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A 65-year-old asymptomatic man is concerned about his risk of osteoporosis. His 
mother died after a hip fracture at 74 years of age. The patient has no history of frac-
tures but has lost 7.6 cm (3 in.) in height; he does not smoke and has never taken cor-
ticosteroids. He drinks two glasses of beer (16 oz, or about 0.5 liter, each) per day. His 
body-mass index (the weight in kilograms divided by the square of the height in me-
ters) is 25. Measurements of bone mineral density with the use of dual-energy x-ray 
absorptiometry show T scores of −2.6 at the spine and −2.2 at the femoral neck, find-
ings that are consistent with osteoporosis. What should you recommend?

The Cl inic a l Problem

Osteoporosis continues to be an under-recognized problem in men, and it goes un-
treated in the majority of men with fractures. One third of all hip fractures world-
wide occur in men,1 and more men than women die in the year after a hip fracture, 
with a mortality rate in men of up to 37.5%.2 Up to 40% of hip fractures in men 
occur among those in residential care facilities, and 20% of men who sustain a hip 
fracture have a second hip fracture. Although the very elderly are at highest risk, 
almost half of hip fractures in men occur before the age of 80 years.3

Vertebral fractures are also common among elderly men; however, incidence rates 
among men, unlike those among women, decline at older ages (many earlier frac-
tures may be due to trauma),4-6 and rates among men over the age of 65 years are 
only half those among women. The majority of vertebral fractures (70 to 85%) are 
painless but are associated with height loss, reduced quality of life, respiratory dys-
function,7 increased risk of death, and subsequent hip and other fractures. The ob-
servation that the majority of fractures occur in men whose bone mineral density 
measurements are not in the osteoporotic range underscores the importance of 
factors other than bone mineral density in determining the risk of fracture.8

Secondary Causes of Bone Loss in Men

Osteoporosis in men often has secondary causes (Table 1). The most frequent second-
ary causes are corticosteroid use, excessive alcohol use, and hypogonadism (Table 1).9 
In a study of elderly male nursing-home residents with hip fractures, up to 66% had 
hypogonadism,10 whereas in a study of men with spinal fractures, hypogonadism was 
present in 20% of the men and in most cases was asymptomatic.

Other secondary causes combined account for only about 15% of cases.9 Among 
these secondary causes, vitamin D deficiency should be considered routinely; serum 
levels of 25-hydroxyvitamin D below 25 ng per milliliter (62.5 mmol per liter) are 
associated with an increased risk of hip fracture in men and women older than 65 
years.11 Estrogen levels are also important for the male skeleton; testosterone ex-
erts indirect effects on bone through its aromatization to estrogen.9 In rare cases, 
mutations of the estrogen receptor or the aromatase enzyme have been associated 
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with severe osteoporosis in men.12,13 In up to 
40% of cases in men, no secondary cause is 
identified, and the osteoporosis is considered to 
be primary or idiopathic. 

Natural History of Bone Loss in Men

Longitudinal studies suggest that in men bone loss 
accelerates after the age of 70 years14; rapid bone 
loss is more common with deficient testosterone 
or estradiol levels.15 In contrast to bone loss in 
women, who lose trabeculae with age, in men bone 
loss due to trabecular thinning is secondary to 
reduced bone formation.16 The preservation of tra-
becular numbers in men may help explain their 
lower lifetime risk of fractures (Fig. 1). In men, 
trabecular bone loss starts early in life, in associa-
tion with changes in the insulin-like growth fac-
tor 1 (IGF-1) regulating system, whereas cortical 
bone loss occurs later (85% occurs after 50 years 
of age), in association with decreases in bioavail-
able testosterone and estrogen and increased bone 
remodeling.17

S tr ategies a nd E v idence

Diagnosis

Bone mineral density, measured by dual-energy 
x-ray absorptiometry, is a robust predictor of frac-
tures. Each decrease of 1 SD in hip bone mineral 
density is associated with an increased relative 

risk of hip fracture of 2.6. Although the relation-
ship between bone mineral density and fracture 
is a continuous one, a World Health Organization 
(WHO) working group has assigned thresholds for 
the diagnosis of osteoporosis and osteopenia in 
postmenopausal women, using total-hip bone min-
eral density (Table 2). These thresholds are now 
applied to other anatomical sites and to men.

