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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 valueP Respondents Respondents P valueb
included excluded? included excluded?
n=4,780) (h=870) (n=3,970) (n=1,237)
Age (years, mean * standard 5253 + 1.49 52,57 + 1,62 0.366 75.39 + 1.51 76.60 + 1.51 <0.001
deviation)
Education (%) <0.001 <0.001
Less than high school 135 18.7 26.8 34.7
Some high school 47.8 50.9 52.7 47.7
Completed high school 205 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 13.5 11.4 11.6 141
Small town/remote area 47.1 42.4 46.6 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 12.9 124 11.2
Non-English speaking 7.9 12.1 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 7.6 105
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
> 20 and <25 kg/m?2 41.9 38.6 48.4 46.1
> 25 and <30 kg/m?2 28.0 26.3 26.5 23.8
> 30 kg/m? 17.4 16.8 9.7 a.1
Missing 7.5 124 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 19.6 156.8 12.2
week) .
High (1,200+ MET.min/week) 26.2 23.1 23.1 19.6

MET, metabolic equivalent value. ®Women 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. Almost 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 (86.2%) 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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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)

1.36 (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)

0.55 (0.39-0.77)

1.30 (0.58-2.93)

1.0

0.77 (0.565~1.07)

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 (1,02-2.53)

1.00

1.76 (1.32-2.35)

1.00
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Table 2 (Continued)

Association between risk factors and having stiff or painful joints among mid-age women (n = 4,780)

4 or more
Smoking status
Never
Former
Current
Missing
Body mass index
<20 kg/m?
2 20 and <25 kg/m?
2 25 and <30 kg/m?
2 30 kg/m?2
Missing
Physical activity

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)

1.41 (1.24-1.61)

1.54 (1.26~1.89)

1.93 (1.35-2.75)

1.47 (0.77-2.82)

1.00

1.00 (0.88-1.14)

1.14 (0.95-1.36)

2.23 (0.63-7.91)

1.03 (0.79-1.36)

1.00

1.10 (0.96-1.27)

1.63 (1.38-1.92)

1.32 (1.05-1.66)

1.00

0.86 (0.71-1.05)

0.77 (0.63-0.94)

0.82 (0.68-0.99)

High (1,200+ MET.min/  0.75 (0.62-0.90)

week)

1.35 (1.18~1.54)
1.37 (1.11-1.67)
1.67 (1.17-2.40)

1.10 (0.56-2.14)

1.00
0.99 (0.87-1.12)
1.08 (0.90-1.30)

2.11 (0.59-7.60)

1.08 (0.78—1‘.36)
1.00

1.06 (0.92-1.23)
1.46 (1.23-1.73)

1.29 (1.02-1.62)

1.00

0.93 (0.76-1.14)
0.88 (0.71-1.08)
0.94 (0.77-1.14)

0.88 (0.72-1.06)

1.78 (1.43-2.20)

2.67 (2.01-3.54)

2.53 (1.565-4.14)

3.04 (1.32-7.01)

1.00

1.23 (1.00-1.54)

1.44 (1.09-1.91)

2.56 (0.54-12.10)

1.22 (0.76-1.95)

1.00

1.46 (1.15-1.86)

2.22 (1.73-2.86)

1.43 (0.98-2.08)

1.00

0.92 (0.67-1.26)

0.87 (0.63-1.19)

0.71 (0.62-0.97)

0.78 (0.58-1.05)

1.62 (1.30-2.02)

2.17 (1.61-2.91)

1.96 (1.18-3.25)

1.89 (0.79-4.49)

1.00

1.21 (0.97-1.50)

1.35 (1.01-1.81)

2.70 (0.656-13.2)

1.25 (0.78-2.01)

1.00

1.36 (1.06-1.74)

1.83 (1.41-2.38)

1.35 (0.92-2.00)

1.00

1.08 (0.78-1.49)

1.15 (0.82-1.60)

0.91 (0.66-1.27)

1.06 (0.78-1.45)

aAdjusted for all other variables in the table.
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Association between risk factors and having stiff or painful joints among older women (n = 3,970)

Variable at Time 1

Stiff or painful joints 'sometimes or often' at Time 2

Stiff or painful joints 'often’ at Time 2

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

0.89 (0.76-1.04)

0.92 (0.74-1.13)

1.01 (0.83-1.23)

0.89 (0.64-1.24)

1.00

0.94 (0.76-1.16)

1.04 (0.91-1.19)

0.72 (0.42-1.22)

1.00

0.95 (0.78-1.15)

1.00 (0.78-1.29)

0.94 (0.72-1.28)

1.00

1.48 (1.04-2.09)

1.00

1.00

0.90 (0.76-1.05)

0.97 (0.78-1.20)

1.06 (0.86-1.30)

0.91 (0.64-1.29)

1.00

0.91 (0.73-1.13)

1.02 (0.89-1.18)

0.75 (0.43-1.29)

1.00

0.93 (0.76-1.14)

0.92 (0.71-1.20)

0.94 (0.70-1.27)

1.00

1.29 (0.90-1.84)

1.00

271-

1.00

0.86 (0.68-1.09)

1.06 (0.77-1.44)

0.80 (0.59~1.10)

1.25 (0.79-1.97)

1.00

0.94 (0.67-1.31)

1.20 (0.98-1.48)

0.41 (0.183-1.32)

1.00

0.87 (0.64-1.18)

1.02 (0.70-1.49)

1.02 (0.68-1.52)

1.00

2.15 (1.41-3.29)

1.00

1.00

0.90 (0.71-1.16)

1.17 (0.85-1.62)

0.93 (0.67-1.28)

1.37 (0.84-2.22)

1.00

0.88 (0.62-1.24)

1.15 (0.93-1.42)

0.41 (0.12-1.33)

1.00

0.90 (0.65-1.23)

0.90 (0.60-1.34)

0.91 (0.568-1.42)

1.00

1.76 (1.13-2.72)

1.00
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Table 3 (Continued)

Association between risk factors and having stiff or painful joints among older women (n = 3,970)

4 or more

Smoking status

Never

Former

Current

Missing

Body mass index

<20 kg/m?

> 20 and <25 kg/m?

> 25 and <30 kg/m?2

2 30 kg/m?

