Papers

A meta-analysis of cigarette smoking, bone mineral density
and risk of hip fracture: recognition of a major effect

M R Law, A K Hackshaw

Abstract

Objective: To determine the magnitude and
importance of the relation between smoking, bone
mineral density, and risk of hip fracture according to
age.

Design: Meta-analysis of 29 published cross sectional
studies reporting the difference in bone density in
2156 smokers and 9705 non-smokers according to
age, and of 19 cohort and case-control studies
recording 3889 hip fractures reporting risk in
smokers relative to non-smokers.

Results: In premenopausal women bone density was
similar in smokers and non-smokers. Postmenopausal
bone loss was greater in current smokers than
non-smokers, bone density diminishing by about an
additional 2% for every 10 year increase in age, with a
difference of 6% at age 80. In current smokers relative
to non-smokers the risk of hip fracture was similar at
age 50 but greater thereafter by an estimated 17% at
age 60, 41% at 70, 71% at 80, and 108% at 90. These
estimates of relative risk by age, derived directly from
aregression analysis of the studies of smoking and
hip fracture, were close to estimates using the
difference in bone density between smokers and
non-smokers and the association between bone
density and risk of hip fracture. The estimated
cumulative risk of hip fracture in women in England
was 19% in smokers and 12% in non-smokers to age
85; 37% and 22% to age 90. Among all women, one
hip fracture in eight is attributable to smoking.
Limited data in men suggest a similar proportionate
effect of smoking as in women. The association was
not explained by smokers being thinner, younger at
menopause, and exercising less nor by actions of
smoking on oestrogen, but smoking may have a direct
action on bone.

Conclusions: Hip fracture in old age is a major
adverse effect of smoking after the menopause. The
cumulative excess bone loss over decades is
substantial, increasing the lifetime risk of hip fracture
by about half.

Introduction

A lower bone mineral density in smokers was shown 20
years ago,' but the importance of the relation, and its
association with age, remained uncertain despite the
large number of published studies."” There have been
conflicting conclusions from individual studies—that
smoking is an unimportant determinant of low bone
density and fracture risk,” that it has only an indirect
effect on bone density (by reducing age at menopause or
body weight),””* that it is important only in women
receiving hormone replacement therapy (as it reduces
the protective effect),”** and that it is an important direct
cause of bone loss®* It has been concluded from
individual studies both that among young adults bone
density is lower in smokers’*"* and that it is not** and
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that postmenopausal bone loss is greater in smokers™
and that it is not." """ We seek to resolve the uncertainty
by an analysis of published data on smoking, bone min-
eral density, and hip fracture according to age.

Methods

We identified published studies measuring bone
mineral density (by absorptiometry or computed tom-
ography) or recording the incidence of hip fracture in
women according to their smoking habit, using
Medline (MeSH terms and textwords “smoking or
tobacco” and “bone density or osteoporosis or hip frac-
ture”). We also examined the reference lists of the stud-
ies and of review articles. We excluded studies in which
the subjects were selected because they had some
disease, such as diabetes, and one case-control study in
which any effect of smoking was likely to be small
because the smokers did not start smoking until age 58
on average (the study was conducted in countries in
which women took up smoking only recently).” All
other studies were included.

In studies of bone density, separate data were avail-
able on premenopausal and postmenopausal women
(defining postmenopausal as the absence of cyclical
bleeding usually for six months, sometimes less),
except in five studies of perimenopausal women in
which all women had to be assigned to the category
(premenopausal or postmenopausal) that included the
majority. Unpublished data were obtained from the
authors of one study which recruited premenopausal
and postmenopausal women over a wide age range
(27-73 years)."” We recorded bone density measure-
ments in the femoral neck, radius, or calcaneus (in that
order of preference if measurements at more than one
site were reported). The difference between the average
bone density of current smokers and non-smokers in
each study was recorded as a proportion of one stand-
ard deviation (SD) since absolute bone density units
varied between studies according to the bone and the
measurement technique. We ensured that the differ-
ence in bone density was adjusted for age when the
mean age of smokers and non-smokers was not the
same, but we did not include data adjusted for body
weight or other determinants of bone density in the
analysis except in three studies that reported only the
adjusted results.”*** We conducted linear regression
analyses of the difference in bone density between cur-
rent smokers and non-smokers in each study,
separately in premenopausal and postmenopausal
women, on the mean age of the women. Each bone
density difference was weighted by the inverse of its
variance (the sum of the inverse of the numbers of
smokers and non-smokers).

