) at the distal radius and
calcaneus. Hip abduction strength was measured by
having the participant lay supine and exert a lateral
force against a dynamometer {Sparks Instruments
and Academics, Coralville, Towa) placed 3 ¢m above
the lateral malleolus and held by an observer, De-
tails of these measurements have been reported
elsewhere (9, 29).

Additional guestions evaluated self-rated health;
calcium intake from food; alcohol intake; and use of
medications, including ho none geplacement thers
apy, benzodiazepines, and anti-anxiety agents. To
assess function, women were aske ether they
had difficulty walking two to three blocks on level
ground, walking up or down 10 steps, preparing
meals, doing heavy housework, or shopping for gro-
ceries or clothing. They were also asked about their
h;stary of phvgmanadmgmmﬁ medical conditions,
including osteoporosis, hypertension, diabetes, ar-
thritis, and stroke.

Assessment of Incident Fractures

Methods for identifying fractures have been pub-
lished elsewhere (30). Participants were contacted
every 4 months to ask whether they had had a
fracture. Follow-up for fracture ascertainment was
more than 99.5% complete. Radiographic reports
and films were obtained to confirm hip fractures.
Duration of hip and wrist fracture follow-up was
calculated as the time to first occurrence of a frae-
ture, Follow-up ranged from 0.2 to 9.6 years {mean,
7.6 years).

To measure v::rtehmi fracture incidence, we ob-
tained lateral radiographs of the thoracic and lum-
bar spine from 7238 women at baseline and an
average of 3.7 years later. This sample was reduced
because of inadequate technical measurements at
baseline (n = 129), failure or refusal to undergo
radiography {nr = 341), failure to attend the fol-
low-up clinic visit (# = 1528), or death {(n = 468},

Incident vertebral fracture was defined by mor-

phometry as a reduction in the height of the ante-
rior, middle, or posterior dimensfon of a vertebral
body of 20% and at least 4 mm (31).

82 15 buly 1998 » Ansaly of Intemal Madicing « Voleme 129 « Number 2
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Statistical Analysis

Women were classified according to quintiles of
total physical activity, For heavy chores and sitting,
for which there was a limited range of responses
and data were skewed, women were grouped into
approximate tertiles. To evaluate fracture risk ac-
cording to intensity of energy expenditure, women
were grouped into throe exclusive groups: inactivity,
low-intensity activity, and moderate to vsgﬁrmrs ac-
tivity. Inactive women did not participate in any
sport or recreational activity and did not walk for
exercise. Women who did any sport or recreational
acsmty or walked for exercise were gmﬁpﬁd aceord-
ing to the highest intensity activity in which they
participated. For example, if a woman | yrted |
dening (light) and aerobic dance (moderate to v
orous), she would be classified in the moderate-to-
vigorous intensity group. Additional analyses further
stratified women within exercise intensity groups ac-
cording to whether they did less than or more than
2 hours per week of total sport and recreational
activity.

Analysis of covariance adjusted for age and chi-
square tests of homogeneity were used to evaluate
potential confounders across phys;cai activity levels.
Proportional hazards regression was done to calou-
late the relative risk {and 95% Cls) for hip and
wrist fracture associated with physical activity Jevel;
the least active group for activity variables was the
reference group. A multivariate model was also
used that included age, weight, smoking status {cur-
rent or never/past), use of estrogen therapy {current
or never/past), self-rated health (five levels ranging
fram excellent to very poor), dietary calcium intake
{mg/d), aleohol intake {drinks/wk), falls in the year
before baseline {two or fewer than two}, and ,ﬁ:&m&
tional difficulty (yes or no). These variables were

selected on the basis of the a priori hypothesis that
they could be related to both physical activity and
risk for fracture. To determine whether any rela-
tions between physical activity and risk for fracture
were explained by differences in bone density or
muscle strength, calcaneal bone mineral density and
hip abductor strength were added to the multivari-
ate models in separate steps. We used logistic re-
gression for vertebral fractures by applying a similar
modeling strategy.

Additional analyses using different exclusion cri-
teria were done to determine whether any relations
among physical activity and fracture risk were ex-
plained by differences in health or functional status
at baseline. To determine whether the relation be-
tween physical activity and hip fracture was ex-
plained by poor acute health among inactive women
at baseline, analyses excluded 1) women who re-
purted any difficulty walking two to three blocks on
level ground, had a severe gait abnormality, or re-
quired a walking aid; 2) women with fair or poor
self-rated health or history of diabetes, stroke, falls,
or hip fracture before baseline measurement; and 3)
women who had a fracture or died in the first 3
years after buseline measurement. All analyses were
done using Statistical Analysis Software (SAS Insti-
tute, Inc, Cary, North Carolina).

Results

Characteristics of the overall study population,
stratified by guintile of total kilocalories of phy&ma;
activity, are listed in Table 1. Women in lower quin-
tiles of total physical activity were older, were
heavier, were more likely to smoke, were less likely
to use estrogen and alcohol, and had lower calcium
intakes than women in higher quintiles (P < 0.05).

Table 1. Characteristics of the Study Participants &t Baseline
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Hikcabories Hitocalories Kidowatotes ¥ibocalories Kitocalories
Eapenided Expended Eapendd fapenided Erpented
et Week in per Wk in per Week in prr Wienk in peresk in
the Past Year  the Pas) Yeur ﬁm Past ey the PastYewr  ihe Pash Year
baear age, y' 337 TED 713 s 4
hean Bmy ngh{ El 3 881 £6.5 5.8 647
Wisan dicobol intake, denkeladig 1.3 18 A8 12 21
Waean caldum intake, moi™ B &2 fra EEy 772
Wean crltaneal bone mineral density, gloar' 8 * TA00 1402 403 Apang G411
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Yable 2. Relative Risk for Hip Fracture Associated with Physical Activity
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Women who were more active were less likely to
report functional difficulties, had higher self-rated
health, and had higher calcaneal and distal radius
bone mineral density (P < 0.001) than did less ac-
tive women. The proportion of women who fell
twice or more per year was grﬁ&mr am{)fag the least
active (12%) and most active quintiles {11.9%) than
among the middle quintiles (9.6 to 10.2%). After an
average follow-up period of 7.6 years {range, 0.2 to
9.6 years), 426 women had hip fractures and 523
had wrist fractures, for a yearly incidence of 5.8 hip
fractares and 7.2 wrist fractures per 1000 person-
years. Incident vertebral fractures occurred in 389
of the 7238 women who had spine films at baseline
and 3.7 years later (cumulative incidence, 5.4%).

