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Abstract Women are at higher risk for osteoporosis,
but most of the literature examining the effect of
alcohol abuse on bone mineral density (BMD) has been
in men. The aim of this study was to determine dif-
ferences in BMD and fracture prevalence among wo-
men in treatment for alcohol abuse, in recovery and
non-alcohol-dependent women. This cross-sectional
study was completed at two residential substance abuse
centers in Iowa (USA). The patients were Caucasian
women, aged 18–70 years, in treatment for alcohol
abuse and dependence (n=228); in recovery and
abstaining from alcohol (n=156); and women with no
history of alcohol abuse (n=447). The main outcome
measures were femoral neck and lumbar spine BMD
measured by dual-energy X-ray absorptiometry (DXA);
self-reported lifetime fracture prevalence. After adjust-
ing for age and menopausal status, women in treatment
had BMDs that were 7.7% (p<0.01) and 6.3%
(p<0.01) lower at the femoral neck and lumbar spine,
respectively, than non-alcohol-abusing women, and
4.8% lower at both bone sites (p<0.01) than women in
recovery. Femoral neck BMD of women in recovery
was 3.1% lower (p<0.01) than in non-alcohol-depen-
dent women; however, the difference was not significant
following multivariate analysis. Women in treatment
and recovery reported more fractures during childhood
and early adolescence than non-alcohol-dependent
women (p<0.01). Women in recovery also reported
significantly greater numbers of fractures following
sobriety than their paired non-alcohol-dependent
counterparts. Alcohol abuse and dependence was

associated with lower femoral neck and lumbar spine
BMD. Women with histories of alcohol dependence
had a higher lifetime prevalence of fractures, including
time periods before the onset of problem drinking and
following abstinence, suggesting that factors other than
acute intoxication contributed to the greater fracture
prevalence.
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Introduction

Chronic alcohol abuse has been recognized as increas-
ing the risk for osteoporosis and fracture [1, 2, 3, 4, 5,
6, 7, 8, 9, 10]. Alcohol in large quantities may be
directly toxic to osteoblasts, reducing bone formation,
or indirectly affecting bone mineral density (BMD)
through several different mechanisms such as impairing
liver function and altering vitamin D and calcium
metabolism [1, 2, 3, 4, 7, 10, 11, 12]. The increased risk
for fracture has largely been attributed to alcohol-re-
lated falls and other trauma [2, 13, 14]; however, lower
BMD could increase the likelihood of fracture even in
the absence of trauma. The lifetime prevalence of
alcohol abuse and dependence in women has been
estimated to be as high as 10% [15]. If alcohol abuse
has a substantial and permanent adverse effect on
BMD, then the large proportion of women with such
histories may warrant earlier evaluation and interven-
tion in order to prevent fractures and other related
morbidity.

Although osteoporosis primarily affects women, most
of the published information about the effect of alcohol
abuse on BMD and/or fracture has been derived from
studies of men. Those few studies that have included
women were too small or too diverse with respect to age
and menopausal status to report gender-specific analyses
[2, 4, 6, 8, 16]. Potentially, chronic alcohol abuse could
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impact BMD and fracture risk more in women than in
men. The adverse biological effects of alcohol in women
are generally observed with fewer years of drinking and
with lower total alcohol consumption [17, 18]. In pre-
menopausal women, chronic alcohol abuse has been
associated with amenorrhea and irregular menses
potentially contributing to the achievement of lower
peak BMD or compounding any alcohol-related bone
loss [19, 20, 21, 22].

The purpose of this study was threefold:

1. To determine if women in treatment for alcohol
abuse and dependence had lower BMD than women
who were not alcohol dependent, and whether the
alcohol-related differences were correlated with body
weight, vitamin D concentrations, liver function, se-
lected reproductive characteristics, medical history,
and/or cigarette smoking.

2. To consider evidence for reversibility of alcohol-re-
lated bone loss by comparing BMD of women who
had previously abused alcohol, but were in recovery
and abstaining, to women who never abused alcohol
and women currently in treatment.

3. To compare lifetime fracture histories among women
in treatment or recovery with non-alcohol-abusing
women.

Methods

The study sample comprised 834 Caucasian women, aged
18–70 years, representing three groups: women in treatment for
alcohol abuse and dependence (alcohol treatment group, n=228);
women with histories of alcohol abuse and dependence, now in
recovery and abstaining from alcohol (recovery group, n=156);
and a group of women without a history of alcohol abuse or
dependence (non-abuse group, n=447).