Missing

Physical activity

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)

1.26 (1.08-1.48)

1.90 (1.569-2.28)

2.43 (1.89-3.14)

3.06 (2.12-4.43)

1.00

1.07 (0.93-1.24)

1.05 (0.78-1.40)

1.01 (0.77-1.31)

1.04 (0.72-1.48)

1.00

1.46 (1.26-1.70)

1.42 (1.14-1.77)

1.13 (0.92-1.39)

1.00

0.98 (0.80-1.22)

1.00 (0.83-1.20)

0.80 (0.65-0.98)

High (1,200+ MET.min/  0.83 (0.69-0.99)

week)

1.23 (1.05-1.44)

1.83 (1.52-2.19)

2.33 (1.80-3.02)

2.93 (2.02-4.26)

1.00

1.08 (0.93-1.25)

1.10 (0.81-1.49)

1.04 (0.78-1.37)

0.97 (0.67-1.39)

1.00

1.39 (1.19-1.63)

1.26 (1.00-1.58)

1.07 (0.87-1.32)

1.00

1.04 (0.84-1.29)

1.11 (0.92-1.34)

0.89 (0.72-1.10)

0.94 (0.78-1.14)

1.42 (1.09-1.85)

2.09 (1.67-2.77)

2.83 (1.99-4.03)

5.02 (3.28-7.69)

1.00

1.22 (0.99-1.52)

1.17 (0.76-1.82)

1.06 (0.71-1.59)

0.98 (0.54-1.77)

1.00

1.46 (1.15-1.84)

1.68 (1.23-2.31)

1.52 (1.13~2.05)

1.00

0.87 (0.65-1.17)

0.63 (0.48-0.82)

0.48 (0.34-0.67)

0.61 (0.38-0.68)

1.37 (1.05-1.79)

1.93 (1.44-2.57)

2.53 (1.77-3.63)

4.24 (2.74-6.57)

1.00

1.27 (1.01-1.59)

1.17 (0.75-1.84)

1.07 (0.70-1.64)

0.86 (0.47-1.58)

1.00

1.33 (1.04-1.68)

1.32 (0.95-1.84)

1.36 (1.00-1.85)

1.00

0.94 (0.70-1.27)

0.72 (0.55-0.96)

0.54 (0.39-0.76)

0.61 (0.46-0.82)

aAdjusted for all other variables in the table.
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[9]. More precise measures of occupational physical activity
are required to further explore these associations.

We did not observe a statistically significant association
between physical activity and self-reported stiff or painful
joints 'sometimes or often' in either cohort. This finding may
reflect a wider variability in interpretation of the phrase 'some-
times' than 'often,’ with some respondents exaggerating the
frequency of their symptoms by selecting 'sometimes' when
symptoms occurred 'rarely,’ resulting in a weakened ability to
detect an association.

The present study was the first to assess the prospective
association between physical activity and symptoms of arthri-
tis in two different age cohorts of women. Our observation of
no statistically significant associations in three of the four mul-
tivariable analyses supports the results of prospective studies
that have assessed the long-term associations between phys-
ical activity and arthritis in other large cohorts of women [5,7].
In a 25-year cohort study that included 4,073 women 20-87
years of age, Cooper Clinic (US) researchers [7] reported no
statistically significant association between walking or jogging
and self-reported physician-diagnosed hip and knee osteoar-
thritis for women after controlling for BMI, alcohol, smoking
status, and caffeine consumption. In the 20-year Alameda
County Cohort Study (US) [5], no statistically significant asso-
ciation between leisure-time physical activity and self-reported
arthritis was seen among the 1,148 women who participated
(mean age = 43 years for all participants) after controlling for
age, race, BMI, and the presence of five or more depressive
symptoms. Assessment of the risk factors for radiographic
knee osteoarthritis among 715 mid-age women (aged 54 + 6
years) in the Chingford Study Cohort (UK) [9] revealed that
walking, occupational physical activity, and sport were not sta-
tistically significantly associated with incident osteophytes
over 4 years after adjusting for age, social class, BMI, and
smoking status among other factors — only walking was
associated with decreased odds of joint space narrowing (OR
= 0.38, 95% Cl=0.15-0.93) over that same time period after
adjusting for the same variables.

Our finding that physical activity is protective against com-
plaints of stiff or painful joints 'often’ in older women does not
support the results from these other studies [5,7-9]. Only the
Framingham Study [8], however, focused specifically on older
women. In that study, the researchers found an increased risk
of radiographic knee osteoarthritis over 10 years (but not after
20 or 40 years) among the 69 older women (mean age = 71
+ 5 years for the sample of men and women) in the highest
quartile of physical activity in a model adjusted for age, BMI,
cigarette smoking, and other covariates (OR = 3.1, 95% Cl =
1.1-8.8). In contrast, our results showed a clear dose—
response relationship between physical activity and incident
stiff or painful joint 'often' over 3 years in women aged 72-79
years at T1.

Available online http://arthritis-research.com/content/9/2/R34

Interpretation of our results in the context of the findings from
other studies should be made with caution because each
study of the risk factors for arthritis has used a different meas-
ure of physical activity. In our study, a generic physical activity
score reflected participation in walking as well as moderate-
intensity and vigorous-intensity leisure-time activities during
the past week, whereas other studies have used 24-hour recall
[8], have focused on specific physical activities, such as walk-
ing [7,9], or have used their own physical activity index to eval-
uate habitual leisure-time physical activity [5]. Moreover, the
outcomes of each study differed. While our study examined
arthritis symptoms, other studies assessed self-reported
arthritis [5], self-reported osteoarthritis [7], or radiographic
osteoarthritis [8,9]. It should also be noted that different stud-
ies used follow-up periods ranging from 4 to 40 years [5,7-9].
Although our follow-up period of 3 years was short, it was
appropriate for assessing the development of symptoms of
arthritis rather than arthritis itself, which can take much longer
to develop.

Our study does not provide insight into the mechanisms by
which physical activity may impact development of arthritis
symptoms in older women; however, the constellation of sig-
nificant factors (physical activity, BMI, and smoking) supports
the suggestion that there is a metabolic basis to the develop-
ment of arthritis [9]. Alternatively, the links between physical
activity and arthritis symptoms might be explained by exercise-
related endorphin release, by protection against fibromyalgia,
by increased resistance to musculoskeletal injury, by differ-
ences in pain threshold for people who exercise regularly, or
by other psychological mechanisms {37].

