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Background: Osteoporosis is regularly mentioned as a consequence of alcoholism. Ethanol¢s
direct effect on bone-modeling cells as well as alcoholism-related ‘‘life-style factors’’ such as
malnutrition, lack of exercise, hormonal changes, and liver cirrhosis are discussed as potential
causative factors.

Methods: In a cross-sectional study, we have examined 57 noncirrhotic alcoholic patients
(37 male, 20 female) aged 27 to 50 years. Patients suffering from comorbid somatic diseases and
with co-medication known to have an influence on bone mineral density (e.g., glucocorticoids,
heparin, anticonvulsant agents, oral contraceptives) were excluded. We determined bone mineral
density (BMD) by dual x-ray absorptiometry (DXA) in the lumbar spine (L1–L4) and the proxi-
mal right femur (femoral neck, total hip) as well as parameters of bone metabolism.

Results: In males but not females, BMD was significantly reduced in the lumbar region, as well
as in the proximal femur (femoral neck, total hip). Nine male patients (24.3% of men) and 1 female
patient (5% of women) had low BMD (defined as Z-score £ )2.0). As expected, there was a positive
correlation between body mass index (BMI) and BMD. Alcohol-related factors (e.g., duration of
abuse, consumed amount of alcohol per day) as well as smoking were not associated with a signifi-
cant effect on BMD. All of the 20 women examined showed elevated estradiol levels, which may
have served as a protective factor. In this study, 75.7% of the men and 90% of the women had
vitamin D insufficiency or deficiency (plasma levels of 25-hydroxy-vitamin D < 30 ng ⁄ml).

Conclusions: Our study indicates that younger alcoholic patients without other diseases may
suffer from an increased risk to develop low BMD and a disturbance of vitamin D metabolism.
Nutritional factors or less exposure to sunlight may play an important role in bone loss in young
alcoholic patients. BMD measurement and assessment of bone metabolism should be considered
in all patients with chronic alcoholism.
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O STEOPOROSIS IS OFTEN encountered as a comor-
bidity of alcoholism (Saville, 1965). It is defined as an

absolute decrease in total bone mass, caused by an imbalance
between osteoclastic bone resorption and osteoblastic bone
formation, leading to an increased susceptibility to fractures
(Nilsson, 1973). The most common primary forms of bone
loss are postmenopausal and age-related osteoporosis. Sec-
ondary causes of metabolic bone disease have been related to
drug treatment and to diseases which interfere with bone
metabolism (e.g., malabsorption, hyperparathyroidism, or
liver cirrhosis). Impaired vitamin D metabolism (Pitts and

Van Thiel, 1986) and malnutrition (Lalor et al., 1986), risk
factors for the development of bone loss, are common in alco-
holic patients.
Few studies so far have focused on the direct effect of etha-

nol on bone metabolism and turnover in vivo. Reduction of
bone formation through disturbances in osteoblast function
seems to be a main factor (Turner, 2000). In vitro investiga-
tions point to a direct toxic effect of ethanol on osteoblasts
(Giuliani et al., 1999). Some findings in animal models have
also supported this hypothesis (Dai et al., 2000; Shankar
et al., 2006; Turner et al., 1988). Immobility, dietary deficiency
and decreased exposure to sunlight, resulting in vitamin D
deficiency, have also been discussed to contribute to the risk
of osteoporosis (Eastell et al., 1998).
While some authors have reported reduced bone mineral

density (BMD) in alcoholic patients when compared with
controls (Gonzalez-Calvin et al., 1993; Kim et al., 2003; Peris
et al., 1994, 1995), others could not confirm these findings
(Laitinen et al., 1990, 1992, 1993; Odvina et al., 1995). We
have focused on younger noncirrhotic alcoholic patients. To
the best of our knowledge, little evidence for reduced BMD is
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available for this group, in which less confounding factors are
present.
In this study, we wanted to investigate the following

questions:
Does our cohort of alcoholics have a reduced BMD

compared with an age and sex-matched population?
Are potential reductions of BMD comparable in males and

females?
Is there a relationship between alcohol-related variables or

certain laboratory markers and BMD?

