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Table 4. Relative Risk of Death From Cardiovascular Disease, Cancer, and All Other Causes According to Leisure
Time Spent Sitting and Physical Activity Among Women and Men, Cancer Prevention Study Il Nutrition Cohort,

1993-2006
Cardiovascular Disease Cancer Other Causes
N T ewo oo Femlte sswor Jedl Rl oo
Women
Sitting in 1992,
hours/day
0-<3 833 1.00 Referent 1,284 1.00 Referent 921 1.00 Referent
3-5 1,196 1.20 1.10,1.32 1,413 1.07 099, 1.16 1,172 113  1.04,1.24
>6 331 133 117,152 411 1.30 1.16,146 362 141 1.25,1.60
Pirend <0.0001 <0.0001 <0.0001
Total physical
activity in
1992, MET-
hours/week
<17.5 370 1.00 Referent 413 1.00 Referent 374 1.00 Referent
17.5-<24.5 224 098 0.83,1.15 260 1.02 0.88,120 215 0.93 0.78,1.10
24.5-<315 400 074 0.64,086 536 0.88 0.78,1.00 446 0.82 0.71,0.94
31.5-<42 484 0.76 0.67,0.87 608 0.82 0.73,0.94 496 0.76  0.67,0.87
42—-<52.5 369 072 0.62,0.84 499 0.83 0.73,0.95 387 0.74 0.64,0.85
52.5-<63 224 071 0.60,0.84 328 0.87 0.75,1.01 220 0.68 0.57,0.80
>63 289 0.66 0.56,0.77 464 0.86 0.75,0.99 317 0.69 0.59,0.80
Pirend <0.0001 0.03 <0.0001
Men
Sitting in 1992,
hours/day
0—<3 1,413 1.00 Referent 1,457 1.00 Referent 1,160 1.00 Referent
3-5 1,911 1.06 099,114 1853 1.05 098,112 1,649 113 1.04,1.22
>6 685 1.18  1.08,1.30 571 1.04 0.94,1.15 608 1.33 1.20,1.47
Pirend 0.0007 0.29 <0.0001
Total physical
activity in
1992, MET-
hours/week
<17.5 435 1.00 Referent 379 1.00 Referent 372 1.00 Referent
17.5-<24.5 353 0.87 0.75,1.00 314 0.91 0.78,1.06 324 092 0.79,1.07
245-<315 496 0.81 0.71,092 488 0.96 0.84,1.10 413 0.77 0.67,0.89
31.5-<42 818 086 077,097 781 0.98 0.87,1.11 685 0.81 0.71,0.92
42—<52.5 638 0.76 0.68,0.86 636 091 0.80,1.03 583 0.77 0.67,0.87
52.5-<63 516 0.78 068,088 511 0.92 0.81,1.05 426 0.70 0.61,0.80
>63 753 0.77 0.68,0.87 772 0.95 0.84,1.07 614 0.68 0.60,0.78
Pirend 0.0001 0.52 <0.0001

Abbreviations: Cl, confidence interval; MET, metabolic equivalent.
@ Adjusted for age at interview, race, marital status, education, smoking status, body mass index in 1992, alcohol
use, total caloric intake, comorbidities score, and total physical activity (for sitting) and hours sitting (for total physical

activity).

First, time spent sitting might be more easily measured than
physical activity and/or may reflect a different aspect of
inactivity than other indices usually used in epidemiologic
studies. However, this potential misclassification of expo-
sure is unlikely to fully explain our findings, because time
spent sitting was significantly associated with mortality

even among men and women with the highest levels of
physical activity.

Second, time spent sitting might be associated with other
unhealthy behaviors that are either not captured or incom-
pletely captured through questionnaires. Total energy ex-
penditure is reduced among individuals who are sedentary.
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However, consistent with previous studies, the present study
found no correlation between physical activity and time
spent sitting (r = —0.03). Time spent sitting is also associ-
ated with greater food consumption and subsequent weight
gain, especially when watching television (16, 34, 35). Time
spent sitting was previously shown to be associated with
increased weight gain in this cohort (18). While residual
confounding by obesity could contribute to the association
between sitting time and mortality, this association was at-
tenuated but not eliminated by controlling for or stratifying
on body mass index.

Third, prolonged time spent sitting, independent of phys-
ical activity, has important metabolic consequences that
may influence specific biomarkers (such as triglycerides,
high density lipoprotein cholesterol, fasting plasma glucose,
resting blood pressure, and leptin) of obesity and cardiovas-
cular and other chronic diseases (8—11). Animal studies
have also shown that sedentary time substantially sup-
presses enzymes centrally involved in lipid metabolism
within skeletal muscle, and low levels of daily life activity
are sufficient to improve enzyme activity (36-38). Further-
more, substantial evidence in both adults and children from
observational studies and randomized clinical trials shows
that reducing time spent sitting lowers the risk of obesity
and type II diabetes (19, 39-42).

Over the past century, a number of technologic changes
have contributed to a decrease in total daily energy expen-
diture. For example, during the 2006—2007 broadcast year,
the average US household reported 8 hours of television
watching per day, which is an increase of 1 hour per day
of television watching from only a decade ago (43). Al-
though leisure-time physical activity levels have remained
relatively constant over the past few decades (44, 45), it is
well recognized that technologic advances in the workplace
have also greatly reduced occupational physical activity.
This reduction in overall physical activity, in conjunction
with increased time spent sitting and higher caloric intake,
has contributed in large part to the rise in obesity and likely
influenced temporal trends in cardiovascular disease, type 2
diabetes, and some cancers.

The strengths of our study include the large sample size,
prospective design, and ability to control for many potential
confounding factors. The lack of occupational physical ac-
tivity data is a potential limitation; however, we believe this
to have minimal impact on daily physical activity levels
because the majority of study participants were retired/
homemakers (57% of men and 80% of women) and, among
those that were not retired, few worked in jobs that involved
any activity (21% of men and 7% of women). Because we
measured only leisure time spent sitting, the lack of occu-
pational sitting time may have underestimated sitting time
among working individuals, since much of their sitting time
may have occurred at work. However, adjusting for employ-
ment status (employed, retired, or homemaker) did not
change risk estimates for time spent sitting or physical
activity. Furthermore, we conducted a sensitivity analysis
among only men and women who were retired or home-
makers, and results were virtually identical to those in the
overall cohort. Another limitation is the use of self-reported
measures of time spent sitting, physical activity, and all
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other covariates including height and weight. Although the
physical activity and sitting time questions we used are sub-
ject to misreporting, they are very similar to those used and
validated in the Nurses’ Health Study II, a prospective study
with similar participant characteristics, which found a corre-
lation of 0.79 between activity reported on recalls and ques-
tionnaire (46). These measures have also been associated
with various cancers in this cohort (47-50). Finally, we were
not able to differentiate between types of sitting (i.e., while
watching television, reading, driving), and the energy ex-
penditure and other behaviors may vary with different types
of sitting.

In conclusion, we found that both leisure time spent sit-
ting and physical activity are independently associated with
total mortality. Associations were stronger for cardiovascu-
lar disease mortality than for cancer mortality. Public health
messages and guidelines should be refined to include reduc-
ing time spent sitting in addition to promoting physical
activity. Because a sizeable fraction of the population
spends much of their time sitting, it is beneficial to encour-
age sedentary individuals to stand up and walk around as
well as to reach optimal levels of physical activity.
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Longitudinal study of the long-term relation between
physical activity and obesity in adults
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BACKGROUND: Earlier observational studies of the relation between physical activity and obesity are inconsistent and
ambiguous, showing a clear cross-sectional inverse relation, and a prospective association only when physical activity at the time
of follow-up is included.

OBJECTIVE: To examine the long-term effect of leisure time physical activity (LTPA) on subsequent development of obesity and
the effect of body weight on later physical inactivity in a population-based longitudinal setting taking into account the effects of
historical changes on future changes as well as pertinent confounders.

DESIGN: The study included 3653 women and 2626 men aged 20-78y selected at random within sex-age strata from the
general population of Copenhagen. At two surveys, 5y apart, LTPA, body mass index (BMI) (weight/height?, kg/m?), several
possible confounders and modifying factors were assessed. Obesity (defined as BMI >30kg/m?) and LTPA was assessed at the
3rd survey 10y later. Odds ratios (with 95% confidence limits) for developing obesity between the last two surveys were
estimated by logistic regression analysis, taking into account baseline and preceding changes in BMI and LTPA. A similar analysis
of odds ratios for physical inactivity as outcome at the 3rd survey was conducted.

