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Risk Factors for Increased Bone Loss in an Elderly Population

The Rotterdam Study

H. Burger,1-2 C. E. D. H. de Laet,1 P. L A. van Daele,12 A. E. A. M. Weel,1-2 J. C. M. Witteman,1 A. Hofman,1

andH. A. P.Pols12

The association of bone loss with age, sex, and several prevalent and modifiable potential risk factors for
osteoporosis was studied in 1,856 men and 2,452 women aged 55 years and over from the Rotterdam Study,
a population-based cohort study in the Netherlands. The rate of change in femoral neck bone mineral density
was estimated longitudinally between 1990 and 1995, after 2 years of follow-up on average. These rates,
adjusted for age and body mass index, were -0.0025 (95% confidence interval -0.0038 to -0.0012) in men
and -0.0045 (95% confidence interval -0.0056 to -0.0034) g/cm2/year in women (p = 0.03). Bone loss
accelerated with age, as seen more clearly in men than in women. Lower body mass index and cigarette
smoking were associated with increased bone loss in both men and women. In men, higher calcium intake was
associated with lower rates, and disability was associated with borderline significantly higher rates of bone
loss (p = 0.07). In women, a nonsignificant relation was observed with disability, but not with dietary calcium
intake. Alcohol intake was not consistently related to the rate of bone loss in either sex. It is concluded that
in elderly people the rate of bone loss is higher in women, progresses with age, and is further determined by
several modifiable risk factors, particularly in men. Am J Epidemiol 1998;147:871-9.
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There is much literature documenting low bone
mineral density as a risk factor for fractures (1-3). The
sequelae of hip fractures are far more serious than
those of other types of fracture (4). For the prediction
of hip fracture, bone mineral density at the proximal
femur appeared more precise than bone mineral den-
sity at various other sites (2, 3). Recently, longitudinal
population-based studies showed progressive bone
loss with age at the femoral neck in the elderly (5-7).
This pattern of bone loss in the femur has not been
observed in previous cross-sectional studies (8-10)
and requires further confirmation from longitudinal
data, particularly for men. Because of the foregoing, it
is important to identify factors that set the rate of bone
loss late in life. These risk factors should be both
modifiable and prevalent to be of some use for pre-
venting bone loss at the population level. Risk factors
for osteoporosis may differ between men and women.
Until now, population studies of gender differences in
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the relation of bone loss with age (8, 9) and other
determinants (11-15) mostly assessed bone loss rates
cross-sectionally.

We performed a follow-up study in 4,308 Dutch
subjects aged 55 years and over to assess the rate of
change in femoral neck bone mineral density in rela-
tion to sex, age, body mass index, lower limb disabil-
ity, calcium intake, alcohol consumption, and cigarette
smoking.

MATERIALS AND METHODS

Study population

This study was conducted as part of the Rotterdam
Study, a prospective population-based cohort study of
determinants and prognosis of chronic diseases in the
elderly (16). The focus is on cardiovascular, neuro-
geriatric, ophthalmologic, and locomotor diseases. All
inhabitants of the district of Ommoord in Rotterdam,
the Netherlands, aged 55 years and over were invited
to participate. Of the 10,275 eligible persons, 9,161
(89 percent) were living independently. These inde-
pendently living subjects form the target population
for this study. The baseline examination of the Rot-
terdam Study was carried out between August 1990
and June 1993 and comprised an interview at home
and extensive investigations at the research center.
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Within the independently living population, 7,086 per-
sons (77 percent) completed the home interview and
6,494 (71 percent) persons also visited the research
center. Written informed consent was obtained from
each participant. The Rotterdam Study has been ap-
proved by the Medical Ethics Committee of Erasmus
University Medical School in Rotterdam. This analy-
sis was carried out among 5,823 persons (64 percent),
who underwent baseline bone mineral density mea-
surements. After a median duration of 1.9 years
(range, 0.3-4.9 years), all participants were invited for
follow-up assessments between September 1993 and
December 1995. Of the group with baseline bone
mineral density measurements, 227 had died, 31 could
not be contacted, 675 refused, and 4,890 visited the
research center. Because the densitometer was not
available full time for this study, ultimately, 4,333 had
follow-up bone mineral density measurement, i.e., 74
percent of the number of participants measured at
baseline.

