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ABSTRACT

Objective: Osteoporosis has tradition-

ally been considered a female problem.

This study’s purpose is to evaluate bone

mineral density (BMD) in males with eat-

ing disorders.

Method: Charts of 70 consecutive

males admitted to an eating disorder

program were reviewed. Females admit-

ted during the same time period were

used for comparison. BMD was measured

by dual-energy X-ray absorptiometry.

Results: Thirty-six percent (19/53) had

osteopenia and 26% (14/53) had osteopo-

rosis at the lumbar spine. A dispropor-

tionate number of males with anorexia

restricting or binge/purge subtype (ANR/

ANB) had osteoporosis, as well as those

of older age, lower weights, and longer

illness duration. BMD for ANR and ANB

males was significantly lower than

females (p 5 .02 and p 5 .03, respec-

tively). In multivariate stepwise linear

and logistic regression, lowest BMI and

illness duration predicted lumbar Z-

scores.

Conclusion: Males with ANR/ANB often

have severe bone disease, which is worse

than females, and is best predicted by a

patient’s lowest BMI and illness duration.
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Introduction

Osteoporosis is characterized by increased bone
turnover and bone fragility due to progressive loss
of bone mass. This leads to an increased fracture
risk. Osteoporotic fractures are a common cause of
disability. Up to one-third of individuals with osteo-
porosis who suffer a hip fracture, become totally
dependent for assistance with basic activities of
daily living.1 In the United States, direct expendi-
tures for osteoporotic fractures are estimated to be
$18 billion annually.2

Although osteoporosis has traditionally been
considered a disease of women, men also incur
substantial bone loss with aging. Osteoporotic ver-
tebral fractures experienced by men occur at
approximately one-third the rate of women.3 How-
ever, the pattern of bone loss in males is distinctly

different from that seen in females. In females,
bone mineral density (BMD) begins to decline
slowly after the age of 40 until the age of 55, when
the loss of bone density accelerates. However, the
pattern among males is a slow decline after the age
of 40 so that by age 60, their BMD decreases to lev-
els almost equivalent to females of equal age.4

Overall, osteoporosis occurs less frequently in men
due to several factors including greater accumula-
tion of skeletal bone mass during youth, greater
bone size, the absence of a distinct equivalent of
menopause, and a shorter average lifespan.5

There is a group of patients who are at particu-
larly high risk of developing osteoporosis, namely,
females with anorexia nervosa. Low bone density
constitutes a rather common complication of ano-
rexia nervosa with severe implications for morbid-
ity, due to the risk of fractures. Notwithstanding the
young age of most patients with anorexia nervosa,
bone density is reduced at either the spine or hip
by more than 2.5 SD (osteoporosis) in almost 40%
of patients and by more than one standard devia-
tion (osteopenia) in 92% of women with anorexia
nervosa.6 Many questions remain regarding the
etiology and course of bone loss in patients with
eating disorders, but the majority of the studies of
bone loss have been carried out in females. The
clinical risk factors for low bone density in women
with an eating disorder are weight loss, length of ill-
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ness, and duration of amenorrhea.7–10 Since there
are a paucity of studies addressing osteoporosis in
males with eating disorders, the purposes of this
study are as follows: (1) to investigate BMD in male
patients with eating disorders and document their
severity of bone loss, (2) compare BMD in male
patients with eating disorder versus females, (3)
and identify factors that contribute to BMD reduc-
tion in males.

Method

Our study sample of patients consisted of 70 males

consecutively admitted to the inpatient eating disorder

unit at the University of Iowa Hospitals and Clinics

between 1998 and June 2003. Female patients admitted

for the treatment of eating disorder during this time pe-

riod were also reviewed and stratified according to diag-

nosis and bone density (n 5 522). The medical record of

these patients were retrospectively reviewed and data

concerning demographics, personal history, illness his-

tory, BMD, psychopathology, and comorbidity were

extracted from the detailed histories and mental status

examinations of the physicians, nurses, psychologists,

social workers, and dieticians who examined each

patient. The information collected was written on a code

sheet with no personal identification and double entered

into an Access database with quality control features.