Unique to the present study, risk factors for arthritis symptoms
were examined separately in mid-age women and in older
women, which allowed us to detect age-related differences in
the association between physical activity and stiff or painful
joints. Other strengths of this study were that it included a
large population-based sample of women and used a prospec-
tive design. Women in each cohort who reported stiff or pain-
ful joints 'sometimes' or 'often’ at T1 were excluded to reduce
the possibility of reverse causation (that is, women became
inactive because they had stiff or painful joints). Other
strengths were that we used a validated and reliable measure
of physical activity [25-27] and that we provided evidence of
the predictive validity for our stiff and painful joints measure
against self-reported physician-diagnosed arthritis and physi-
cal functioning.

A major limitation of this study was that all the data were self-
reported. We did not have radiological or clinical measures, so
we chose to focus on symptoms rather than on clinically diag-
nosed arthritis. This provided the opportunity to include
women who may not have yet sought medical care or not yet
been diagnosed with the problem. While it could be argued
that the question about symptoms lacks specificity and sensi-
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tivity when compared with more objective measures, other
researchers have shown that reporting these symptoms is
associated with decreased ability to conduct functional tasks
and with disability [38]. Previous studies have also shown that
people underreported confirmed diagnoses when asked to
report physician-diagnosed osteoarthritis, indicating that the
burden of arthritis in the population has been underestimated
[7,39].

Another limitation is the potential effect of participation bias on
the results. Although the ALSWH included a fairly representa-
tive national sample of mid-age women and older women at
the first data collection point [21], as with all prospective stud-
ies, there is continual attrition over time, with a tendency for
more healthy women to remain in the cohort [40]. This 'healthy'
participation bias was further exaggerated here by our inclu-
sion of only women who did not report having stiff or painful
joints 'sometimes’ or 'often' at T1. While this was done to
reduce the possibility of reverse causation (as described
above), the original participation bias, together with the selec-
tion bias of women without joint pain or stiffness and exclusion
of women with missing physical activity data, meant that our
samples were more physically active than the general popula-
tion of mid-age women and older women. The findings cannot,
therefore, be generalized to all women in these age groups.

We were unable to examine factors associated with specific
sites of the joint symptoms (for example, knee versus wrist), or
about the year when the stiff or painful joint symptoms first
developed, precluding the use of survival analysis or other pro-
cedures that require the exact duration of follow-up to be
known. Finally, because few women in the ALSWH cohorts
reported levels of physical activity that would be typically asso-
ciated with 'athletic' training, we were unable to confirm find-
ings from previous studies indicating that competitive sport
and associated injuries might be involved in the development
of osteoarthritis [8,10].

Conclusion

The prevalence of arthritis in Australia is rapidly approaching
that of cardiovascular disease [2]. As the cost to the Australian
healthcare system of managing arthritis and its symptoms is
likely to be greater than for other prominent health problems
such as diabetes and asthma [2], the identification of physical
inactivity as a potentially modifiable risk factor of incident stiff
or painful joints among older women is important. Indeed, if
preventive intervention strategies, such as increasing physical
activity participation by even small amounts, could delay the
onset and development of symptoms of arthritis, there could
be considerable cost savings to the healthcare system and to
older women themselves, not to mention reductions in pain
and suffering caused by this often debilitating health problem.
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Abstract To clarify aspects of the association between
physical activity and breast cancer, such as activity inten-
sity required, and possible effect modification by factors
such as menopausal hormone therapy (MHT) use. We
prospectively examined physical activity in relation to
breast cancer risk among 45,631 women participating in
the U.S. Radiologic Technologists cohort. Participants
provided information at baseline regarding hours spent per
week engaging in strenuous activity, walking/hiking for
exercise, and walking at home or work. We estimated
multivariable relative risks (RR) and 95% confidence
intervals (CI) of breast cancer using Cox regression. We
identified 864 incident-invasive breast cancers. Greatest
risk reduction was observed among women who reported
walking/hiking for exercise 10 or more hours per week
RR, 0.57; 95% CI, 0.34-0.95) compared with those
reporting no walking/hiking. The association between
walking/hiking for exercise and breast cancer was modified
by MHT use (p for interaction = 0.039). Postmenopausal
women who never used MHT had reduced risks of breast
cancer associated with physical activity whereas no rela-
tion was observed among ever users of MHT. Our study
suggests moderate intensity physical activity, such as
walking, may protect against breast cancer. Further, the
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relation between physical activity and breast cancer may be
modified by MHT use.

Keywords Breast cancer - Physical activity -
Cohort studies - Hormones

Introduction

Breast cancer is the most commonly diagnosed cancer
among women in the United States [1]. Physical activity
represents one of the few established risk factors for breast
cancer that can be modified through behavior changes.
Numerous observational studies have reported a reduced
risk of breast cancer in relation to increasing levels of
physical activity [2-6], with evidence of this association
classified as “convincing” in 2002 by IARC [7]. Several
biological mechanisms have been proposed to explain the
relationship between physical activity and breast cancer
risk, including a decrease in endogenous hormone levels,
reduction of insulin and insulin-like growth factors,
favorable modification of menstrual characteristics, and
enhanced immune function [8-11].

Several aspects of the association between physical
activity and breast cancer risk remain uncertain including
the type of activity, timing in life of activity, dose of
activity required (including duration, frequency, and
intensity), and whether risks differ among certain popula-
tion subgroups. The current investigation will primarily
focus on the intensity level of physical activity and the
association between physical activity and breast cancer
according to menopausal status and menopausal hormone
therapy use. Inconsistencies exist regarding the intensity of
physical activity required for risk reduction, and it is
important to investigate whether moderate intensity
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physical activity can also reduce risk. Some studies observe
risk reduction with strenuous or moderate forms of physical
activity [5, 12, 13] and others suggest that strenuous
activity is required for risk reduction [14, 15]. A recent
review reported that although moderate intensity activity
has been associated with reduced risk of breast cancer, the
reductions are even stronger with vigorous intensity
activity [16]. In addition, results of epidemiologic studies
also suggest that the association between physical activity
and breast cancer may differ by menopausal status. The
majority of studies report a reduced risk of breast cancer
related to increased physical activity among postmeno-
pausal women, but the evidence for this association among
premenopausal women is much less consistent [6, 16—19].
Further, a few studies have evaluated the modifying effects
of menopausal hormone therapy among postmenopausal
women [4, 5, 13, 19-23].

In this study, we examine the association between
physical activity of varying intensities and breast cancer
risk in the U.S. Radiologic Technologists (USRT) cohort,
with special emphasis on potential effect modification of
the physical activity and breast cancer relation by meno-
pausal hormone therapy among postmenopausal women.