Measurements

Clinical examinations at the research center in-
cluded anthropometry and bone densitometry. Height
and weight were measured in standing position with-
out shoes, and body mass index (kg/m ) was calcu-
lated for each individual as a measure of obesity. Bone
mineral density measurements were performed using
dual energy X-ray absorptiometry (Lunar DPXL; Lu-
nar Radiation, Madison, Wisconsin). These assess-
ments were carried out by qualified radiographic tech-
nicians who were trained by the manufacturer of the
machine. Standard positioning was used with anterior-
posterior scans of the right proximal femur unless
there was a history of hip fracture or prosthesis im-
plantation on that side, in which case, the left side was
scanned. Using standard software, we analyzed the
femoral neck, Ward's triangle, and greater trochanter.
The short-term in vivo coefficient of variation was 3.2
percent in the femoral neck, 3.1 percent in the Ward's
triangle, and 2.5 percent in the greater trochanter, as
assessed in 12 randomly selected cohort members,
with repositioning between the two measurements.
Follow-up bone mineral density was assessed by using
identical measurement procedures and the same stan-
dard software for the analyses. Regular measurement
of a phantom during the follow-up period showed that
no machine drift had occurred.

As part of the baseline home interview, participants
were asked about wrist and hip fractures during the
previous 5 years, current cigarette smoking, and med-
ication use that was verified by examining pills. They
also received a checklist and were asked to indicate all
foods and drinks consumed at least once a month in

the previous year. During each participant's visit to the
research center, this checklist served as a basis for a
trained dietician, who filled out frequency and amount
of consumption of the food items on a previously
validated 170-item semiquantitative food frequency
questionnaire (17). Average daily nutrient intake, in-
cluding calcium and energy for this analysis, was
calculated by multiplying the frequency and amount
consumed for each food item by its nutrient content
listed in an automated version of the Dutch Food
Composition Table (18). The amount of alcohol con-
sumed was calculated on the basis of 1 unit of alco-
holic beverage containing 10 g of alcohol.

Lower limb disability was measured as the impair-
ment in activities of daily living by using a question-
naire modified from the Stanford Health Assessment
Questionnaire (19). The lower limb disability index
we used was composed of the mean score (with zero
indicating no impairment and three indicating unable
to perform) for two questions about arising, two about
walking, one about bending, and one about getting into
and out of a car. Disability was defined as a lower limb
disability index of 0.5 or over.