RESULTS: Compared to physical inactivity, the odds ratios of development of obesity among women with medium and high
level of activity were 0.81 (0.53, 1.25) and 1.16 (0.73, 1.84), respectively, and among men, the odds ratios were 1.28 (0.71,
2.33) and 1.65 (0.91, 2.99), respectively. Compared to median BMI, the odds ratio of later physical inactivity among women
with high BMI was 1.91 (1.39, 2.61), and among men the odds ratio was 1.50 (1.01, 2.22). The associations were not
confounded or modified by age, pre-existing diseases, smoking, alcohol intake, educational level, occupational physical activity
or by familial predisposition to obesity.

CONCLUSION: This study did not support that physical inactivity as reported in the freely living adult population in the long
term is associated with the development of obesity, but the study indicates that obesity may lead to physical inactivity.
International Journal of Obesity (2004) 28, 105-112. doi:10.1038/s.ij0.0802548
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Introduction

The prevalence of obesity is rapidly increasing, and obesity
has considerable adverse health effects. Since treatment often
fails and since it is unfeasible to offer it in the magnitude
requested, preventive measures are urgently needed.!
Numerous cross-sectional studies have shown an inverse
association between leisure time physical activity (LTPA) and
obesity,>® suggesting that physical inactivity may precede
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E-mail: tias@ipm.hosp.dk
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the development of obesity. Increased physical activity, and
particularly avoidance of a sedentary lifestyle, is considered
to be of paramount importance for prevention of obesity,* as
well as a general health measure, because of the clear
beneficial long-term effects on morbidity and mortality.*®
Recent thorough reviews have addressed the quantitative
relationship between physical activity and weight gain or
development of obesity and have come to the conclusion
that there is evidence to support that physical activity levels
that increase the total energy expenditure to above 1.7-1.8
times the basal metabolic rate are needed.”® However,
prospective observational population studies of adults, from
the last 20y with physical activity measured at baseline are
few and have given inconsistent results with regard to the
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effect of physical activity on body weight change and
development of obesity.>”® It is also conceivable that the
inverse cross-sectional relation may be due to a reduction of
physical activity as a consequence of obesity, assuming that
the discomfort of physical activity is worse the greater the
overweight.

In investigations of these relationships, it is crucial to
assess physical activity and obesity with the appropriate
temporal sequence. Despite having available longitudinal,
prospective or retrospective data on physical activity from
baseline and body weight at follow-up, several authors report
associations between concurrent changes.>” The recent
reviews of the problem do not make a clear distinction
between studies respecting the temporal sequence, and
studies reporting concurrent changes or inclusion of physical
activity, assessed at the same time as obesity.>’° Any
analysis that includes concurrent measurements of obesity
and physical activity as outcome at the end of the
observation period is essentially limited in a similar way as
cross-sectional analyses. Associations between concurrent
changes do not give information on the possible causal
direction, as one or the other change could have arisen first
and caused the other. A similar argument is valid for
concurrent stability; if stable high activity is associated with
concurrent lower risk of development of obesity, this can
emerge from physical activity preventing obesity or it can
emerge from stable body mass index (BMI) enabling the
maintenance of high level of activity. However, the results of
studies with an informative temporal sequence are incon-
sistent.>>1%11 Moreover, future weight changes are depen-
dent on current BMI and earlier changes in BMI,'? and the
physical activity habits at, and after, baseline may depend on
preceding changes in physical activity. Fluctuations over
time, in both physical activity and body weight, giving rise
to the so-called regression-to-the mean phenomenon, may
lead to misinterpretations of the relationships. In view of the
well-documented concurrent inverse relation between BMI
and physical activity, this means that both baseline BMI and
preceding changes in BMI and physical activity should be
taken into account in the analysis.

In the present study, the population was examined three
times, providing the opportunity to consider the first two as
combined baseline, with information of both level and
changes of risk factors, of possible modifiers and confoun-
ders as baseline information. In this longitudinal setting, we
analyzed the relationship between physical activity and BMI
as a measure of obesity with each of the two being defined as
an outcome and the other as a determinant. The focus was
on LTPA, which, in contrast to occupational physical
activity, may be easier to modify.

Materials and methods

The study population

For the Copenhagen City Heart Study,” a sex- and age-
stratified (20-93y of age) random sample was drawn from
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the Copenhagen Population Register among people living
within defined areas in Copenhagen. For the 1st survey,
which occurred between 1976 and 1978, 19329 men and
women were invited; 14 151 participated. After Sy (1981-
1983), 11085 returned for a 2nd survey; 929 had died, 26
emigrated and 2111 did not respond. After 10y (1992-1993),
6542 returned for the 3rd survey; 2329 had died, 37
emigrated and 2177 did not respond.

The study sample

Among the subjects examined in all three surveys, complete
information on weight, height and LTPA was available in a
sample of 6279 subjects. We excluded 725 who were obese
(BMI =30kg/m? at 2nd survey from analyses of obesity at
the 3rd survey as outcome, leaving 5554 subjects. For the
analyses of physical inactivity, the corresponding samples
were used without the exclusion of those already obese at
baseline; 433 did not respond to the question on LTPA at 3rd
survey, leaving 5846 subjects for the analyses.

Anthropometric data and covariates

Height was measured without shoes, to the nearest half
centimeter. Body weight was measured to the nearest deci-
mal in kilograms on a fixed balance scale with the subject
wearing light indoor clothing, but without shoes. BMI was
calculated as the weight (kg) per height squared (m?).

From the surveys, we have information from self-adminis-
tered questionnaires about factors known or assumed to be
related to obesity,'*'% including LTPA and occupational
physical activity, smoking habits, length of education and,
from the 3rd survey, parents’ height and weight.

Physical activity in leisure time was graded in four levels
based on a questionnaire constructed by Saltin and Grimby'®
with minor modifications: (1) Physical inactivity: almost
entirely sedentary (reading, TV, cinema) or light physical
activity less than 2h per week; (2) Light physical activity: 2-4h
per week, for example, walking, cycling, light gardening; (3)
Moderate physical activity: more than 4h per week or more
vigorous activity 2-4 h per week, for example, brisk walking,
fast cycling, heavy gardening, sports where you get sweaty or
exhausted; and (4) Highly vigorous physical activity: more than
4h per week or regular heavy exercise or competitive sports
several times per week. The questionnaire has been validated
with respect to maximal oxygen uptake, which is increasing
significantly from low to high level.” In this study, the
group at level 4 was too small to be kept separate, and it was
therefore included in the group of those at level 3.

Smoking status was categorized as never smoker, ex-
smoker and three levels of current smokers. Alcohol
consumption in drinks per week was grouped into: less than
1, 1-6, 7-13 and 14 or above for women and less than 1, 1-6,
7-13, 14-27 and 28 or above for men. Educational level was
grouped into: less than 8y, 8-11y and 12 or more years.
Predisposition to obesity was assessed on the basis of



reported height and weight of parents at the time when the
participants were in school: nonpredisposed had no parents
with BMI >30kg/m? predisposed had at least one parent
with BMI >30kg/m?, and a third group, too numerous to be
excluded, did not report on parents’ height and weight.
Occupational physical activity is used at three levels; low,
medium and high activity, corresponding to sitting, stand-
ing/walking and walking/lifting or more physically exacting
activity.

Chronic disease

Data on chronic diseases were obtained from the surveys and
from linkage to an external register and used as described
earlier.”® We identified heart disease, stroke, chronic pul-
monary disease, intermittent claudication and hypertension,
occurring before the 3rd survey from the questionnaires,
physical examinations and hospital discharges. From these
combined sources of information, we identified subjects
with pre-existing disease, defined as disease that had
occurred before the 3rd survey.