METHODS

In a cross-sectional study, we investigated BMD in inpatients of an
alcohol rehabilitation clinic suffering from alcohol dependence
according to ICD 10. Women had to have had normal menstrual
cycles over the course of the last 5 years. All patients were abstinent
at the time of the examination, the duration of addiction was at least
1 year. To exclude patients with senile osteoporosis, we restricted
inclusion to the age range from 19 to 50 years. Furthermore, we
excluded patients suffering from comorbid somatic diseases, espe-
cially liver diseases (excluded by a combination of ultrasound and
liver function testing), as well as patients treated with comedications
known to have a potential influence on BMD (e.g., glucocorticoids,
heparin, anticonvulsants, oral contraceptives) as well as bedridden
patients or patients confined to a wheelchair. A semistructured clini-
cal interview was conducted to evaluate smoking behavior (pack-
years). Severity of alcohol dependence was determined using the
Alcohol Use Disorders Identification Test (AUDIT) and other alco-
hol-related variables (duration of abstinence and addiction, mean
alcohol consumption per day for the last drinking period) by self-
report.
After a thorough study description, informed consent was

obtained. The study was approved by the Ethics Committee of
Innsbruck Medical University.
Immediately after the interview and the consent process, we deter-

mined BMD by dual x-ray absorptiometry (DXA) with a
QDR*4500-Hologic densitometer in the lumbar spine (L1–L4) and
the proximal right femur (femoral neck, total hip). We also examined
other regions, in the femur (greater trochanter, intertrochanteric
region, and Ward’s triangle), but did not use them to the determina-
tion of reduced BMD. BMD of individual patients was compared
with a normative curve (obtained from data of a reference population
included in the Hologic densitometer) and computed as Z-score
(standardized difference from the mean) to enable comparisons of

values across age and sex. A Z-score of )2.0 or lower is defined as
‘‘below the expected range for age’’ (the International Society for
Clinical Densitometry—ISCD: 2007 official positions), which is the
accepted term for low BMD or osteoporosis in premenopausal
females or males younger than age 50 with risk factors for low bone
density (secondary osteoporosis). Precision data from the densito-
meter are obtained via daily quality control by medical-technical per-
sonnel, highlighted through a so-called correlation variable with a
value of about 0.4 (referring to a variability of 0.4% or lower
between 2 separate measurements).
All patients had blood drawn for the analysis of liver function

tests, calcium, phosphate, parathyroid hormone (PTH), 25-hydroxy
vitamin D (25OHD), osteocalcin, serum crosslaps, sex hormones
(estradiol, testosterone), and prolactin. Vitamin D insufficiency is
defined as a 25OHD concentration of 20 to 30 ng ⁄ml, whereas defi-
ciency is defined as a 25OHD level <20 ng ⁄ml (Dawson-Hughes B,
UpToDate in Endocrinology and Diabetes 2008). Calcium and creati-
nine were determined in the urine.
Data were analysed with SPSS, version 12. Comparisons of male

and female patients with regard to patient characteristics were
performed by means of the Mann–Whitney U-test, as most socio-
demographic variables were not normally distributed. Comparisons
of the 2 groups with respect to bone density were conducted using
analysis of covariance, adjusting for those covariates in which the 2
groups differed from each other. Comparison of patients’ bone den-
sity (Z-scores) with normative values (Z = 0) was carried out by
means of the 1-sample t-test. Associations between bone density and
various laboratory measures and patient characteristics were analy-
sed using Spearman correlation coefficients A p-value of £0.05 was
considered to be statistically significant.