Materials and methods
The U.S. Radiologic Technologists cohort

The USRT cohort is a collaborative effort between the U.S.
National Cancer Institute, the University of Minnesota, and
the American Registry of Radiologic Technologists
(ARRT). The study is composed of a cohort of radiologic
technologists residing in the United States and who were
certified by the ARRT for at least 2 years between 1926
and 1982. Detailed information on the study population and
methods has been published previously [24, 25].

In brief, an initial questionnaire was mailed in 1983—
1989 that collected detailed information on employment
history, demographic and lifestyle factors, and reproduc-
tive and medical history. The current study, however, uses
as its baseline the second self-administered questionnaire
(1994-1998), which ascertained incident cancers and col-
lected information on demographic, reproductive, and
other potential risk factors, including physical activity. Of
the 94,495 known living female technologists who were
mailed the second questionnaire, 69,998 responded (74%).
A third questionnaire distributed in 2004-2005 collected
additional information on cancer risk factors and updated
health outcomes. Out of the 69,998 female responders to
the second questionnaire, 52,563 women responded to the
third questionnaire (75%).

@ Springer

Study population

We included 51,473 women who responded to the second
questionnaire, were cancer-free (except for non-melanoma
skin cancer) at completion of the second questionnaire and
who responded to the third questionnaire or died during the
intervening period. We excluded 5,842 women with
missing data on any of the three physical activity questions
(n = 5,759) or unrealistic data on physical activity (defined
as women who reported spending 80 or more hours a week
participating in a combination of strenuous activity and
walking/hiking for exercise) (n = 83), resulting in an
analytic cohort consisting of 45,631 women. The 5,842
excluded women did not differ appreciably from women in
the analytic cohort on most covariates; however, excluded
women tended to be older at baseline and were more likely
to be smokers.

Cohort maintenance

Annual follow-up is conducted through re-certification with
the ARRT. For individuals who fail to renew certification,
vital status is determined through linkage to mortality and
national address change databases, including the Social
Security Death Index and National Death Index Plus. The
Institutional Review Boards of the National Cancer Institute
and the University of Minnesota approved this study.

Assessment of physical activity

Participants provided information at baseline (1994-1998)
regarding the number of hours spent per week during the
previous year engaging in each of the following activities
as written on the questionnaire: exercising strenuously
(e.g., acrobics, jogging, swimming), walking or hiking for
exercise and walking at home or at work. Response
options for each question included: ‘none’, ‘<1 h’, ‘1-3 I’,
‘4-9 b’, ‘10-19 I, ‘20-39 h’, or ‘over 40 h’. A midpoint
value was assigned for the number of hours per week spent
engaging in physical activity (the ‘over 40 h’ category was
assigned a value of 41) and multiplied by the estimated
metabolic equivalent task (MET) value specific to that
intensity level. MET values for strenuous exercise, walking
for exercise, and walking at home or work were assigned
MET values of 7, 4, and 3, respectively [26]. We created a
total physical activity score by summing the MET-hours
per week for all the three physical activity variables. The
MET-hours per week were divided into quintiles for the
analyses, based on their distribution in the total popula-
tion. Studies assessing the reliability and validity of self-
reported physical activity have concluded that question-
naires, in general, are a reasonably useful method of
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estimating physical activity in large epidemiologic studies
[27, 28].

Breast cancer validation

A total of 1,445 self-reported breast cancers were identified
between the second and third surveys (Fig. 1). Participants
were asked to say whether they had been diagnosed with
invasive or in situ breast cancer. The case definition was
limited to invasive breast cancer, and in situ breast cancers
were excluded. Pathology reports or medical records were
obtained for 960 (66.4%) patients reporting breast cancer
(invasive or in situ); of which 954 breast cancer cases were
confirmed, resulting in a 99% confirmation rate. We
excluded the six incorrectly reported “breast cancers”. The
954 validated breast cancers included 263 in situ breast
cancer cases, which we excluded, leaving 691 confirmed
invasive breast cancers. Since such a large percentage of
self-reported breast cancer cases were confirmed among
women for whom medical records could be obtained, we
included 270 self-reported invasive breast cancer cases for
whom medical records were unavailable and excluded 215
self-reported in situ breast cancers. We also included 38
breast cancer cases identified via cancer registry linkage
(n = 26), linkage with the National Death Index with
breast cancer as the underlying cause of death (n = 8), and
incidental reports (originally reported as non-breast cancers
but later found to be invasive breast cancer through vali-
dation) (n = 4). Of the 999 total invasive breast cancer
cases available (n = 691 + 270 + 38), 864 breast cancer

Fig. 1 Diagram showing case
validation and inclusion steps

cases remained from 45,631 women for analysis after
exclusions due to missing physical activity data. Cases
identified using- death certificates had a diagnosis date
imputed by subtracting the average breast cancer survival
time (based on data from the Surveillance, Epidemiology,
and End Results Program) from the date of death.

Statistical analysis

To assess the association between physical activity and
breast cancer, we used multivariable Cox proportional
hazards regression to estimate relative risks (RRs) and
corresponding confidence intervals (Cls), with age as the
underlying time scale. Analyses were stratified at baseline
for 5-year birth cohorts to control for secular trends. Per-
son-time began at the completion of the second
questionnaire and ended at the date of first reported cancer
diagnosis (except non-melanoma skin cancers), death, or
response to the third questionnaire, whichever occurred
first.

In the analysis, we assessed risk using three models, one
adjusting for age only, one adjusting for age and potential
confounders (described below), and an additional model
that was mutually adjusted for the three categories of
physical activity. For strenuous activity and walking for
exercise, we selected as the reference group women who
reported never engaging in physical activity. To evaluate
the relations with time spent walking at home or work,
<1 h/week served as the referent group. Women who
reported never walking at home or work were not used as

Total self-reported invasive
and in situ breast cancer cases
identified
n=1,445

N

Breast cancer cases

with available where medical records
medical records were unavailable
n=960 n=485

Breast cancer cases

/

Determined not to be
breast cancer after
medical record review
n=6

Confirmed as invasive
breast cancer
n=691

\

Self-report only in situ
breast cancer cases
n=215

Confirmed as in
situ breast cancer
n=263

+ cases identified via
cancer registry linkage,
National Death Index, or
other
n=38

Self reported only
invasive breast cancer
cases
n=270
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the referent group because their inactivity may have been
due to underlying disease potentially related to breast
cancer. A similar approach has been used previously to
account for this effect [22, 29].