The eating disorder diagnosis of each patient conformed

to DSM-IV criteria for anorexia nervosa restricting sub-

type (ANR), anorexia nervosa binge-eating/purging sub-

type (ANB), or bulimia nervosa (BN). Patients with a

diagnosis of eating disorder not otherwise specified

(EDNOS) suffered from eating disorders not meeting

strict DSM-IV criteria for anorexia or BN, but who were

sufficiently ill to require inpatient treatment. In regard to

a particular factor in the past history such as excessive

exercise, the chart review only identified patients in

whom this variable was explicitly stated to be present or

absent. The variable was considered missing if it was not

located in the chart. BMD was evaluated using a Hologic

dual-energy X-ray absorptiometry (DEXA Scan) of the

lumbar spine at the L1–L4 level. BMD measurements

were expressed as grams per square centimeter. DEXA

results for females admitted during this time frame were

reviewed. IRB approval was obtained prior to initiation of

the study.

Statistical Analysis

Because of BMD assessment not being a standard part

of the eating disorder medical evaluation in the past,

24.3% (17/70) of the male study population and 20.1%

(105/522) of the female comparison group were missing

the lumbar spine measurements. Since almost half of the

study populations were missing total hip measurements

(30/70), no detailed analysis was performed for the hip.

Because the continuous variables were highly skewed, we

described our study population with medians and inter-

quartile ranges. The median test was used to determine

significant differences between the eating disorders.

We analyzed the bone density using Z-scores, which

compares the bone density of a participant with that of a

gender- and age-matched control, rather than the better

known T-scores, which compare the bone density of a

participant to the mean peak bone density of gender-

matched young adults. Since the majority of the patients

in our study have not yet attained peak bone mass, the Z-

score is a more appropriate measure. BMD was normally

distributed; thus means and standard deviations (SD)

were used to describe the population, and the analysis of

variance test determined significant differences between

the eating disorders. The lumbar Z-score was divided

into two groups, above 21 SD and 21 SD or below. This

division was used to compare the ratios of the categorical

risk factors (childhood obesity, physical abuse, sexual

abuse, lifetime binge, lifetime purge, lifetime depression,

alcohol abuse, or drug abuse) with Pearson’s Chi square

or Fisher’s exact test. Multivariate stepwise linear regres-

sion was used to predict lumbar Z-score based on six

known risk factors [body mass index (BMI) at admission,

lowest BMI, BMI at disease onset, duration of illness, age

at disease onset, and Eating Attitudes Test] during hospi-

talization. Multivariate logistic regression was run using

the same predictors to determine significant risk factors

for osteoporosis.

Results

Ninety-nine percent of the male study populations
were Caucasian, 78.6% were single, and 52.2% had
completed the 12th grade. Table 1 describes the
study population’s past history of comorbid condi-
tions. A slightly larger proportion of BN males had a
history of childhood obesity and excessive exercise
than the other diagnostic groups, whereas a slightly
smaller proportion of ANR males had a history of
physical, sexual and substance abuse, and depres-
sion when compared with the other subgroups.
Binging, purging, and substance abuse occurred
more frequently among ANB and BNmales.

Regarding weight history (Table 2), ANB males
were slightly older at onset of illness and closer to
normal weight. BN and EDNOS males were consid-
erably more obese when their illness started and
attained considerably higher weights than the
males with anorexia. ANB males were noticeably
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older and more severely underweight even at their
lowest weight than the other diagnostic groups. On
admission to the eating disorder unit, (Table 3),
ANB males also appeared to be more severely ill
than the other males. ANB males were older, sicker
considerably longer and thus had more previous
hospitalizations for their disorder, and had the low-
est admission weight as a percentage of norms.
Median admission testosterone levels were below
normal range for all diagnostic groups, except BN
males whose median testosterone was 449 ng/dL
(normal 280–800 ng/dL). Each diagnostic group’s
median discharge weight was greater than 85% of
normal, although ANB males were only slightly
above at 85.6%.

