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Objectives. The association be-
tween cigarette smoking and bone
mineral density was examined pro-
spectively in a population-based
study of older Caucasian men and
women,

Methods. Smoking patterns
were determined at a 1972-1974 base-
line evaluation and, again, 16 years
later when 544 men and 822 women
had bone nineral density measure-
ments taken.

Results. Men and women who
were cigarette smokers at baseline
demonstrated significantly reduced
bone mineral density of the hip com-
pared with nonsmokers. Baseline
smoking was not associated with sig-
nificantly lower bone density at non-
hip sites. Women demonstrated a sig-
nificant dose-response relationship
between baseline smoking status at
all hip sites measured. Both sexes ex-
hibited significant dose-response re-
lationships between hip bone mineral
density and change in smoking status
between baseline and follow-up,
demonstrating that smoking cessa-
tion in later life was beneficial in halt-
ing bone density loss associated with
smoking.

Conclusions. Smoking was pos-
itively and significantly associated
with decreased hip bone mineral den-
sity in old age. Bone loss associated
with smoking would be expected to
predict an increased risk of hip frac-
ture in those who do not succumb
earlier to another complication of to-
bacco use. (4m J Public Health.
1993:83:1265-1270)
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Introduction

Studies investigating the association
between cigarette smoking and osteoporo-
sis have reported conflicting results.!-14 Po-
tential reasons for these differences include
variations in bone sites examined and
methods of bone density measurement,
end points of interest, age and menopausal
status of subjects, source of subjects, and
adjustment for confounding variables. In
addition, most studies of bone density have
been conducted only in women, and most
have not examined the hip, the site of most
serious fractures in the elderly. Depending
on the mechanism of bone loss associated
with smoking, the effects in men could be
equally deleterious.

Since smoking might influence frac-
ture risk through several mechanisms un-
related to osteoporosis, studies of bone
density theoretically provide a less con-
founded measure of the effect of cigarette
smoking on osteoporosis. Using a popu-
lation-based cohort of older men and
women, we describe the association be-
tween cigarette smoking reported be-
tween 1972 and 1974 and again between
1988 and 1991 with bone mineral density
measured at four sites during a clinic visit
scheduled between 1988 and 1991. Exam-
ination of bone mineral density by smok-
ing status collected at these two points in
time provides insight into the influence of
smoking cessation on bone mineral den-
sity later in life.

Methods

Subjects were participants in the
Rancho Bernardo Heart and Chronic Dis-
ease Study (described elsewhere).!s
Briefly, 82% of upper-middle-class Cau-
casian adults living in Rancho Bernardo,
Calif, participated in a population-based

heart disease risk factor screening survey
between 1972 and 1974. Information about
demographic variables, medical history,
medication use, and past and current cig-
arette smoking behavior was obtained by
standardized interview. Height and
weight were measured with subjects in
light clothing without shoes, and body
mass index (kg/m?) was calculated.

Over 99% of this cohort has been fol-
lowed for vital status to the present time.
Beginning in February 1988, all surviving
ambulatory subjects 60 years of age or
older were invited to participate in a fol-
low-up study of osteoporosis. Subjects
seen through April 1991 form the basis of
this report. Dual energy x-ray absorpti-
ometry (Hologic QDR model 1000,
Waltham, Mass) was used to measure
bone mineral density at the spine (lumbar
1 through lumbar 4) and hip (femoral neck,
greater trochanter, intertrochanter), and
single photon absorptiometry (Lunar
model SP2B, Madison, Wis) was used to
measure bone mineral density at the mid-
shaft of the radius and the ultradistal ra-
dius of the nondominant arm. Cigarette
smoking behavior, alcohol use, and exer-
cise were assessed by standardized self-
administered questionnaires and reviewed
by clinic staff. Body mass index was cal-
culated in the same manner as at baseline.