Statistical methods

Logistic regressions were used in all analyses. Estimated odds
ratios are given with 95% confidence limits (Cls). Data
analyses were performed using Statistical Analysis System
(SAS, version 8). In all analyses both sexes were included in
the same model, but always as an interaction between sex
and LTPA, which provided separate estimates for the two
sexes. In the analyses of the cross-sectional relation between
LTPA and obesity in each survey, we adjusted for age in three
levels, allowing the age effect to depend on gender. In a
logistic regression model, the odds of developing obesity
between 2nd and 3rd survey (having BMI >30kg/m? at 3rd
survey among those with BMI below 30 at 2nd survey), was
modelled. After having excluded any major differences in
effects across age strata, we adjusted for age at the 2nd
survey, at three levels (-50y, 51-60y, 61 y-), and allowed the
age effect to depend on gender. We adjusted for BMI at the
2nd survey (continuous variable) and allowed its effect to
vary depending on the quintiles of changes in BMI from 1st
to 2nd survey. By including the change in BMI rather than
the BMI at each of the two surveys, we avoided colinearity
between the two BMI measures and allow for the possibility
to include an interaction term. The choice of the most
parsimonious model with regard to the combinations of the
various variables constructed was based on the Akaike
Information Criterion (AIC),*® AIC is a measure used to
compare models, which are not hierachical submodels of
each other.

Models adjusted for sex, age and BMI are referred to in
the tables as basic models. As possible modifying and/or
confounding variables we tested for age, earlier BMI,
smoking status, alcohol consumption, educational level,
occupational physical activity and familial predisposition to
obesity. For further exploration higher threshold values of
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obesity than BMI of 30kg/m?, was used as outcome in the
final model, namely BMI >32kg/m?. For analyses of BMI
and later physical inactivity, we used methods equivalent to
those described, except that we did not exclude those who
were obese or who were physically inactive at 2nd survey.
The explanatory variables of main interest, that is BMI at 2nd
survey, were used in quintiles. Cut points were BMI of 21.4,
23.1, 25.0 and 27.7kg/m2 for women and 23.0, 24.8, 26.5
and 28.7 kg/m? for men. Further confounder adjustments are
indicated in the respective tables.

Results
Table 1 shows the distribution of age, BMI and proportion of
obese in the sample used in the longitudinal analyses.

The three surveys each showed a concuirent inverse
association between LTPA and obesity (Table 2). Odds ratios
of obesity for active subjects were half of those for less active
and the difference was highly significant.

As preparation for the model-based prospective analysis,
we calculated the percentage becoming obese between 2nd
and 3rd survey by level of LTPA at 2nd survey within strata of
gender and overweight. Among men with BMI between 25
and 30kg/m? in the 2nd survey the percentage developing
obesity before 3rd survey was 11.7, 15.2 and 16.7% for those
with low, medium and high LTPA, respectively, at 2nd
survey. The corresponding values for women were 26.4, 23.1
and 27.7%. For men and women with a BMI below 25 kg/m?,
neither showed a consistent trend, with percentages ranging
between 0.0 and 1.9. These crude data did not lend support
to an inverse association between LTPA and later obesity.
Odds ratios of obesity at 3rd survey crosstabulated by LTPA
from 1st and 2nd survey are presented in Table 3. There is no
major difference for fixed level of activity in the 2nd survey,

Table 1 Distribution of age and BMlI, percentage distribution of LTPA and
prevalence of obesity (BMI >30kg/m?)

Women, N=3653 Men, N=2626

Age (y) at 2nd, median (range) 55 (26-79) 54 (25-83)
BMI (kg/m?) at 2nd, median (range)  24.0 (15.2-45.1) 25.6 (16.3-47.2)
BMI (kg/m?) at 2nd, median (range)® 23.5 (15.2-30.0) 25.1 (16.3-30.0)
LTPA at 2nd

Inactive 13.2 12.6
Medium 56.3 44.4
High 30.4 43.0
LTPA at 3rd
Missing 6.8 7.0
Inactive 12.1 114
Medium 56.5 45.8
High 24.6 35.9
Stable activity level (%) 54.7 514
Decreased activity level (%) 24.3 26.4
Increased activity level (%) 20.9 22.2
Obese at 3rd (%) 16.8 16.6
Obese at 3rd (%)? 9.2 8.1

2Only the subjects not obese at 2nd survey.
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Table 2 Odds ratios with 95% Cls for obesity from the cross-sectional analysis of LTPA at each survey

LTPA

Survey Low Medium High P-value for trend
Women

st 7595 1 0.70 (0.59, 0.83) 0.51 (0.40, 0.64) 0.0001

2nd 6935 1 0.75 (0.63, 0.91) 0.58 (0.47,0.72) 0.0001

3rd 4986 1 0.61 (0.49, 0.76) 0.36 (0.27, 0.47) 0.0001

3rd? 3019 i 0.70 (0.49, 1.00) 0.41 (0.27, 0.63) 0.005
Men

st 6395 1 0.71 (0.58, 0.85) 0.65 (0.52, 0.80) 0.0001

2nd 5606 1 0.87 (0.70, 1.08) 0.76 (0.61, 0.95) 0.01

3rd 3907 1 0.71 (0.54, 0.92) 0.52 (0.39, 0.68) 0.0001

3rd? 2123 1 0.57 (0.37, 0.88) 0.39 (0.25, 0.63) 0.005

Adjusted for age, occupational physical activity, length of education, smoking and alcohol habits. *Only the subjects present at all three surveys and not obese at 2nd

survey.

Table 3 Odds ratios of becoming obese between 2nd and 3rd survey and
95% Cls

LTPA 2nd survey

1-2-3 survey Low Medium High
Women
LTPA Tst survey
Low 1 0.90 (0.39, 2.09) 1.65 (0.59, 4.61)
Medium 1.15 (0.50, 2.60) 0.91 (0.46, 1.80) 1.38 (0.66, 2.88)
High 0.38 (0.07, 2.07) 0.88 (0.40, 1.96) 1.05 (0.48, 2.26)
Al 1 0.93 (0.59, 1.45) 1.35(0.83, 2.18)
Men
LTPA 1st survey
Low 1 1.45 (0.51, 4.12) 2.47 (0.70, 8.76)
Medium 0.88 (0.26, 3.04) 1.28 (0.52, 3.16) 1.79 (0.70, 4.58)
High 1.12 (0.26, 4.76) 1.22 (0.45, 3.29) 1.64 (0.66, 4.11)
All 1 1.35 (0.73, 2.50) 1.98 (1.03, 3.60)

Adjusted for age and BMI at 1st and 2nd survey, occupational physical activity,
length of education, smoking, alcohol habits and familial predisposition to
obesity, cross tabulated by LTPA at 1st and 2nd survey.

whereas odds ratios for fixed level at 1st survey are increasing
for increased activity at 2nd survey, especially in men. The
interaction between the two measures of LTPA was, however,
statistically insignificant (P=0.70), and so was the relation
to the LTPA at 1st survey (P=0.52), wherefore the results
mainly reflect the effects of LTPA at 2nd survey.

There was a significant direct association between level
of LTPA at 2nd survey and development of obesity before
3rd survey (P=0.03), and there was no significant modi-
fying effect of gender (P=0.47), but since the results
appear different they are presented separately for men
and women (Table 4). Among women, odds ratios were
close to one with regard to the medium as well as high
activity with no trend, whereas among men there was an
insignificant tendency to increased odds ratio with a higher
level of LTPA.

Neither age nor earlier BMI modified the effects of LTPA
(data not shown). The effects of smoking status, alcohol
consumption, educational level, occupational physical ac-
tivity and familial predisposition to obesity were analy-
zed allowing for interaction with LTPA to find possible

Table 4 Odds ratios of becoming obese between 2nd and 3rd survey and corresponding 95% Cls

LTPA
N Low Medium High P-value for trend

Women

Basic model 3256 1 0.81 (0.53, 1.25) 1.16 (0.73, 1.84) 0.23
Adjusted® 3256 1 0.84 (0.55, 1.30) 1.23 (0.77, 1.98) 0.15
Fully adjustedb 3246 1 0.93 (0.59, 1.45) 1.35 (0.83, 2.18) 0.09
Free of disease® 821 1 1.15 (0.36, 3.64) 1.99 (0.60, 6.62) 0.14
Men

Basic model 2298 1 1.28 (0.71, 2.33) 1.65 (0.91, 2.99) 0.06
Adjusted? 2298 1 1.33(0.73, 2.42) 1.78 (0.97, 3.26) 0.04
Fully adjusted® 2284 1 1.35 (0.73, 2.50) 1.93 (1.03, 3.60) 0.02
Free of disease® 674 1 5.55 (0.61, 50.7) 6.32 (0.70, 57.3) 0.15

