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Abstract
Objectives-To study the effects of alcohol

consumption on bone mineral density in a defined
population.
Design-Prospective study of bone mineral

density, measured during 1988-91, in a cohort who
had given baseline data on alcohol intake in the
previous week and in the previous 24 hours and other
factors affecting bone mineral density during 1973-5.
Setting-Rancho Bernardo, California.
Subjects-182 men and 267 women aged 45 and

over at baseline, half having been randomly selected
and half having been chosen for hyperlipidaemia,
who gave baseline information on alcohol intake in
one week. Of these subjects, 142 men and 220
women gave information on alcohol intake in 24
hours.
Main outcome measures-Bone mineral density of

the radial shaft, ultradistal wrist, femoral neck, and
lumbar spine.
Results-Men and women were considered

separately, and the tertiles of alcohol consumption
were used to delineate low, medium, and high values
of alcohol intake. With increasing alcohol intake in
one week, bone mineral density (adjusted for age,
body mass index, smoking, taking exercise, and
oestrogen replacement therapy in women) increased
significandy in the femoral neck ofmen (p< 0-01) and
the spine of women (p < 0.01). With increasing
alcohol intake in 24 hours, adjusted bone mineral
density increased significantly in the radial shaft
(p<0.05) and spine (p<0001) of women. Similar,
but not significant, patterns were seen at the other
bone sites.

Conclusions-Social drinking is associated with
higher bone mineral density in men and women.

Introduction
Osteoporosis is a leading cause of morbidity and

disability among elderly populations in Western
countries and is the most important underlying cause
of fractures of the hip, spine, distal wrist, and humerus
in elderly people. A higher body mass index is an
established protective factor for osteoporosis, and
recent evidence indicates that diet, smoking, exercise,
and use of drugs may be important in the aetiology of
this disease.'

Several studies have shown that alcohol consumption
is also associated with osteoporosis and osteoporotic
fractures,2-8 although most of these studies were on
chronic alcoholics, who may have been seriously
malnourished and more likely to fall. Alcohol is
directly toxic to bone and may disrupt bone meta-
bolism.9 10 Several recent reports, however, have
suggested that alcohol consumption may be associated
with higher bone mineral density in postmenopausal
women,11-'3 although others did not find this associ-
ation.'4 15 All these reports were limited to women, and
most were based on small numbers of volunteers, were
cross-sectional, and did not control for other factors
associated with bone mineral density. We describe a
prospective study of the association of alcohol con-
sumption with bone mineral density in a defined
population ofmen and women.

Subjects and methods
During 1972-4 82% of all adult residents of a

geographically defined, upper middle class, white
community in Rancho Bemardo, California, partici-
pated in a survey of risk factors for heart disease.'6
During 1973-5 30% of this cohort were invited for a
second, more extensive examination. Half of this
group were randomly sampled from the original
participants and the rest were all the hyperlipidaemic
subjects from the original cohort (defined as those
whose plasma cholesterol or triglyceride concentra-
tions were at or above the age and sex specific 90th
centiles for cholesterol or 95th centiles for triglycerides,
or those who were taking lipid lowering drugs). Of
those invited, 92% attended the clinic. The randomly
selected and hyperlipidaemic subjects did not differ
significantly with respect to diet or alcohol intake and
were combined for this analysis, which used baseline
data obtained during 1973-5.
The baseline data included information on cigarette

smoking and drugs taken, including diuretics and
oestrogen replacement therapy, obtained with standard
questionnaires administered by interviewers; height
and weight measured with the subjects in light clothing
and without shoes; obesity estimated from the body
mass index (weight (kg)/(height (m)'); and plasma
aspartate aminotransferase activity determined by a
modification of Karmen's method.'7 Alcohol intake
was based on two interviews: the reported average
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weekly consumption of all alcoholic drinks obtained by
a trained interviewer, and the recall of all alcohol intake
in the previous 24 hours obtained by a certified
dietitian from a lipid research clinic with quantities
assessed by use of containers and food models. Recall
of calcium intake in the previous 24 hours was
ascertained by the dietitian and coded with the 1985
database of the Nutrition Coordinating Center,
University of Minnesota, for a subset of the cohort
(65%), whose other covariates had all been ascertained.
From 1988 older ambulatory members of the