The Statistical Analysis System!6
was used in data analysis. Sex-specific
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TABLE 1—Characteristics of the Study Cohort, by Sex and Baseline Smoking
Status, Rancho Bernardo, Calif, 1972 through 1991

Men Women
Smokers Nonsmokers Smokers Nonsmokers
(n=87 (h=417) (n = 181) {(n =573)
No. % No. % No. % No. %
Age, y*
60-69 30 345 99 23.7 71 392 180 227
70-79 38 402 137 329 78 414 234 408
80-89 22 253 1® 4b5 3 193 198 346
90-99 0 . 12 28 0 L 11 18
Alcohol use®
None 11 126 79 189 24 133 169 295
1-3 diwk 22 253 118 28.1 53 294 217 378
4+ diwk 54 62.1 221 253 103 572 1872 0326
Estrogen use” 9 525 268 468
Antihypertensive use® 6 68 42 10.1 20 111 61 107
Exercise® 58 667 321 770 104 575 32 685
Body mass index,®
mean (8D) 25632 25828 22933 236 (30

exercise information.
#0steoporosis follow-up.
Baseline.

Note. One female smoker had missing alcohol use information, and one female nonsmoker had missing

TABLE 2—Mean Bone Mineral Density Measurements, by Site and Baseline
Smoking Status, Rancho Bemardo, Calif, 1972 through 1991

Smokers,® Mean + SE Nonsmokers,® Mean + SE
Men
Total spine (n = 496) 1.055 + 0.022 1.070 £ 0.010
Uttradistal radius (n = 490) 0.320 = 0.011 0.333 + 0.005
Midradius (n = 486) 0.748 = 0.011 0.754 + 0.005
Total hip (n = 491) 0.895 + 0.016 0.935 + 0.008*
Femoral neck {n = 494) 0.708 = 0.014 0.740 = 0.006*
Trochanter (n = 494) 0.669 + 0.014 0.696 + 0.007
Intertrochanter (n = 491) 1.039 £ 0.018 1.087 = 0.009*
Women
Total spine (n = 743) 0.882 + 0.013 0.885 = 0.007
Ultradistal radius (n = 711) 0.232 + 0.008 0.228 + 0.003
Midradius (n = 719) 0.567 = 0.007 0.582 + 0.004
Total hip (n = 732) 0.741 = 0010 0.780 = 0.005**
Femoral neck (n = 733) 0.608 = 0.008 0.632 + 0.005"*
Trochanter (n = 733) 0.531 = 0.008 0.564 = 0.004**
Intertrochanter (n = 732) 0.864 = 0.011 0.910 = 0.004**

Note. Measurements were adjusted for foliow-up age, alcohol use, and exercise and baseline body mass
index, antihypertensive use, and estrogen use (in women).
AFor men, n = B7; for women, n = 181,
SFor men, n = 417; for women, n = 573,
*P < 05 (differences between smokers and nonsmokers).
=P < 01 (differences between smokers and nonsmokers).

comparisons were made between subjects
who, at baseline, reported themselves as
current smokers, past smokers, and never
smokers. Dose-response relationships
were assessed by comparing bone mineral
density for never smokers, long-term
(more than 2 years) and recent (less than
2 years) quitters, and two levels of current
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smokers (less than one pack per day and
one or more packs per day) as reported at
baseline. Sex-specific comparisons were
also made between subjects who, at the
osteoporosis follow-up study, reported
themselves to be never smokers, quitters
before baseline, quitters after baseline but

prior to the osteoporosis follow-up, and

current smokers. Analysis of covariance
was used to determine adjusted mean
bone mineral density differences between
baseline smokers and nonsmokers and
across both sets of smoking categories.
Potentially confounding variables consid-
ered in these analyses included baseline
and follow-up measures of body mass in-
dex (continuous), baseline estrogen and
antihypertensive use (dichotomous), fol-
low-up age (continuous), follow-up exer-
cise (dichotomous: current exercise three
or more times per week), follow-up alco-
hol use (trichotomous: none, light [1 to 3
days per week], moderate-heavy [4 or
more days per week]), and age when
smoking began. Linear contrasts in the
analysis of covariance models were used
to test for linear trends in multiply
adjusted bone mineral densities across the
five smoking categories from baseline and
across the four smoking categories from
the osteoporosis follow-up. All P values
were two-tailed, and statistical signifi-
cance was defined as P < .05. No adjust-
ment was made for multiple comparisons;
rather, detailed P values are presented.