Hip Fractures

Each increasing quintile of total physical activity
was associated with a reduced relative risk for hip
fracture. Women in the highest quintile had a 42%
lower age-adjusted risk (relative risk, 0.58 [95% CI,
0,42 to (.80]) compared with the Jeast active quin-
tile (Table 2). Increasing intensity of energy expen-
diture was also associated with a progressive de-
crease in hip fracture incidence: Women who reported
participation in low-intensity and méerate«m-wgm
ous physical activity had 27% and 45% reductions
in age-adjusted risk for hip
compared with inactive women {Table 2),

When women were stratified within intensity
groups according to whether they did more than 2
hours of physical activity per week (results not
shown}, the greatest reductions in risk were among

fracture, respectively,

women who did moderate-to-vigorous activities and
at least 2 hours of sport and recreational activities
per week (relative risk, 047 [Cl, 032 o 0.68]}
‘Women in the moderate-to-vigorous exercise group
who reported fewer than 2 hours of activity per
week had a relative risk of 0.76 (CI, 0.53 to 1.10),
whereas those who reported only low-intensity ac-
tivities for less than 2 hours and more than 2 hours
had relative risks of 0.77 (CL, 0.60 to 0.99) and 0.74
(€1, .56 1o 0.98), respectively.

Graded reductions in hip fracture risk were also
seen for women who reported more hours per week
of heavy chores. Women who reported at least 10
hours per week had a 22% reduction in risk (CI,
2% to 39%) compared with women who reported
less than 5 hours per week. The more hours a

‘woman spent sitting per day, the higher her risk for

hip fracture: Women who sat for at least Y hours
per day had a 43% higher risk (CI, 12% to 82%)
than those who sat for less than & hours per day,
Agtiy sim&m for smokmg estrogen therapy, body
. s, intake of calcium and alco-

hol, functional difficulties, and self-rated health at
baseline only slightly we 1 sn between
physical activity and risk for hag fracture (4% 1o
6%). After adjustment for these confounders, very
active women (fourth and fifth quintiles) had a 36%

duction in risk for hip fracture fmuimarme reﬁﬂ
ative risk, 0.64 [C1, 045 to (0.89]) compare
inactive women (lowest quintile). With the '(:X{Zﬁpv
tion of those for heavy chores, tests for trend re-
mained significant (Table 2).
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Wrist Fractures

Women with higher levels of total physical activ-
ity and those who reported more heavy chores per
week tended to have a reduced risk for wrist frac-
ture, but these relations were not statistically signif-
icant (P > 0.2 for total physical activity; multivariate
£ for trend for heavy chores, 0.09) (Table 3). Nei-
ther intensity of energy expenditure nor hours sit-
ting per week were significantly associated with risk
for wrist fracture. Addition of other covariates to
the regression models did not slter these findings
appreciably.
Vertebral Fractures

Total physical activity was not significantly asso-
ciated with risk for vertebral fracture (Table %}
Although women in the middle quintile had a sig-
nificantly reduced odds ratio for vertebral fracture
{0.63 [CI, 044 to 0.88]), these findings were not
consistent across quintiles, and there was no evi-
dence of a linear trend (P > 0.2). Intensity of phys-
ical activity, however, was inversely associated with
odds of vertebral fracture (Table 4). Compared with
inactive women, women who did moderate-to-vigor-
ous exercise had a 33% red (Cl, 6% to 51%)
in vertebral fracture odds after mul tivariate adjust-
ment, This reduction was apparent in women who
reported less than 2 hours of sport and recreational
activity per week (odds ratio, 0.70 [C], 0.45 10 LO7])
and those who reported more than 2 hours of sport
and recreational activity per week (odds ratio, 0.67
[CL, 046 to D.97]) (results not shown). Reported
hours of heavy chores per week and sitting per day

were not significantly associated with vertebral frac-
ture (Table 4).

Additional Analyses

We evaluated models in which calcaneal bone
mineral density and hip abduction strength were
added to the multivariate mode! separately and in
combination to determine whether bone muscle
density or muscle strength intervened in the relation
between physical activity and hip fracture (Table 5).
Adding these variables weakened the associations
between physical activity quintile and risk for frac-
ture by 3% to 11%. Risk estimates were not appre-
ciably altered in separate multivariate models that
excluded women with mobility difficulties, comorbid
conditions, poor self-rated health, and previous frac-
tures and women who were censored (had hip frac-
ture or died) in the first 3 years of follow-up.