Adjusted for sex, age and earlier BMI, according to LTPA at 2nd survey. *Adjusted also for LTPA at 1st survey. PAdjusted as above and also for occupational physical
activity, length of education, smoking, alcohol habits and familial predisposition to obesity at 2nd survey. “Free of pre-existing diseases at 3rd survey and fully
adjusted.
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Table 5 Odds ratios of physical inactivity at 3rd survey and corresponding 95% Cls

BMI quintile at 2nd survey

P-value for trendd

N 1 2

Women

Basic model 3403 0.74 (0.51, 1.08) 1.19 (0.84, 1.69)
Adjusted® 3403 0.74 (0.51, 1.08) 1.21 (0.85, 1.71)
Fully adjusted® 3392 0.72 (0.49, 1.06) 1.25(0.88, 1.77)
Free of disease® 842 0.89 (0.39, 2.07) 1.21 (0.54, 2.72)
Men

Basic model 2443 0.93 (0.61, 1.43) 1.02 (0.67, 1.56)
Adjusted? 2443 0.93 (0.61, 1.43) 1.04 (0.68, 1.59)
Fully adjusted® 2429 0.90 (0.58, 1.39) 1.08 (0.70, 1.67)
Free of disease® 708 0.93 (0.35, 2.46) 1.08 (0.39, 2.96)

3 4 5

1 1.09 (0.77, 1.55) 1.91 (1.39, 2.61) <0.0001
1 1.09 (0.77, 1.55) 1.85 (1.35, 2.55) <0.0001
1 1.12 (0.79, 1.59) 1.87 (1.35, 2.59) <0.0001
1 0.61 (0.24, 1.54) 1.35 (0.60, 3.02) 0.57

1 1.35 (0.91, 2.02) 1.50 (1.01, 2.22) 0.01

1 1.36 (0.91, 2.04) 1.47 (0.99, 2.19) 0.01

1 1.38 (0.92, 2.07) 1.48 (0.99, 2.22) 0.01

1 2.36 (0.91, 6.12) 2.67 (1.02, 7.02) 0.01

Adjusted for age and earlier LTPA, according to BMI at 2nd survey. *Adjusted as above and also for BMI change between 1st and 2nd survey. PAdjusted as above and
also for occupational physical activity, length of education, smoking, alcohol habits and familial predisposition to obesity at 2nd survey. “Free of pre-existing diseases

at 3rd survey and fully adjusted. “Tests for trend were carried out by including the median BMI for each quintile as a continuous variable.

modifying effects on the relation between LTPA and later
obesity, but none of them were statistically significant (all
P>0.10). To explore possible residual confounding from age,
the three age groups were each split into two, which did not
change the results. None of the other risk factors confounded
the association of major interest, since estimated odds of
becoming obese did not change noticeably when adjusting
for either of them separately (data not shown) or when
adjusting for all of them (Table 4).

Excluding those with pre-existing diseases at 3rd survey
reduces the material considerable, and leaves only 1495
subjects for the analysis, and hence wider confidence limits,
but the odds ratios still suggest a direct association between
LTPA and becoming obese among healthy subjects, particu-
larly among men.

Using BMI >32.0kg/m” as the definition of obesity, 5.8%
women and 4.7% men developed obesity between 2nd and
3rd survey. Odds ratios were unchanged among women,
whereas among men the higher threshold weakened the
positive association (data not shown).

The crude relation between physical inactivity at the 3rd
survey and earlier BMI showed an increasing percentage
through the quintiles of BMI at the 2nd survey in both sexes,
for women from 8.0 to 21.4% and for men from 10.0 to
15.6%. Model-based estimates of odds ratios of physical
inactivity at 3rd survey by level of BMI quintile at 2nd survey
are presented in Table 5. We found consistent tendencies
that low BMI is associated with lower odds of inactivity,
whereas higher BMI was significantly associated with higher
odds of inactivity irrespective of which type of adjustment
was applied in the analysis.

Discussion

From the 15-y longitudinal analyses with the first two
surveys as combined baseline, we found no evidence that
physical inactivity promotes the development of obesity. On

the contrary, a reverse tendency was present, namely that
among the more active subjects there were more obese later
on. This finding was not explained by pre-existing diseases.
Actually, estimates were strengthened in those free of pre-
existing disease, and it was not modified by age, earlier BMI,
alcohol consumption, level of education, occupational
physical activity nor familiar predisposition to obesity. We
found an insignificant gender difference, suggesting no
association between LTPA and obesity in women and a weak
direct association among men.

As expected, the cross-sectional inverse association be-
tween LTPA and obesity was strong and statistically sig-
nificant: the more the activity the lower the odds ratios of
concurrent obesity. The results were consistent in all three
cross-sectional analyses as well as in the selected material of
those present at all three surveys and nonobese at 2nd
survey. Our findings indicate that BMI is a strong determi-
nant of later LTPA; the greater the BMI the greater the risk of
being physically inactive 10y later, also when adjustments
were made for previous LTPA and possible confounders of
the relation.

As recently reviewed by Fogelholm and Kukkonen-Hajula,>
our findings are compatible with the other published studies
on the relation between physical activity and later obesity
that respect the temporal sequence of possible cause and
effect. There are three studies showing no association.>2%2!
Two studies show direct relations,’®!! one among men, the
other in both genders, but only with regard to sports activity.
In three studies, the expected inverse relation!!?%23 was
found, the two of them in women only, and the third study
without adjustment for baseline BMI, which implies that the
observed effect could also be a result of the effect of BMI on
physical activity. There was no systematic relation between
the duration of follow-up and the direction and strength of
the association of interest. Thus, in earlier studies, when
disregarding the number of years of follow-up, an inverse
relation in women cannot be excluded, whereas in men the
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relation, if any, surprisingly may be direct. In a new study,
using labelled water and indirect calorimetry for the
assessment of energy expended by physical activity and
level of physical activity in Pima Indians, neither measures
were correlated with later changes in body weight.?* None of
these studies took into account the preceding changes in
BMI or physical activity, and none have explicitly addressed
the reverse analysis of BMI as a possible determinant of later
LTPA. A few studies did use LTPA at follow-up as ‘predictor’
for preceding weight changes, and found that low activity
was associated with higher weight gain,®?! but this type of
analysis does not allow an elucidation of the temporal
sequence of the relations. These fundamental problems in
study design were unfortunately not dealt with in the more
recent otherwise thorough reviews of the evidence for a
protective effect of various levels of physical activity on the
risk of development of obesity.>”8

Our study has the advantages of being longitudinal in
design with prospective data collection in a fairly large
population sample, and measures of height and weight are
objective; thus, there cannot be recall bias in the LTPA
measure and no misclassification in BMI because of possible
differential misreporting. The main limitations of the study
are the possible selection bias due to the attrition of the
cohort over time, the possible dilution of the effects due to
measurement errors and the possible mutual irrelevance of
variables measured at such long time intervals as in this
study.

Any population-based study running over so many years as
the present one, will be subject to attrition, which may
introduce a selection bias in the results. When the subjects
are called for a new examination, obviously attendance will
be related to characteristics of the subjects—including vital
status, illnesses, general health status, lifestyle and distance
of current residence. On the other hand, proper evaluation
of the risk of obtaining a biased estimate of the associations
between characteristics at different points in time requires
careful consideration of which type of sample attrition could
produce a bias. If the expected relationship between physical
inactivity and later development of obesity does exist, and
our finding of no association is spurious, then this would
require that the participation at the 3rd survey, for a given
level of physical activity 10y earlier, is different for subjects
who developed obesity compared to those who did not. This
could be the case, not least because of the long-term positive
health effect of physical activity. On the other hand, the
consistent and clear inverse relation between physical
activity at all three surveys makes this bias less likely. It is
also worth noting the quantitative aspects of such possible
bias. For example, to find the expected inverse relation of
LTPA at the 2nd survey and later obesity among men with
BMI between 25 and 29 kg/m? then (based on the crude
percentages) more than 29.0% of the future nonattendants
reporting inactivity should develop obesity compared to
the 11.7% who did so among attendants. Likewise,
among women with medium activity in 2nd survey, more
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than 42.8% nonattendants should have developed obesity
compared to the 23.1% who did so among attendants. Thus,
the selection bias should be severe to actually reverse
the association observed. Furthermore, the distribution of
variables at the 2nd survey among future nonattendants
and those attending the 3rd survey did not support a
strong selection bias. We found no major differences in
BMI and in LTPA and no differences in the cross-sectional
relation between activity and obesity between future non-
attendants and future attendants at the 3rd survey (data
not shown).