Rancho Bemardo cohort were invited to participate in
a new study designed to study osteoporosis. Bone
mineral density was measured in the non-dominant
arm at the mid-shaft of the radius and ultradistal wrist
with a single photon absorptiometry scanner (Lunar
model SP2B, Madison, WI) and at the femoral neck
and spine with a dual energy x ray absorptiometry
scanner (Hologic QDR model 1000, Waltham, MA).
The bone mineral density of the spine was recorded as
an average of the densities of the L1-L4 vertebrae. Men
and women aged 45 or older when baseline data were
collected and whose baseline and follow up data were
complete were considered in this study. Their alcohol
intake was reassessed about 12 years after the baseline
measurement in the manner described previously.
The results for men and women were analysed

separately, and the tertiles of alcohol consumption
were used to delineate low, medium, and high values of
alcohol intake. The distributions of covariates in
relation to alcohol intake were compared by means of
the X2 test for discontinuous variables and analysis of
variance for continuous variables. With non-drinkers

categorised separately the independent contribution of
alcohol intake to bone mineral density was estimated
by analysis of covariance after adjusting for baseline
age, body mass index, regular exercise, smoking,
calcium intake in the previous 24 hours, and oestrogen
replacement therapy in women. This analysis was valid
because bone mineral density was found to be normally
distributed at all the bone sites. Partial correlation
coefficients of alcohol intake with serum aspartate
aminotransferase, a marker of alcohol intake, were also
examined.

Results
The results from 182 men and 267 women were used

in the analysis ofbone mineral density in relation to one
week's alcohol intake, and the results from 142 men
and 220 women were used in the analysis of bone
density in relation to 24 hours' alcohol intake. Table I
shows that the mean baseline distribution of age, body
mass index, and taking regular exercise did not change
with the previous week's alcohol intake in men. Men
with a high alcohol intake (> 181-0 g), however, were
significantly more likely to be smokers than men who
drank less. Women with a high alcohol intake
(> 120-5 g) had a significantly lower baseline age, body
mass index, and were significantly more likely not to
take regular exercise and to be smokers than women
who drank less. There were no other significant
differences in the baseline distribution of risk and
protective factors in relation to alcohol intake. No men
and few women took diuretics. In men and women the
mean plasma aspartate aminotransferase concentration

TABLE I-Relation between factors associated with bone mineral denisity and akohol intake in one week among 182 men and 267 women aged 45
or over

Plasma aspartate No (%) taking
Body mass aminotransferase Calcium intake No (%) taking oestrogen replacement

No Age (years) index (kg/Mi) concentration (U/I) in 24 hours (mg) regular exercise No (%) smoking therapy

Men
Mean (SD) 58 8 (8-0) 26-2 (3 0) 32 9 (30 5) 856 (506)
Alcohol intake (g):t
None 29 70 0 26-5 28 0 976 6 (21) 5 (17)
Low (0 1-87 3) 51 59 3 26-4 27-7 850 10 (20) 6 (12)
Medium

(87-4-180 9) 50 59 7 26 0 39-6 827 8 (16) 5 (10)
High (Z 181-0) 52 56-8 25-9 34 3 831 7 (13) 15 (29)**

Women
Mean (SD) 59-8 (7 8) 24 1 (3-4) 2595 (10-4) 646 (364)
Alcohol intake (g):t
None 71 61-1 25 3 23-9 686 3(4) 10(14) 22(31)
Low (0 1-48 6) 66 60 5 24 1 24-5 652 11 (17) 10 (15) 20 (30)
Medium