Discussion

wamm, h:ghﬁr Eeveis ﬂf p&y&smi a&:lrwty Were asso-
ciated with a reduced incidence of hip fracture, This
dose-response relation amounted to a 36% reduc-
tion in risk for hip fracture for women in the high-
est two quintiles of total physical activity and a 42%
reduction in women who did moderately intense or
vigorous recreational activities. Multivariate adjust-
ment and follow-up analyses done using several ex-
clusion criteria indicated that the relation of physi-
cal activity to hip fracture was not confounded by

Table 3. Relative Risk for Wrist Fracture Associated with Physical Activity
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Table 4. Odds Ratios for Vertebral Fracture Associated with Physical Activity
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' ' Cidids Ratic Diddds Ratio
05% Cn {95% Ca*
Quintile waf total physical activity
raltwid 16 &F by 100
; 37 b n 76 W G768 10.54-1.05)
{hw- }?3{5 ;?89 h&a&@&} pris] 56 1473 .83 {0.44-0.89
21 ] 1521 0. @? {071, 33’% 459072138
22 5 1 GB0 058111 84 {0891 1)
b =02
Spart er retreational activity
Kaore 18 a6 1278 1.00
Ly interisity 50 218 36358 B30 {0.76-1.30)
tinderate-to-vigatous infensity 32 as F328 0.87 {0.48-0.84)
Plgr pend ikag
Hours of hewoey chows porwesk
=% A% 1u4 2335 100
-8 22 a1 1ROy 1,08 §0.7%-1.38)
] 33 124 2394 1080 85-1.39)
#for srend et
Homars sitting per day
=6 k2 11 2455 160 106
B 4% 174 2855 1.25 (095 1 B 122 {Q G5.1.56)
= B 168 185D 1,12 {0.85-1 4% 1.00{0.B2-1.44)
Flor trend 2 =02

¢ Cearoind b g, woighy, soking, estragen veplacement thivapy, detary caltion, falls, sloohol intake, selfsated health, and functionst zir?‘fwft;

health status, functional status, history of falling, or
other health behaviors.

These findings are consistent with pmviauz case~
control studies and one prospective study in which
moderately active women had statistically significant
40% to 50% reductions in risk for hip fracture
compared with sedentary women (18, 21, 22, 24),
These results also corroborate the earlier finding
from the Study of {}xmommits: meﬁmx that
women who walked for exercise had a 30% reduced
risk for fracture compared with those who did not
walk for exercise after an average follow-up of 4.1
years (10). Other studies have suggested that phys-
ical activity protects against osteoporotic fractures,
but these studies failed to statistical signifi-
cance, lacked comprehensive physical activity assess-
ment, or did not control for potential confounding
behaviors or health statos flSi 26

Our study expanded on previous research by
evaluating the characteristics of physical activity and
their relation to risk for fracture. The association of

total physical activity with risk for hip fracture
seemed to be related to both the amount and the
intensity of ph}ami activity. Women who did mod-
erately intense or vigorous activities, such as aerobic
and other forms of dance, tennis, and weight train-
ing, had greater reductions in hip and vertebral
fracture risk than did women who did lighter activ-
ities, such as walking and gardening, particularly if
they were active for at least 2 hours per week. This
decrease in risk among moderately and vigorously
active women compared with women who did low-
intensity ac v a similar duration suggests
that vsgamms actmty was not simply a marker of
greater total duration

Physical activity may prevent hip fractures in sev-
eral ways. Exercise may reduce the likelihood of
falling or may enable a4 protective response in the
event of a fall through enhanced balance, reaction
time, coordination, mobility, and muscle meng&a
{zM? 32). Exercise may also enhance bone min-

eral density or the structural integrity of bone, re-

Table 5. Relation between Total Physical Activity Quintile and Risk for Fracture after Separate Adjustment for Age, Bone

Mineral Density, and Hip Strength

Cuintile of Total Age-fidjusted Felative Bisk Adiusted for Age Relative Pisk Aufjusted for Bedation Risk Adiusted for Age,

Phsical Activity Relative Bisk antd Calcanesl Bore Minarg astf Hip Muicle Talcaneal Bone Mineral
95% O Density 5 Ol Szte&ga?a 35% £ Disngity, and Hip Strength

EE% Y

Linwvest 1.0 100 Log 1.6

Secorndd 0,73 {055-0.95) ﬁi Iv'? 0.58-1 m} i} ?’5 {58100} 975 060-1.04)

Third Y3 10.55-0.97) 5 1000 0,78 (360105}

Fovarsh LD 081 o 64 M 4B-0.67) 0.65 (0.45-0.50)

Highest AR 422‘»«53 B fQ %‘S& {ﬁ*ﬁ?&«%}ﬁ&} {164 {046 058 D69 (0. 50-0.94;
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ducing the likelthood of fracture in the event of a
fall (11~14). Although our analyses did not attempt
to explain how physical activity prevents fractures,
the fact that physical activity was related to fracture
risk after we controlled for calcaneal bone mineral
density, hip strength, and number of falls suggests
that the link between thsiﬁdi activity and hip frac-
ture is multifactorial and is not completely explained
by its effects on bone mass and muscle strength.

We found that total physical activity was not
significantly related to the incidence of wrist or
vertebral fractures. For wrist fractures, moderate-to-
vigorous activities were related to a nonsignificantly
increased risk for fracture. These findings may re-
flect the fact that osteoporotic fractures have heter-
ogeneous causes (32). It has been suggested that
more agile women are more likely to extend their
hands during a fall to absorb the impact, causing
wrist fractures but preventing other types of frac-
tures {32). Thus, physical activity may have compet-
ing effects on the risk for wrist fracture, enhancing
bone density but putting some women at greater
risk for falling. Vertebral fractures, on the other
hand, may depend more on deficits in bone density
and may be less influenced by the tendency to fall
than are hip or wrist fractures. Physical activity may
not influence bone density sufficiently to have an
appreciable effect on vertebral fractures.

Our study had several limitations. The primarily

white, md&pewﬁmw living, female study sample
may limit generalization to other populations. Most
piz}esﬁeai activity assessment tools, including the
barger questionnaire used in this study, were
originally developed for younger men and may not
be sensitive to differences at the low end of the
physical activity spectrum. However, Cauley and col-
leagues (33} found this questionnaire to be reliable
and valid in older women. We did not comprehen-
sively assess neuroleptic medications, which could
affect the risk for falls, but multivariate models ad-
justed for falls at baseline and additiona! analyses
that controlled for use of benzodiazepines and anx-
iety medications {results not shown) did not alter
these findings.