It is an important question as to whether our inability to
find the expected inverse relationship between physical
activity and later obesity is due to too crude a measure of
physical activity without distinction between no and very
low activity. The statistical tools used in the present study,
that is, logistic regression models, do not take into account
measurement errors on the explanatory variable. This is
obviously less of a problem when BMI is the explanatory
variable than when LTPA is so, although BMI may also be
considered a proxy measure of obesity. Therefore, we may
have less confidence in the results of LTPA not being able to
predict later obesity, than for the results on BMI strongly
predicting future inactivity. Measurement errors of explana-
tory variables in a complex model may cause unpredictable
bias in the estimated effects, but in the crude tabulations,
where LTPA is the only explanatory variable, measurement
error will weaken associations, and not reverse them,?®
Therefore, the finding that the crude percentages of those
developing obesity before the 3rd survey for different levels
of LTPA at 2nd survey shows the same tendency as the
complex models, suggesting that measurement errors did
not produce our results. Furthermore, as seen in the cross-
sectional analyses, the measure of LTPA used here was able to
demonstrate the strong inverse correlation with concurrent
BMI, and the detailed study of Pima Indians showed the
same.** The finding of the plausible crude as well as
multivariate adjusted relation between BMI at the 2nd
survey and physical inactivity at the 3rd survey also attests
to the usefulness of the measure of the LTPA, as does the
observation in the same study population of a strong
predictive value of LTPA at 1st and 2nd survey with regard
to long-term total mortality.2%%7

The third potential limitation of this study is the long time
interval between the measurements, which could have
dilution effects on the results in the same way as measure-
ment errors. In this population, more than 50% have the
same level of LTPA in two successive surveys, about 20%
increased their level and about 25% reduced their level of
LTPA, with the same pattern in women as in men. It is
conceivable that reduced physical activity in individuals
with a former high LTPA level could be a cause of obesity.
However, reducing activity from high LTPA during the
intervening years between 1st and 2nd survey was not
associated with increased odds of obesity at the 3rd survey.
The above-mentioned long-term predictive effects of LTPA



on mortality?®?” is also in this context a support of the

contention that LTPA as assessed at the 2nd survey should
show a relation to later development of obesity, had such
relationship existed. A closer examination of short-term
effects would require follow-up of a cohort at shorter
intervals. On the other hand, in a public health perspective
it would be essential to demonstrate the long-term relation
in a free-living population as also emphasized in the recent
reviews.”8

Our results do not support the fact that medium or high
physical activity at baseline prevents obesity in the long
term. This contradicts the intuitive ideas derived from the
energy balance equation and from the observed cross-
sectional association. On the other hand, it may be
questioned whether it is compatible with the thermody-
namic law underlying the energy balance equation to put
the question whether physical activity levels at a given point
in time are related to later risk of developing obesity. The
energy balance equation tells us that changes in physical
activity can result in weight change if energy intake does not
counterbalance the changes in energy expenditure, which
may occur in short-term studies even in free-living sub-
jects.?® However, it cannot be inferred from the law of the
energy balance equation and such short-term experiments as
to how the cumulative regulation of the energy balance
works in the long term in large populations of freely living
individuals. The conclusions drawn in the recent reviews,
although not fully adequate from the point of view of the
problems discussed here, attest to the relevance of investi-
gating whether various levels of physical activity are related
to later risk of development of obesity, irrespective of the
lacking control of the energy intake.”® Furthermore, devel-
opment of obesity corresponds to a very small positive
energy balance, usually less than 1% of the total energy
turnover, which by itself suggests that factors other than the
great differences in LTPA between individuals should be
considered.

When obesity has developed, the energy turnover
increases and the energy requirement supporting a
given physical activity increases as well." In addition, it
seems likely that a given level of physical activity elicits
on average more discomfort, for example as musculo-
skeletal complaints, dyspnoea, exhaustion and sweating,
the greater the overweight. This may reduce the motiva-
tion for physical activity and eventually reduce the actual
physical activity.

Although our study does not exclude a short-term effect of
LTPA on accumulation of fat in the adipose tissue, our results
do not support a long-term effect of physical activity on the
risk of later development of obesity. Our study indicates, on
the other hand, that the opposite causal direction is
operating, namely that obesity leads to less physical activity,
a finding that strongly encourages future studies of the
prospective relation between physical activity and obesity to
integrate the possible temporality of the phenomena in the
design and analysis.
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HE ESTIMATED 329000 HIP

fractures that occur annually in

the United States' are associ-

ated with high morbidity, mor-
tality, and cost.? Prevention of hip frac-
ture is a high priority for patients,
physicians, and public health. Several
studies and consensus opinions have in-
vestigated the risk factors for hip frac-
tures.>® The Study of Osteoporotic Frac-
tures (SOF),* which included 7782
women over 5 years, set the bench-
mark for establishing risk of hip frac-
ture to date. The number of women in-
cluded in the Women’s Health Initiative
(WHI) is an order of magnitude larger
than SOF, and WHI includes nearly
20% minority women.

Although dual-energy x-ray absorp-
tiometry (DXA) scan can precisely pre-
dict risk of hip fractures, as it did for a
small subset of women participating in
WHI, by assessing bone mineral den-
sity (BMD), clinicians and patients
would benefit from assessing risk by

See also Patient Page.
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Context The 329000 hip fractures that annually occur in the United States are as-
sociated with high morbidity, mortality, and cost. Identification of those at high risk is
a step toward prevention.

Objective To develop an algorithm to predict the 5-year risk of hip fracture in post-
menopausal women.

Design, Setting, and Participants A total of 93 676 women who participated in
the observational component of the Women's Health Initiative (WHI), a multiethnic
longitudinal study, were used to develop a predictive algorithm based on commonly
available clinical features. Selected factors that predicted hip fracture were then vali-
dated by 68 132 women who participated in the clinical trial. The model was tested in
asubset of 10 750 women who had undergone dual-energy x-ray absorptiometry (DXA)
scans for bone mass density assessment.

Main Outcome Measure The prediction of centrally adjudicated hip fracture, mea-
sured by the area under the receiver operator characteristic (ROC) curves.

Results During a mean (SD) follow-up of 7.6 (1.7) years, 1132 hip fractures were
identified among women participating in the observational study (annualized rate,
0.16%), whereas during a mean follow-up of 8.0 (1.7) years, 791 hip fractures oc-
curred among women participating in the clinical trial (annualized rate, 0.14%). Eleven
factors predicted hip fracture within 5 years: age, self-reported health, weight, height,
race/ethnicity, self-reported physical activity, history of fracture after age 54 years,
parental hip fracture, current smoking, current corticosteroid use, and treated diabe-
tes. Receiver operating characteristic curves showed that the algorithm had an area
under the curve of 80% (95% confidence interval [Cl], 0.77%-0.82%) when tested
in the cohort of different women who were in the clinical trial. A simplified point score
was developed for the probability of hip fracture. Receiver operating characteristic curves
comparing DXA-scan prediction based on a 10% subset of the cohort and the algo-
rithm among those who participated the clinical trial were similar, with an area under
the curve of 79% (95% Cl, 73%-85%) vs 71% (95% Cl, 66%-76%).

Conclusion This algorithm, based on 11 clinical factors, may be useful to predict
the 5-year risk of hip fracture among postmenopausal women of various ethnic back-
grounds. Further studies are needed to assess the clinical implication of the algorithm
in general and specifically to identify treatment benefits.

JAMA. 2007;298(20):2389-2398
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other means. Most hip fractures occur
in women who are not osteoporotic by
BMD testing.’ Furthermore, it has been
suggested by Black et al* that an algo-
rithm without BMD is nearly as pre-
dictive as one with BMD.