Results

Characteristics of the 1258 ambula-
tory subjects who were 60 years of age or
older when they completed the bone den-
sity follow-up study are shown in Table 1.
Men and women who reported smoking at
baseline were younger and leaner and
tended to use more alcohol than those who
did not smoke.

Both men and women who were cur-
rent smokers at baseline had significantty
lower bone density at the hip (P < .01)
than nonsmokers before and after adjust-
ment for the confounding effects of fol-
low-up age, exercise, and alcohol use and
baseline body mass index, antihyperten-
sive use, and estrogen use (in women) (Ta-
ble 2). When individual hip sites were ex-
amined, men and women who were
smokers at baseline had significantly
lower bone mineral density levels at the
femoral neck (P < .05) and intertro-
chanter (P < .05). Bone density of the
greater trochanter was significantly lower
(P < .05) in female but not male cigarette
smokers. Bone density at the spine, ultra-
distal radius, and midradius did not differ
significantly by smoking status in either
men or women.

After adjustment for the above cova-
riates, significant baseline tobacco use
dose-response relationships were seen for
each individual hip site and for the total

hip among women (Figure 1) and at the
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FIGURE 1—Mean bone mineral density at individual hip sites
for women, by 1972-1974 smoking status.
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FIGURE 2—Mean bone mineral density at individual hip sites
for men, by 1972-1974 smoking status.
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FIGURE 3—Mean bone mineral density at the spine and radial
sites for women, by 1972-1974 smoking status.
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FIGURE 4—Mean bone mineral density at the spine and radial
sites for men, by 1972-1974 smoking status.

total hip and intertrochanter among men
(Figure 2). No such trends were observed
among men for the other hip sites (Figure 2)
or among either sex at the spine, ultradistal
radius, or midradius (Figures 3 and 4).
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When we analyzed the data using
smoking status as defined at the os-
teoporosis follow-up, both men and
women demonstrated significant multiply
adjusted dose-response relationships be-

tween smoking and bone mineral density
at each of the hip sites examined (Figures
5 and 6). Women also exhibited a signifi-
cant dose-response relationship at the
midradius (Figure 7) and men at the spine
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FIGURE 5—Mean bone mineral density at individual hip sites
for women, by 1988-1991 smoking status.
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FIGURE 7—Mean bone mineral density at the spine and radial
sites for women, by 1988-1991 smoking status.
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(Figure 8). In the subset of men and
women who had ever smoked, these re-
lationships were not altered when
adjusted for the age when smoking began
(data not shown).

Discussion
In this older, population-based co-

hort followed prospectively, cigarette
smoking reported 16 to 18 years earlier
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significantly predicted lower bone mineral
density at the hip in both men and women.
This finding was not observed at the other
sites examined. In women, a dose-
response relationship between number of
cigarettes smoked and bone mineral den-
sity was observed at all hip sites, support-
ing a causal association. When smoking
status at the osteoporosis follow-up was
used for analysis, both men and women
exhibited significant dose—response rela-

tionships between smoking and bone min-
eral density at each of the hip sites exam-
ined. The significant dose-response
relationships seen in men at the spine and
in women at the midradius may be due to
chance or may be real.

Our findings of significant dose-
response relationships at the hip in women
parallel those reported by other investiga-
tors. La Vecchia et al.17, in a case-control
study, identified a dose-response risk of

September 1993, Vol. 83, No. 9



hip fracture in women by both number of
cigarettes smoked and duration of years
smoking. Similarly, Rundgren and Mell-
strom!8 found ex-smokers to have bone
densities between those of current and
never smokers. In a prospective study,
also conducted in Southern California, Pa-
ganini-Hill et al.? identified a nonsignifi-
cant dose-response relationship between
hip fracture and past smoking in women.