The sample size was reduced for vertebral frac-
tures because these fractures were assessed by using
vertebral radiography at specific time points (base-
line and 3.7 years later). Therefore, women who
died or did not attend the follow-up visit were not
included in this analysis. Follow-up analyses indi-
cated that women who did not attend the follow-up
visit were less active (median kilocalories expended,
719 compared with 1071 for those who attended the
visits) and were more likely to have hip fractures
{age-adjusted odds ratio, 1.29 [CL, 1.05 0 3513}) i
these women also had higher vertebral fracture
rates, our findings may have underestimated the

relation between physical activity and risk for ver-
tebral fracture. Despite this limitation, this is the
first prospective evaluation of physical activity and
vertebral fractures, perhaps because it is difficult to
measure vertebral fracture incidence (31).

In the gb@enﬁ@a of a randomized design, we can-
not rule out the possibility of selection bias or re-
sidual confounding whereby women with higher
bone density, muscle strength, and physical function
choose & more active lifestyle. However, multivari-
able control for factors related to health and func-
tional status and separate evaluation of models ex-
cluding women on the basis of mobility factors,
health status, and early fracture or death did not
alter these findings. It is also possible that higher-
intensity activities are more easily recalled than lower-
intensity activities; this could explain in part the ob-
served pradient in fracture risk across exercise inten-
sity groups.

In this pms;:semva study of physical activity and
risk for fracture in older women, physical activity
was related to a reduced risk for hip fracture but
was less related to wrist and vertebral fractures. The
findings of a dose-response relation between phys-
ical activity and hip fracture could have important
implications for fracture pmwmﬁ::m and underscores
the need to enhance physical activity among older
women. Although we found the greatest risk reduc-
tions among women who participated in moderately
intense or vigorous activities, such as tennis or aer-
obic dance, women who did lower-intensity activi-
ties, such as walking, gardening, or social dancing, for
at least 1 hour per week also had significant reduc-
tions in risk for hip fracture. The latter activities
were also the activities of choice for most women in
the higher quintiles of physical activity, who simply
tended to do more of them (that is, =2 hours per
week). Thus, low-intensity activities may be the
most prudent recommendation for sedentary older
women, Future research should evaluate whether dif-
ferent types or patterns of physical activity affect other
types of s:;simpormm fractures and whether they do
so primarily through effects on the skeleton, muscu-
lar fitness, or balance or through other mechanisms.

Appendix: investigators in the Study of
Osteoporotic Fractures Research Group

University of California, San Francisco (Coordinating
Centery SR. Cummings {Principal Invéstigarery, M.C.
Nevitt {Co-favestigator), DG, Seeley (Project Director),
DM, Black (Swdy Sratistician), HEK. Genant (Director,
Cenfral Radiology Laboratory}, C. Arpaud, D. Bauer, W,
Hm&amn L. ‘C’?:ﬁ*;ﬁamm M. I}mkfﬁﬁ i"l Fs:}:s:, R. f}f:am,
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Lui, G. Milani, L. Palermo, R. San Valentin, K. Stone, H.
Tabor, D. Tanaka, and C. Yeung,

University of Maryland: J.C. Scott (Prineipal Investiga-
tor), R. Sherwin {i’i‘aafnmmga or), M.C. Hochberg {Co-
}nwmgamf} J. Lewis (Project Direcrory, E. ?eﬁﬁ;mrﬁ
{Clinic Coordinator), A. Bauer, C. Boehm, G. Cullum, L
Finazzo, M.E. Flaks, T. Ford, D. Harris, B. Hohman, E.
Ofiper, T. Page, 3. Schiossberg, € Shaffer, A, Trimble,
and 8. Trusty,

University of Minnesota: K. Ensrud {Principal Tavesti-
gator), P, Schreiner {Co-lrvestipator), C. Bell {Projeet i
rector), B, Mitson {Clinic Coordinator), C. Bird, D. Blanks,
‘5. Bstill, 8. Fillhouer, S. Fincham, J. Griffith, 1. H:mmn,
E. Imker-Witte, K. Jacobson, K. Kiel, K. Knamh,
Nelson, E. Penland-Miller, and M. Rilev-Alves.

University of Pitsburgh: JA. Cauley (Principal Fives-
figator), LH. Kuller (Co-Principal Investigator), M. Vogt
(Co-Investigatory, L. Harper (Project Director), L. Buck
(Clinic Coordinator), C. Bashada, D, Cusick, G. Engleka,
A. Githens, M. Gorecki, K. McCune, D. Medve, M.
Nasim, C. Newman, 8. Rudovsky, and N, Watson.

The Kaiser Permanente Center for Health Research,
Portland, Oregon: E. Harris (Principal Investigator and
Project Direciory, W.M. Vollmer (Co-Investigator), E. Or-
woll (Co-favestigator), H. Nebson (Co-Jnvestigator), K.
Cras mii {Fmgm Aémsamrmfw ;wri C?r:xw Coordinator}, 1.
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Abstract

This prospective study examined the association between
physical activity and the incidence of self-reported stiff or painful
joints (SPJ) among mid-age women and older women over a 3-
year period. Data were collected from cohorts of mid-age (48—
55 years at Time 1; n = 4,780) and older women (72-79 years
at Time 1; n = 8,970) who completed mailed surveys 3 years
apart for the Australian Longitudinal Study on Women's Health.
Physical activity was measured with the Active Australia
questions and categorized based on metabolic equivalent value
minutes per week: none (<40 MET.min/week); very low (40 to
<300 MET.min/week); low (300 to <600 MET.min/week);
moderate (600 to <1,200 MET.min/week); and high (1,200+
MET.min/week). Cohori-specific logistic regression models
were used to examine the association between physical activity
at Time 1 and SPJ 'sometimes or often' and separately 'often’ at
Time 2. Respondents reporting SPJ 'sometimes or often' at Time
1 were excluded from analysis. In univariate models, the odds of
reporting SPJ 'sometimes or often' were lower for mid-age
respondents reporting low (odds ratio (OR) = 0.77, 95%
confidence interval (Cl) = 0.63-0.94), moderate (OR = 0.82,