Recent epidemiologic data suggest that for 
any given absolute bone mineral density value at 
the spine or hip, the risk of fracture is similar 
among men and women of the same age.18-20 Nev-
ertheless, the average bone mineral density in men 
who fracture a hip is higher than in women, sug-
gesting that other factors (bone microarchitecture 
or trauma) may contribute to the risk of fracture 
more in men than in women. For diagnostic pur-
poses, this discrepancy is addressed by use of a 
sex-specific T score, but this practice remains con-
troversial. Using male-specific cutoffs for hip bone 
mineral density, the National Health and Nutri-
tion Examination Survey III study showed that 6% 
of U.S. men who were 50 years of age or older had 
osteoporosis and 47% had osteopenia,21 as com-
pared with corresponding prevalences in women 
of 18% and 50%, respectively. If female reference 
ranges were used in men, the prevalences of os-
teoporosis and osteopenia would be reduced by 
two thirds.

Bone densitometry is recommended in men 70 

Table 1. Secondary Causes of Osteoporosis in Men.*

Common Less Common

Cushing’s syndrome or corticosteroid therapy  
(e.g., >5 mg/day for >3 months)

Excessive alcohol use†
Primary or secondary hypogonadism (e.g., as-

sociated with medications, such as cortico-
steroids, opioids, and androgen-depriva-
tion therapy for prostate cancer)

Low calcium intake and vitamin D deficiency or 
insufficiency (serum 25-hydroxyvitamin D 
<30 ng/ml [75 nmol/liter])

Smoking
Family history of minimal-trauma fracture

Low BMI (<20) and eating disorders associated with decreased BMI
Lack of exercise or excessive exercise
Antiepileptic drugs (phenytoin, phenobarbitone, primidone, carba-

mazepine)
Thyrotoxicosis or thyroxine overreplacement
Primary hyperparathyroidism
Chronic liver or kidney disease
Malabsorption, including celiac disease
Hypercalciuria
Rheumatoid arthritis or ankylosing spondylitis
Type 1 or type 2 diabetes mellitus
Multiple myeloma or other monoclonal gammopathies
HIV or its treatment with protease inhibitors
Mastocytosis
Organ transplantation or immunosuppressive agents (cyclosporine 

and tacrolimus)
Osteogenesis imperfecta

*	BMI denotes body-mass index, defined as the weight in kilograms divided by the square of the height in meters, and 
HIV human immunodeficiency virus.

†	Excessive use is defined as 18 oz (533 ml) or more of full-strength beer, 7 oz (207 ml) or more of wine, or 2 oz (59 ml) 
or more of spirits per day. 
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years of age or older — or earlier in men with 
major risk factors for osteoporosis (Table 3 and 
Fig. 2). Measurements of bone mineral density 
at the femoral neck are preferable to spinal mea-
surements. Patients should be assessed routinely 
for risk factors for osteoporosis (Table 3) and for 
clinical signs of secondary causes (Table 1).

Additional Testing

Laboratory Tests
Further testing is strongly indicated to rule out 
secondary causes when the z score is below −2.0 
(2 SD below the age-specific mean) on bone den-
sitometry. Routine tests include measurements of 
serum calcium and creatinine levels, liver-func-
tion tests, measurement of the thyrotropin level, 
and a complete blood count. If clinically indicated, 
serum protein electrophoresis and tests for urinary 
Bence Jones protein (to check for monoclonal gam-
mopathy), anti–tissue transglutaminase antibodies 
(to check for celiac sprue), 24-hour urinary corti-
sol or calcium, and human immunodeficiency vi-
rus antibodies should be performed.

Since hypogonadism is often difficult to detect 
on the basis of the patient’s history and the physi-
cal examination alone, measurement of the total 
testosterone level is recommended in all men with 
osteoporosis. Sex hormone−binding globulin lev-
els may provide additional information in some 
cases (e.g., in men with insulin resistance or obe-
sity, in whom low levels of sex hormone−binding 
globulin may complicate interpretation of total 
testosterone levels).