In the present study, cigarette smok-
ing predicted osteopenia at the hip. These
results contradict other studies that have
shown lower bone density at the calca-
neus, forearm, or metacarpal sites in cur-
rently smoking men11:19.20 and in currently
smoking women who were at least 8 years
postmenopausal.!-12:.13.20 In a study of
postmenopausal but not elderly women,
Krall and Dawson-Hughes! found bone
density at the hip, spine, and radius to be
inversely related to pack-years, although
the rate of loss was statistically significant
only at the radius. To date, too few studies
of smoking and bone density of the prox-
imal femur have been published to con-
clude whether the elderly hip is particu-
larly vulnerable to the effects of cigarette
smoking. This would be an important find-
ing, given the public health impact of hip
fracture in an aging society.

The mechanism whereby cigarette
smoking leads to increased hip fracture
and osteopenia is unknown. Since ciga-
rette smokers typically are leaner and ex-
ercise less than nonsmokers, some pro-
tection in nonsmokers could be mediated
by greater body mass or bone strength.
Only one of three short-term prospective
studies of smoking and bone density has
found bone loss to be related to cigarette
smoking independent of obesity.1-12:17 The
bone density-smoking association ob-
served here was independent of both body
mass index and exercise. However, when
the analysis of long-term smoking was
adjusted for body mass index at follow-up,
the difference between bone mineral den-
sity in current smokers and recent quitters
was minimized, and at some sites negated.
This may be due, in part, to weight gain in
recent quitters, which may be beneficial in
halting the bone loss process associated
with smoking. In fact, body mass index at
follow-up of both men and women who
quit smoking between baseline and fol-
low-up approached or exceeded that of
never smokers in our data. Furthermore,
smokers may differ from nonsmokers with
regard to diet and alcohol use, which are
rarely measured with sufficient precision
to be entirely excluded as confounders. In
contrast, smoking histories have been
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found to be surprisingly reliable, with ex-
cellent agreement between self-reported
past smoking and medical record informa-
tion.2!

Asreviewed elsewhere,22 many stud-
ies have found that women who smoke
cigarettes often become postmenopausal
1 to 2 years earlier than women who have
never smoked. Postmenopausal estrogen
deficiency is an important cause of os-
teoporosis in women, but estrogen defi-
ciency seems unlikely to explain the par-
allel decrease in bone density observed in
men. In fact, men in this cohort who
smoked cigarettes had higher levels of en-
dogenous estrogen than did nonsmok-
ers.2 Smoking is associated with a variety
of other metabolic effects, several of
which suggest plausible mechanisms for
smoking-related changes in bone density,
including altered levels of calcitonin,* an-
drostenedione,23-24 and serum steroid hor-
mones.?

Although questions remain about site
vulnerability and the mechanism of the
cigarette smoking-osteoporosis associa-
tion, these prospective data demonstrate
that cigarette smoking among primarily
White, upper-middle-class elderly men
and women is associated with reduced
bone mineral density at the hip and par-
allel several studies of hip fracture.!8:10.13
They further suggest that smoking cessa-
tion, even in later life, may be beneficial in
slowing or halting bone loss due to smok-
ing. The mean ages of smoking cessation
for women and men who stopped smoking
during the 16- to 18-year period between
baseline and follow-up were 64.1
(range = 45to 84) and 62.8 (range = 32to
81), respectively.

Our findings, as well as those from
previously reported studies of bone loss
and fracture, demonstrate that men and
women who smoke are at increased risk
for subsequent bone loss, which may
place them at increased risk of fracture
later in life. Furthermore, we found that
smoking cessation, even in later life, may
have a positive effect on limiting bone loss
associated with smoking. O
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