Data analysis

The yearly rate of change in bone mineral density
was calculated as the difference between baseline and
follow-up bone mineral density divided by the dura-
tion of follow-up in years. We excluded 25 partici-
pants who had extreme values for the rate of change,
i.e., outside the mean ± four standard deviations
range, leaving 4,308 participants for analyses. The
rationale for exclusion of extreme values is that they
most likely resulted from excessive measurement er-
ror. To evaluate the possibility of bias by nonresponse
and loss to follow-up, we compared prevalences of
some baseline characteristics between the study pop-
ulation and the target population, i.e., the indepen-
dently living population. The prevalences in the target
population were first adjusted for the age and sex
distribution of the study population. All subsequent
analyses were performed in men and women sepa-
rately. The mean rate of change is presented for all
three measurement sites at the proximal femur, but the
associations with the determinants under study are
shown for the femoral neck only. The findings at the
Ward's triangle and greater trochanter were similar.
Bone mineral density at the lumbar spine was not
analyzed in this study because degenerative changes in
elderly persons may seriously hamper valid measure-
ment at this site (8). We studied the rate of change in
bone mineral density according to sex; 5-year age
strata; current cigarette smoking; lower limb disabil-
ity; and categories of body mass index, dietary cal-
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cium intake, and alcohol consumption. For categori-
zation of continuous variables, prior to analyzing bone
loss rates, we chose cutoff values at fixed intervals,
while seeing to it that the numbers of participants in
each category remained sufficient. All results were
adjusted for age and body mass index except for the
analysis of sex, which was also performed unadjusted,
age that was adjusted for body mass index only, and
body mass index that was adjusted for age only. The
analyses of lower limb disability, current cigarette
smoking, alcohol consumption, and dietary calcium
intake were additionally adjusted for each other. The
analyses involving dietary calcium intake were also
adjusted for energy intake. Since body mass index can
be considered a confounder, an intermediate variable,
or both in the analyses of smoking and alcohol con-
sumption, these analyses were repeated without ad-
justment for body mass index. The analyses were also
redone while correcting for current use of medication
known to influence bone metabolism. Finally, adjust-
ment for duration of follow-up was performed. The t
test was used for testing differences between crude
mean values, and trends were evaluated for statistical
significance using linear regression. Analysis of co-
variance was applied to calculate adjusted mean yearly
rates of change in bone mineral density. All indepen-
dent variables in these analyses were entered as dis-
crete variables. Age- and sex-adjusted prevalences
were calculated with logistic regression.

RESULTS

When adjusted for age and sex, the baseline preva-
lence of a history of either a wrist or hip fracture
during the previous 5 years was similar in the target
and the study population (4 and 5 percent, respective-
ly). For lower limb disability, these numbers were 21
and 20 percent, and for current cigarette smoking, they
were 22 and 21 percent, respectively. Characteristics
of the study population according to sex are displayed
in table 1. The mean values and distributions of age
and dietary calcium intake were similar in men and
women, but women were clearly overrepresented in
the highest category of body mass index. In addition,
lower limb disability was more prevalent among
women. Men were more frequently current cigarette
smokers and also had a higher alcohol consumption
than did women. As shown in table 2, the crude mean
rate of bone loss was considerably higher in women,
particularly for the femoral neck and the Ward's tri-
angle, but none of these differences was statistically
significant at the 0.05 alpha level. The gender differ-
ences were somewhat more pronounced after adjust-
ment for age and body mass index and were statisti-
cally significant for the femoral neck. Expressed

relative to the mean of the baseline and follow-up bone
mineral density value, the crude rate of change at the
femoral neck averaged —0.4 percent in men and -0.6
percent in women.

The yearly rate of change in bone mineral density
according to age group is depicted in figure 1. It shows
statistically significant acceleration of bone loss with
age up to 80 years, most clearly in men. After age 80,
we saw no further increase in the rate of bone loss.
Figure 2 shows the association of the rate of change in
bone mineral density with body mass index. In both
men and women, a strong and statistically significant
trend of decreasing rate of bone loss with increasing
body mass index was observed. As can be seen in
figure 3, lower limb disability was clearly associated
with higher rates of bone loss but with only borderline
significance in men and not significantly in women. In
figure 4, a significant trend of lower rates of bone loss
with increasing dietary calcium intake is demonstrated
in men but not in women. The relation between bone
loss and category of alcohol intake is depicted in
figure 5. With increasing alcohol intake, a lower rate
of bone loss was found except for the highest (>20
g/day) category in men. The overall trends in both men
and women were not statistically significant, and in
men, the trend in the three lowest categories was not
significant either (p - 0.105). In all analyses of alco-
hol consumption, omitting body mass index did not
alter the results. As is clear from figure 6, cigarette
smoking was accompanied by a substantially as well
as statistically significantly higher rate of bone loss in
both men and women. When these analyses were not
adjusted for body mass index, the associations became
slightly stronger. None of the results were essentially
different when corrected for use of thiazides (8 per-
cent), loop diuretics (3 percent), corticosteroids (2
percent), and, in women, current use of estrogens (2
percent) and years since menopause (mean, 18 years)
in the study population. Adjustment for duration of
follow-up did not change the results.