Males with EDNOS and BN had the smallest
reduction in their lumbar spine BMD (Table 4);

they were above 21 SD while the males with ano-
rexia nervosa were below 21 SD. On average, ANB
males were the most bone deficient in the lumbar
spine (22.25 SD). When the lumbar Z-score was di-
vided into two groups, above 21 SD and 21 SD or
below, the diagnostic group with the largest pro-
portion of patients below 21 SD on lumbar spine
was the ANR group with 78.3% of patients (18/23)
followed closely by ANB with 75% (6/8). Half of the
patients with BN (7/14) and a quarter of the
EDNOS patients (2/8) had a lumbar spine Z-score
below 21 SD. The median age of the patients above
21 SD was 16 (IQR 15–25 years) and for patients
21 SD or below it was 24 (IQR 16–32 years). When
lumbar Z-score cutoff was 22.5 SD, ANB also had
the largest proportion of patients with a lumbar
spine Z-score below 22.5 SD.

TABLE 2. Weight history of inpatient males with eating disorders (median, interquartile range)

ANB (n5 9) ANR (n5 25) BN (n5 22) EDNOS (n 5 14) Median Test p-Value

Onset age 18 (17–19) 14 (13–16) 15 (14–17) 16 (13–20) .11
Onset %MMPWa 101 (93–115) 109 (98–117) 136 (120–168) 127 (96–166) .002
Onset BMI 21.4 (19.9–24.0) 20.7 (19.4–22.4) 27.5 (23.4–34.4) 25.9 (18.9–35.9) \.001
Highest weight age 18 (18–23) 14 (13–17) 16 (14–17) 16 (13–26) .05
Highest %MMPWa 105 (92–132) 109 (101–117) 136 (120–181) 129 (106–166) .003
Highest BMI 22.8 (20.5–27.2) 20.7 (20.0–22.4) 28.3 (23.4–35.9) 25.9 (20.4–35.9) \.001
Lowest weight age 27 (24–39) 16 (14–25) 17 (14–22) 17 (14–23) .01
Lowest %MMPWa 61 (57–65) 71 (63–75) 92 (85–112) 90 (83–98) \.001
Lowest BMI 13.8 (12.4–14.5) 13.8 (12.9–15.3) 18.8 (16.2–23.1) 17.3 (16.2–19.8) \.001

a%MMPW is percentage of mean-matched population weight.

TABLE 3. Admission and discharge data for inpatient males with eating disorders (median, interquartile range)

ANB (n 5 9) ANR (n5 25) BN (n5 22) EDNOS (n5 14) Median Test p-Value

Years with eating disorder 9.0 (6–12) 1.8 (1–4) 2.8 (1–10) 1.0 (0.7–5) .01
Previous hospitalizations 3 (1–5) 1 (0–2) 0 (0–1) 0 (0–1) .03
Testosterone (normal5 280–800 ng/dL) 189 (109–348) 155 (62–257) 449 (310–509) 19 (12–78) .06
Admission Age 27 (24–39) 17 (14–26) 19 (16–28) 18 (14–28) .02
Admission %MMPWa 65.8 (60.9–66.5) 70.8 (68.3–78.2) 102.7 (95.9–117.1) 97.2 (87.0–101.7) \.001
Admission BMI 14.5 (13.6–14.7) 14.7 (13.5–16.0) 21.6 (20.0–25.3) 19.2 (16.7–22.2) \.001
Discharge %MMPWa 85.6 (79.8–93.8) 89.5 (81.9–98.3) 107.6 (100.2–117.3) 101.2 (96.7–106.5) \.001
Discharge BMI 19.0 (17.9–20.6) 18.4 (17.2–20.2) 21.9 (21.2–25.6) 20.3 (18.6–21.7) .002
Hospital Days 74 (19–140) 41 (31–69) 16 (8–25) 18 (8–24) \.001

a%MMPW is percentage of mean-matched population weight.