The cohort and case-control studies of the
incidence of hip fracture in smokers relative to
non-smokers excluded hip fractures caused by high
energy trauma (fall from a height, road traffic accident)

Department of
Environmental
and Preventive
Medicine, Wolfson
Institute of
Preventive
Medicine, St
Bartholomew’s and
The Royal London
School of Medicine,
London

ECIM 6BQ

MR Law,

reader

A K Hackshaw,
lecturer

Correspondence to:
Dr Law

BM] 1997;315:841-6

841



Papers

and fractures in metastatic bone. All the women with
fractures were postmenopausal except in two studies in
which a minority were premenopausal.’ ** In five stud-
ies a total of 23% of the subjects were men and sex spe-
cific data were not published, but 94% of all the subjects
in the 19 studies were women. We determined the
mean age at fracture in each study; where this could
not be calculated from published data it was provided
by the authors.”***** We ensured that the relative risk
estimates were adjusted for age, but again did not
include estimates adjusted for body weight or other
determinants of fracture in the analysis except in four
studies where only this was reported.”*** We
conducted a linear regression analysis of the risk of hip
fracture in smokers relative to non-smokers in each
study (weighted by the inverse of its variance) on the
mean age at the time of the fracture. The resulting
direct estimates of the risk of fracture in smokers rela-

Table 1 Cross sectional studies of bone density according to smoking status in women

No of subjects

Site of bone
First author of Mean (range) Current Non- Definition of density
study age (years) smokers smokers non-smoker* measurementt
Premenopausal women
Fehily? 2 (20-23) 104 78 F R
Valimaki® 4 (20-29) 9 47 N F
McCulloch* 8 (20-35) 25 76 F c
Ortego-Centeno® 8 (SD=10) 47 51 F F
Daniel® 9 (20-35) 25 27 F F
Mazess’ 0 (20-39) 23 195 F F
Sowers® 36 (22-54) 31 77 F R
Law® 7 (35-39) 28 72 N R
2 (40-44) 63 115 N R
7 (45-49) 50 107 N R
2 (50-54) 14 79 N R
Hoppert§™ 2 (27-49) 9 9 N F
Johnellt"! 9 (49) 186 185 F R
Postmenopausal women
Law® 5 (39-49) 24 56 N R
2 (50-54) 31 83 N R
7 (55-59) 32 135 N R
62 (60-64) 27 65 N R
Jensen'? 0 (44-53) 56 54 F R
Jensen' 1 (44-56) 67 69 F R
Slemendat' 1 (45-57) 21 63 F R
McDermottt' 53 (SD=10) 24 24 N R
Guthrie'® 54 (48-57) 7 39 F F
Chengt'” 54 (50-60) 25 82 F C
Krall® 59 (40-70) 35 267 F F
Hopper§'® 62 (50-73) 7 7 N F
Sowers®1® 62 (55-80) 119 278 F R
Hansen® 63 (59-67) 61 60 F F
Egger?! 66 (63-68) 23 99 N F
Hollo? 68 (61-75) 4 125 N R
Nguyen? 70 (>60) 102 765 N F
Jensen* 70 (70) 77 103 N R
Johansson?® 70 (70) 38 200 N c
Rundgren® 70 (70) 43 243 N C
75 (75) 49 364 N C
79 (79) 19 218 N c
Bauer? 71 (65-84) 485 4367 N R
Kiel?® 74 (68-98) 77 340 N F
Cheng® 75 (75) 10 161 N C
Hollenbach® 76 (60-89) 42 320 N F

*N=never smoked, F=formerly or never smoked.

tF=femoral neck, R=radius, C=calcaneus.

fThese studies included premenopausal and post menopausal women; all the subjects are assigned to the
category which includes the majority.

§Twins discordant for smoking status.
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tive to non-smokers according to age were compared
with indirect estimates derived using the differences in
bone density in SDs (calculated above) and the relative
risk of hip fracture for a decrease of 1 SD in femoral
neck bone density (taken as 2.7, the pooled estimate
from two cohort studies™** and an analysis of 10 case-
control studies™).