Serum levels of 25-hydroxyvitamin D should 
also be measured. Levels below 30 ng per millili-
ter (75 nmol per liter) should be treated.

There are limited data relating markers of bone 
turnover to the risk of fracture among men.24 
These markers show high biologic variability, and 
their measurement has not been shown to improve 
outcomes in men with osteoporosis, so their rou-
tine use in practice cannot currently be recom-
mended. However, they may be useful for men in 
whom no apparent cause of osteoporosis can be 
detected on other tests and for men with very low 
bone mineral density to detect low levels of bone 
formation.

Vertebral-Fracture Assessment
A history of a minimal trauma fracture after the 
age of 50 years is the strongest clinical risk factor 
for fracture.25 Recognition of fractures is impor-
tant for risk stratification, particularly in men with 
osteopenia. Among minimal trauma fractures, ver-
tebral fractures are most common and are often 
clinically silent. Spinal radiography is useful for 
diagnosis, but it is costly and involves a relatively 
high dose of radiation.26 Assessment of vertebral 
fracture is now possible with dual-energy x-ray ab-
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Figure 1. The Effects of Aging on Trabecular Bone 
Structure.

Changes in the trabecular bone structure at the ultra-
distal radius are shown in men 24, 48, and 73 years old 
(Panels A, B, and C, respectively), on high-resolution 
peripheral quantitative computed tomography, a non-
invasive technology. Trabecular microstructural vari-
ables are also indicated: BV/TV denotes bone volume, 
TbN trabecular number, TbTh trabecular thickness, 
and TbSp trabecular spacing. In Panel A, the arrow in-
dicates prominent platelike trabeculae in this young 
man, which are absent or less prominent in the older 
men. Adapted from Khosla et al.16
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sorptiometry. Images of the lateral spine can be 
obtained with the use of newer machines and spe-
cial software,27 with high sensitivity and specific-
ity for moderate fractures (height loss, 30 to 40%) 
and severe fractures (height loss, more than 40%), 
but spinal radiographs remain the gold standard.28 
The finding of mild vertebral deformities with the 
use of dual-energy x-ray absorptiometry is less spe-
cific and should be differentiated from nonosteo-
porotic short vertebral height (height loss, 15% 
or less, without central endplate compression), 
a common finding on spinal radiographs.29

Management

Decisions regarding treatment should be based on 
the absolute risk of fracture. The bone mineral 
density measurement is a key factor in decision 
making. A WHO working group has identified the 
clinical risk factors that can be used to predict the 
risk of fracture independently of bone mineral den-
sity in both sexes (Table 3)22,30; use of these fac-
tors along with bone mineral density is considered 
to improve fracture prediction as compared with 
the use of bone mineral density alone. Country- 
and ethnic group–specific risk-assessment tools 
incorporating clinical risk factors with age and 
bone mineral density measurements are now avail-
able to calculate the risk of fracture in men 50 
years of age or older (FRAX is the new fracture 
risk assessment tool from the WHO). These tools 
are the best adjunct to measurement of bone min-
eral density in calculating the risk of hip fracture 
in men.31 Biomarkers such as low testosterone 
levels23 and low levels of 25-hydroxyvitamin D 
are also useful in predicting an increased risk of 
fracture.

Nonpharmacologic Therapy
General preventive and lifestyle measures apply to 
all men (Table 4). In healthy older men, high-inten-
sity, progressive resistance training, weight-bear-
ing exercise, or both32 increase bone mineral den-
sity as compared with that in controls. Although 
there is a lack of data from clinical trials showing 
that these changes in bone mineral density trans-
late into a reduced risk of fracture, observational 
data suggest a lower risk among older men who 
maintain an active lifestyle.33 Meta-analyses of tri-
als show that balance and strengthening exer-
cises reduce the risk of falls among older adults.34 
Fall-prevention strategies,35 although beyond the 
scope of this review, should be implemented. Hip 
protectors have been suggested as a means of re-
ducing the risk of hip fracture among the elderly, 
but a recent trial involving elderly male and fe-
male nursing-home residents showed no signifi-
cant benefit.36