The purpose of our study was to
evaluate clinical risk factors for hip frac-
ture in a multiethnic cohort of more
than 100 000 postmenopausal women.
Our goal was to create and test a pre-
dictive model for hip fracture using the
WHI cohorts. It is important to inves-
tigate the combined effects of risk fac-
tors for hip fracture. There is the po-
tential problem of interpreting factors
independently of each other. For ex-
ample, prior studies that had associ-
ated the risk of hip fracture with spe-
cific ethnic groups may have identified
a marker of risk not a cause because
they failed to adjust for such factors as
weight, smoking status, and other
risks.!® Only hip fracture risk was evalu-
ated. By studying hip fractures, we were
able to use data from medical records
to clearly identify those with frac-
tures. Had we included other frac-
tures, such as spine fractures, we would
have had to rely on self-report. Al-
though spine factures result in signifi-
cant morbidity and mortally, hip frac-
tures are clearly more detrimental to a
woman’s health.

METHODS
Study Population

The WHI has multiple components that
can be used to build and test a predic-
tive algorithm by taking advantage of
an overlapping multicomponent de-
sign. Thus, some women were in mul-
tiple intervention components of the
study. The WHI recruited postmeno-
pausal women aged 50 to 79 years from
40 clinical centers and assigned them
to multiple clinical trial components
and to an observational study. The di-
etary modification component in-
cluded 48 835 eligible women who were
randomly assigned to either a sus-
tained low-fat eating pattern (40%) or
to eat as they pleased (60%)." The hor-
mone therapy clinical trial random-
ized 27 347 women to trials assessing

2390 JAMA, November 28, 2007—Vol 298, No. 20 (Reprinted)

estrogen plus progestin or estrogen
alone compared with placebo; women
who still had a uterus received 0.625
mg of conjugated equine estrogen and
2.5 mg of medroxyprogesterone ac-
etate or placebo daily while women
without a uterus received estrogen alone
or placebo.!? Approximately 1 year af-
ter randomization into 1 of the above
components, 36 282 women in the hor-
mone therapy and/or dietary modifica-
tion trial were randomly assigned to re-
ceive 1 g of calcium plus 400 IU of
cholecalciferol (vitamin D) or placebo
daily.?

All of the participants, including
those who agreed to being followed up
after dropping out of the interven-
tions, are used in this analysis. Mean
follow-up of the participants varies by
component. The study treatments in the
2 components of the hormone trial were
stopped prematurely; however, women
continued to be followed up for events
until study close-out. Women in the es-
trogen plus progestin group discontin-
ued intervention after a mean of 5.6
years. Women in the estrogen-only
group were followed up while taking
the study drugs for 6.8 years. The di-
etary modification intervention lasted
a mean of 8.1 years. Follow-up in the
calcium vitamin D trial was a mean of
7 years. Information on the study de-
sign, methods, and results of these trials
has been previously reported.>'*° The
mean (SD) follow-up time for women
in the clinical trial was 8.0 (1.7) years
(median, 8.0 years; interquartile range,
7.4-9.0 years). The participants in WHI
were generally healthier and had more
education than the general US popu-
lation of women in the same age range.?’

Postmenopausal women who were
screened for the clinical trial but were
ineligible or unwilling to participate in
randomization were asked to enroll in
an observational study. Women were
ineligible if they did not want to dis-
continue taking hormone therapy upon
study entry, or had a history of breast
cancer; they were ineligible for the di-
etary component if they already fol-
lowed a low-fat diet or too frequently
ate away from home; and they were in-
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eligible for the calcium and vitamin D
component if they had a history of kid-
ney stones or were unwilling to limit
vitamin D intake.?! A total of 93676
women who enrolled in the observa-
tional study, were evaluated for mul-
tiple risk factors and followed up for a
mean (SD) of 7.6 (1.7) years (median,
7.9 years; interquartile range, 6.9-8.9
years). Similar questionnaires and
methods were used to determine base-
line characteristics for both the clini-
cal trial and the observations study
groups. A subset of WHI participants
from 3 of 40 clinical sites underwent
DXA scans.

Incidence of hip fracture was col-
lected using a standardized medical
update questionnaire completed by all
participants. These were collected every
6 months for those in the clinical trial
and annually for those in the observa-
tional study until the study closed
between October 2004 and March 2005.
Hip fractures were self-reported and
then confirmed both locally and cen-
trally by review of medical records
including x-ray and surgical reports.
Agreement rate between self-reported
hip fracture and adjudicated results
based on medical records review was
good, 78%,*? but not perfect, and sub-
stantiates the need for individual review
of outcomes, not just self-report as has
been used in a number of other stud-
ies. All of the protocols were approved
by the appropriate institutional review
boards and participants signed informed
consents.

Variables

Most of the variables are self-
explanatory. (For a complete list of pro-
cedures, see http://www.whiscience.org
/about/about_collection.php) Height
and weight were measured in the clin-
ics with calibrated scales and stadiom-
eters. Two blood pressure and pulse
measurements were manually ob-
tained by trained technicians after 5
minutes of rest at 30 seconds apart.
Prevalent medical conditions and medi-
cations, eg, diabetes, corticosteroid use,
were based on self-report. Physical ac-
tivity was self-reported and measured

©2007 American Medical Association. All rights reserved.
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as metabolic equivalent tasks (METs),
using values derived from the litera-
ture and standardized questionnaires,
which were validated for reproducibil-
ity in this population.” Similar ques-
tions have been validated against ex-
ercise diaries.”* A MET is the ratio of
work metabolic rate to a standard rest-
ing metabolic rate of 4.184 kJ/kg per
hour.” For example, activity intensity
were coded as 7 METS for strenuous,
4 for moderate, and 3 for low. Mean
walking speed was classed as 3 METS
fora 2 to 3 mph, 4 for 3 to 4 mph, and
4.5 for 4 mph or faster. METs per week
were calculated as MET-h/wk.

Risk for depression was obtained
from the Centers for Epidemiologic
Studies—Depression 6-item question-
naire.”® (This is unrelated to medica-
tion or physician diagnosis.) Dietary
data were collected via self-report using
food frequency questionnaire.?” Di-
etary quality was identified using the
method described by Neuhouser et al.?®
In brief, dietary intakes of fat, satu-
rated fat, cholesterol, fruit and veg-
etables, sodium, calcium, protein, and
fiber were coded as a 0 if achieved di-
etary recommendation, 1 if achieved
within 30% of dietary recommenda-
tion, and 2 for everything else. The 8
scores were then summed. Lower scores
indicate a better diet. Race and ethnic-
ity were self-identified by the partici-
pants.

Statistical Methods

A prediction model was developed from
the WHI observational study dataset
and validated by the WHI clinical trial
dataset. The observational study popu-
lation was much larger than the clini-
cal trial and more heterogeneous, thus
offered more power for the develop-
ment of the algorithm.

Model Development

Potential risk factors were identified
from the literature and fit 1 at a time
in a Cox proportional hazards model,
adjusting for age and race/ethnicity.
Variables that achieved a modest level
of statistical significance (P <.25),
based on the score test, were included

©2007 American Medical Association. All rights reserved.

R O O R e
Table 1. Baseline Characteristics by Hip Fracture During Follow-up in the Observational