The alcohol treatment group was recruited from women
undergoing voluntary treatment for alcohol abuse and dependence
at two residential treatment centers in eastern and central Iowa.
These women met at least three of the nine criteria for alcohol
dependence outlined in the Diagnostic and Statistical Manual of
Mental Disorders (DSM-III-R) [23].

Women in the same geographic areas were recruited for the
recovery group from Alcoholics Anonymous support groups,
aftercare programs offered by the treatment centers, and through
word of mouth. Women in the recovery group self-reported a
history of alcohol abuse and dependence, had completed a formal
treatment program, and had abstained from alcohol use for the
2 years prior to evaluation.

A comparison group of women with comparable data, but
without an alcohol abuse history, were selected from participants in
the Iowa Bone Health Study (IBHS), a population-based longitu-
dinal study of BMD in women residing in two Iowa communities.
That study population and its selection has been previously
described [24]. Women from the IBHS were frequency-matched, by
5-year age group, to approximate the age distribution found in the
combined alcohol treatment and recovery groups. Women who
were participants in the IBHS and who reported heavy drinking,
defined as consuming at least three to five drinks, four to six times
or more each week, were excluded from selection (n=5). Evalua-
tion of each of the three groups took place from 1994 to 1999.
Study protocols were approved by the Institutional Review Board
at the University of Iowa.

Instruments

The BMD was measured at the femoral neck, lumbar spine, and the
total body by dual-energy X-ray densitometry (DPXA; Lunar
Corporation, Madison, Wis.; DPX-L analysis software version
1.3y). All participants in the three groups, [alcohol treatment
(n=64), recovery (n=121), or non-alcohol abuse (n=447)], from
central Iowa, were measured using the same densitometer; how-
ever, because of the geographic distance, another DPX-L Lunar
densitometer was used to measure BMD in those women in the
alcohol treatment (n=164) and recovery groups (n=35) from
eastern Iowa. Both machines were calibrated daily to evaluate
scanner mechanics and quality of attenuation, and weekly using an
aluminum calibration wedge in a water bath. Precision between the
two densitometers, measured by comparing values for the same
aluminum wedge phantom in water bath, was 1.4%. There was no
difference in BMD of women in treatment or women in recovery
when compared between the two study locations.

Lifetime history of fracture was assessed through detailed direct
questioning specific to the anatomical site and date of fracture.
Fractures of the arm, wrist, hip, spine, back ribs, or sternum were
classified as osteoporotic; all others were considered non-osteopo-
rotic. All fracture information was obtained through self-report.

For all participants, blood was drawn, non-fasting immediately
prior to BMD evaluation. For women being treated for alcoholism,
blood samples were obtained by venipuncture 14–16 days after
admission to the treatment facility. Blood was allowed to clot for
20 min and centrifuged at 3500 rpm for 20 min. Sera was aliquoted
to1-ml polypropylene vials and stored at)80�F for up to 24 months.

Liver impairment was evaluated among women in the alcohol
treatment and recovery groups, with a series of liver function tests
using standard automated spectrophotometric methods and in-
cluded total alkaline phosphatase (ALP), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), gamma glutamyl
transpeptidase (GGT), and total bilirubin. These analyses were
completed at the University of Iowa Hospital’s clinical chemistry
laboratory. The day-to-day coefficients of variation (CV) ranged
from 0.8 to 4.4%. Serum 25-hydroxyvitamin D (25-0H-D) and
1,25-dihydroxyvitamin D (1,25-0H-D) were measured in all women
and analyzed by commercial radioimmunoassay (RIA) (Incstar
Corp, Stillwater, Minn.) at the University of South Carolina. The
inter-assay and intra-assay CV, combined, were less than 10% for
both assays.

Participants were weighed on an electronic scale, in light
clothing without shoes. The body mass index (BMI) was calculated
by dividing the weight (in kilograms) by the square of the height (in
meters). Body composition, measured in kilograms of fat tissue and
kilograms of lean tissue, was available as a component of the total-
body BMD measurement.