Calcium and vitamin D supplements are often 
recommended to maintain bone mineral density. 
Although there are conflicting data on the bene-
fits of supplementation, a recent systematic review 
of nearly 64,000 participants in randomized tri-
als showed that ingestion of calcium (1200 mg or 
more daily) or calcium with vitamin D (800 IU 
or more daily) reduced osteoporotic fractures by 
12% in both men and women 50 years of age or 
older.37 Fracture reduction appeared to be greater 
among participants who had at least an 80% rate 
of compliance with calcium and vitamin D recom-
mendations (24% risk reduction, vs. 12% among 
participants with a lower compliance rate) and 
among those with a daily intake of at least 1200 mg 
of calcium and at least 800 IU of vitamin D. In a 

Table 2. WHO Diagnostic Categories of Bone Mineral Density.*

Diagnostic Category Criterion

Normal bone mass A value for bone mineral density or bone mineral content within 1.0 SD of the refer-
ence mean for young adults (T score −1.0 or higher)

Low bone mass (osteopenia) A value for bone mineral density or bone mineral content that is more than 1.0 but 
less than 2.5 SD below the mean for young adults (T score between −1.0 and −2.5)

Osteoporosis A value for bone mineral density or bone mineral content that is 2.5 SD or more below 
the mean for young adults (T score −2.5 or lower)

Severe osteoporosis (estab-
lished osteoporosis)

A value for bone mineral density or bone mineral content that is 2.5 SD or more below 
the mean for young adults in combination with one or more fragility (low-trauma) 
fractures

*	This information is from the World Health Organization (WHO) and was originally developed for white postmenopaus-
al women but is now also applied to men. 
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trial comparing calcitriol (0.50 μg daily) with 
calcium supplementation (1 g daily) in men with 
osteoporosis, changes in bone mineral density 
were similar in the two groups over a period of 
2 years.38 Recommendations support supplemen-
tation with cholecalciferol at doses of 800 to 
2000 IU daily,39 with the goal of maintaining se-
rum levels of 25-hydroxyvitamin D at 30 ng per 
milliliter or more. The recommended daily intake 
of calcium for men with osteoporosis is 1200 to 
1500 mg.

Pharmacologic Therapy
Pharmacologic therapy is indicated in men with 
T scores below −2.5 or with less marked bone loss 
and a vertebral fracture. Most experts would also 
recommend treatment for men with osteopenia 
and a nonvertebral fracture after minimal trauma 
(Fig. 2).

Bisphosphonates
A randomized, double-blind trial involving 241 hy-
pogonadal or eugonadal men with osteoporosis 
showed that treatment with 10 mg of alendronate 
per day for 2 years increased bone mineral density 
in the spine and femoral neck40 and significantly 
reduced the incidence of radiologic, but not clin-

ical, vertebral fractures at 2 years (0.8%, vs. 7.1% 
in the placebo group). The trial was not powered 
to assess reductions in other fractures.

In an open-label study, men with osteoporosis 
taking the oral bisphosphonate risedronate at a 
dose of 5 mg per day for 1 year had increased bone 
mineral density in the spine and proximal femur41 
and a reduced risk of radiologic vertebral fractures; 
however, a weakness of the study was the lack of 
blinding. More data are required to determine the 
effects of oral bisphosphonates on nonvertebral 
and hip fractures in men with osteoporosis.

In a recent randomized trial, the intravenous 
bisphosphonate zoledronic acid, given in one or 
two 5-mg doses over the course of 23 months, 
reduced overall rates of clinical fracture and death, 
but not the rate of hip fracture, among elderly men 
and women with a previous hip fracture.42 Po-
tential adverse effects of zoledronic acid include 
fever and myalgia and worsening of renal im-
pairment. The use of both intravenous and oral 
bisphosphonates has in rare cases been linked to 
osteonecrosis of the jaw, although the limited data 
now available indicate few cases in patients receiv-
ing doses used for osteoporosis.43