RESULTS

Fifty-seven patients, 37 male (age range 27 to 49 years) and
20 female (age range 31 to 50 years), were recruited to the
study. Demographic and clinical characteristics of the study
group are summarized in Table 1. The mean time of absti-
nence was 53.1 days in men and 32.5 days in women. The
mean amount of consumed alcohol for their last drinking
period was 21.6 standard drinks (1 standard drink = 12 g
ethanol) per day in men and 17.5 standard drinks per day in
women.Thirty-two men (86.5%) and eighteen women (90%)
were smokers. At a trend level (p < 0.1), males showed
slightly higher body mass index (BMIs) than females and

Table 1. Demographic and Clinical Characteristics

Males (N = 37) Females (N = 20)

Mean SD Median Mean SD Median

Age (years) 40.4 5.3 40.0 41.1 5.5 42.0
BMIa 24.3 3.0 23.9 23.5 5.4 22.2
Duration of addiction (years) 15.7 8.6 15.7 11.7 7.1 10.3
Mean consumed amount of alcohol ⁄ day (standard drinks)b 21.6 11.1 18.0 17.5 8.6 14.5
Duration of abstinence (days) 53.1 53.3 30.0 32.5 19.0 27.5
AUDIT score 28.1 6.7 27.0 25.1 7.3 26.5
Smoking (in packyears) 28.6 22.2 25.0 21.5 14.1 17.5
Positive family history of alcoholism [percent (N)]c 8.1% (3 ⁄ 37) 30.0% (6 ⁄ 20)

BMI: body mass index.
AUDIT: Alcohol Use Disorders Identification Test.
ap = 0.088, Z = 1.71 (males vs. females).
bp = 0.058, Z = 1.90 (males vs. females).
cp = 0.054, Z = 1.93 (males vs. females).
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reported larger amounts of consumed alcohol per day.
Women reported a positive family history of alcoholism more
frequently, but these differences did not reach statistical
significance (details in Table 1).
Table 2 shows the BMD of male and female patients based

on Z-Scores: 9 (24.3%) of the men met criteria for low BMD
(Z £ )2.0, i.e., below the expected range for age), all of them
in the lumbar spine, and 28 (75.7%) were in the normal range
(Z > )2.0). In female patients, only one (5%) showed a
Z-score £ 2.0 in the total hip region.
In males, BMD (Z-scores) differed significantly from

normal values, i.e., from Z = 0, in the lumbar spine
(p < 0.001), the femoral neck (p = 0.005), and total hip
(p = 0.045) (see Table 3). Women showed no significant dif-
ferences in the measured regions of interest except in the
intertrochanteric region (the latter result could also be found
in male patients). Male patients had significantly lower BMD
(Z-scores) at the lumbar spine than women (F = 5.97;
df = 1,52; p = 0.018, analysis of covariance with adjustment
for BMI, mean consumed amount of alcohol per day and
positive family history). Men and women did not differ signif-
icantly in their BMD in the other regions.
We found 25OHD insufficiency or deficiency (<30 ng ⁄ml)

in 75.7% of the male and 90% of the female patients (see
Table 4), but no correlation between BMD and serum levels
of 25OHD (p = 0.578 for lumbar spine and p = 0.239 for
femoral neck). Two male patients had decreased testosterone

Table 2. BMD of 57 Alcohol-Dependent Patients (based on Z-scores)

Normal
(Z > 2.0)

Reduced BMD
(Z £ )2.0)

N % N %

Men (N = 37) L1–L4 28 75.7 9 24.3
Femoral neck 37 100 0 0.0
Total hip 37 100 0 0.0

Women (N = 20) L1–L4 20 100 0 0.0
Femoral neck 20 100 0 0.0
Total hip 19 95.0 1 5.0

BMD: bone mineral density.