(48 7-120 4) 63 60 6 23-8 25 0 679 4 (6) 13 (21) 17 (27)
High (> 120 5) 67 57.6* 22-9*** 28.7* 587 3 (4)* 30 (45)*** 22 (33)

*p<0.05, **p<o01, ***p<000.o
tMean (SD) alcohol intake=46-2 (24 7) g for low intake, 136-3 (26 9) g for medium intake, 324-3 (1 15 5) g for high intake.
tMean (SD) alcohol intake=23-8 (12 0) g for low intake, 84 3 (18.7) g for medium intake, 224 6 (73 5) g forhigh intake.

TABLE II-Relation between factors associated with bone mineral density and alcohol intake in 24 hours among 142 men and 220 women aged 45
or over

Plasma aspartate No (%/o) taking
Body mass aminotransferase Calcium intake No (0 o) taking oestrogen replacement

No Age (years) index (kg/M2) concentration (U/I) in 24 hours (mg) regular exercise No (%) smoking therapy

Men
Mean (SD) 59 0 (7 6) 26 4 (3-1) 33 7 (38-5) 856 (505)
Alcohol intake (g):t
None 54 59 3 26 9 26 1 962 12 (22) 8 (15)
Low (0-1-19 1) 27 59-4 26 6 29 1 898 4 (15) 5 (19)
Medium

(192-41 1) 31 60-1 25-4 43-3 793 7(23) 2(6)
High (>41-2) 30 58-0 26-4 40-8 702 7 (23) 7 (23)**

Women
Mean (SD) 60 3(7 5) 241 (3-5) 25 0(10-2) 856 (505)
Alcohol intake (g):t
None 116 60-7 24 3 25 3 674 10 (9) 19 (16) 41 (35)
Low (0-1-14-3) 25 60 8 24 6 24-8 569 2 (8) 6 (24) 9 (36)
Medium

(14-4-28-8) 30 61-5 2395 24 2 779 1 (3) 9 (30) 9 (30)
High (> 128 9) 49 58 4 23 7 25 0 559* 5 (10) 17 (35)* 16 (33)

*p <0-05, **p <0-01.
tMean (SD) alcohol intake= 14 2 (3 0) g for low intake, 28-6 (5 8) g for medium intake, 63-2 (21-4) g for high intake.
iMean (SD) alcohol intake=8-5 (3 7) g for low intake, 18 5 (4 1) g for medium intake, 41 7 (15 7) g for high intake.
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increased with increasing reported alcohol intake. The
results with alcohol intake during the previous 24
hours were generally similar (table II).

Figure 1 shows the mean bone mineral density
(adjusted for age, body mass index, exercise, smoking
and oestrogen replacement therapy in women) for each
site in relation to one week's alcohol intake. In men the
mean bone mineral density of the femoral neck
increased significantly with increasing alcohol intake
(p< 0-0 1), and in women bone mineral density in the
spine increased significantly with increasing alcohol
intake (p < 001). In men and women similar, but not
significant, changes in bone mineral density were seen
at other sites, changes in density of the spine in men
being marginally significant (p=0 06). Bone mineral
density in the femoral neck and spine of men and
women was also positively correlated with plasma
aspartate aminotransferase concentration (p<0 05 in
women).

Results were similar with alcohol intake in 24 hours
(fig 2). In women the adjusted mean bone mineral
density in the radial shaft and spine increased signifi-
cantly with increasing alcohol intake. In the smaller
sample of men similar changes in bone density were
seen but were not significant. The relation between
alcohol intake and bone mineral density remained after
further adjustment for calcium intake in 24 hours.