Analyses that adjusted for confounding included the
following factors, which are commonly included in breast
cancer analyses: age at menarche (<11, 11-14, 15+,
unknown), number of live births (none, 1-3, 4+,
unknown), age at first live birth (<20, 20—<25, 25—<30,
30—<35, 354 and nulliparous, unknown), age at meno-
pause (pre-menopausal, <35, 35—<40, 40—<45, 45—-<50,
50—<55, 55+), family history of breast cancer (no, yes,
unknown), personal history of breast disease (no, yes,
unknown), use of oral contraceptives (never, ever,
unknown), race (white, black, Asian, other/unknown),
menopausal hormone therapy use (MHT) (never/pre-
menopausal, ever, unknown), smoking (never, quit and
<20 cigarettes/day, quit and >20 cigarettes/day, current
smoker and <20 cigarettes/day, current smoker and >20
cigarettes/day, unknown), alcohol (<1 drink/week, 1-6
drinks/week, 7-12 drinks/week, 13+ drinks/week,
unknown), and body mass index (BMI) (<25 kg/m?,
25—<30 kg/m?, 30+ kg/m?, unknown). Missing values for
menopausal status and/or age at menopause were imputed
for 7.3% of participants using mean values for women of
similar age. Other covariates (height, years spent working,
marital status, and vitamin use) were evaluated for poten-
tial confounding but were not included in the models
because they did not appreciably affect the risk estimates
and have generally not been shown to confound an asso-
ciation with physical activity in previous studies.

Trend tests for each physical activity variable were
calculated by assigning the median value to each exposure
category and treating each as a single continuous variable
in the model. Effect modification was tested using the
resulting p-value of a cross-product interaction term
between the physical activity variable and the covariate of
interest together with the main effects in the appropriate
model. The coefficient of the interaction term was evalu-
ated using a Wald test. All tests of statistical significance
were two sided and p < 0.05 was considered statistically
significant. The statistical analyses were conducted using
the PHREG procedure of the Statistical Analysis System
(SAS) software package (version 8.2, SAS Institute, Inc.,
Cary, NC).

Results
During a mean length of follow-up of 8.9 years (total
person-years: 404,457), we identified 864 incident cases of

breast cancer. Age-adjusted study population characteris-
tics stratified by total physical activity score (in quintiles)
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are listed in Table 1. The mean age of study participants at
baseline was 47.2 years. More active women were slightly
younger at first birth, had lower parity, consumed more
alcohol, and had a lower BMI than their inactive counter-
parts. Unexpectedly, more active women were more likely
to be current smokers. Modest differences were observed
across physical activity quintiles for other variables.

Table 2 shows age- and multivariable-adjusted risk
estimates for associations of four indices of physical
activity with breast cancer incidence. Risk estimates were
similar after multivariable adjustment for several risk fac-
tors, including BMI. Risk reduction was greatest among
women who reported walking/hiking for exercise 10 or
more hours per week (RR, 0.57; 95% CI, 0.34-0.95)
compared to women who never walk/hike for exercise,
aJthough the trend was not significant (p = 0.321). Breast
cancer risk was slightly reduced among women reporting
40 or more hours per week of walking at home or at work
RR, 0.88; 95% CI, 0.67-1.16), compared to women
walking less than 1 h per week. After mutually adjusting
for the three categories of physical activity evaluated in the
questionnaire, observed risk estimates for all the three
exercise variables were slightly attenuated. Further, the
association between walking/hiking for exercise and breast
cancer was similarly attenuated among women who
reported that they never engaged in strenuous physical
activity (data not shown). Total physical activity (based on
MET-score) was not statistically significantly associated
with breast cancer risk (p = 0.174); however, risk was
suggestively decreased among women in the highest two
quintiles (RR, 0.87; 95% CI, 0.70-1.08 and RR, 0.91; 95%
CI, 0.74~1.13, respectively).

We examined the relation of physical activity to risk of
breast cancer according to menopausal status and meno-
pausal hormone therapy use (Table 3). In pre-menopausal
women, decreased risk of breast cancer was greatest among
women walking/hiking for exercise for 10 or more hour per
week (RR, 0.37; 95% CI, 0.16-0.84), although the trend
was not statistically significant. The relationship at >10 h/
week remained even after adjustment for participation in
other types of physical activity. Slightly reduced breast
cancer risks were also observed for pre-menopausal women
engaging in strenuous exercise and time spent walking at
home/work, but risks for strenuous activity were attenuated
after adjusting for other types of physical activity. No
statistically significant effect modification was observed
for any of the physical activity variables and menopausal
status (data not shown).

Postmenopausal women who never used MHT experi-
enced reduced risks of breast cancer with each of the three
types of physical activity. Associations approaching sta-
tistical significance were observed for increasing levels of
strenuous activity (RR comparing extreme categories, 0.57;
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Table 1 Age-adjusted baseline characteristics according to total physical activity: U.S. Radiologic Technologists Study®
Characteristic Quintiles of total physical activity score (MET hr/wk)
Q1 (0.0-9.5) Q2 (11.5-23.0) Q3 (23.5-45.9) Q4 (46.0-96.5) Q5 (=97.0)
Number of participants 9,154 9,058 9,509 9,000 8,910
Mean age (years) 48.9 47.0 47.0 46.6 46.1
Mean body mass index (kg/m?) 26.6 25.5 25.1 24.8 24.8
Race (%)
White 96.4 97.1 97.5 97.6 96.8
Black 2.8 22 1.8 19 2.6
Asian 0.8 0.7 0.7 0.5 0.6
Family history of breast cancer (%)b 9.6 9.9 10.1 9.8 9.4
Personal history of breast disease (%) 33.0 349 34.8 34.5 347
Currently married (%) 76.8 76.8 77.6 77.0 73.9
Age at menarche (%), years
<11 7.0 72 6.4 6.7 7.6
11-14 853 85.2 854 85.6 83.6
15+ 7.7 7.6 8.2 7.7 8.8
Age at first birth (%), years
<20 2.9 33 2.9 35 3.6
20-24 36.8 37.9 38.1 38.9 39.5
25-29 39.0 38.4 40.1 394 39.3
30+ 214 20.5 18.8 18.2 17.6
Parity (%)
0 194 19.8 19.1 19.3 20.3
1-3 72.4 72.4 72.8 72.4 72.1
4+ 8.2 7.8 8.1 8.3 7.6
Age at menopause (%), years
Premenopausal 58.4 59.6 58.9 59.2 58.0
<40 13.1 123 124 12.6 13.8
40-44 9.1 8.7 9.0 8.8 9.4
45-49 9.3 93 9.2 9.4 9.5
50-54 8.5 8.7 8.7 8.6 8.1
55+ 1.6 14 1.7 14 12
Current smoker (%) 13.2 12.3 10.3 11.5 154
Alcohol consumption, drinks/week (%)
<1 67.7 61.3 58.7 57.0 58.6
1-6 24.0 29.4 314 324 30.8
7-12 4.2 52 5.7 59 6.0
13+ 4.1 4.1 4.2 4.8 4.6
Menopausal hormone therapy, current use (%) 22.0 22.8 24.0 235 24.4
Oral contraceptive use, ever (%) 732 76.3 76.3 75.8 77.0