Estimates of the age specific incidence of hip
fracture were derived separately for current smokers
and never smokers, using the age specific rates of hos-
pital admission for hip fracture among all women in
England in 1992-3.° This was done by apportioning
the fractures in each 10 year age group to current
smokers, never smokers, and former smokers in 10
year categories of time since stopping smoking, using
survey data on the prevalence by age of current and
former smokers among women in England” and the
age specific relative risk in current smokers (the direct
estimates calculated above) and in former smokers
(taken as the relative risk corresponding to the age at
which they stopped smoking). In each 10 year age
group we then calculated the attributable proportion—
that is, the number of hip fractures in women attribut-
able to smoking (the difference between the total
number of fractures and the number expected in the
population from the incidence in never smokers)
divided by the total number of fractures.

Results

Table 1 shows details of the 29 cross sectional studies of
bone density according to smoking habit and age. The
average bone density was reported in current smokers
alone in all the studies, and in never smokers alone in
most studies (including all studies in women aged 65
and over) but only in former smokers and never smok-
ers combined in some studies (mainly those of younger
women). In all the studies there were 2156 smokers
and 9705 non-smokers.

Figure 1 shows the age adjusted differences in bone
mineral density between smoking and non-smoking
women according to the mean age and menopausal
status in these studies. The linear regression lines fit the
data well. In premenopausal women the confidence
intervals excluded any material association between
smoking and bone density. The estimated difference in
bone density between smokers and non-smokers
irrespective of age was 0.01 SD (95% confidence inter-
val —0.10 to 0.11 SD) or about 0.1% (- 1% to 1%) of
the average bone density. The estimated difference per
10 year age increase was 0.04 SD (- 0.06 to 0.14 SD).In
postmenopausal women bone density was lower in
smokers than non-smokers, and the difference
increased linearly with age (P=0.001). For every 10
year increase in age the bone density of smokers fell
below that of non-smokers by 0.14 SD (0.07 to 0.21
SD), equivalent to about 2% (1% to 3%) of the average
bone density at the time of the menopause. The
estimates of the association were virtually identical in
three separate analyses of the studies measuring bone
density in the femoral neck, radius, and calcaneus.

Table 2 shows details of the 19 cohort and
case-control studies of the risk of hip fracture in post-
menopausal women according to smoking habit and
age. In total there were 3889 hip fractures. Variation
between the studies in the average age at fracture arose
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because of differences in the upper age limit of women
recruited and, in cohort studies, in duration of follow
up. Estimates of risk in current smokers relative to that
in never smokers were reported in 10 studies but were
available only with former smokers included with cur-
rent smokers in four studies and with never smokers in
five. Figure 2 shows the risk of hip fracture in smokers
relative to that in non-smokers according to age in the
19 studies. Relative risk increased significantly with age
(P<0.001), and the log linear regression line fitted the
data well (59% of the variation was accounted for).

Table 3 shows estimates of the effect of smoking on
bone density in postmenopausal women according to
age, from the regression line in figure 1. By the age of 80,
bone density was 0.45 SD (6%) lower in smokers than
non-smokers. Table 3 also shows the risk of hip fracture
in smokers relative to non-smokers according to age as
predicted from the differences in bone density (from the
relation between femoral neck bone density and risk of
hip fracture), and as estimated directly from the
regression line in figure 2. These indirect estimates are
remarkably close to the direct estimates of the relative
risk of hip fracture at different ages. Smoking has no
effect on risk at age 50 but (using the direct estimates)
risk of hip fracture is 17% greater in smokers than non-
smokers at the age of 60, 41% greater at age 70, 71%
greater at age 80, and 108% greater at age 90.

Table 4 shows the cumulative incidence of hip frac-
ture according to age in women who currently smoke
and women who never smoked. An estimated 19% of
current smokers and 12% of never smokers would
have a hip fracture by the age of 85, 37% and 22%
respectively by the age of 90. Table 4 also shows
estimates by age of the proportion of all hip fractures
attributable to smoking (that is, the excess incidence in
current and former smokers as a proportion of the
incidence among all women). Over all ages, 13% of all
hip fractures in women are attributable to smoking.