Demographic, reproductive, medical, and smoking histories
were obtained through a structured interview. Alcohol consump-
tion among women in treatment and recovery was ascertained
using a detailed reconstruction of drinking behavior for a typical
week prior to beginning treatment, with women being asked about
the amount of alcohol consumed in the morning, afternoon, and
evening of each day during the prior week. The amount of alcohol
was recorded in standard units of measure (SUM) where one SUM
equaled approximately 1 ounce (oz.) or 28.4 g of alcohol and
corresponded to one beer, 4 oz. of wine, or 1 oz. of spirits (i.e.,
vodka or whisky). Alcohol consumption among women of the
IBHS was assessed through a forced choice, quantity-frequency
method, whereby participants reported the frequency of beer, wine,
and spirits as never, one to three times per month, 1/week, etc., for
each category, and the total number of ounces consumed with each
drinking episode.

Reproductive history was characterized with a series of ques-
tions about onset of menstruation, regularity of menses, and cur-
rent and lifetime amenorrhea among all participants. Women were
asked about all pregnancies including the age at conception, the
pregnancy outcome, the extent of breastfeeding, and the length of
time prior to resumption of menses. Lifetime use of oral contra-
ceptives, including brand names, dosages, and duration of use, was
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assessed with the aid of color photographs of the contraceptive
compacts. In accordance with the World Health Organization’s
definition, women who had gone through 12 months of amenor-
rhea, not related to other causes, were considered postmenopausal.
Women older than 51 years who had undergone hysterectomy were
also considered postmenopausal.

Data analysis

All continuous variables were evaluated for normality. As appro-
priate, non-normally distributed variables were either log-trans-
formed or categorized. Unadjusted and adjusted mean differences
in continuous variables were determined using analysis of variance
and analysis of covariance. Differences in categorical variables were
evaluated with the chi-square statistics, incorporating an exact
procedure when the sample size was small.

Multiple variable regression analyses were used to build models
that best predicted femoral neck and lumbar spine BMD. We used
a model-building process whereby separate and preliminary models
were used to identify only those variables that might predict BMD.
These became the variables that were evaluated for inclusion in a
final set of models. All models were developed using a forward
stepwise procedure. Following identification of the best-fitting
model, indicator variables representing alcohol treatment, recov-
ery, and non-alcohol-abuse groups were included to determine the
impact of those variables. Least-square means was used to char-
acterize the adjusted mean BMD between the three groups.

The age-adjusted lifetime prevalence of all fractures, as well as
osteoporotic and non-osteoporotic fractures, were compared
between the three groups using chi-square statistics.

A nested fracture sub-study was developed to compare the
fracture frequencies occurring prior to initiation of alcohol abuse
or following abstinence, and therefore not resulting from intoxi-
cation. Women in treatment and recovery were one-to-one age-

matched, separately, to a non-alcohol abuse participant. For the
first analysis, the age at first intoxication was identified for women
in treatment and recovery, and only those fractures sustained
before that age for both the treatment/non-alcohol abuse or the
recovery/non-alcohol abuse pair were counted. For the second
analysis, the age at last alcohol consumption was identified for
women in recovery and only those fractures occurring following
that age for the recovery/non-alcohol-abuse pair were counted.
Matched-pairs analyses were used to determine the likelihood that
women in treatment and recovery were more likely than non-
alcohol-abuse participants to have had at least one fracture during
the time frames corresponding to the period before drinking began
or following abstinence.

Results

Alcohol consumption patterns and characteristics of
participants are shown in Table 1. Women in treatment
were significantly younger and less likely to have com-
pleted menopause than non-alcohol-abusing partici-
pants or women in recovery. On average, women in
treatment reported 10.8 years (SD=6.9 years) of prob-
lem drinking and consumed an average of 124.6 oz.
(SD=93.3 oz.) of alcohol in a typical week, during the
month prior to admission. Women in recovery had, on
average, 13.4 years (SD=7.4 years) of problem drink-
ing, and while drinking, consumed an average of
110.1 oz. (SD=88.4 oz.) of alcohol in a typical week.
They had abstained from alcohol for an average of
8.3 years (SD=5.7 years). In addition to alcohol, 88%

Table 1 Alcohol consumption patterns, biochemical measures of liver function, and physical characteristics of participants. AST aspartate
aminotransferase, ALT alanine aminotransferase, GGT gamma-glutamyltransferase, ALP alkaline phosphatase, T BIL total bilirubin

Women in
treatment
(n=228)