Table 3. Comparison of BMD (Z-scores) With Normative Values (Z = 0)

Variable

Z-score

95% Confidence
interval for

mean Z-score
Comparison
with Z = 0

Mean Range
Lower ⁄ upper

limit p-value

Men
L1–L4 )1.01 )3.2 ⁄ 1.8 )1.44 ⁄ )0.59 0.000
Femoral neck )0.38 )1.8 ⁄ 1.3 )0.65 ⁄ )0.12 0.005
Total hip )0.29 )1.7 ⁄ 1.4 )0.57 ⁄ )0.01 0.045

Women
L1–L4 )0.23 )1.5 ⁄ 3.1 )0.69 ⁄ 0.22 0.294
Femoral neck )0.13 )1.9 ⁄ 1.8 )0.61 ⁄ 0.35 0.579
Total hip )0.43 )2.1 ⁄ 2.2 )0.88 ⁄ 0.02 0.061

BMD: bone mineral density.

Table 4. Plasma Levels of Selected Laboratory Markers in Male and Female Alcohol-Dependent Patients

Parameter

Lowereda Within normal rangea Elevateda

N % N % N %

Men (N = 37)
Calcium (2.10–2.70 mmol ⁄ l) 0 0.0 37 100.0 0 0.0
Phosphate (0.70–1.20 mmol ⁄ l) 2 5.4 35 94.6 0 0.0
GOT (10–50 U ⁄ l) 0 0.0 33 89.2 4 10.8
GPT (10–50 U ⁄ l) 0 0.0 33 89.2 4 10.8
GGT (10–66 U ⁄ l) 0 0.0 34 91.9 3 8.1
Alkaline phosphatase (40–129 U ⁄ l) 2 5.4 35 94.6 0 0.0
Ca ⁄ Creatinin (urine) [0.01–0.04 (mmol ⁄ l) ⁄ (mg ⁄ dl)] 10 28.6 22 62.9 3 8.6
25-OH-Vitamin D3 (30–68 ng ⁄ ml)) 28 75.7 8 21.6 1 2.7
Prolactin (1.9–26 ng ⁄ ml) 0 0.0 32 88.9 4 11.1
PTH (10–65 pg ⁄ ml) 1 2.7 34 91.9 2 5.4
Osteocalcin (1.1–7.2 ng ⁄ ml) 0 0.0 23 62.2 14 37.8
Crosslaps (1100–4046 pmol ⁄ l) 1 2.8 22 61.1 13 36.1

Women (N = 20)
Calcium (2.10–2.70 mmol ⁄ l) 0 0.0 20 100.0 0 0.0
Phosphate (0.70–1.20 mmol ⁄ l) 0 0.0 20 100.0 0 0.0
GOT (10–50 U ⁄ l) 0 0.0 20 100.0 0 0.0
GPT (10–50 U ⁄ l) 0 0.0 19 95.0 1 5.0
GGT (10–66 U ⁄ l) 0 0.0 16 80.0 4 20.0
Alkaline phosphatase (40–129 U ⁄ l) 1 5.0 19 95.0 0 0.0
Ca ⁄ Creatinin (urine) [0.01–0.04 (mmol ⁄ l) ⁄ (mg ⁄ dl)] 7 35.0 12 60.0 1 5.0
25-OH-Vitamin D3 (30–68 ng ⁄ ml) 18 90.0 2 10.0 0 0.0
Prolactin (1.9–26 ng ⁄ ml) 0 0.0 18 94.7 1 5.3
PTH (10–65 pg ⁄ ml) 0 0.0 18 90.0 2 10.0
Osteocalcin (0.5–7.0 ng ⁄ ml) 0 0.0 14 70.0 6 30.0
Crosslaps (1287–3689 pmol ⁄ l) 1 5.0 9 45.0 10 50.0