DISCUSSION

This longitudinal study shows that bone loss
progresses with age in elderly men and women. Fur-
ther, high body mass index and, in men, high dietary
calcium intake are associated with a reduced rate of
decline in bone mineral density. Current cigarette
smoking and lower limb disability (although the latter
is not statistically significant) are associated with
higher rates of bone loss. There was no convincing
relation between alcohol consumption and bone loss.

A few limitations of this study are discussed first.
Some selection in favor of the more mobile and
healthy population with probably lower rates of bone
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TABLE 1. Distribution of characteristics by sex, the Rotterdam Study, the Netherlands, 1990-1995

Characteristic

Age (years)
55-59
60-64
65-69
70-74
75-79
>80

Body mass index (kg/m2)
<24
>24 to <26
226 to <28
>28

Lower limb disability

Current cigarette smokers

Dietary calcium intake
(mg/day)t

<900
>900to<1,100
£1,100 to <1,300
>1,300

Alcohol consumption
(g/day)t

0
>0.1 to<10
£10 to <20
>2

Mean

66.7

25.9

1,156

16.9

Men
(n=1.856)

(SD*) No.

(7.2)
381
461
431
312
192
79

(3.9)
485
507
443
421

249

427

(436)
441
358
304
475

(19.2)
184
583
293
533

%

21
25
23
17
10
4

26
27
24
23

13

23

28
23
19
30

12
37
18
33

Mean

67.2

26.8

1,116

6.4

Women
(n = 2,452)

(SD)

(7.6)

(4.0)

(366)

(10.1)

No.

500
587
509
427
282
147

631
525
444
852

626

451

608
554
464
556

529
1,113

305
237

%

20
24
21
17
12
6

26
21
18
35

26

19

28
25
21
26

24
51
14
11

* SD, standard deviation.
t Data on dietary calcium and alcohol intake were available in 3,750 subjects (1,578 men) and 3,795

subjects (1,593 men). Major reasons for missing were reduced cognitive function, assessed by
neuropsychological test, logistic reasons, and unreliable data, as judged by a dietician.

TABLE 2. Mean values and 95% confidence intervals for the yearly rate of change in bone mineral
density (g/cm'/year) at specific sites according to sex, the Rotterdam Study, the Netherlands, 1990-1995

Femoral neck
Crude
Adjusted t

Ward's triangle
Crude
Adjusted*

Greater trochanter
Crude
Adjusted*

Mean

-0.0028
-0.0025

-0.0037
-0.0033

-0.0020
-0.0019

Men

95% Cl«

-0.0042 to-0.0014
-0.0038 to -0.0012

-0.0051 to -0.0023
-0.0048 to -0.0018

-0.0035 to -0.0005
-0.0034 to -0.0004

Mean

-O.0044
-0.0045

-0.0050
-0.0051

-0.0023
-0.0022

Women

95% Cl

-0.0056 to -0.0032
-0.0056 to -0.0034

-0.0063 to -0.0037
-0.0064 to -0.0038

-0.0035 to -0.0011
-0.0034 to-0.0010

P
valuet

0.07
0.03

0.20
0.07

0.74
0.81

* Cl, confidence interval.
f Significance level for difference in rate of change in bone mineral density between men and women.
$ Adjusted for age and body mass index.
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Men

BMD yearly rate of change (g/cm2/yr) P<0.01

Women

BMD yearly rate of change (a/cm2/yr) P=0.04

-0.012-

55-58 60-64 ?* **? T> 74 75-78 80 +

Age-group (years)

55-59 60-6* «* » •"> -74 75-79 80 +

Age-group (years)

FIGURE 1. Mean yearly rate of change in bone mineral density (BMD) and 95% confidence interval according to age group and sex, the
Rotterdam Study, the Netherlands, 1990-1995. p values are for linear trends.