Women in
recovery
(n=156)

Alcohol consumption �xx SD �xx SD

Age at first intoxication 16.6 5.6 16.3 6.7
Years of problem drinking 10.8 6.9 13.4 7.4*

Ounces of alcohol consumed/week 124.6 93.3 110.1 88.4*

Years in recovery – – 8.3 5.7
Liver function test n=186 n=139 Range (nl)

AST (U/l) 17.2 11.8 15.8 5.6 0–37
ALT (U/l) 13.8 13.6 10.4 7.1* 0–35
GGT (U/l) 35.9 57.6 23.2 40.0* 10–85
ALP (U/l) 66.4 22.1 67.1 22.5 30–115
T BIL(mg/dl) 4 2.1 2 1.4 0.2–1.0

Women in
treatment
(n=228)

Women in
recovery
(n=156)

Control subjects
(n=447)

Physical characteristics �xx SD �xx SD �xx SD Significance (p)

Age (years) 35.0 10.8 42.2 10.7 42.7 12.6 <0.01a,<0.01b

Height (cm) 164.4 6.4 165.0 5.8 164.2 6.3 p<0.01c

Weight (kg) 67.8 15.4 73.2 19.0 75.3 18.7 <0.01a,<0.01b

BMI (kg/cm2) 25.1 5.5 26.9 6.8 27.9 6.4 <0.01a

Body fat (%) 32.7 9.4 38.5 8.9 38.7 8.1 <0.01a,<0.01b

*Treatment vs recovery (p<0.05)
aTreatment vs control
bTreatment vs recovery
cRecovery vs control
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of women in treatment and 84% of women in recovery
reported multiple other drug use, primarily cocaine,
methamphetamine, amphetamine, and marijuana.
Among women without alcohol abuse, almost 25%
(n=110) reported no regular consumption of alcohol of
any type. More than 90% of those who drank any
alcohol reported drinking less than once per week, and
none reported other drug use.

Mean serum measures of liver function (AST, ALT,
GGT, total ALP, and total bilirubin) were within the
expected laboratory norms for all tests (Table 1). Nine
women in treatment and two in recovery had elevated
serum AST and ALT values. Total bilirubin was ele-
vated in 4 (2.1%) women in treatment and 2 (1.4%) in
recovery.

Bone mineral density

After adjusting for age and menopausal status, on
average, the BMD in women being treated was 7.7%
(p<0.01) lower at the femoral neck and 6.3% (p<0.01)
lower at the lumbar spine compared with non-alcohol-
abusing women (Table 2). The BMD of women in
treatment was 4.8% lower (p<0.01) at both bone sites
compared with women in recovery. On average, women
in recovery had a femoral neck BMD that was 3.1%
(p=0.01) lower than non-abusing women; however,
there was no statistically significant difference between
these two groups at the lumbar spine site.

Serum vitamin D

The age-adjusted mean serum 1,25-dihydroxyvitamin D
was significantly lower in women undergoing treatment

than the non-abusing women, but was not significantly
different than the mean value of women in recovery. The
age-adjusted serum 25-hydroxyvitamin-D concentra-
tions were significantly lower among women in treat-
ment than those in recovery or non-abusing women
(Table 2). Approximately 15.3% (n=31) of women in
treatment had 25-hydroxyvitamin-D concentrations that
were <15 ng/ml. This was lower than, but not signifi-
cantly different from, the proportion of women in
recovery (11.3%, n=16), or women in the non-abuse
group (10.7%, n=44) who had 25-hydroxyvitamin-D
concentrations below that level.

Fractures

Approximately 60.5% of women in treatment and
63.5% in recovery reported at least one fracture in their
lifetime as compared with 36.5% in the non-abusing
women. Fractures were significantly more common in
the treatment and recovery groups, regardless of men-
opausal status or type of fracture (osteoporotic vs non-
osteoporotic). Women in the two alcohol groups were
more likely to have sustained multiple fractures and
to have had their first fracture before age 14 years
(Table 2).