In women there was no significant association
between the amount of alcohol consumed and the
length of use of oestrogen replacement therapy, a
major determinant of bone mineral density. The
average time of receiving oestrogen replacement
therapy was 10-4 years. When alcohol intake was
reassessed about 12 years after the baseline measure-
ment, more than 75% ofmen and women who had had
high alcohol intake at baseline were still in the top third
of alcohol consumers, and more than 60% of non-
drinkers at baseline were still non-drinkers. Examina-
tion of the association between the later alcohol intake
and bone mineral density revealed similar pattems to
those seen before for each bone site in men and women.
For example, the adjusted mean bone mineral density
of the spine in men with no, low, medium, and high
alcohol intake in one week was 1-055, 1-033, 1-044,
and 1 074g/cm2 respectively (p=074); and in women
the bone mineral density was 0-865, 0-865, 0 900, and
0-95 1 g/cm2 respectively (p < 0 05).

Discussion
In this prospective study bone mineral density in

men and women tended to increase with increasing
alcohol intake, which had been reported 16-18 years
earlier. The association was independent of baseline
age, body mass index, smoking, taking regular exercise,
and women taking oestrogen replacement therapy.
Indeed, women with medium to high baseline
measurements of alcohol intake were more likely to
have been smokers, thinner, and to have exercised less,
all factors associated with lower bone mineral density
not with the observed results. In addition there was no
relation between the duration of women taking
oestrogen replacement therapy and their baseline
alcohol intake.
These findings were based on separate assessments

of alcohol intake by two trained interviewers, and the
two sets of results were consistent in men and women.
Although alcohol intake was self reported, many
members of this study reported substantial social
drinking as normal behaviour. Reported alcohol intake
was validated indirectly by its positive and significant
correlation with plasma aspartate aminotransferase
and high density lipoprotein cholesterol concentra-
tions.'9 The association of alcohol intake with bone
mineral density was also supported by the positive

correlation between plasma aspartate aminotransferase
activity and bone mineral density in the femoral neck
and spine. The magnitude of the association was
possibly underestimated since errors of measurement
in observational studies tend to reduce or obscure a
true association.20
One limitation ofprospective epidemiological studies

is that the distribution of risk factors and covariates
may change during the follow up, and such changes
could alter the observed associations. We, however,
found that most of our subjects had not substantially
changed alcohol intake 12 years after the baseline
measurements. Furthermore, when we reassessed the
association between alcohol intake and bone mineral
density with the more recent data on alcohol intake the
pattems remained almost identical at each bone site.

Epidemiological evidence for an association between
social drinking and bone mineral density is limited.
Hansen et al observed a decreased rate of bone loss in
121 postmenopausal women with moderate alcohol
consumption followed prospectively over a 12 year
period.'3 In a cross-sectional study of women Laitinen
et al reported higher bone mineral density in post-
menopausal women who drank alcohol." Similar
observations were made by Angus et al. 12 None of these
studies included adjustment for the effects of poten-
tially important confounding variables such as obesity,
taking exercise, smoking, and dietary calcium intake.

In contrast to these findings, several studies have
reported an increased risk of osteoporotic fractures
with alcohol intake.26 Studies of fractures and alcohol
consumption, however, are confounded by other risk
factors for fracture, including malnutrition, smoking,
increased likelihood of falling, impaired vision, and
neuromuscular dysfunction. Although alcohol has
been shown to have direct toxic effects on bone and to
disrupt bone metabolism,9 '0 these observations have
been largely based on studies of chronic alcoholics, and
it is not clear if the effects of alcohol on bone mineral
density are independent of the associated metabolic
and nutritional consequences of chronic alcohol
misuse. Indeed, several cross-sectional studies have
failed to demonstrate lower bone mineral density in
alcoholics, but these studies were based largely on
middle aged men with little data for women.2'1-24
The biological mechanism by which increased

alcohol intake could promote higher bone mineral
density is unclear. Laitinen proposed that it might be
due to the effect of alcohol intake on endogenous
hormone levels.'0 In one study of European women
alcohol intake was positively correlated with serum
oestradiol concentration.25 Further evidence comes
from the observation that alcohol intake induces the
adrenal production of androstenedione and its extra-
adrenal conversion to oestrone. How such conversions
would operate in men, in whom the association of
endogenous oestrogens with bone mineral density is
not established, remains unclear.