The relation between smoking and low bone density
was largely independent of the lower average body
weight of smokers (bone density is lower in thin people)
and of associations of smoking with other factors that
reduce bone density such as lack of exercise.* **** In the
largest study, for example, the estimated difference
between smokers and non-smokers was 0.25 SD before
and 0.18 SD after adjustment (P <0.001).”” The effect of
oestrogen replacement therapy could be ignored since
only a minority of the women in the studies had used it
at all, and generally for a year or less; the most prevalent
usage in all the studies was 18% of the women taking
therapy for 2 years or more.” The relation between
smoking and hip fracture was also not materially
changed after adjustment for body mass index, exercise,
and oestrogen use. This could be assessed in 10 studies
in which the estimated relative risks with and without
such adjustment were reported. The combined estimate
was 1.54 (1.32 to 1.80) adjusted only for age and 1.46
(1.28 to 1.64) adjusted also for other factors; the
difference was not significant.

In women who smoked, the average daily cigarette
consumption was about 15.>°**1** There was a dose-
response relation between risk of hip fracture and
number of cigarettes smoked.™***** In former
smokers the effect on both bone density®™**** and risk
of fracture®*** was intermediate between that in
never smokers and current smokers.
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Fig 1 Differences (95% confidence intervals), as a proportion of 1 SD, in bone mineral
density between female smokers and non-smokers according to age and menopausal status.
Fitted regression lines are shown. The 11 open circles refer to two studies® ?5; solid circles

refer to the other studies in the order listed in table 1

In men the number of studies is too low and the
variation in mean age between studies is too narrow to
permit a regression analysis on age similar to that
conducted in women. There are, however, five
published studies comparing femoral neck bone den-
sity between smokers and non-smokers in men aged
65-77,2#%%% and the combined estimate of the
difference in bone density was 0.32 SD (0.19 to
0.45 SD) lower in smokers, applicable to a mean age of
71. This is remarkably similar to the estimate for
women in the same age group (table 3). The two
studies that recorded reasonable numbers of fractures
in older men as well as women suggest a similar effect

Table 2 Cohort and case-control studies of risk of hip fracture in female smokers

relative to female non-smokers

No of subjects

Age on '[])'ufrslt;::, Mean age (% smokers*) Definitionst
First author of entry up at fracture With Without
study (years) (years) (years) fracture fracture Smoker Non-smoker
Cohort studies
Hemenway®' 34-59 4 53 662+ 68056 (28) C N
Meyer2 35-49 1 56 124 20 881 (37) c N
Holbrookg™® 50-79 14 75 33 924 C F
Kiel** 28-62 26 75 167 (22) 2243 (37) 3 N
Cummings®® =65 4 78 192 9324 (10) C N
Forsen3® =50 3 78 220 (16) 14598 (20) C F
Paganini Hill*” Any 7 82 242 (13) 5558 (13) ¢ N
Wickham§®® =65 15 88 44 1375 C F
Case-control studies
La Vecchia® 29-74 — 62 158 (11) 1096 (6) ¢ N
Williams* 50-74 — 64 160 (60) 567 (53) E N
Krieger*! 2 45-74 — 66 98 801 E N
Michaelsson®  40-75 — 68 205 (18) 765 (10) c N
Krieger* 50-84 — 74 102 (29) 277 (17) 3 F
Grisso*® =45 — 75 109 (29) 169 (15) c N
Paganini Hill*® <80 — 75 83 (35) 166 (30) C F
Jaglal’’ 55-84 — 75 381 (22) 1138 (16) ¢ N
Laug* Any — 76 400 800 E N
Cooper§*® =50 — 78 300 (48) 600 (37) E N
Cumming§® =65 — 82 209 207 c N

*Where published. Percentages of smokers in subjects with and without fracture are not age adjusted,

hence the ratio is not the same as the relative risks in figure 2.

tC=current smoker, E=ever smoked, N=never smoked, F=formerly or never smoked. The numbers of
subjects in the previous column follow these definitions, but former smokers are always included in the

denominators of the percentages.
FHip and forearm fractures.
§A minority of subjects were men.
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Fig 2 Relative risk (95% confidence intervals) of hip fracture in smokers compared with
non-smokers in postmenopausal women according to age, in cohort studies (solid circles)

and case-control studies
regression line is shown

(open circles), each in the same order as in table 2. Fitted
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of smoking on the risk of hip fracture in the two
sexes.”” The proportionate effect of smoking is there-

fore likely to be similar in men and women.