Study Cohort
Incident Hip Fracture, No. (%)
Baseline Characteristic® No Yes ! ValueP®
Age group at screening, y
- 29603 (32.0) 102 (9.0) ]
60-69 40838 (44.1) 359 (31.7) <.001
70-79 22103 (23.9) 671 (59.3) _|
Race/ethnicity
White 76949 (83.1) 1064 (94.0) 7]
Black 7612 (8.2) 27 (2.4)
Hispanic 3612 (3.9) 11(1.0) <001
American Indian 417 (0.5 5(0.4)
Asian/Pacific Islander 2660 (2.9) 11 (1.0)
Unknown 1294 (1.4) 14(1.2) _
Marital status
Never married 4322 4.7 68 (6.0)
Divorced/separated 14593 (15. ) 134 (11.9)
Widowed 15964 (17.3) 326 (28.8) .04
Presently married/living as married 57203 (62.1) 602 (63.3)
Has medical insurance 89011 (97.2) 1110 (98.8) A7
Physical activity (METs/wk)
0, Inactive 12 456 (13.6) 181 (16.3) 7
<5 17622 (19.1) 241 (21.7) <001
5-12 21559 (23.6) 292 (26.3)
=12 39983 (43.7) 395 (35.6)
Smoking status
Never smoked 46 458 (50.9) 565 (50.6) 7]
Past smoker 39058 (42.8) 456 (40.8) <.001
Current smoker 5695 (6.2) 96 (8.6)
Parent broke hip after age 40 12408 (13.4) 240 (21.2) <.001
Fracture on or after age 55 y
No 60728 (71.2) 655 (65.6) 7]
Yes 12228 (14.3) 313 (31.4) <.001
Not available 12356 (14.5) 303.0)
Alcohol consumption, drinks/d
Nondrinker 38707 (41.9) 535 (47.3) 7]
=1 42111 (45.6) 459 (40.6) <.001
>1 11673 (12.5) 136 (12.0)
Medication
Supplemental calcium 55264 (59.7) 670 (69.2) .07
Antianxiety or antidepressant 9389 (10.1) 127 (11.2) .04
Bisphosphonate 1989 (2.1) 45 (4.0) .008
Oral daily corticosteroid 1162 (1.3) 41 (3.6) <.001
Thyroid hormone 13349 (14.4) 213 (18.8) .08
Hormone therapy
Never used 37 466 (40.5) 559 (49.4) 1
Past user 13721 (14.8) 199 (17.6) .005
Current user 41273 (44.6) 373 (33.0) |
Prior bilateral oophorectomy 18699 (20.7) 192 (17.6) .003
Age at menarche, y
<12 20328 (22.1) 197 (17.6) 7
12-13 50780 (55.1) 610 (54.5) 04
=14 21041 (22.8) 313 (27.9) _
No. of term pregnancies
Never pregnant or never had term pregnancy 11775 (12.8) 163 (14.6) 7
1-2 32529 (35.4) 389 (34.9) .06
>3 47619 (51.8) 563 (50.5) _
(continued)
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in the pool of variables used to select a
final prediction model. Ten-fold cross-
validation was used to determine the
optimal number of predictors that mini-
mizes an estimate of prediction er-
ror.?"* Specifically, we divided the
training data into 10 parts. Nine-
tenths of the data was used to select the
best model with k predictors by fitting
a hazard regression model, which uses
stepwise addition and deletion and con-
siders interactions and nonparametric
(spline) terms. For each model, we then
evaluated the prediction log-likeli-
hood on the remaining one-tenth of the
data that was not used to select the
model. For each k, we added these pre-

dicted log likelihoods to obtain a pre-
diction score. The value of k that mini-
mizes the cross-validated prediction
score is taken to be the optimal num-
ber of predictors. A hazard regression
model with K* predictors was then se-
lected from the entire WHI observa-
tional study data.

The probability of a hip fracture
within 5 years was then calculated using
amultivariate logistic regression model
fit on the WHI observational study
dataset, using the K* variables se-
lected above. The Hosmer-Lemeshow
statistic was used to ascertain lack-of-
fit (calibration) of this model. Partici-
pants with missing data in their pre-

T ]
Table 1. Baseline Characteristics by Hip Fracture During Follow-up in the Observational
Study Cohort (cont)

Incident Hip Fracture, No. (%)

Baseline Characteristic?2 No Yes l Value®

>10 Ib intentional weight loss in last 20 y 49475 (53.9) 487 (43.4) .003
Depressive symptom®©

0 23679 (26.1) 273 (24.8) 7]

1-2 33516 (36.9) 387 (35.1) 04

3-4 19038 (21.0) 259 (23.5)

>5 14580 (16.1) (16.7)
Baseline general

Excellent 16437 (17.9) 139 (12.4) 7

Very good 37303 (40.6) 382 (34.1)

Good 29255 (31.8) 414 (37.0) <.001

Fair 8036 (8.7) 174 (16.5)

Poor 872 (0.9) 10 (0.9) .J
Treated diabetes 38423 (4.1) 79(7.0) <.001
Diet quality index, quartiled

1st 14387 (16.2) 170 (15.8)

2nd 23284 (26.2) 285 (26.5) 47

3rd 28818 (32.4) 357 (33.2)

4th 22350 (25.2) 263 (24.5)

No. Mean(SD) No. Mean (SD)

Height, cm 91797 161.7 (6.8) 1123 161.8(7.1) <.001
Weight, kg 92077 71.7(16.9) 1127 67.7(15.5) = <.001
Dietary calcium, mg 88839 778.8{435.3) 1075 765.9(445.4) .06
Dietary vitamin D, ug 88839 .03.2) 1075 5.0@3.2) .10
Change in height from age 18, % 89612 -1.0(3.3) 1097 -19(36) <.001
Change in weight from age 35, % 90951 19.8(22.3) 1120 126(20.8 <.001

2For brevity, baseline characteristics that did not have a modest marginal association hip fracture (P > .25), after adjusting
for age and ethnicity, are not shown. These include: use of supplements containing cholecalciferol (vitamin D), multivi-
tamins, thiazides and thiazidelike diuretic, hypnotic medication, benzodiazepines, antiestrogens, oral contraceptive use,
age at menopause, resting pulse, education, cups of regular coffee, calcitonin use, age at first birth, and currently fol-
lowing lactose-free diet.

P value corresponds to the marginal association of baseline characteristic with hip fracture. P value is from a Cox pro-
portional hazards model adjusting for age and ethnicity. P values for age and ethnicity correspond to unadjusted mar-
ginal associations.

€Sum of Center for Epideriologic Studies-Depression score. A higher score indicates greater depression.

Dietary intakes of fat, saturated fat, cholesterol, fruit and vegetables, sodium, calcium, protein, and fiber were coded as
a 0 if achieved dietary recommendation, 1 if achieved within 30% of dietary recommendation, and 2 otherwise. The 8
scores are then summed. Lower scores indicate a better diet.
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dictor variables, and 5.5% (n=5161) of
the participants who did not have a hip
fracture within 5 years or did not have
5 years of follow-up were excluded from
the logistic regression model.

Model Validation

To avoid an overly optimistic evalua-
tion of model validity, we use the WHI
clinical trial participants as our valida-
tion dataset. The women in the clini-
cal trial were different in a multiple ways
from the women in the observational
study. The women in the clinical trial
had volunteered to participate, were tak-
ing trial-required medications, and were
following diet plans. These differences
work to improve the usefulness of the
validation; itis important that the algo-
rithm work for women with different
characteristics. The probability of a hip
fracture within 5 years for the valida-
tion data was based on the multivari-
ate logistic regression coefficients
calculated exclusively on the WHI
observational study data. Receiver
operator characteristic (ROC) curves
and the corresponding area under the
curve (AUC) were used to evaluate how
the prediction model preformed on the
test data. The AUC was also calculated
independently for the factorsin the final
model to demonstrate the additional
value gained from the addition of each
factor to the model. ROC curves plot
the true-positive rate (sensitivity) vs the
false-positive rate (1-specificity) at a
continuum of thresholds; a partici-
pant is classified as having a hip frac-
ture if her estimated probability of frac-
ture exceeds a particular threshold. The
ROC curve is a graphical representa-
tion of test characteristics, with sensi-
tivity on the y-axis and 1-specificity on
the x-axis, over all possible cut points
for defining a positive and a negative
test result. For our study, a positive
result—predicting that an individual
would have a hip fracture—occurs
when the probability of fracture lies
above a cut point.*

Because of the limited number of hip
fractures in the DXA subset of women,
a 10-fold cross-validation technique was
used to compute the ROC curves and

©2007 American Medical Association. All rights reserved.
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AUC. The 95% confidence intervals
(Cls) were obtained by bootstrapping.

Cox proportional hazards models, lo-
gistic regression models, and their cor-
responding statistics were computed
using SAS version 9.1 (SAS Institute Inc,
Cary, North Carolina). The hazard re-
gression model fits, stepwise selec-
tion, cross-validation, and ROC/AUC
were computed using R version 2.1 and
R libraries polspline and ROCR (R De-
velopment Core Team, htip://www
.R-project.org).’'=* P<.05 was consid-
ered statistically significant.

RESULTS

Over amean (SD) follow up of 7.6 (1.7)
years, women in the observational study
experienced 1132 hip fractures, an an-
nual rate of 0.16%, whereas during a
mean follow-up of 8.0 (1.7) years 791
women in the clinical trial experi-
enced hip fractures at an annual rate of
0.14%. The 10 750 women with BMD
measurements were followed up for 5
years or until they fractured their hip.
Eighty hip fractures occurred in the
combined groups over a mean (SD) of
8.7 (1.2) years of follow-up. The vari-
ables considered for inclusion in the
model are shown in TABLE 1. Vari-
ables that did not meet the nominal
threshold (P<.25) for consideration
were education; cups of regular cof-
fee; age at menopause; age at first birth;
maintaining a lactose-free diet; pulse
pressure; intentional weight loss (=4.5
kg [=10 lbs]); and use of vitamin D
supplements, multivitamins thiazides
and thiazidelike diuretics, antihypnot-
ics, benzodiazepines, antiestrogens, cal-
citonins, and oral contraceptives. The
independent frequency or mean after
adjustment for age and race/ethnicity
in those with and without hip fracture
and significance are included.