In the paired analyses, 54 (27%) of women in treat-
ment and 36 (25%) of women in recovery reported
having sustained a fracture prior to the age of their first
intoxication. In comparison, 39 (19%) non-alcohol-
abusing women paired to women in treatment and 19
(13%) non-alcohol-abusing women paired to women in
recovery reported having fractured during childhood
and early adolescence. Similarly, women in recovery had
significantly more fractures (n=29, 20%) following

Table 2 Femoral neck and lumbar spine bone mineral density (BMD), 25-hydroxyvitamin D, 1, 25-dihydroxyvitamin-D concentrations,
and fracture prevalence of participants, by group status

Women in treat-
ment (n=228)

Women in recovery
(n=156)

Control subjects
(n=447)

Significance (p)

BMD (g/cm2)a �xx SE �xx SE �xx SE

Femoral neck 0.920 0.0089 0.966 0.0105 0.997 0.0062 p<0.01c,d,e

Lumbar spine 1.181 0.0108 1.240 0.0128 1.261 0.0076 p<0.01c,d

Vitamin Db n=202 n=141 n=411
25-hydroxyvitamin D (ng/ml) 22.31 10.6 26.50 10.2 27.10 10.4 p<0.01c,d

1,25-dihydroxyvitamin D (pg/ml) 29.46 9.4 31.37 9.1 36.89 9.2 p<0.01c,e

Fractures n % n % n %
Lifetime 138 60.5 99 63.5 163 36.5 p<0.01c,e

Multiple 56 24.6 45 28.8 46 10.3 p<0.01c,e

Osteoporotic 57 25.0 39 25.0 67 15.0 p<0.01c,e

Non-osteoporotic 81 35.5 60 38.5 96 21.5 p<0.01c,e

Premenopausal women 114 60.3 52 57.1 104 38.2 p<0.01c,e

Postmenopausal women 24 61.5 47 72.3 59 33.1 p<0.01c,e

At age <14 years 56 24.6 32 20.5 57 12.8 p<0.01c,e

aValues adjusted for age and menopausal status
bValues age adjusted
cTreatment vs control
dtreatment vs recovery
eRecovery vs control
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sobriety than did their paired non-alcohol-abused
counterparts (n=13, 9%).

Covariates

Almost all women in treatment were current smokers
(n=193, 84.7%) as compared with 52.6% (n=82) of
women in recovery and to 19.5% (n=87) of the non-
abusing women (Table 3). Women in treatment were
significantly more likely than control participants to
have had their first pregnancy at age 18 years or earlier
( p<0.01), to have used oral contraceptives (OC), to
have initiated OC use at early age (<18 years, p<0.01),
and to have experienced at least 3 months of non-preg-
nancy, non-menopause-related amenorrhea (p=0.01).
Women in recovery were more likely than non-abusing
women to have used OCs ( p<0.01), to have initiated
OC use at a early age ( p<0.01), to report non-preg-
nancy, non-menopause-related amenorrhea for at least
3 months ( p<0.01), and to have used estrogen supple-
ments/hormone replacement therapy following meno-
pause ( p<0.01).

Self-reported history of liver disease, including hep-
atitis, was significantly greater for women in treatment
(n=32, 14%) and recovery (n=13, 8.3%) than the non-
abusing women (n=9, 2.0%).

Multiple variable models for BMD

Variables found predictive of femoral neck or spinal
BMD in the initial modeling included age, BMI,
hypertension, menopausal status, episodes of amenor-
rhea lasting at least 3 months (non-menopausal, non-
pregnancy related), initiating use of OCs under 18 years,
having a pregnancy under age 16 years, and self-
reported hypertension, liver disease, or having fractured
any bone prior to age 14 years. In the final models, age,
lower BMI, episodes of amenorrhea lasting at least
3 months (non-menopausal, non-pregnancy related),
having fractured any bone prior to age 14 years, and

current alcohol dependence were consistently associated
with lower BMD at the lumbar spine and femoral neck.
Additionally, for the lumbar spine only, having hyper-
tension was associated with higher BMD, whereas being
postmenopausal status was associated with lower BMD.
The lumbar spine and femoral neck BMD of women in
treatment remained significantly lower than that of non-
alcohol-dependent women after adjusting for these co-
variates, but the difference in hip BMD between women
in recovery and non-alcohol-dependent women was lost
hip (Table 4). Smoking status, 25-hydroxyvitamin D,
and 1,25-dihydroxyvitamin D were not associated with
BMD.