Anabolic Agents
Anabolic agents may correct an underlying defect 
in osteoblast function, which has been implicated 
as a cause of osteoporosis in men.44 Trials show 
that daily subcutaneous administration of 20 μg 
of teriparatide (parathyroid hormone [1-34]) in-
creases the bone mineral density of the spine and 
proximal femur in hypogonadal or eugonadal men 
with osteoporosis.45 In follow-up studies, previous 
therapy with teriparatide was associated with a re-
duction in the risk of moderate or severe vertebral 
fractures.46 Data on the effects of teriparatide on 
nonvertebral fractures in men are lacking. The in-
crease in bone mineral density stimulated by para-
thyroid hormone therapy in men was blunted when 
parathyroid hormone was given with alendronate47 
but not when it was given after risedronate.48 Af-
ter parathyroid hormone therapy is stopped, initia-
tion of bisphosphonate therapy is recommended, 
since this strategy results in further gains in bone 
mineral density.49 Side effects of teriparatide, which 
are mild, include dizziness and leg cramps (in less 
than 10% of patients). An increased risk of osteo-
sarcoma was observed with teriparatide in an on-
cogenicity study in rats, but it has not been shown 
in humans. This agent is suitable for men with 
severe osteoporosis and in those who cannot tol-

Table 3. Risk Ratio for Hip Fracture According to Risk Factors Adjusted  
for Age and for Bone Mineral Density in Men and Women.*

Risk Factor

Adjusted Risk Ratio  
with Adjustment for Bone 
Mineral Density (95% CI)

Low or high BMI

20 vs. 25 1.42 (1.23–1.65)

30 vs. 25 1.00 (0.82–1.21)

Prior fracture at >50 years of age 1.62 (1.30–2.01)

Parental history of hip fracture 2.28 (1.48–3.51)

Current smoking 1.60 (1.27–2.02)

Use of systemic corticosteroids for >3 months 2.25 (1.60–3.15)

Excessive alcohol use† 1.70 (1.20–2.42)

Rheumatoid arthritis 1.73 (0.94–3.20)

Low testosterone‡ 

Hip fracture 1.88 (1.24–2.82)

Other nonvertebral fracture 1.32 (1.03–1.68)

*	Adapted from Kanis et al.22 BMI denotes body-mass index, and CI confidence 
interval.

†	Excessive use is defined as more than 2 units, or 18 g per day, equivalent to 
18 oz (533 ml) or more of full-strength beer, 7 oz (207 ml) or more of wine, 
or 2 oz (59 ml) or more of spirits per day.

‡	Data on low testosterone are from Meier et al.23
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erate or do not have an adequate response to 
bisphosphonates.

Testosterone Therapy
Studies of testosterone in men with osteoporosis 
are limited, and none have used fractures as a pri-
mary end point. The effects of testosterone on cor-
tical and trabecular bone mass are greatest when 
it is used in hypogonadal adolescents.50 In a 3-year 
study of hypogonadal men over 65 years of age, 

those receiving testosterone-replacement therapy 
had an 8.9% greater increase in the bone mineral 
density of their spine than did those receiving pla-
cebo.51 In a 2-year observational study in hypogo-
nadal men, magnetic resonance imaging studies 
showed that testosterone therapy was associated 
with improvements in trabecular connectivity.52

The effects of testosterone in eugonadal men 
are more controversial. In one study, transdermal 
testosterone did not increase bone mineral density 
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Rule out or treat secondary causes

Ensure adequate calcium intake (≥1200 mg/day) and replete vitamin D status (serum level, ≥30 ng/ml)
Encourage weight-bearing physical activity and implement fall-prevention strategies

Initiate specific anti-osteoporosis therapy
Bisphosphonates
Teriparatide
Testosterone therapy in presence of hypogonadal symptoms

Figure 2. Plan for Treatment of Men with Osteoporosis.

Excessive alcohol use is defined as 18 oz (533 ml) or more of full-strength beer, 7 oz (207 ml) or more of wine, or 2 oz 
(59 ml) or more of spirits per day.
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in eugonadal elderly men over 65 years of age, as 
compared with placebo,53 whereas intramuscular 
testosterone improved spinal bone mineral den-
sity in men with osteoporosis in observational 
studies.54,55 Differences in response may be related 
to pretreatment testosterone levels. In a prespeci-
fied analysis in the first study,53 men with a tes-
tosterone level below 200 ng per deciliter had sig-
nificant increases in spinal bone mineral density 
with treatment. The risks of testosterone therapy, 
which include polycythemia, sleep apnea, benign 
prostate enlargement, and possibly prostate can-
cer, argue against its use in eugonadal men with 
osteoporosis until additional data are available to 
support this strategy.