95% Cl = 0.68-0.99), and high (OR = 0.75, 95% Cl = 0.62—
0.90) physical activity levels and for older respondents who
were moderately (OR = 0.80, 95% Cl = 0.65-0.98) or highly
active (OR = 0.83, 95% CI = 0.69-0.99) than for those who
were sedentary. After adjustment for confounders, these
associations were no longer statistically significant. The odds of
reporting SPJ 'often' were lower for mid-age respondents who
were moderately active (OR=0.71, 95% Ci = 0.52-0.97) than
for sedentary respondents in univariate but not adjusted models.
Older women in the low (OR = 0.72, 95% Cl = 0.55-0.96),
moderate (OR = 0.54, 95% Cl = 0.39-0.76), and high (OR =
0.61, 95% Cl = 0.46-0.82) physical activity categories had
lower odds of reporting SPJ 'often' at Time 2 than their
sedentary counterparts, even after adjustment for confounders.
These results are the first to show a dose—response relationship
between physical activity and arthritis symptoms in older
women. They suggest that advice for older women not currently
experiencing SPJ should routinely include counseling on the
importance of physical activity for preventing the onset of these
symptoms.

Introduction
Arthritis is a musculoskeletal condition of the joints. In Aus-

tralia, it is a leading cause of pain and disability [1], affecting
3.4 million adults or 17% of the population [2]. Estimates are
that by 2020 arthritis will affect 4.6 million Australians, or 20%
of the adult population [2]. The current prevalence in Australia
is slightly less than that in the United States, where 21% of the
population has arthritis [3], making it the most prevalent
chronic condition for mid-age and older people in the United
States [4]. As in the United States, more Australian women
than men have arthritis [2,4,5], and the incidence and preva-

lence of arthritis increase with age [4-6]. As the proportion of
older people in both countries continues to rise, more individ-
uals, particularly women, will be at risk of developing arthritis,
and the burden of this disease will continue to increase. Iden-
tifying modifiable risk factors for the effects of arthritis is cru-
cial to the prevention of its associated disability, especially in
mid-age women and in older women.

Physical activity has been identified as a potentially modifiable
risk factor in prospective population-based studies assessing
risk factors for arthritis among women [5,7-9]. The results from

ALSWH = Australian Longitudinal Study on Women's Health; BMI = body mass index; Cl = confidence interval; OR = odds ratio; MET = metabolic

equivalent value; SPJ = stiff or painful joints.
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these studies, however, are equivocal. One study [9] found
walking to be protective against radiographic evidence of
arthritis in women (defined as joint space narrowing), whereas
others [5,7] found no association between leisure-time physi-
cal activity and risk of self-reported arthritis in women. In con-
trast, being in the highest quartile of total daily physical activity
in the Framingham cohort study [8] increased the risk of inci-
dent radiographic arthritis in women in the short term (8 years),
although not over a longer time period (20-40 years). Results
of studies assessing risk factors for arthritis in male and female
athletes indicate increased risk among competitive elite ath-
letes in some sports, such as soccer, football, and rugby [10-
13]. Together, the findings of these studies suggest that high
levels of some competitive athletic sports increase the risk of
arthritis but that moderate to vigorous leisure-time physical
activities in nonathletes may have no association or reduce risk
of the disease. Few studies have examined the association
between physical activity and risk of arthritis in nonathletes,
however, so this association is unclear.

The Australian Longitudinal Study on Women's Health
(ALSWH) provides an opportunity to evaluate the prospective
association between physical activity and increased risk of
arthritis symptoms in two large cohorts of women. This pro-
spective cohort study includes questions about walking and
about moderate-intensity and vigorous-intensity physical activ-
ities. It also asks about physician diagnosis of arthritis and
about women's experiences of a range of symptoms, including
'stiff or painful joints.'! As there are more than 100 types of
arthritis, all characterized by pain, stiffness, and disability [14],
the self-report of these symptoms allows for the identification
of women who have early and mild symptoms of arthritis, but
have not yet been diagnosed with the disease. This is impor-
tant because women with symptoms of arthritis do not always
seek a professional diagnosis: estimates from the US National
Health Interview Survey suggest that 16% of adults reporting
arthritis have never seen a physician about this condition [15].
Indeed, many arthritis sufferers treat their symptoms with non-
prescription medications or rely on alternative therapies [16-
19]. There is also evidence to suggest that arthritis symptoms
predict disability more strongly than radiological changes,
which may not always be apparent in the early stages of the
disease [20]. In exploring risk factors that contribute to the
development of arthritis, the assessment of arthritis symptoms,
therefore, may provide a more relevant and accurate indicator
of the onset of the disease.

The aim of this study was to explore the association between
physical activity and incidence of self-reported 'stiff or painful
joints' in the mid-age and older cohorts of the ALSWH. Under-
standing the role of this potentially modifiable risk factor could
be important in the development of strategies for the preven-
tion of the disabling symptoms associated with arthritis in
women.
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Materials and methods
The ALSWH sample

The ALSWH is an ongoing study of the health and well-being
of Australian women. As reported elsewhere [21],in 1996 ran-
dom samples of women aged 18-23 years ('young'), 456-50
years ('mid-age'), and 70-75 years (‘older) were drawn from
the national Medicare health insurance database, which
includes all Australian residents as well as immigrants and ref-
ugees. Women from rural and remote areas were intentionally
over-represented. Data from the 2001 (Time 1 (T1)) and 2004
(Time 2 (T2)) surveys of the mid-age cohort and from the 1999
(T1) and 2002 (T2) surveys of the older cohort were used in
the analyses reported here. The study was approved by the
University of Newcastle Ethics Committee. Informed consent
was received from all respondents. More details about the
study can be found online [22].