TABLE 1. Comorbid history of inpatient males with eating disorders

ANB (N5 9) ANR (N5 25) BN (N5 22) EDNOS (N5 14)

N % N % N % N %

Childhood obesity 2/6 33.3 7/21 33.3 8/17 47.1 3/13 23.1
Sexual abuse 2/8 25.0 0/23 0.0 2/22 9.1 1/12 8.3
Physical abuse 1/8 12.5 1/23 4.4 5/22 22.7 3/10 30.0
Lifetime excessive exercise 4/8 50.0 14/24 56.0 18/21 81.8 9/14 64.3
Outpatient treatment 7/7 100.0 15/23 65.2 17/20 85.0 12/14 85.7
Lifetime binge 8/9 88.9 1/25 4.0 21/22 95.5 1/14 7.1
Lifetime purge 9/9 100.0 4/25 16.0 21/22 95.5 3/14 21.4
Lifetime depression 5/9 55.6 7/25 28.0 11/22 50.0 6/14 42.9
Alcohol abuse 3/9 33.3 1/25 4.0 10/22 45.5 2/14 14.3
Drug abuse 3/9 33.3 1/25 4.0 13/22 59.1 2/14 14.3
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The females were not significantly different in
admission age or BMI, length of stay for the admis-
sion, number of previous hospitalizations, or diag-
nosis category from the males (Median Test p 5

.29, p 5 .61, p 5 .46, p 5 .40; Pearson’s Chi-square
Test p 5 .22, respectively). Males did have a signifi-
cantly shorter median duration of their eating dis-
order (males 4 years, females 2.8 years, Median test
p 5 .04). The severity of bone loss in the male ANR
and ANB patients was more pronounced than in
females with the mentioned eating disorders, who
were admitted as inpatients and measured during
the same treatment period (p 5 .02 and p 5 .03,
respectively) (see Fig. 1). However, bone deficiency
in males with BN was only marginally worse than
females with BN; there was essentially no gender
difference in the EDNOS subgroups (p 5 .05 and
p5 .84, respectively).

There was also no significant difference in the
proportion of childhood obesity, physical abuse,
sexual abuse, lifetime binge, lifetime purge, lifetime
depression, or alcohol abuse among the patients
whose lumbar Z-score was above 21 SD and those
patients whose lumbar Z-score was 21 SD or
below. On multivariate linear regression analysis of
lumbar Z-score, lowest BMI and longer duration of
illness accounted for 46% of the variance at the
lumbar spine. For every one unit increase in lowest
BMI, the lumber Z-score increased by 0.2, and for
every additional year of disease duration, the lum-
bar Z-score decreased by 0.12. Multivariate logistic
regression, using the aforementioned six risk fac-
tors to predict osteoporosis, demonstrated a similar
conclusion. BMI was protective for osteoporosis
(odds ratio 5 0.64, 95% CI 5 0.41–0.99). Also, every
additional year of disease duration increased the
odds of developing osteoporosis by 57% (95% CI 5
1.12–2.20). Spearman correlations were performed
to determine if testosterone was highly correlated
with other variables. Admission testosterone was

not significantly correlated with any of the BMD
measures or weight variables.

Discussion

Male osteoporosis is an under-recognized sequela
among males with eating disorders despite the
increasing concern about the prevalence of bone
mineral loss in patients with anorexia nervosa.11

Overall, male osteoporosis is a less commonly rec-
ognized condition when compared with osteoporo-
sis in women.12 Yet, fractures are increased in all
patients with low bone density. Maximizing peak
bone mass is critical to prevent the development of
osteoporosis and its morbidities.1 Bone mass
increases throughout childhood, with the maximal
bone mass accrual rate occurring in early to mid-
puberty and slowing in late puberty. Peak bone
mass is attained between the ages of 20 and 25 but

TABLE 4. Bone mineral density (BMD) of inpatient males and females with eating disorders

ANB (n5 8) ANR (n 5 23) BN (n 5 14) EDNOS (n 5 8)

ANOVA p-ValueMean SD Mean SD Mean SD Mean SD

Males
Lumbar spine BMD (g/cm2) 0.84 0.16 0.82 0.14 0.97 0.11 0.90 0.20 .02
Lumbar Z-score (SD) 22.25 1.38 21.85 1.36 20.831 1.10 20.634 1.93 .03