This study suggests that moderate social drinking is
associated with higher bone mineral density in both
men and women. Although alcohol consumption
cannot be recommended as a preventative for osteo-
porosis, it is reassuring that social drinking appears to
have no negative effect on bone density. Further
studies are needed to determine how alcohol intake
affects bone mineral density.
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Abstract
Objective-To investigate the relation between

errors in calculation of gestational age and assess-
ment of risk of Down's syndrome and to analyse the
implications for screening programmes.
Design-Retrospective analysis of dating of

gestational age by menstrual history v ultrasound
scan. Computer program with maternal age and
concentrations of a fetoprotein and free B human
chorionic gonadotrophin to calculate risk for a range
of expected dates of delivery. Computer simulated
prospective application of new screening pro-
gramme.
Setting-Teaching hospitals in Nottingham.
Subjects-31 561 women with singleton preg-

nancies with gestational age based on routine ultra-
sound scan. Computer simulation of 20000 women
in three age ranges (up to 37; up to 40; all).
Main outcome measures-Distribution of error

between gestational age based on ultrasound scan v
menstrual history. Proportion of women in the
population who require precise dating ofpregnancy;
proportion ofwomen who require amniocentesis.
Results-With gestational age derived from ultra-

sound scan as reference the 95% confidence interval
for gestational age by menstrual history was -27 to
+9 days. A screening programme for Down's
syndrome for women up to age 40 would yield a low
risk (< 1:250) for this range ofdays in 86.0% of cases.
The 14.0% of women remaining would have one or
more high risk values in their report and would thus
require an ultrasound scan for precise dating of the
pregnancy; 30% of these-that is, 3.7% of the
screened population-would be identified as high
risk and require consideration for amniocentesis.
Conclusions-Screening programmes for Down's

syndrome require the facility for precise dating of
pregnancy to improve the accuracy of risk assess-
ment. This can be achieved without introducing
additional scans for early dating in the whole
population but by selecting only those cases (about
14%) when an error in dates is likely to affect the risk
ofDown's syndrome.

Introduction
Biochemical screening to determine the risk of

Down's syndrome in all pregnancies has been advo-
cated' and is being introduced in most health districts
in the United Kingdom.2 Normal values for the
biochemical analytes such as human chorionic gonado-
trophin and a fetoprotein vary considerably with
gestational age, and correct dates are required to make
the result accurate.3 A recent attempt to establish
population screening in Nottingham, relying on dating
by mentrual history, was soon abandoned because of
confusion caused by false positive test results from
wrong dates, which led to a threefold rise in referrals
for amniocentesis during the last quarter of 1991.
Most maternity units check the menstrual dates at

the time of a routine scan for structural anomaly of
the fetus at 18-19 weeks' gestation. The recommen-
ded time for the serum test for Down's syndrome is
earlier, at about 16 weeks, which also allows the
simultaneous assessment of a fetoprotein as an
additional screen for neural tube defects. This means
that the pregnancy dates have often not been checked
by ultrasonography by the time the risk of Down's
syndrome is reported, and it has therefore been
suggested that an earlier scan is required to date all
pregnancies for purposes of screening.' This would
have considerable logistical and financial implica-
tions, quite apart from the cost of the serum test itself.
We investigated how the method of risk assessment
could be improved without having to resort to routine,
early scan dating of all pregnant women.

Subjects and methods
To examine the relation between the risk of Down's

syndrome and gestational age a computer program
was written (Turbo Pascal, Borland International,
California) to calculate risk over a range of days before
and after a given gestational age derived from the date
of the last menstrual period at the time of the blood
sample. Coefficients for the variables considered
relevant in a particular population can be entered. In
this program we multiplied the risk related to maternal
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