Discussion

Smoking is a major cause of hip fracture. It increases
the lifetime risk by about half, from an estimated 12%
to 19% in women up to the age of 85, and from 22% to
37% to the age of 90. Of all hip fractures, one in eight
is attributable to smoking.

The effect of smoking on bone mineral density
increases cumulatively with age. There is no detectable
effect in premenopausal women. Postmenopausal
bone loss is greater in smokers, but the excess, while
statistically significant, is small—0.2% of the average
bone density at the menopause per year. It is not
surprising, therefore, that studies measuring the rate of
bone loss in the same women a few years apart'*”

and cross sectional studies of women a few years after
the menopause™" have found little or no effect of
smoking. It is the cumulative excess postmenopausal
bone loss over many years that makes smoking an
important cause of fracture. By the age of 80, when hip
fracture is a major health problem, the accumulated
additional loss of bone in smokers of 6% translates into
an estimated 71% greater risk of hip fracture.

The association of smoking with low bone density
and hip fracture is undoubtedly cause and effect. Risk
was lower in former smokers, and in current smokers
there was a dose-response relation with the number of
cigarettes smoked. Adjustment for potential confound-
ing factors had little effect. Different types of study pro-
duced similar estimates: the estimate of the excess risk
of hip fracture in smokers from the analysis of the
studies of smoking and hip fracture was remarkably
close to that from the studies of smoking and bone
density (given the association between bone density
and hip fracture). The effect of current smoking on
both bone density and risk of hip fracture will be
underestimated a little because some studies included
former smokers with either current or never smokers.

Mechanisms

Various mechanisms whereby smoking increases post-
menopausal bone loss can be postulated, but their
importance is uncertain. There may be a direct toxic
effect on bone; animal data show that formation of new
bone is impaired on exposure to nicotine.” Smoking
may reduce calcium absorption.”® Cortisol, which low-
ers bone density, is raised transiently after smoking,”
but it is similar cross sectionally in smokers and
non-smokers’®' and any effect on bone density must be
small, or else a lower bone density would have been
observed in premenopausal smokers. Lastly, the risk of
falling in elderly people is a little greater in smokers,””
and this is consistent with the suggestion in table 3 that

Table 3 Estimates (95% confidence intervals) of effect of smoking on bone density and risk of hip fracture in postmenopausal

women according to age

Age (years)

50 60

70 80 90

~0.02
(-0.16 t0 0.12)

-0.16
(-0.24 to -0.09)

Difference in bone density (in SD)
between smokers and
non-smokers (from figure 1)

~0.31
(-0.37 to -0.25)

~0.45
(~0.56 to —0.34)

059
(-0.77 to —0.41)

Predicted risk of hip fracture in
smokers relative to
non-smokers (from difference
in bone density*)

1.02 (0.89 to 1.17) 1.18 (1.09 to 1.27)

1.36 (1.28 to 1.44) 156 (14010 1.75)  1.80 (151 to 2.15)

Direct estimate of risk of hip
fracture in smokers relative to
non-smokers (from figure 2)

0.96 (0.81 to 1.13) 1.17 (1.05 to 1.30)

1.41 (1.29 to 1.55) 1.71 (1.50 to 1.96) 2.08 (1.70 to 2.54)

“Relative risk of hip fracture for 1 SD decrease in bone density is estimated as 2.7°2%; at age 70, for example, relative risk is antilog (0.31xlog 2.7)=1.36.

Table 4 Estimated incidence of hip fracture in smokers and non-smo

Relative risk,

fracture per
smokers v non-

Annual incidence

Estimated annual incidence of hip

kers among women, England, 1992-3

Cumulative proportion (%) of women with

Proportion (%) hip fracture

1000
of all fractures

of hip fracture per smokers (from Current Never attributable to Age Non-
Age (years) 1000% table 1) smokers smokers smoking* (years) Smokers smokers
55-64 0.53 117 0.59 0.50 5 65 0.6 0.5
65-74 3.02 1.41 3.85 2.73 10 75 4.4 3.2
75-84 11.14 1.71 15.70 9.76 12 85 19.2 12.2
=85 28.01 2.08 48.94 23.53 16 90 371 221