Assessment of stiff or painful joints

Respondents were asked whether they had experienced 'stiff
or painful joints' in the past 12 months. Response options of
'never,' 'rarely,' 'sometimes,’ or 'often’ were dichotomized into
'sometimes or often,' or 'never or rarely' and also into 'often’ or
‘not often' (never, rarely, sometimes) to examine the sensitivity
of the categorization chosen for determining the women at risk
for incident joint pain. It was hypothesized that the women
experiencing stiff or painful joints 'often' were those most likely
to be suffering early symptoms of arthritis, and therefore phys-
ical activity would be more strongly associated with the onset
of experiencing symptoms 'often’ than 'sometimes or often.’

Because the validity of this item had not been examined, its
predictive validity was assessed by exploring its ability to pre-
dict self-reported physician-diagnosed arthritis and physical
functioning. Arthritis was assessed at T2 by asking 'In the last
3 years, have you been diagnosed with or treated for arthritis
(including  osteoarthritis, rheumatoid  arthritis)?'  [23].
Respondents who reported at T1 that they had been diag-
nosed with or treated for arthritis by a physician were
excluded. In univariate logistic regression models, the odds of
reporting arthritis at T2 were significantly increased among the
mid-age women who reported stiff or painful joints 'sometimes
or often' at T1 (odds ratio (OR) = 2.48, 95% confidence inter-
val (Cl) = 2.16-2.83, P < 0.001) and, similarly, among those
who reported these symptoms 'often' (OR = 2.56, 95% Cl =
2.13-3.09, P < 0.001). In the older women, reporting stiff or
painful joints 'sometimes or often' also increased the odds of
reporting arthritis (OR = 3.94, 95% Cl = 3.38-4.58, P <
0.001), and reporting these symptoms 'often' increased the
odds even more (OR = 5.28, 95% Cl = 4.23-6.61, P <
0.001).

Physical function was measured with the Physical Function
subscale of the Medical Outcomes Study Short Form [24]. A
lower score on the subscale represents lower physical func-
tioning. In univariate linear regression models, reporting stiff or

-781-



painful joints 'sometimes or often' at T1 was associated with
significantly lower physical function scores at T2 in both the
mid-age women (B = -7.78, 95% Cl = -8.58 to -6.99, P <
0.001) and older women (B = -14.15, 95% Cl =-15.92 to -
12.38, P < 0.001). Reporting the symptoms 'often' was asso-
ciated with even lower physical function scores in the mid-age
women (B =-14.37, 95% Cl =-15.69 to -13.04, P < 0.001)
and older women (B = -23.57, 95% Cl =-26.42 to -20.73, P
< 0.001).

Assessment of physical activity

Survey items to assess physical activity were based on those
developed for the Active Australia survey in 1997, a validated
and reliable measure [25-27]. The frequency and time duration
(in at least 10-min sessions) in the previous week spent walk-
ing briskly (for travel or leisure), in moderate-intensity leisure-
time physical activities, and in vigorous leisure-time physical
activities were reported. A physical activity score was calcu-
lated as the sum of the products of total time in each of the
three categories of activity and the metabolic equivalent value
(MET) assigned to each category [28,29]: (walking minutes x
3.0 METs) + (moderate physical activity minutes x 4.0 METs)
+ (vigorous physical activity minutes x 7.5 METs), in accord-
ance with the Compendium of Physical Activities [30]. Physi-
cal activity was then categorized based on total MET minutes
per week: none (<40 MET.min/week); very low (40 to <300
MET.min/week); low (300 to <600 MET.min/week); moderate
(600 to <1,200 MET.min/week); and high (1,200+ MET.min/
week).

Assessment of potential confounding factors

A list of variables considered potential confounders in the rela-
tionship between physical activity and stiff or painful joints was
derived from previous studies [31] (see Table 1). Area of resi-
dence categories were derived from postcodes. To measure
the number of chronic diseases, respondents were asked
whether they had been told by a doctor in the previous 3 years
that they had any of the diseases listed. The list of diseases
was adapted from the Australian 1989-1990 National Health
Survey [23]. Diagnosis of depression was determined by a sin-
gle item modified from the Australian 1989-1990 National
Health Survey [23]: 'In the last 3 years, have you been told by
a doctor that you have depression?' ('yes' or 'no').

Height without shoes and weight without clothes or shoes
were reported, and the body mass index (BMI) was calculated
as weight divided by height squared. The BMI was then cate-
gorized as underweight (BMI <20 kg/m?2), healthy weight (BMI
220 and <25 kg/m2), overweight (BMI 225 and <30 kg/m?2),
or obese (BMI 2 30 kg/m?2) in accordance with the Australian
National Health and Medical Research Council classification
system [32]. The World Health Organization classification of a
BMI less than 18.5 kg/m2 as 'underweight' [33] was not used
because few in the samples had a BMI meeting this criterion
at the first ALSWH survey.
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Data analysis

The initial analysis samples were mid-age women and older
women who did not report having stiff or painful joints 'some-
times' or 'often' at T1. From this group, respondents were
excluded if they had missing physical activity data at T1 or had
missing stiff or painful joint data at T2. Differences between
women included in our analysis and those excluded were
examined using Pearson's chi-square tests for categorical var-
iables and an independent t test for the one continuous varia-
ble (age). Univariate associations between each potential
confounding variable at T1 and the two outcomes (having stiff
or painful joints 'sometimes or often;' having these symptoms
'often’) at T2 were computed separately for each cohort. Vari-
ables having a statistically significant association with at least
one outcome in at least one cohort (P < 0.05) were included
in multivariable logistic regression models computed to evalu-
ate the association between physical activity and stiff or pain-
ful joints in each cohort, after adjusting for the other factors.
For each confounding variable for which some respondents'
data were missing, a missing category was included in all anal-
yses to maintain as large a sample as possible, and the miss-
ing category was compared with the reference category in the
same way the other categories were compared with the refer-
ence category. Interactions between physical activity and
each potential confounding variable were examined, but none
were significant. No interaction terms were therefore included
in the final models. Odds ratios and 95% confidence intervals
were computed for all models.