A r e a s of Uncerta in t y

The optimal interval at which to obtain follow-up 
bone mineral density measurements is controver-
sial. An interval of 2 years seems reasonable in 
men whose care is managed with or without phar-
macotherapy. The efficacy and safety of testos-
terone treatment for osteoporosis require further 
assessment. Reduction of nonvertebral and hip 
fractures with the use of oral bisphosphonates in 
men has yet to be demonstrated.

Data are limited on the cost-effectiveness of 
screening for and treating osteoporosis in men. 
In one analysis, the threshold probability for cost-
effective treatment was a 10-year risk of hip frac-
ture that ranged from 2% at the age of 50 years 
to 6.5% at the age of 80 years.22 Bone densitom-
etry followed by bisphosphonate therapy may be 
cost-effective for U.S. men with osteoporosis who 
are 65 years of age or older and have had a previ-
ous clinical fracture and for those 80 years of age 

or older with no previous fracture. This strategy 
may also be cost-effective for men as young as 
70 years without a previous clinical fracture, if the 
cost of oral bisphosphonate therapy is below $500 
per year,56 as it is in some countries.

Guidel ines

The International Society for Clinical Densitome-
try recommends bone mineral density screening in 
men 70 years of age or older and recommends ear-
lier screening if there is a fragility fracture or other 
known condition conferring a predisposition to os-
teoporosis.57 Canadian clinical practice guidelines 
from 2002 recommend screening in men 65 years 
of age or older (though cost-effectiveness data are 
lacking).58 These guidelines recommend bisphos-
phonates as first-line treatment for men in this 
age group whose bone mineral density is in the 
osteoporotic range, for men over the age of 50 years 
who have had fractures and have a T score below 
−1.5, and for men of any age who have osteope-
nia and have taken corticosteroids for 3 or more 
months or who have hypogonadism. Recent Na-
tional Osteoporosis Foundation guidelines59 rec-
ommend pharmacologic therapy in men 50 years 
of age or older with hip or vertebral fractures; in 
men with a T score below −2.5; and in men with 
a T score between −1.0 and −2.5 with either a 10-
year hip fracture probability of 3% or more or a 
total minimal trauma fracture probability of 20% 
or more.

Conclusions a nd 
R ecommendations

Osteoporosis in men continues to be underdiag-
nosed and undertreated. In men 70 years of age or 
older and in younger men with clinical risk factors 
for osteoporosis, such as the man in the vignette, 
bone density should be measured by dual-energy 
x-ray absorptiometry. I would also measure levels 
of serum total testosterone and 25-hydroxyvita-
min D. A calcium intake of at least 1200 mg per 
day and vitamin D supplementation of at least 
800 IU per day should be recommended, as should 
regular weight-bearing exercise. A T score of −2.5 
or less indicates bone loss; evidence of vertebral 
fracture would be an indication for pharmacolog-
ic therapy. An oral bisphosphonate, currently con-
sidered first-line treatment for osteoporosis in men, 
should be recommended, with patient education 
regarding potential side effects.

Table 4. General Preventive and Lifestyle Measures.*

Weight-bearing exercise, including resistance training to improve muscle 
mass, strength, and balance, performed at least 3 times per week

Adequate calcium intake (1200–1500 mg per day) through diet, supple-
ments, or both

Adequate vitamin D intake (800–2000 IU of vitamin D per day, especially  
for men >65 years of age; target serum level of 25-hydroxyvitamin D,  
≥30 ng/ml [75 nmol/liter])

Smoking cessation
Avoidance of excessive alcohol use†
Use of fall-prevention programs, including home-based interventions, visual 

assessment, balance exercises, and tai chi

*	Appropriate intake of calcium and vitamin D should be encouraged from  
childhood. 

†	Excessive use is defined as 18 oz (533 ml) or more of full-strength beer, 7 oz 
(207 ml) or more of wine, or 2 oz (59 ml) or more of spirits per day.
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