Discussion

Women who were alcohol dependent had lower BMD of
the femoral neck and lumbar spine, even in the absence
of biochemical evidence of liver disease. If permanent,
this lower BMD (approximately 7.7% less at the femoral
neck and 6.3% less at the lumbar spine) could increase
the lifetime risk of fracture among these alcohol-
dependent women by almost twofold [25]. This is an
important increase given that as much as 10% of adult
women report a lifetime history of alcohol abuse and
dependence [15]. The findings of our present study
confirm our previous matched case-control study where
BMD of the femoral neck and lumbar spine was lower
by 6.8 and 6.9%, respectively, in women who were
alcohol dependent [26]. The only other study to focus
specifically on women found biochemical evidence of
reduced bone formation but no difference in BMD [16].
Although 176 women were included in the BMD anal-
ysis, only 19 of those women were alcohol dependent,
potentially with limited power to detect significant dif-
ferences if they existed. Women were included in four
other studies; however, none of these studies reported
gender-specific findings [2, 4, 6, 8].

Whether alcohol-related bone loss is reversed fol-
lowing abstinence is a critical question that has received
little attention. Without baseline BMD data prior to

Table 3 Prevalence of smoking
and selected reproductive
characteristics of participants,
by group status. OC oral
contraceptive, HRT hormone
replacement therapy

aTreatment vs control
bTreatment vs recovery
cRecovery vs control

Variable name Women in
treatment
(n=228)

Women in
recovery
(n=156)

Controls
(n=447)

Significance (p)

n % n % n %

Smoking
Current smoker 193 84.7 82 52.6 87 19.5 p<0.01a,b,c

Ex-smoker 13 5.7 55 35.3 75 16.8 p<0.01a,b,c

Never smoker 22 9.7 19 12.2 285 63.8 p<0.01a,c

Reproductive characteristics n % n % n %
Postmenopausal 38 16.7 95 60.9 282 63.2 p<0.01a,b

Amenorrhea ‡3 months 33 15.6 21 16.8 27 9.2 p<0.01a,c

Ever taken OC 197 86.4 136 87.7 338 75.6 p<0.01a,c

OC use <18 59 32.1 18 13.6 17 13.6 p<0.01a,c

Ever been pregnant 195 85.3 115 73.7 389 87.1 p<0.01b,c

Ever use of estrogen/HRT 29 12.8 59 38.6 112 25.1 p<0.01a,b,c

Hysterectomy/oophorectomy 17 7.5 35 22.6 78 17.5 p<0.01a,b
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recovery, it is not possible to characterize actual change
in BMD with abstinence; however, our finding that
lumbar spine and femoral neck BMD values were sig-
nificantly greater for women in recovery than for women
in treatment suggests that women abstaining from
alcohol for at least 2 years were at less risk for osteo-
porosis than women in treatment. One explanation is
that BMD is regained following abstinence. Alterna-
tively, it is possible that women in treatment and
recovery differed in some other quality that contributed
to higher initial BMD.

No longitudinal studies have evaluated abstinence-
related changes in BMD in women following recovery;
however, a longitudinal study of 27 men, aged
28–61 years, found that femoral neck and lumbar spine
BMD increased, after 2 years of abstinence, by 2.8 and
2.9%, respectively, in contrast to controls, whose BMD
decreased by approximately 1% [27]. Cross-sectional
studies comparing men who were current drinkers with
former drinkers have methodological problems [small
sample sizes, short periods of abstinence (6 months or
less)] and inequities among study subjects with respect to
age, body weight, and length of alcohol use) that com-
promise the interpretation of their findings [2, 3, 28, 29].

There is very little published information on fracture
prevalence among people who abuse alcohol; however,
the prevalence observed in our study for women in
treatment (60.5%) and women in recovery (63.5%) was
greater than the 32–50% prevalence reported in other
studies composed primarily of men [2, 3, 13]. Without
prospective fracture data, it is difficult to determine the
relationship between lower BMD and fracture in our
population; however, because women in recovery were
more likely to have had a fracture following abstinence
than aged-matched, non-abusing women during the
same time period, the increased fracture risk is probably

not just related to the physical act of alcohol intoxica-
tion.

We found that women in treatment and recovery
reported more fractures occurring in childhood and
adolescence, prior to the onset of problem drinking,
than did non-abusing women during identical time
periods. It may be that women with histories of alcohol
abuse have risks for childhood fracture not defined by
either drinking or BMD, but may instead reflect child-
hood nutritional or social environment of women who
become alcohol dependent. It has been well documented
that persons with histories of abuse and dependence are
more likely to have grown up in unsupervised or abusive
environments [30, 31, 32], possibly leading to a greater
number of accidents and injuries. Further studies should
more comprehensively evaluate the nutritional and so-
cial circumstances surrounding fractures, particularly
fracture occurring at an early age.