Results

Samples

In total, 5,650 (562.2%) mid-age women and 5,207 (54.9%)
older women reported having stiff or painful joints 'never' or
'rarely’ at T1. Of these, 475 mid-age women and 843 older
women were excluded because they did not participate in the
T2 survey. Another 208 mid-age women and 199 older
women were excluded because they had missing values for
physical activity at T1. After the additional exclusion of women
who did not report whether they had painful or stiff joints at T2
(187 mid-age women and 195 older women excluded), data
from 4,780 mid-age women and 3,970 older women were
included in these analyses.

Meaningful and statistically significant differences were seen
between those who were included and those who were
excluded from the analysis (see Table 1). In both cohorts,
women who were excluded from the analysis were less physi-
cally active and had lower levels of education {P < 0.001).
These women were also were more likely to live in a large
town, to have been born in a non-English-speaking country, to
have four or more chronic diseases, and to be smokers than
women who were included (P < 0.05). Older women who
were excluded were also more likely to have depression (P <
0.001).
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Table 1

Characteristics of respondents who reported stiff or painful joints 'never' or 'rarely' at Time 1

Mid-age women (n = 5,650)

Older women (n = 5,207)

Variable Respondents Respondents P valueb Respondents Respondents P valueb
included excludeda included excluded?
n=4,780) (n=2870) (n=13,970) (n=1,237)
Age (years, mean = standard 5263 £ 1.49 52.57 £ 1.62 0.366 75.39 + 1.51 75.60 = 1.51 <0.001
deviation)
Education (%) <0.001 <0.001
Less than high school 136 18.7 26.8 34.7
Some high school 47.8 50.9 52.7 47.7
Completed high school 20.5 17.4 11.6 9.2
Trade certificate/university degree 17.4 12.0 4.7 2.3
Missing 0.9 1.0 4.3 6.1
Area of residence (%) <0.001 <0.001
Urban 38.1 43.3 40.2 39.8
Large town 136 11.4 11.6 14.1
Small town/remote area 471 42.4 48.8 42,6
Missing 1.3 2.9 1.6 3.6
Country of birth (%) 0.001 0.003
Australia 74.6 70.9 74.7 71.9
Other English-speaking 14.0 12.9 12.4 11.2
Non-English speaking 7.9 121 6.8 9.3
Missing 3.5 4.1 6.0 7.7
Depression (%) 0.023 <0.001
No 91.6 89.2 94.3 87.6
Yes 8.4 10.8 3.4 7.6
Number of chronic diseases (%) 0.037 <0.001
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Table 1 (Continued)

Characteristics of respondents who reported stiff or painful joints 'never' or 'rarely' at Time 1

0 55.8 52.6 32.0 425
1 31.0 30.5 37.0 20.3
2 9.7 11.8 20.0 18.0
3 2.7 3.7 7.6 10.5
4 or more 0.8 1.4 3.3 8.7
Smoking status (%) <0.001 0.006
Never 55.4 54.8 61.0 58.5
Former 32.2 26.1 27.6 26.8
Current 12.2 18.3 4.9 7.4
Missing 0.2 0.8 6.4 7.4
Body mass index (%) <0.001 ‘ <0.001
<20 kg/m? 5.1 5.9 3.4 4.4
2 20 and <25 kg/m? 41.9 38.6 48.4 46.1
> 95 and <30 kg/m? 280 26.3 265 23.8
2 30 kg/m? 17.4 16.8 9.7 9.1
Missing 7.5 12.4 12.0 16.6
Physical activity (%) <0.001 <0.001
None (<40 MET.min/week) 14.9 22.2 24.4 40.1
Very low (40 to <300 MET.min/ 18.4 195 14.0 14.2
week)
Low (300 to <600 MET.min/week) 18.0 15.6 22.7 14.0
Moderate (600 to <1,200 MET.min/ 22.5 19.6 15.8 12.2
week)
High (1,200+ MET.min/week) 26.2 23.1 23.1 19.6

MET, metabolic equivalent value. 2Women were excluded if they did not provide data on physical activity at Time 1 or did not provide data on
symptoms of stiff or painful joint at Time 2. The 243 mid-age women and 987 older women who were missing physical activity data are not
included in the percentage of excluded respondents in each physical activity category. PP value is for the difference between women included and
those excluded from the analysis.
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Descriptive characteristics of samples

The mid-age women were aged 48-55 years at T1. Most
reported not completing 12 years of high school, reported liv-
ing in a small rural town or remote area, reported being born in
Australia, reported having one or no chronic diseases,
reported not having a diagnosis of depression, and reported
never having been a smoker. Aimost one-half were overweight
or obese (45.4%), and almost one-half (48.7%) met the
national Australian physical activity guidelines by accruing 600
or more MET minutes of physical activity per week [34], which
is equivalent to 150 minutes or more per week of moderate-
intensity physical activity. Slightly more than one-third (36.4%)
reported very low to low levels of physical activity (40-600
MET.min/week), which equates to 10—149 minutes per week
of moderate-intensity physical activity. The remaining 14.9%
were sedentary (<40 MET.min/week): they did not report even
10 minutes of moderate-intensity physical activity per week. At
T2, 41.4% of the women reported 'never' having stiff or painful
joints, 17.9% reported them 'rarely,’ 30.8% reported them
'sometimes,' and 9.9% reported them 'often.’

The older women were aged 72-79 years at T1. As for the
mid-age women, most reported not completing 12 years of
high school, reported living in a small rural town or remote
area, reported being born in Australia, reported not having a
diagnosis of depression, reported having one or no chronic
diseases, and reported never having been a smoker. Fewer
older women (36.2%) than mid-age women were overweight
or obese, and fewer were physically active. Less than one-half
of the older women met the national physical activity guide-
lines (38.9%), and a similar percentage (38.7%) reported very
low to low levels of physical activity. One-quarter (24.4%) of
the older women were sedentary. At T2, 45.9% reported stiff
or painful joints 'never', 12.2% reported them 'rarely,’ 30.0%
reported them 'sometimes,’ and 11.8% reported them 'often.’