Ca: calcium.
PTH: parathyroid hormone.
aBased on the normal ranges given in parenthesis.
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levels. All of the twenty women had elevated estradiol levels
for the reported phase of their menstrual cycle at the time of
sampling, but we did not find estradiol levels above normal in
men. 50% of the women and 36.1% of the men had elevated
serum crosslaps, a marker of bone resorption. Osteocalcin, a
marker of bone formation, was increased in 37.8% of the
men and 30% of the women, none of them showed lowered
levels. All other laboratory findings are summarized in
Table 4.
Osteocalcin and crosslaps showed significant negative cor-

relations with BMD in all measured areas (see Table 5, Figs. 1
and 2). All other biochemical variables as well as smoking
showed no correlations with BMD.
Body mass index was correlated positively with BMD in

the femur (total hip, see Table 5 and Fig. 3). None of the
other potential predictors studied (duration of abstinence,

duration of addiction, consumed alcohol per day, AUDIT
score) showed a significant correlation with BMD.
In order to demonstrate that the reduction in BMD is not a

mere consequence of the low BMI values in underweight sub-
jects, an additional analysis was performed excluding all
patients with BMI < 19. In males, the significant reduction

Table 5. Correlation Between BMD (Z-score) and Laboratory Markers,
BMI (r = Spearman Rank Correlation)

L1–L4 Femoral neck Total hip

BMI 0.126 0.196 0.381**
Duration of addiction (years) )0.078 )0.157 0.026
Duration of abstinence (days) )0.249 )0.069 )0.060
Mean amount of alcohol p. day )0.225 )0.190 )0.099
Smoking (packyears) )0.007 )0.034 0.000
AUDIT score )0.093 0.011 )0.016
25-OH-Vitamin D3 0.075 0.158 0.248
Osteocalcin )0.347** )0.417** )0.294*
Crosslaps )0.395** )0.380** )0.297*

BMD: bone mineral density.
BMI: body mass index.
AUDIT: Alcohol Use Disorders Identification Test.
*p < 0.05; **p < 0.01.

Fig. 1. Correlation between crosslaps and total hip (Z-score).

Fig. 2. Correlation between crosslaps and L1–L4 (Z-score).

Fig. 3. Correlation between BMI and total hip (Z-score).
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of BMD Z-scores in comparison to the norm (Z = 0) could
be confirmed both for the lumbar spine [mean Z-score =
)0.95, 95% confidence interval (CI): )1.39 ⁄)0.52, p < 0.001]
and the femoral neck (mean Z-score = )0.35, 95% CI:
)0.63 ⁄)0.08, p = 0.013). The analysis of regions which were
not our primary focus of interest, yielded the following
results: For the intertrochanteric region, statistical significance
was lost. In females, the only statistically significant result
(reduced Z-score for the intertrochanteric region) could also
not be upheld, when corrected for BMI. When pooling males
and females, BMD Z-scores for the intertrochanteric region
were found to be significantly lower than 0 (mean
Z-score = )0.24, 95% CI: )0.48 ⁄)0.01, p = 0.045).
However, one needs to consider the reduced sample size of
this post hoc analysis.

DISCUSSION

Our data, obtained in a sample of relatively young patients,
demonstrate that the investigated patients had low BMD, as
previously found in other studies (Gonzalez-Calvin et al., 1993;
Kim et al., 2003; Peris et al., 1994, 1995). Nine of the male
patients (24.3%), but only 1 female patient (5%) met criteria
for low BMD (Z-score £ )2.0), defined by a value below the
expected range for age. Inmales,Z-scores differed significantly
from normal in the lumbar spine, the femoral neck and in total
hip. In the group of female patients,Z-scores did not differ sig-
nificantly fromnormal values in the regions of interest.
Concerning laboratory markers, a large number of our

patients had 25OHD insufficiency or deficiency. Other inter-
esting results in this group include elevated estradiol levels in
all women and high percentages of elevated osteocalcin and
crosslaps levels. The latter correlated negatively with BMD. If
both osteocalcin, a marker of bone formation, and crosslaps,
a marker of bone resorption, are elevated, this is a sign indica-
tive of a high bone turnover. BMI showed a positive correla-
tion with BMD in the femoral region, which could be
explained considering the protective role of estrogen, which is
produced in fat cells, for bone. On the other hand, a recent
study (Hsu et al., 2006) suggested that a higher percentage of
body fat increases the risk of developing reduced BMD. In
contrast, the higher weight which comes with higher BMI
places mechanical strain on bone and promotes bone forma-
tion in these patients. As we did not determine the percentage
of body fat in our patients, we cannot substantiate either of
these controversial pathophysiological explanations.
Throughout the literature (Bikle, 1988), elevated PTH lev-