0,004

Men

BMD yearly rate of change (g/cm2/yr) P<0.01
0.004

Women

BMD yearly rate of change (g/cm2/yr) P<0.01

-0,012- 0.012-

<24 24 - <28 26 - <28
Body mass Index (kg/m2)

28+ <24 24 - <26 26 - <28 28+

Body mass Index (kg/m2)

FIGURE 2. Mean yearly rate of change in bone mineral density (BMO) and 95% confidence interval according to body mass index and sex,
adjusted for age, the Rotterdam Study, the Netherlands, 1990-1995. p values are for linear trends.

loss may have occurred, particularly for the visit to the
examination center. Further, loss to follow-up is most
likely related to illness. After adjustment for age and
sex, there was, however, no evidence that the target
population, i.e., all independently living participants,
differed much from the current study population with
respect to baseline fracture history, lower limb disabil-
ity, and current cigarette smoking. Age-dependent
nonresponse bias would have resulted in an underes-
timation of the progression of bone loss with age.
Therefore, the true progression has probably been un-
derestimated in this study. Misclassification of the
determinants is probably nondifferential, i.e., not de-
pendent on the rate of change in bone mineral density
since bone loss itself is not accompanied by any signs
or symptoms. As nondifferential misclassification of
the determinant results in dilution of an association,

the conclusion is again that the true association would
be stronger. The same can be said for nondifferential
misclassification of the outcome. In short-term
follow-up studies on bone loss, this source of error
may be relatively large since the variability in the
assessment of the rate of bone loss tends to decrease
with increasing duration of follow-up (20). Although,
in our study, adjustments were made for potential
confounders, it remains an observational study so that
it is still possible that other, unknown determinants of
bone loss confound the relations observed. Conse-
quently, no causal relations can be inferred with cer-
tainty. A further limitation of the study is that we did
not analyze bone loss according to change in risk
factors during follow-up, but only according to base-
line levels of risk factors. We could not, therefore,
directly show that modification of a certain risk factor
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Men Women

BMD yearly rate of change (g/cm2/yr) P=0.07 BMD yearly rate of chanae (a/cm2/vrt
0,004-

P=0.19

-0,012-

no yes

Lower limb disability

FIGURE 3. Mean yearly rate of change in bone mineral density (BMD) and 95% confidence interval according to lower limb disability and
sex, adjusted for age, body mass index, current cigarette smoking, dietary calcium and energy intake, and alcohol consumption, the
Rotterdam Study, the Netherlands, 1990-1995. p values are for linear trends.

Men Women

BMD yearly rate of change (a/cm2/vr) P=0.04 BMD yearly rate of change (g/cm2/yr)
0,004

P=0.65

•0,012-

<000 900-<1100 1100-<1300 1300+

Dietary calcium Intake (mg/day)

<900 900-<1100 1100-<1300 1300+

Dietary calcium Intake (mg/day)

FIGURE 4. Mean yearly rate of change in bone mineral density (BMO) and 95% confidence interval according to dietary calcium intake and
sex, adjusted for age, body mass index, current cigarette smoking, lower limb disability, energy intake, and alcohol consumption, the
Rotterdam Study, the Netherlands, 1990-1995. p values are for linear trends.

is accompanied by a change in the rate of bone loss.
As rates of bone loss differ markedly between sites

(21), comparison of our results should be restricted to
data from proximal femur measurements. The rate of
bone loss as estimated cross-sectionally in the Rotter-
dam Study (8) was of the same order of magnitude,
although somewhat lower than estimated longitudi-
nally. The high longitudinally assessed rate of bone
loss in the age group 75-79 years was not found in the
cross-sectional analysis. We believe, however, that the
longitudinal data are more valid since they are less
subject to cohort effects and selection bias. In the
highest age group, the progression stopped. This is
most likely due to selection on health at baseline and
loss to follow-up of those who developed serious
illnesses, which predominantly occur at the oldest
ages. Acceleration of bone loss with age was also seen