The total number of fractures occurring before age
14 years predicted femoral neck and lumbar spine BMD
as an adult, independent of alcohol group status. There
could be a number of factors, including genetics, nutri-
tional status, growth hormone dynamics, and charac-
teristics of bone growth following fracture that could
influence the attainment of maximal BMD. This latter
hypothesis is supported by several investigators who
have reported post-fracture reductions in BMD at non-
fracture sites in alcohol-dependent and non-alcohol-
dependent men [33, 34, 35].

Our study indicated that while women in treatment
had lower mean serum 25-hydroxyvitamin D and 1,25-
dihydroxyvitamin D concentrations, these values were
not predictive of the concurrently measured BMD, nor
did the vitamin D values modify or confound the asso-
ciation between BMD and alcohol dependence. Most
studies [2, 4, 6, 7, 16, 36], but not all studies [1, 28], have
found lower 25-hydroxyvitamin D among alcohol-
dependent women and men; however, in the studies that
have evaluated the relationship [2, 6, 36], only one [6]
reported a significant association with BMD.

While this study presents comprehensive findings
from a large group of treated and recovering women,
incorporating a population-based comparison group of
women, it has limitations. Firstly, the information was
gathered from a cross-sectional not longitudinal design.
This precludes us from making definitive statements
about the potential for recovery of BMD with absti-
nence. Secondly, in our present study fracture informa-
tion was collected through self-report making it difficult
to precisely delineating osteoporotic from non-osteo-
porotic fracture and would likely underestimate the
proportion of vertebral fractures. Finally, two behaviors
were confounded with alcohol treatment and recovery:
almost all women in treatment and more than half of
women in recovery smoked cigarettes. Likewise, alcohol
was not the only drug being used; 88% of women in
treatment and 84% of women in recovery reported
multiple other drug use, primarily cocaine, metham-
phetamine, amphetamine, and marijuana. While it is

Table 4 Predictors of bone mineral density of the femoral neck and
lumbar spine

Variable b Standard
error

Significance (p)

Femoral necka

Age (years) )0.0051 0.0005 0.000
BMI (g/cm2) 0.0088 0.0007 0.000
Amenorrhea ‡3 months –0.0339 0.0142 0.017
Postmenopausal status –0.0175 0.0119 0.143
Fractures before age 14 years –0.0176 0.0081 0.030
Alcohol treatment group –0.0528 0.0102 0.000
Alcohol recovery group –0.0217 0.1114 0.112

Lumbar spineb

Age (years) –0.0030 0.0006 0.000
BMI 0.0068 0.0009 0.000
Amenorrhea ‡3 months –0.0448 0.0182 0.014
Postmenopausal status –0.0608 0.0154 0.000
Hypertension 0.0464 0.0174 0.008
Fractures before age 14 years –0.0246 0.0105 0.020
Alcohol treatment group –0.0639 0.0132 0.000
Alcohol recovery group –0.0113 0.1435 0.432

aCoefficient of determination=32.4%
bCoefficient of determination=17.8%
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unlikely that the use of tobacco and other drugs have no
effect on BMD, because of the extensive co-occurrence
of alcohol use and almost complete co-occurrence of
other drug use, alternative models may be required to
disaggregate the relative impact of both behaviors in
women with abuse histories.

Conclusion

We conclude that alcohol abuse and dependence is
associated with lower BMD, and may be compounded
by lower body weight and amenorrhea. This lower BMD
is not explained by measures of vitamin-D status or liver
disease. Women with histories of alcohol abuse and
dependence had a higher prevalence of lifetime fractures;
however, the study suggests that factors other than acute
intoxication contributed to this greater fracture preva-
lence. A more detailed study of the nature of fractures
occurring during childhood and early adolescence, as
well as the prospective evaluation of fracture incidence
following recovery from alcohol, is necessary to confirm
the contribution of these important findings; however,
this study provides intriguing evidence that the social
environment antecedent to alcohol abuse in women has
a major impact in both the short-term and long-term
fracture status of these women.
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