els are discussed as a possible cause for bone loss. In our
study, over 90% of the patients had normal PTH levels, there-
fore frank hyperparathyreoidism can be excluded as a cause
for low BMD. But mild secondary hyperparathyreoidism
with PTH values in the upper normal range could explain low
BMD in some patients of our sample, taking into account the
high prevalence of low 25OHD-levels in the study patients.
A Finnish group (Laitinen et al., 1990), in an earlier study,

has shown that if confounding factors such as liver disease or

hypogonadism are excluded, BMD in alcoholics does not
decrease, which is in contrast to our finding a significantly
reduced BMD, also having excluded these 2 risk factors. This
could be the result of the lower mean body weight in the
Laitinen study. Also, patients in their sample had a high
calcium intake, as measured through a structured interview
by a trained nutritionist, which could explain the discrepancy
to our results, as we have not investigated nutritive factors.
In another investigation (Laitinen et al., 1992), the same

group showed a association between duration of addiction
and decreased BMD, which, again, is not confirmed by the
present study. Maybe the fact that our patients had been
abstinent for a considerably longer period of time could
account for this, even though the difference of about 40 to
50 days should have a relatively small impact. The modest
sample size may also account for not being able to demon-
strate such a correlation.
Peris and colleagues (1994) have investigated bone density

in male alcoholics as well as levels of osteocalcin and 25OHD.
BMD in alcoholics was significantly lower than in controls.
As initially low osteocalcin levels increased over a period of
2 years in abstinent patients, one could conclude that ethanol
has damaging effects on bone formation which can remit after
a certain period of abstinence. BMD improved significantly
after 2 years of abstinence as well. It has been suggested that
osteoblastic dysfunction resulting in diminished bone forma-
tion and reduced bone mineralization could be the reason for
reduced BMD in alcoholic patients (Diamond et al., 1989;
Turner, 2000).
One of the prevailing theories of the etiology of decreased

BMD in alcoholics is a direct toxic effect of ethanol on osteo-
blasts and the subsequent inhibition of bone formation, as
demonstrated in animal models and in-vitro studies (Giuliani
et al., 1999; Shankar et al., 2006). This would suggest that a
higher amount of consumed alcohol and longer duration of
addiction would lead to lower bone mass. In this context, one
would also expect decreased levels of osteocalcin. As all of
our patients had normal or elevated levels and we did not
detect a relationship between the amount of alcohol con-
sumption and BMD, we assume that this is a consequence of
the relatively long duration of abstinence (mean 53 days in
men and 32 days in women) in our sample.
Peris and colleagues (1995) have also studied vertebral frac-

tures. 29% of their sample showed osteopenia and many had
fractures, but mostly asymptomatic. We found no clinical
fractures in our patients, but detection of (radiologic) frac-
tures was not an endpoint of our study. Another group (Clark
et al., 2003) has also examined BMD and the risk for fractures
in a large sample of alcohol-dependent women. Elderly
women and women with liver disease were also included, and
concomitant medication or comorbidity affecting bone status
were not ruled out, thereby studying a higher risk sample than
we have. They reported lower BMD and more fractures in
alcohol-dependent women than in a control group. Regarding
fractures one also needs to consider that ethanol itself my be
a risk factor not only via any direct effect on bone, but also
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by increasing the risk for falls when intoxicated, by
inducing peripheral neuropathy, or decreased strength by
malnourishment.
Next to a direct toxic effect of alcohol, indirect causative