*Over all ages the attributable proportion is 13%.
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® Smoking has no material effect on bone density
in premenopausal women

® Postmenopausal bone loss is greater in smokers
—an additional 0.2% of bone mass each year. The
cumulative effect of this over many years is
substantial, with a difference of 6% at age 80

e In current smokers relative to non-smokers the
risk of hip fracture is estimated to be 17%
greater at age 60, 41% greater at 70, 71%
greater at 80, 108% greater at 90

® The data in men are limited but suggest a
similar proportionate effect in smokers

® The cumulative risk of hip fracture to age 85 in
women is 19% in smokers and 12% in
non-smokers; to age 90 it is 37% and 22%

® Among all women, one hip fracture in eight is
attributable to smoking

the risk of hip fracture in smokers may be slightly
greater than expected from their lower bone density.

The more commonly postulated mechanisms
account for little of the effect on bone density. The
lower average body weight of smokers was relatively
unimportant. Actions of smoking on oestrogen are not
likely to explain the lower bone density of smokers. In
premenopausal women, smoking has little or no effect
on bone density irrespective of its effect on oestrogens,
while postmenopausal smokers lose bone faster but
their plasma concentrations of endogenous oestrogen
are no lower than those of non-smokers.””* Among
women receiving oral oestrogen replacement, oestro-
gen is lower in smokers because of increased hepatic
metabolism,” " but in almost all the studies reviewed
only a small fraction of the women took oestrogen
replacement for more than a year. The earlier
menopause in smokers (earlier by about 1.5 years®™)
advances the period of postmenopausal rapid bone
loss, but this makes little difference in old age: smokers
at the age of 80 (about the mean age of hip fractures)
would have the same average bone density as
non-smokers aged 81.5 years (a difference of about
0.04 SD” compared with the overall difference of 0.45
SD). Furthermore, the similar effect of smoking on
bone density and risk of fracture in men as in women
is against the effect being mediated through lower oes-
trogen concentrations or age of menopause.

Conclusion

Smoking in women from the time of the menopause
onwards increases the risk of hip fracture in old age by
about half. This is an insufficiently recognised major
adverse effect of smoking, and it has substantial impli-
cations on healthcare costs. The lower risk in former
smokers indicates that stopping smoking prevents fur-
ther excess bone loss, and stopping at the time of the
menopause should avoid the excess risk.
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Beer binging and mortality: results from the Kuopio
ischaemic heart disease risk factor study, a prospective

population based study

Jussi Kauhanen, George A Kaplan, Debbie E Goldberg, Jukka T Salonen

Abstract

Objective: To examine the association between beer
binging (regular sessions of heavy beer drinking) and
mortality.

Design: Prospective population based study with the
baseline assessment of level of alcohol intake (dose),
by type of drink and drinking pattern, previous and
existing diseases, socioeconomic background,
occupational status, involvement in organisations
during leisure time, physical activity in leisure time,
body mass index, blood pressure, serum lipids and
plasma fibrinogen concentration, during an average
of 7.7 years’ follow up of mortality.

Setting: Finland.

Subjects: A population sample of 1641 men who
consumed beer who were aged 42, 48, 54, or 60 years
at baseline.

Main outcome measures: All cause mortality,
cardiovascular mortality, death due to external causes,
fatal myocardial infarctions.

Results: The risk of death was substantially increased
in men whose usual dose of beer was 6 or more
bottles per session compared with men who usually
consumed less than 3 bottles, after adjustment for age
and total alcohol consumption (relative risk 3.01 (95%
confidence interval 1.54 to 5.90) for all deaths; 7.10
(2.01 to 25.12) for external deaths; and 6.50 (2.05 to
20.61) for fatal myocardial infarction). The association
changed only slightly when smoking, occupational
status, previous diseases, systolic blood pressure, low
density lipoprotein and high density lipoprotein
cholesterol concentration, plasma fibrinogen
concentration, body mass index, marital status, leisure
time physical activity, and involvement in
organisations were controlled for.

Conclusion: The pattern of beer binging is associated
with increased risk of death, independently of the
total average consumption of alcoholic drinks. The
relation is not explained by known behavioural,
psychosocial, or biological risk factors. Death due to
injuries and other external causes is overrepresented
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