2 Cohort restricted to respondents of the baseline questionnaire who were cancer free (except nonmelanoma skin cancer) at time of response.
Values calculated from participants with nonmissing data for each variable and standardized to the age distribution of the study population

® Any first-degree relative with breast cancer

95% CI, 0.23-1.42, p = 0.070) and walking/hiking for
exercise (RR comparing extreme categories, 0.39; 95% CI,
0.09-1.62, p = 0.078). There was, however, no clear
association between physical activity and breast cancer risk
among postmenopausal MHT users. We observed a slight
decrease in breast cancer risk among women who reported

engaging in no walking at home/work compared with the
reference group. A significant interaction was observed
between MHT use and walking/hiking for exercise among
postmenopausal women (p = 0.039), although the inter-
action was not significant for strenuous activity
(p = 0.150).
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Table 2 Risk of breast cancer according to various measures of physical activity

Exercise variable Cases

Person-years

Age-adjusted HR

Multivariate® HR

Multivariate® HR +
other activity variables

Strenuous exercise (hours/week)

0.94 (0.78-1.12)
1.06 (0.88-1.27)
0.86 (0.65-1.14)
0.76 (0.41-1.43)
0.298

0.96 (0.79-1.17)
1.01 (0.84-1.21)
1.08 (0.87-1.34)
0.56 (0.33-0.92)
0.264

1.20 (0.88-1.63)

1.00 (0.81-1.24)
0.98 (0.78-1.23)
0.92 (0.70-1.21)
0.98 (0.76-1.28)
0.87 (0.66-1.14)
0.330

1.04 (0.85-1.27)
1.03 (0.84-1.26)
0.88 (0.71-1.09)
0.92 (0.74-1.14)
0.170

Never 469 200,372 1.0
<1 169 90,368
1-3 161 75,989
4-9 55 31,415
10+ 10 6,312
Prrend
Walking/hiking for exercise (hours/week)
Never 187 82,030 1.0
<1 223 110,068
-3 295 139,260
49 143 60,083
10+ 16 13,016
Ptrend
Walking at home or work (hours/week)
Never 57 20,851
<1 131 58,598 1.0
1-3 233 105,771
4-9 177 83,370
10-19 82 41,678
20-39 101 48,537
40+ 83 45,652
Ptrend
Total MET-score
Q1 (0.0-9.5) 188 79,694 1.0
Q2 (11.5-23.0) 181 80,264
Q3 (23.545.5) 190 84,697
Q4 (46.0-96.5) 152 80,381
Q5 (=97.0) 153 79,420
Pueend

1.0
0.93 (0.78-1.11)
1.03 (0.86-1.24)
0.83 (0.62-1.10)
0.76 (0.40-1.42)
0.196

1.0

0.97 (0.80-1.18)
1.02 (0.84-1.22)
1.10 (0.88-1.37)
0.57 (0.34-0.95)
0.321

1.21 (0.88-1.65)
1.0

1.01 (0.81-1.25)
0.99 (0.79-1.24)
0.92 (0.70-1.21)
1.00 (0.77-1.29)
0.88 (0.67-1.16)
0.401

1.0
1.02 (0.83-1.26)
1.02 (0.83-1.25)
0.87 (0.70-1.08)
0.91 (0.74-1.13)
0.174

1.0

0.93 (0.77-1.11)
1.02 (0.85-1.23)
0.82 (0.61-1.09)
0.90 (0.47-1.71)
0.320

1.0
1.01 (0.82-1.24)
1.06 (0.87-1.29)
1.16 (0.92-1.46)
0.63 (0.37-1.07)
0.662

1.21 (0.88-1.67)
1.0

1.00 (0.80-1.24)
0.97 (0.77-1.23)
0.92 (0.69-1.22)
0.99 (0.76-1.29)
0.90 (0.68-1.20)
0.623

2 Adjusted for entry age, body mass index, age at menarche, parity, age at first birth, age at menopause, family history of breast cancer, personal

history of breast disease, OC use, menopausal hormone therapy, race, smoking, and alcohol consumption

The association between physical activity and breast
cancer risk was not modified by age, body mass index,
race, age at menarche, parity, family history of breast
cancer, personal history of breast disease, oral contracep-
tive use, smoking, or alcohol consumption. In addition, to
investigate the effect of undiagnosed cancer on physical
activity levels, we excluded the first year of follow-up. We
found reported associations between physical activity and
breast cancer remained largely unchanged.

Discussion

Results from this large prospective cohort of radiologic
technologists support a modest inverse relationship

@ Springer

between physical activity and breast cancer risk. The
strongest associations were observed for walking for
exercise among premenopausal women and postmeno-
pausal women who never used MHT, although dose—
response relationships were not observed. This is one of
few studies to evaluate physical activity and breast cancer
risk among postmenopausal women according to MHT use.
Further, these data provide additional support that even
forms of physical activity of moderate intensity may confer
protection against breast cancer.