factors may be relevant. These include, among others, nutri-
tion, physical activity and hormonal changes. Santolaria and
colleagues (2000) conducted a study on malnutrition in male
alcohol-dependent patients. Again, senile osteoporosis was
not excluded, and neither was concomitant liver disease.
These authors reported a correlation between impaired nutri-
tional status and BMI. Like in our sample, patients with
lower BMI showed lower BMD, and there was no connection
between duration and amount of ethanol intake and BMD.
A considerable number of our patients showed 25OHD

insufficiency or deficiency. This has been found in a number of
previous studies in alcoholics (Bjorneboe et al., 1988; Hickish
et al., 1989; Lindholm et al., 1991) aswell as in other psychiatric
patients (Hummer et al., 2005). The supply of vitamin D is
mainly secured by the formation of cholecalciferol (vitamin D
3) in the skin through theactionofultraviolet light.Onlya small
fraction is obtained via food intake. Therefore, malnutrition or
a reduced duration of exposition to sunlight or both are possi-
ble mechanisms responsible for low 25OHD in patients with
alcoholism.We found no correlation between low 25OHD lev-
els and BMD, which could be explained—as already discussed
byLaitinen and colleagues (1990)—by the fact that the patients
had likely ingested enough calcium, although we did not con-
duct a detailednutritional intake survey.
Additive effects of alcohol and hindlimb unloading, a test

used to simulate reduced physical activity in rats, on inhibi-
tion of bone formation have been demonstrated recently
(Hefferan et al., 2003). This preclinical finding—though not
confirmed in humans yet—suggests that reduced physical
activity could be a comorbidity factor for osteoporosis in
alcoholic patients. Consequently, exercise should contribute
to a higher bone formation and subsequently to higher BMD.
In women, BMD seems to be less affected than in men.

One explanation for these differences may be that the dura-
tion of addiction in females is on average about 5 years less.
An important protective factor for women is a high estrogen
level. This was also shown in an animal study (Chen et al.,
2006). Our patients did have high estrogen levels as well.
Lower amounts of consumed alcohol or nicotine, even though
we were not able to show a significant correlation between
these 2 variables and BMD, could also contribute. Unfortu-
nately, very few studies on alcoholism and osteoporosis have
included female patients.
The potential reversibility of osteopenia and osteoporosis is

a matter of major interest. Some previous findings strengthen
the assumption that bone metabolism may recover following
abstinence (Lindholm et al., 1991; Peris et al., 1994). Interest-
ingly, in 1 study (Laitinen et al., 1992), the authors found that
decreased bone formation normalized within 2 weeks of absti-
nence. Clearly, longitudinal studies comparing larger samples
of abstinent patients to continously consuming control groups
are needed to confirm these assumptions.

Although smoking has been described frequently as risk
factor for developing osteoporosis (Szulc et al., 2002), we did
not find a correlation between lifetime history of consumed
nicotine and BMD. Despite this, as nicotine abuse is very
common in alcoholic patients (Sampson, 2002), it has to be
taken into account in affecting bone metabolism.
In summary, our study demonstrates that young male alco-

holic patients might suffer from a higher risk of developing
low BMD. Although our sample was relatively small, which
limits the conclusions that can be drawn from our findings,
we have, in contrast to most other studies conducted so far,
been able to rule out a number of potentially confounding
variables. This lowers the likelihood that postmenopausal and
senile osteoporosis or BMD changes due to secondary fac-
tors, such as medication or liver cirrhosis, are responsible for
the BMD affection found. As disturbances of bone metabo-
lism can lead to fractures, thereby amplifying comorbidity in
patients whose somatic health is already severely challenged,
they warrant further clinical and research interest. In this
context, we would also like to emphasize the need of further
studies focusing on ‘‘life-style’’ factors (e.g., nutrition,
exercise) in alcoholic patients. Lastly, potential preventive
measures have to be the subject of future focus.
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