in the Dubbo Study (5). Within age strata, however,
the rates of bone loss in that study were substantially
higher than in the Rotterdam Study. This may be
partly due to the much lower calcium intakes of the
Dubbo Study participants. Further, for women in our
study, the higher weight (70.1 kg vs. 65.3 kg for
Dubbo study participants) in the presence of identical
mean height (1.62 m) may in part explain the lower
rates of bone loss. Data from a 1-year follow-up study
of community-dwelling women showed a somewhat
lower rate of change for their age compared with our
study (6). In that study, there was no evidence of
acceleration of bone loss, possibly because of limited
statistical power. The Study of Osteoporotic Fractures
(7) showed progression of the rate of bone loss with
age in elderly women similar to that in the Rotterdam
Study.
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Men

BMD yearly rate of change (g/cm2/yr) P=0.74

Women

BMD yearly rate of change (g/cm2/yr) P=0.31

-0,012

0 0.1 - <10 10 - <20 20+

Alcohol consumption (g/day)

0.1 - <10 10 - <20 20+

Alcohol consumption (g/day)

FIGURE 5. Mean yearly rate of change in bone mineral density (BMD) and 95% confidence interval according to alcohol consumption and
sex, adjusted for age, body mass index, current cigarette smoking, dietary calcium and energy intake, and lower limb disability, the
Rotterdam Study, the Netherlands, 1990-1995. p values are for linear trends.

Men

BMD yearly rate of change (g/cm2/yr) P=0.02

Women

BMD yearly rate of change (g/cm2/yr) P=0.01

•0,012- -0.012-

no yes

Current cigarette smoking

no y«e

Current cigarette smoking

FIGURE 6. Mean yearly rate of change in bone mineral density (BMD) and 95% confidence interval according to current cigarette smoking
and sex, adjusted for age, body mass index, lower limb disability, dietary calcium and energy intake, and alcohol consumption, the Rotterdam
Study, the Netherlands, 1990-1995. p values are for linear trends.

Determinants were generally more clearly associ-
ated with bone loss in men than in women, in partic-
ular, dietary calcium intake. As the women in our
study were on average more than 18 years postmeno-
pausal, they would have lost a relatively great part of
their bone reserve. The weaker association in women
may therefore be due to limited potential for environ-
mental factors to further influence bone loss rates. We
could not, however, demonstrate that associations
were any stronger in younger than in older women. An
alternative explanation is that some women, more than
men, were already aware of their osteoporosis before
the time of their dietary interview and had altered their
lifestyle accordingly.

Body mass index, calcium intake, physical inactiv-
ity, smoking, and, more controversially, alcohol intake
as well have been shown to be determinants of bone

mineral density level (11-15, 22-31). Our data are
largely in concordance with these findings and indi-
cate that these determinants, if causal, exert their effect
on bone density level late in life, at least in part
through their effect on the rate of bone loss. Body
mass index in our population was similar to that found
in other population-based studies (11, 13). The strong
relation of lower rates of bone loss with higher body
mass index underlines the importance of not becoming
underweight as far as bone density is concerned (11,
22, 23). The prevalence of lower limb disability is well
in line with the prevalence of disability assessed using
comparable methodology in the 1994 National Long-
Term Care Surveys (21.3 percent) in persons aged 65
years and over (32). We did not collect data on phys-
ical activity and assumed that disability may serve as
a proxy. Lower limb disability was associated with
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higher rates of bone loss, probably through its associ-
ation with reduced physical activity. This is in accor-
dance with previous studies (24-27) and emphasizes
the importance for elderly people of remaining phys-
ically active. Interestingly, recent evidence shows that,
at least in women, strength training is the physical
activity of choice because of its positive effect on bone
and many other aspects of physical and psychosocial
health (33). As expected, in the Netherlands (34),
dietary calcium intake was high. As there is evidence
that calcium is a threshold nutrient (28, 28), the lack of
an association with bone loss in women in our study
was not surprising. This in contrast to our findings in
men, in whom we observed a clear trend of lower rates
with increasing dietary calcium intake. Since subjects
in calcium studies were mostly women, we suggest
that a threshold in men may be at a higher level of
calcium intake. Our findings stress the importance of
the Recommended Daily Allowance in the United
States of 1,500 mg/day for elderly people (35). For
alcohol, in men, our data suggest a beneficial effect of
moderate alcohol consumption, which has been ob-
served earlier for bone density level (12, 13, 30). The
association we observed for bone density loss, how-
ever, is not convincing enough for conclusions. The
strong effect of cigarette smoking on bone loss in our
study combined with the findings in previous studies
on bone density level (14, 15, 31) lead us to conclude
that quitting smoking at an advanced age is also still
worthwhile with regard to bone status.