Our finding of a decrease in breast cancer risk with
physical activity is consistent with most previous research
[6, 7]. However, the intensity of physical activity required
to decrease breast cancer risk is an important public health
issue, on which results from previous studies are largely
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Table 3 Risk of breast cancer according to physical activity, menopausal status, and menopausal hormone therapy use

Exercise
variable

Premenopausal

Cases Person-years

Age-adjusted HR

Multivariable? HR

Multivariable® HR +
other activity variables

Strenuous exercise (hours/week)

Never
<lh
1-3
4-9
10+

Purend

213 1
92
95
34
6

Walking/hiking for exercise (hours/week)

Never
<lh
1-3
4-9
10+

Prrend

97
114
154

69

6

Walking at home or work (hours/week)

Never
<l h
1-3
4-9
10-19
20-39
40+
Prrend

Total MET-score
Q1 (0.0-9.5)
Q2 (11.5-23.0)
Q3 (23.5-45.5)
Q4 (46.0-96.5)
Q5 (=97.0)

Ptrend

34
66
113
88
42
54
43

82
101
96
80
81

07,051
60,047
50,550
20,867

4,073

45,517
68,851
86,071
34,702

7,445

11,993
34,429
63,179
50,373
25,331
29,702
27,580

43,528
49,084
51,249
49,673
49,052

1.0

0.84 (0.66-1.08)
1.05 (0.82-1.34)
0.90 (0.63-1.29)
0.80 (0.36-1.81)
0.663

1.0

0.80 (0.61-1.04)
0.87 (0.67-1.12)
0.94 (0.69-1.28)
0.38 (0.17-0.86)
0.170

1.49 (0.99-2.25)
1.0

0.94 (0.69-1.27)
0.91 (0.66-1.25)
0.87 (0.59-1.28)
0.95 (0.66-1.36)
0.81 (0.55-1.19)
0.419

1.0
1.15 (0.86-1.53)
1.04 (0.77-1.39)
0.89 (0.65-1.21)
0.91 (0.67-1.24)
0.174

1.0

0.84 (0.65-1.07)
0.99 (0.78-1.27)
0.83 (0.57-1.20)
0.79 (0.35-1.78)
0.429

1.0

0.80 (0.61-1.05)
0.86 (0.66-1.11)
0.92 (0.68-1.26)
0.37 (0.16-0.84)
0.130

1.46 (0.96-2.21)
1.0

0.92 (0.68-1.25)
0.90 (0.65-1.24)
0.86 (0.58-1.26)
0.95 (0.66-1.36)
0.79 (0.54-1.16)
0.434

1.0
1.12 (0.83-1.50)
1.00 (0.74-1.35)
0.85 (0.63-1.16)
0.88 (0.65-1.20)
0.123

1.0

0.87 (0.67-1.12)
1.00 (0.78-1.29)
0.84 (0.58-1.21)
1.04 (0.45-2.40)
0.698

1.0

0.87 (0.66-1.16)
0.94 (0.72-1.24)
1.02 (0.74-1.42)
0.41 (0.18-0.98)
0.330

1.39 (0.91-2.13)
1.0

0.91 (0.67-1.24)
0.88 (0.64-1.22)
0.86 (0.58-1.27)
0.95 (0.66-1.37)
0.82 (0.56-1.22)
0.689
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Table 3 continued

Exercise Postmenopausal® p inter- p inter-
variable action action
Ever used MHT Never used MHT among among
Cases Person- Age-adjusted Multivariate” Multivariable” Cases Person- Age-adjusted HR Multivariate® HR ~ Multivariable® postmen-  all
years HR HR HR + other years HR + other opausal three
activity variables activity variables women groups
Strenuous exercise (hours/week)
Never 162 58,061 1.0 1.0 1.0 94 34,652 1.0 1.0 1.0
<lh 55 19,027  1.22 (0.89-1.66) 1.20 (0.88-1.63) 1.13 (0.83-1.55) 22 11,069 0.79 (0.49-1.27)  0.81 (0.51-1.30)  0.81 (0.50-1.32)
1-3 48 16,744  1.16 (0.84-1.60) 1.17 (0.84-1.62) 1.10(0.79-1.52) 18 8,507 0.84 (0.51-1.40) 0.86 (0.51-1.44) 0.87 (0.52-147) 0.150 0.951
4-9 16 6,930  0.90 (0.54-1.50) 0.89 (0.53-1.50) 0.85 (0.51-1.44) 5 3,558  0.54 (0.22-1.34) 0.57 (0.23-142)  0.61 (0.24-1.53)
10+ 4 1,373  1.16 (0.43-3.14) 1.12 (0.41-3.03) 1.19 (0.43-3.34) 829 - - -
Ptrend 0.982 0.929 0.870 0.051 0.070 0.111
Walking/hiking for exercise (hours/week)
Never .50 21,722 1.0 1.0 1.0 40 14,511 1.0 1.0 1.0
<l h 70 26,332 1.24 (0.86-1.79) 1.29 (0.90-1.87) 1.20 (0.82-1.74) 39 14,620  1.04 (0.66-1.62)  1.05 (0.67-1.64)  1.18 (0.73-1.90)
1-3 100 34,174 1.39 (0.99-1.95) 1.47 (1.04-2.08) 1.31 (0.92-1.88) 41 18,668  0.83 (0.53-1.29)  0.86 (0.55-1.35)  1.03 (0.64-1.65) 0.039 0.063
4-9 57 16,436 1.58 (1.08-2.31) 1.71 (1.16-2.52) 1.56 (1.04-2.33) 17 8,792  0.70 (0.39-1.23) 0.73 (0.41-1.31)  0.89 (0.49-1.62)
10+ 8 3,471 1.05(0.50-2.22) 1.15(0.54-2.43) 1.05 (0.48-2.31) 2 2,022 0.36 (0.09-1.48) 0.39 (0.09-1.62)  0.55 (0.13-2.33)
Ptrend 0.298 0.187 0.293 0.048 0.078 0.268
Walking at home or work (hours/week)
Never -9 5,627  0.64 (0.31-1.32) 0.62 (0.30-1.30) 0.67 (0.32-1.42) 14 3,152 1.38(0.73-2.62) 148 (0.77-2.83)  1.54 (0.78-3.03)
<lh 36 14,824 1.0 1.0 1.0 29 9,138 1.0 1.0 1.0
1-3 89 27,287  1.38 (0.94-2.03) 142 (0.97-2.10) 1.37 (0.92-2.03) 31 15,018  0.64 (0.39-1.07)  0.65 (0.39-1.09)  0.68 (0.41-1.15)
4-9 65 20,797  1.37 (0.91-2.05) 141 (0.93-2.12) 1.34 (0.89-2.03) 24 12,011  0.65 (0.38-1.13)  0.71 (0.41-1.22)  0.74 (0.42-1.29)  0.511 0.861
10-19 30 10,348 1.28 (0.79-2.08) 1.31 (0.81-2.13) 1.24 (0.76-2.03) 10 5,863  0.56 (0.27-1.15)  0.58 (0.28-1.19)  0.63 (0.30-1.31)
20-39 31 12,085 1.18 (0.73-191) 1.24 (0.76-2.00) 1.17 (0.71-1.90) 16 6,646  0.84 (0.46-1.56)  0.88 (0.47-1.64) 0.94 (0.50-1.77)
40+ 25 11,165 1.08 (0.64-1.80) 1.13 (0.68-1.89) 1.10 (0.65-1.87) 15 6,786  0.76 (0.40-1.42)  0.76 (0.40-1.43)  0.84 (0.44-1.61)
Ptrend 0.501 0.600 0.544 0.879 0.913 0.667
Total MET-score
Q1 (0.0-9.5) 59 22,267 1.0 1.0 47 13,597 1.0 1.0
Q2 (11.5-23.0) 56 19,861  1.13 (0.78-1.63)  1.15 (0.80-1.66) 24 11,096  0.65 (0.40-1.07)  0.66 (0.40-1.08)
Q3 (23.5455) 68 21,192 1.28 (0.91-1.82) 1.33 (0.93-1.89) 26 12,087  0.64 (0.40-1.04)  0.66 (0.40-1.07) 0.441 0.414
Q4 (46.0-96.5) 54 19,543  1.15 (0.79-1.67) 1.19 (0.82-1.74) 18 10,970  0.50 (0.29-0.87)  0.52 (0.30-0.91)
Q5 (=97.0) 48 19,270 1.10(0.75-1.62) 1.15 (0.78-1.70) 24 10,865  0.71 (0.43-1.17)  0.71 (0.43-1.17)
Puend 0.895 0.727 0.253 0.273