ANB (n5 115) ANR (n5 100) BN (n 5 93) EDNOS (n5 120)

ANOVA p-ValueMean SD Mean SD Mean SD Mean SD

Females
Lumbar spine BMD (g/cm2) 0.89 0.14 0.87 0.15 1.00 0.11 0.96 0.13 \.001
Lumbar Z-score (SD) 21.22 1.27 21.19 1.20 20.219 1.06 20.49 1.12 \.001

FIGURE 1. Lumbar spine Z-score of inpatient males and
females with eating disorders. (a) Significant gender effect
(t 5 2.21, p 5 .03); (b) significant gender effect (t 5 2.32,
p 5 .02); (c) nonsignificant gender effect (t 5 1.99, p 5

.05); (d) nonsignificant gender effect (t 5 0.33, p 5 .84).
[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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it occurs earlier in females than in males.13 Bonjour
et al., reported in females that most of the total
gain in bone density, recorded between 9 and 18
years of age, is accumulated within the four-year
period from 11 to 15 years of age.14 In boys, bone
mass accumulation is particularly pronounced
between the ages of 13–17. Since eating disorders
typically onset during adolescence, these patients
will have low life-long peak bone mass if there are
no diagnostic and therapeutic interventions. It is
not surprising that anorexia nervosa, with its
attendant failure to attain peak bone mass, is asso-
ciated with a markedly overall increased long-term
risk of nontraumatic fractures.15,16 In our study,
restricting male anorectics had a high prevalence of
BMD loss. In addition, the BMD of the male
patients with anorexia nervosa was more signifi-
cantly reduced as compared with female patients
with eating disorders from the same time period.

Testosterone plays an essential role in the main-
tenance of bone mass, and a low testosterone level
is generally associated with osteoporosis in
men.17,18 The mechanisms that mediate testoster-
one’s skeletal effects remain incompletely under-
stood. However, in our study, we found no correla-
tion between admission testosterone levels and
bone density despite the fact that the older males
had lower admission testosterone levels and more
bone loss than the younger males. These older
males predominantly had the diagnosis of ANB,
and perhaps their protracted illness overshadowed
the expected effect of testosterone on bone density.
We found that the lowest body weights, as a
percentage of norms, and duration of illness,
explained 49% of the variance in BMD of the lum-
bar spine. Males with ANB had a history of lower
weights and longer duration of illness, compared
with the other males. Even in males from the gen-
eral population, preserved BMD is associated with
higher baseline body weight.19

The underlying mechanism of BMD loss in ano-
rexia nervosa involves a state of increased bone
resorption rate without concomitant increased
bone formation.20 This uncoupling of bone forma-
tion and resorption causes net loss of bone mass.
Serum markers of bone resorption, such as N-tele-
peptide and deoxypyrdoline, are higher in patients
with anorexia nervosa and markers of bone forma-
tion, such as osteocalcin, are not concomitantly
elevated.21 This is most closely analogous to ste-
roid-induced osteoporosis. Indeed, female patients
with anorexia nervosa, who had an average dura-
tion of illness of 5.8 years, were found to have a
markedly elevated annual fracture rate, seven
times greater than healthy women of the same

age.22 In our study population, bone loss in males
with anorexia was significantly greater than in the
females with anorexia even though males had a
shorter duration of their eating disorder, which
suggests that these male patients may be at even
higher risk than females to suffer the adverse con-
sequences of low bone mass. One standard devia-
tion decrease in lumbar spine BMD is associated
with a two fold increase in spine fracture risk.1

This is notable since osteoporotic-induced verte-
bral and hip fracture rates in the general male pop-
ulation occur at approximately one-third the rate
of women.23 Further, studies suggest different frac-
ture thresholds for males and females. Males may
actually fracture at a higher bone density level as
compared with females.24

Consistent with previous studies in females with
eating disorders, males diagnosed with ANB in our
study experienced the most bone loss among the
different eating disorder subtypes. Herzog has
reported that females with ANB were at an
increased risk of developing osteoporosis inde-
pendent of initial bone mass, weight history, and
duration of illness.9 Of note, similar to the BN
females in the aforementioned study, the patients
in our study with pure BN had lumbar spine BMD
values within normal range. Males in our study
with EDNOS also had normal bone density.