In summary, this study shows that in elderly people
the rate of bone loss is stronger in women, progresses
with age, and is further determined by several modi-
fiable risk factors, particularly in men.

ACKNOWLEDGMENTS

Supported by the NESTOR stimulation program for ge-
riatric research in the Netherlands (Ministry of Health and
Ministry of Education), the Netherlands Prevention Fund
(grant 002824350), the Municipality of Rotterdam, the
Netherlands Organization for scientific research (NWO)
and the European Community.

The authors thank the dual energy radiographic absorp-
tiometry technicians, L. Buist and M. B. IJsselstijn, for their
support in making and analyzing the scans and further
acknowledge all the other field workers in the research
center in Ommoord, Rotterdam, the Netherlands.

REFERENCES

1. Cummings SR, Nevitt MC, Browner WS, et al. Risk factors for
hip fracture in white women. N Engl J Med 1995;332:767-73.

2. Marshall D, Johnell O, Wedel H. Meta-analysis of how well
measures of bone mineral density predict occurrence of os-
teoporotic fractures. BMJ 1996;312:1254-9.

3. Cummings SR, Black DM, Nevitt MC, et al. Bone density at
various sites for the prediction of hip fractures. Lancet 1993;
341:72-5.

4. Sernbo I, Johnell O. Consequences of a hip fracture: a pro-
spective study over 1 year. Osteoporosis Int 1993;3:148-53.

5. Jones G, Nguyen T, Sambrook P, et al. Progressive loss of
bone in the femoral neck in elderly people: longitudinal find-
ings from the Dubbo osteoporosis epidemiology study. BMJ
1994;309:691-5.

6. Greenspan SL, Maitland LA, Myers ER, et al. Femoral bone
loss progresses with age: a longitudinal study in women over
age 65. J Bone Miner Res 1994,9:1959-65.

7. Ensrud KE, Palermo L, Black DM, et al. Hip and calcaneal
bone loss increase with advancing age: longitudinal results
from the study of osteoporotic fractures. J Bone Miner Res
1995;10:1778-87.

8. Burger H, van Daele PLA, Algra D, et al. The association
between age and bone mineral density in men and women
aged 55 years and over: The Rotterdam Study. Bone Miner
1994;25:1-13.

9. Hannan MT, Felson DT, Anderson JJ. Bone mineral density in
elderly men and women: results from the Framingham Osteo-
porosis Study. J Bone Miner Res 1992,7:547-53.

10. Steiger P, Cummings SR, Black DM, et al. Age-related dec-
rements in bone mineral density in women over 65. J Bone
Miner Res 1992;7:625-32.

11. Edelstein SL, Barrett-Connor E. Relation between body size
and bone mineral density in elderly men and women. Am J
Epidemiol 1993;138:160-9.

12. Holbrook T, Barrett-Connor E. A prospective study of alcohol
consumption and bone mineral density. BMJ 1993;306:150-69.

13. Felson DT, Zhang Y, Hannan MT, et al. Alcohol intake and
bone mineral density in elderly men and women. Am J Epi-
demiol 1995;142:485-92.

14. Hollenbach KA, Barrett-Connor E, Edelstein SL, et al. Ciga-
rette smoking and bone mineral density in older men and
women. Am J Public Health 1993;83:1265-70.