Development of Algorithm

Cross-validation and stepwise selec-
tion of hazard regression models iden-
tified 12 variables from Table 1 that
were independently predictive of hip
fracture. These variables were age, self-
reported health, height, change in
height since the age of 18 years, change
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in weight since the age of 35 years, his-
tory of fracture after the age of 55 years,
race/ethnicity, physical activity, smok-
ing, history of parental fracture after the
age of 40 years, diabetes treated with
medications, and corticosteroid use. We
did not find any pairwise interactions
or nonlinear terms that were predic-
tive of hip fracture. The variables
change in height since the age of 18
years and change in weight since the age
of 35 years were not available for the
WHI clinical trial test set that we had
planned to use. We therefore chose to
use weight as a surrogate for change in
weight, this less-than-perfect substitu-
tion, errs on the conservative side
(TABLE 2).

The participants who were excluded
from the logistic regression model (who
did not have a hip fracture within 5 years
and who did not have 5 years of follow-
up) tended to be minorities (28% vs
16%) and older age (66 vs 63 years).

More than half of these women died
before 5 years of follow-up (n=2768).
The Hosmer-Lemeshow statistic indi-
cated no sign of lack of fit (P=.20).

An interactive model is available at
http://hipcalculator.there.org.

As a second step, we approximated
the additive logistic regression model
by multiplying the coefficients by an ar-
bitrary constant (4, selected to yield ap-
proximately integer-valued additive fac-
tors) and rounded to the nearest integer.
This yielded a simple additive score.
The 5-year risk of hip fracture can be
calculated by totaling the point score.
A point total of 9 yields a probability
of fracture of 0.1%, a point total of 18
yields a probability of fracture of 1%,
and a point total of 24 yields a prob-
ability of fracture of 5%.

Validation

We tested the ability of the model to
identify the 5-year probability of hip

S
Table 2. Multivariate Logistic Regression Model: Risk Factors for Hip Fracture in the

Observational Study

Odds Ratio P
Risk Factors (95% Confidence Interval) Value Point Score
Age per each year 1.13(1.11-1.15) <.001 1/2 per year >50

Self-reported health

Fair or poor vs excellent 2.38

1.66-3.40

=

(
1.22 (i

Good vs excellent

0.90-1.66)

2

Very good vs excellent

1.11 (0.83-1.49

3
<.001 1
0

-~

Height per each inch 1.11 (1.07-1.16) <.001 % per inch >64
Weight per each pound 0.99 (0.98-0.99) <.001 1 per 25 b <200
Fracture on or after age 55y

Not applicable vs no 1.01 (0.51-2.02) :I <001 0

Yes vs no 1.72 (1.41-2.10) 2
Race/ethnicity White, 3

Unknown vs white 1.00 (0.47-2.14)

Asian/Pacific Islander vs white 0.26 (0.10-0.70)

American Indian vs white 1.60 (0.50-5.10) <.001

Hispanic vs white 0.32 (0.12-0.86)

Black vs white 0.41 (0.24-0.70)
Physical activity, METs 1

5-12vs =12 1.32 (1.04-1.67) 7

<bvs =12 1.26 (0.97-1.64) .004

Inactive O vs =12 1.64 (1.24-2.17)
Smoking status

Current vs never 2.33(1.71-3.18) :I <.001 3

Past vs never 0.96 (0.79-1.17) 0
Parent broke hip, yes vs no 1.50 (1.20-1.87) <.001 1
Corticosteroid use, yes vs no 1.94 (1.16-3.25) .01 3
Use of hypoglycemic agent, 1.74 (1.17-2.60) .006 2

YEs Vs no
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RISK FACTORS ASSOCIATED WITH HIP FRACTURE IN POSTMENOPAUSAL WOMEN

R
Figure 1. Women's Health Initiative Clinical Trial Test Set Receiver Operating Characteristic

Curve

------ Excludes active hormone therapy; AUC, 0.80 (C.77-0.83)
------ Excludes active dietary intervention; AUC, 0.78 (0.75-0.81)
——— Excludes active calcium plus vitamin D; AUC, 0.81 (0.78-0.83)
Excludes all active arms; AUC, 0.80 (0.76-0.83)

= EOire clinical trial cohort, no exclusions; AUC, 0.80 (0.77-0.82)
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1 —Specificity, %

AUC indicates area under the curve. Blue curves in Figure 1 and Figure 2 are the same and are derived from

the entire clinical trial cohort.
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Table 3. Contributions of Individual Predictors

Variable AUC%?2
General health 56
Height 56
Weight 57
Fracture afterage 55y 56
Race/ethnicity 54
Physical activity 53
Currently smoking 53
Parent broke hip 51
Corticosteroid use 50
Diabetes 51
All predictors except age 67
Age 760
Age plus all predictors 80°

Abbreviation: AUC, area under the curve.

2For predictor variables, other than age, weighted AUCs
zwi AUC, are calculated where w;is the number of hip
T fractures for ith age group and i goes from
EW' 50to 79. The AUC; are the AUCs for the ith
= age group. These are based on
logistic regression model that contain the predictor of
interest and age (categorical); trained on the observa-

tional study and tested on the clinical trial.

Based on a logistic regression model containing age as
a single variable; trained on the observational study and
tested on the clinical trial.

CBased on our full logistic regression model; trained on
the observational study and tested on the clinical trial.

fracture in women included in the
hormone treatment, dietary, and cal-
cium and vitamin D components of
the WHI clinical trial. It should be
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noted that the women in the observa-
tional study cohort had different char-
acteristics than those in clinical trial
cohorts. Participants in the clinical
trial tended to be younger (mean,
62.7 years), taller (161.1 cm [63.42
in]), heavier (76.1 kg [169.1 1b]), less
likely to be white (81.5% were white),
with a lower proportion of the clinical
trial reporting fair to poor health
(8.3%), history of fracture after age 55
years (13.1%), either parent breaking
a hip (11.8%), and corticosteroid use
(0.1%). A higher proportion of the
clinical trial participants reported
being physically inactive (19.2%),
currently smoking (7.9%), and taking
treatment for diabetes (4.8%). These
differences between the clinical trial
and observational study participants
were all statistically significant
(P<<.001).

Using adjudicated hip fractures for
women in the clinical trial, ROC
curves were developed to test how
well the algorithm that was developed

-405-

from the observational study cohort
performed in validation populations.
The AUC was tested against the WHI
clinical trial. We examined various
groups participating in the clinical
trial and found similar results in cases
in which the AUC ranged from 78%
to 81%. The AUC was 80% for all
WHI clinical trial participants, all
WHI participants receiving placebos,
and those who received no active HT
intervention (FIGURE 1).

Although there are potentially
other variables that are statistically
significant in a logistic regression
model, they would not appreciably
improve prediction and consequently
were not included in the model. For
example, alcohol consumption was a
statistically significant variable when
added to the multivariate logistic
regression model (P=.01) but has
little effect on the AUC.

We also tested the various compo-
nents of the algorithm individually and
in combinations that included or ex-
cluded age. These results are shown in
TABLE 3. This demonstrates that age
alone is clearly the best predictor of hip
fracture, but added value is gained by
the addition of other factors.

The ROC curve in FIGURE 2 shows
the accuracy at different estimations
of risk tested in all WHI trial partici-
pants. This shows the sensitivity and
1-specificity of the prediction of
5-year hip fracture risk for women at
different levels of predicted risk. By
application of this information,
thresholds for further screening can
be set based on acceptable risk and
desire for certainty. For example,
identifying women at risk using a
threshold of a 1% 5-year risk would
yield a true-positive rate (sensitivity)
of about 50%, half of women who
would have hip fractures within 5
years, but there would be a false-
positive rate (1-specificity) of 15%.
Half of the women who would have
hip fractures in the next 5 years
would be in this group, and 15%
who were predicted to have hip frac-
tures would not. A less stringent risk
threshold of 0.5% would identify
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