* Postmenopausal women with “unknown MHT status (n = 143) were excluded from the ever used/never used stratified analysis

b Adjusted for entry age, body mass index, age at menarche, parity, age at first birth, family history of breast cancer, personal history of breast disease, OC use, race, smoking, and alcohol consumption.
Model conducted among postmenopausal women were additionally adjusted for age at menopause
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inconclusive. Among studies that differentiate between
exercise intensity, most report stronger breast cancer risk
reduction associated with strenuous physical activity [14,
15, 30, 31]. However, several studies have also observed
risk reductions with moderate forms of physical activity [5,
12, 13, 19, 21, 32-34]. With regard to strenuous activity,
results of the present study are similar to those reported by
Dorn et al. [14] where breast cancer risk reduction was
modest in the highest level of activity and no evidence of a
dose-response relationship was observed.

Few studies [35, 14, 35] have specifically evaluated the
effects of walking on breast cancer risk. In the current
study, women reporting the highest levels of walking/
hiking for exercise (10 or more hours per week) experi-
enced the greatest reduction in breast cancer risk, even after
accounting for strenuous activity. Modest risk reduction
was also observed for women reporting the highest levels
of walking at home or work. These findings are promising
and suggest that women may not necessarily have to
engage in the most strenuous activities to reduce their
breast cancer risk. Discrepancies across study results may
be attributed to difficulty in accurately recalling moderate
levels of intensity as opposed to more strenuous forms of
exercise as has been described previously [36, 37].

Findings from our study of pre-menopausal women add
to the data suggesting that increased physical activity may
decrease risk of breast cancer in this population. Results
from previous studies of premenopausal women have been
largely inconsistent [6]. Some studies have observed a
decreased risk of breast cancer among premenopausal
women [3, 32, 38, 39], whereas others have not [18, 30, 35,
40-43]. Results from the Nurses’ Health Study I observed
an approximately 20% risk reduction associated with the
highest category of physical activity in both pre- and post-
menopausal women [12]. However, the Nurses’ Health
Study II, which was conducted in a cohort of pre-meno-
pausal women only, found no overall association between
physical activity and risk of breast cancer [35].

Studies among postmenopausal women have consis-
tently observed an inverse relationship between physical
activity and breast cancer risk [3, 5, 6, 22, 29, 41]. A recent
review [6] classified the evidence as strong for this asso-
ciation, with risk reductions in postmenopausal women
ranging from 20 to 80%. In our study, MHT use among
postmenopausal women modified the relationship between
physical activity and risk of breast cancer. We found that
among postmenopausal women who never used MHT, both
moderate and strenuous physical activity reduced the risk
of breast cancer. No reduction in risk with physical activity
was observed for women who reported ever using MHT at
baseline.

Evidence is accumulating that MHT use may modify the
association between physical activity and breast cancer

risk. A study by Patel et al. [22] observed a stronger
association between recreational physical activity and
breast cancer among women who were not currently using
MHT, similar to the results of our investigation. In a more
recent study, both Hispanic and non-Hispanic white
women who were postmenopausal and not recently
exposed to hormones experienced the most consistent
reduction in breast cancer risk [44]. Based on this pattern, it
has been suggested that physical activity may affect breast
cancer risk in postmenopausal women through hormonal
pathways.

Several biologic mechanisms have been proposed to
explain the association between physical activity and breast
cancer risk. One likely explanation is that physical activity
may reduce risk by diminishing adipose tissue. In post-
menopausal women, adiposity increases the production of
estrogen, which is the main source of circulating estrogen
in women not taking MHT [18, 45]. Moderate levels of
physical activity on hormone levels in women already at
lower levels of baseline circulating estrogen may be suf-
ficient to reduce breast cancer risk whereas more intense
activity may be required in women with higher baseline
levels of estrogen [22]. Other biological mechanisms pro-
posed to explain the protective effect of physical avtivity
include changes in insulin-related factors, regulation of the
immune system, and hormonal and cellular metabolism
pathways [16].

We found a slight decrease in breast cancer risk among
postmenopausal ever-users of MHT who engaged in no
walking at home/work compared to the reference group. A
similar observation among all postmenopausal women was
noted in a previous study [22]. As suggested in that report,
this pattern may be due to the presence of conditions such
as osteoporosis in “never walkers”. Osteoporosis is asso-
ciated with lower levels of circulating estrogens and
consequently lower breast cancer risk; women with oste-
oporosis are also less likely to engage in physical activity.
In the subgroup of postmenopausal women who reported
never walking at home/work, women who ever took MHT
were more likely to report osteoporosis than those report-
ing some walking. However, results did not change
appreciably after excluding women who reported osteo-
porosis at baseline.

Strengths of this study include its prospective design,
large cohort size and number of incident breast cancers,
and extensive information on potential confounders and
effect modifiers. Potential limitations of this study result
from the use of self-reported physical activity measures.
Because physical activity was not a primary study aim in
the USRT study, only limited indicators of physical activity
were included in the questionnaire for analysis, incomplete
dietary information was available, and physical activity
measures in our questionnaire were not specifically
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