Mid-age women

In univariate analysis, the odds of reporting stiff or painful joints
'sometimes or often' at T2 were significantly lower for mid-age
women in the 'low' (P = 0.011), 'moderate’ (P = 0.043), and
'high' (P = 0.003) physical activity categories at T1 than for
those who were sedentary (see Table 2). The odds of report-
ing stiff or painful joints 'often’ were significantly lower only for
respondents in the 'moderate’ physical activity category (P =
0.032). After adjusting for all variables that were significantly
associated with stiff or painful joints in the univariate analyses,
associations between physical activity and self-reported stiff
or painful joints in the mid-age women were attenuated and no
longer statistically significant (P> 0.05; see Table 2).

Older women

In univariate analysis, older women in the 'moderate' (P =
0.033) and 'high' (P= 0.040) physical activity categories at T1
had significantly lower odds of reporting stiff or painful joints
'sometimes or often' at T2 than those in the 'none' category.
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Significantly lower odds of reporting stiff or painful joints
'often' were found for those in the 'low' (P=0.001), 'moderate’
(P<0.001) and 'high' (P < 0.001) physical activity categories
(see Table 3).

As was the case for the mid-age women, the association
between physical activity and self-reported stiff or painful
joints 'sometimes or often' was no longer statistically signifi-
cant (P = 0.252) in the multivariable analysis in the older
cohort. The odds for reporting stiff or painful joints 'often,' how-
ever, remained significantly lower for older women in the 'low'
(P = 0.024), 'moderate’ (P < 0.001) and 'high' (P = 0.001)
physical activity categories than for those in the 'none' cate-
gory (see Table 3).

Discussion

Our aim was to explore the association between physical
activity and the incidence of stiff or painful joints in cohorts of
mid-age women and older women. Our main findings were
that physical activity did not increase or decrease the odds of
self-reported stiff or painful joints 'often’ among the mid-age
women; however, 'low,' 'moderate,’ and 'high' levels of physi-
cal activity among the older women were associated with
decreased odds of developing stiff or painful joints 'often' over
3 years, even after adjusting for confounding variables. This
last finding indicates that, among older women who do not
have or rarely have stiff or painful joints, participation in at least
75 minutes per week of moderate-intensity physical activity
may be protective against complaints of 'often' having arthritis
symptoms within the next 3 years. The results also suggest
that engaging in at least 150 minutes of moderate-intensity
physical activity per week, in accordance with the recommen-
dations of the American College of Sports Medicine and the
US Centers for Disease Control and Prevention [35], may be
even more protective. These findings consequently indicate
that public health and clinical advice for older women not cur-
rently experiencing stiff or painful joints should routinely
include counseling on ways to be physically active to reduce
their risk of developing stiff or painful joints.

Different findings between the two ALSWH cohorts with
respect to the relationship between physical activity and stiff
or painful joints 'often’ were unexpected. One explanation is
that occupational physical activity was not included in our
assessment of physical activity and that many women in the
mid-age cohort of the ALSWH were in paid work [36],
whereas the older women were not. Failure to account for
occupational physical activity may have resulted in greater mis-
classification of physical activity levels among the mid-age
women than among the older women, which might explain the
difference in findings between the two cohorts. Researchers
who have used a crude measure of work-related physical activ-
ity have not, however, found a prospective association
between occupational physical activity and arthritis in women
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Table 2
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Association between risk factors and having stiff or painful joints among mid-age women (n = 4,780)

Variable at Time 1

Stiff or painful joints 'sometimes or often'

Stiff or painful joints 'often’

Unadjusted odds ratio
(95% confidence interval)

Adjusted? odds ratio (95%
confidence interval)

Unadjusted odds ratio
(95% confidence interval)

Adjusted? odds ratio (95%
confidence interval)

Education

Less than high school

Some high school

Completed high school

Trade certificate/
university degree

Missing

Area of residence

Urban

Large town

Small town/remote area

Missing

Country of birth

Australia

Other English-speaking

Non-English speaking

Missing

Depression

No

Yes

Number of chronic
diseases

1.00

0.77 (0.65-0.92)

0.73 (0.60-0.90)

0.64 (0.52-0.78)

0.97 (0.51-1.82)

1.0

0.87 (0.73-1.05)

1.11 (0.98-1.26)

0.83 (0.49-1.40)

1.00

1.07 (0.91-1.27)

0.97 (0.78-1.21)

1.35 (0.99-1.84)

1.00

1.56 (1.29-1.94)

1.00

1.00

0.83 (0.69-0.99)

0.80 (0.65-0.99)

0.70 (0.56-0.87)

0.92 (0.48-1.75)

1.0

0.87 (0.72-1.05)

1.09 (0.96-1.24)

0.83 (0.49-1.42)

1.00

1.12 (0.95-1.33)

1.02 (0.82-1.28)

1.36 (0.99-1.88)

1.00

1.44 (1.17-1.78)

1.00
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1.00

0.55 (0.43-0.71)

0.50 (0.37-0.68)

0.49 (0.35-0.67)

1.51 (0.70-3.26)

1.0

0.8 (0.58-1.11)

1.14 (0.93-1.39)

0.3 (0.75-1.28)

1.00

0.70 (0.51-0.95)

0.96 (0.67-1.36)

1.64 (1.06-2.53)

1.00

2.10 (1.60-2.77)

1.00

1.00

0.58 (0.45~-0.75)

0.55 (0.40-0.76)

0.65 (0.39-0.77)

1.30 (0.58-2.93)

1.0

0.77 (0.55-1.07)

1.08 (0.88-1.34)

0.32 (0.76-1.33)

1.00

0.70 (0.561-0.97)

0.99 (0.69-1.43)

1.61 (1.02-2.563)

1.00

1.76 (1.32-2.35)

1.00
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