15. Kiel DP, Zhang Y, Hannan MT, et al. The effect of smoking
at different life stages on bone mineral density in elderly men
and women. Osteoporosis Int 1996;6:240-8.

16. Hofman A, Grobbee DE, de Jong PTVM, et al. Determinants
of disease and disability in the elderly: The Rotterdam Elderly
Study. Eur J Epidemiol 1991;7:403-22.

17. Goldbohm RA, van den Brandt PA, Brants HAM, et al.
Validation of a dietary questionnaire used in a large-scale
prospective cohort study on diet and cancer. Eur J Clin Nutr
1994;48:253-65.

18. Dutch Food Composition Table (NEVO), 1993. (In Dutch).
The Hague, the Netherlands: Voorlichtingsbureau voor de
Voeding, 1993.

19. Pincus T, Summey JA, Soraci SA, et al. Assessment of patient
satisfaction in activities of daily living using a modified Stan-
ford Health Assessment Questionnaire. Arthritis Rheum 1983;
26:1346-53.

20. He YF, Davis JW, Ross PD, et al. Declining bone loss rate
variability with increasing follow-up time. Bone Miner 1993;
21:119-28.

21. Hansen MA, Overgaard K, Christiansen C. Spontaneous post-
menopausal bone loss in different skeletal areas followed up
for 15 years. J Bone Miner Res 1995; 10:205-10.

22. Orwoll ES, Bauer DC, Vogt TM, et al. Axial bone mass in
older women. Ann Intern Med 1996;124:187-96.

23. Bauer DC, Browner WS, Cauley JA, et al. Factors associated
with appendicular bone mass in older women. Ann Intern Med
1993; 118:657-65.

24. Zhang J, Feldblum PJ, Fortney JA. Moderate physical activity
and bone density among perimenopausal women. Am J Public
Health 1992;82:736-8.

25. Krall EA, Dawson-Hughes B. Walking is related to bone
density and rates of bone loss. Am J Med 1994,96:20-6.

Am J Epidemiol Vol. 147, No. 9, 1998

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/147/9/871/68131 by guest on 17 April 2024



Bone Loss in Elderly Men and Women 879

26. Vico L, Pouget JF, Calmels P, et al. The relations between
physical ability and bone mass in women aged over 65 years.
J Bone Miner Res 1995;10:374-83.

27. Greendale GA, Barrett-Connor E, Edelstein S, et al. Lifetime
leisure exercise and osteoporosis. Am J Epidemiol 1995;141:
951-9.

28. Dawson-Hughes B, Dallal GE, Krall EA, et al. A controlled
trial of the effect of calcium supplementation on bone density
in postmenopausal women. N Engl J Med 1990;323:878-83.

29. Matkovic V, Heaney RP. Calcium balance during human
growth: evidence for threshold behaviour. Am J Clin Nutr
1992;55:992-6.

30. May H, Murphy S, Khaw KT. Alcohol consumption and bone
mineral density in older men. Gerontology 1995;41:152-8.

31. Hopper JL, Seeman E. The bone density of female twins
discordant for tobacco use. N Engl J Med 1994;330:387-92.

32. Manton KG, Corder L, Stallard E. Chronic disability trends in
elderly United States populations: 1982-1994. Proc Natl Acad
Sci U S A 1997;94:2593-8.

33. Taunton JE, Martin AD, Rhodes EC, et al. Exercise for the
older woman: choosing the right prescription. Br J Sports Med
1997;31:5-10.

34. Leer van EM, Seidell JC, Kromhout D. Dietary calcium,
potassium, magnesium and blood pressure in the Netherlands.
Int J Epidemiol 1995;24:1117-23.

35. NIH Consensus Conference. Optimal calcium intake. NIH
Consensus development panel on optimal calcium intake.
JAMA 1994;272:1942-8.

Am J Epidemiol Vol. 147, No. 9, 1998

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/147/9/871/68131 by guest on 17 April 2024