We found no association between bone density
and lifestyle behavior such as binging, purging,
substance abuse, and exercise. Although weight
bearing exercise is known to help avert osteoporo-
sis in the general population, there seems to be a
varying relationship in anorexia nervosa. Several
studies have reported that physical activity25–27

increases bone density, while in other studies of
patients with anorexia nervosa, exercise showed no
protective capacity regarding BMD.28,29 Our inabil-
ity to find a relationship does not necessarily
exclude the importance of this variable in influenc-
ing BMD; it may reflect that weight-bearing exer-
cise is only protective if menstruation and the en-
docrinologic milieu has also been preserved. If on
the other hand, excessive weight bearing exercise
leads to hormonal disruption, it in fact may
actually be deleterious and analogous to what has
been observed in the female athletic triad.

Although not directly germane to these study
results, it is worth briefly discussing treatment
options. The cornerstone of treatment is weight
restoration; normalized present weight is the best
predictor of BMD in patients with eating disor-
ders.30 In addition, medicinally, all treatment
begins with adequate calcium and vitamin D,
1200–1500 mg per day and 800 IU per day, respec-
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tively. Of note, however, there is not good evidence
from randomized-controlled trials that either cal-
cium or vitamin D are major contributing factors to
restitution of bone mineral content.31 For osteope-
nia, calcium and vitamin D are also what is clini-
cally indicated. However, for severe osteoporosis,
bisphosphonates might be considered. Agents
such as alendronate and risedronate, which are
antiresorptive and are available as weekly oral
preparations, have proven efficacy in both males
and anorexia nervosa.32,33 The unique ongoing
concern regarding the usage of these agents in the
female population of childbearing age does not
seem to exist with respect to males and spermato-
genesis. Although recent data suggest that 5 years
of bisphosphonates treatment may be sufficient
for postmenopausal osteoporosis, this likely does
not apply to patients at high risk for fractures such
as in anorexia nervosa.34 Teriparatide, which is a
human recombinant parathyroid hormone, is new
and is the only available anabolic agent for the
treatment of osteoporosis. It has no credible data
as yet in anorexia nervosa, and requires a daily
injection. Hormonally, dehyrdoepiandeosterone,
and testosterone have not produced significant
increases in BMD or markers of increased bone
formation.35,36

Lastly, DEXA should be established as an impor-
tant screening tool for all patients with moderate
and severe anorexia nervosa, with a disease dura-
tion greater than 6–12 months. A repeat DEXA 2
years later is also recommended if there is ongoing
weight loss, or the diagnosis of anorexia nervosa is
still pertinent.37 Calcaneous quantitative ultra-
sound measurements may emerge as a simpler test
to predict fracture risk, but is not currently recom-
mended.38

Limitations

A major limitation of this study is its retrospec-
tive design, which resulted in missing data about
nutritional intake of calcium and vitamin D, testos-
terone levels, BMD measures, and personal history.
The extent of missing data for personal history was
not unexpected. For example, sexual abuse was
missing for 7% and childhood obesity for 19%. The
explanation for the low levels of testosterone in the
EDNOS males is not known. The small sample size
limited the analysis options, especially in the multi-
variate models. It was not possible to blind the data
abstractor to the patient’s type of eating disorder
since it was present in the medical record. How-
ever, an independent statistician completed the
analyses in order to avoid additional bias in the
results. Furthermore, the study was carried out in a

specialized setting for eating disorders, at a tertiary
referral hospital, and perhaps resulted in a dispro-
portionate number of severe cases referred for
treatment. Another limitation is that this study
consists of patients with heterogeneous eating dis-
orders and a broad range of duration of illness.
Lastly, the females were chosen using convenience
sampling; thus, they were not a priori matched to
the males. However, the female comparison group
was similar to the males in respect to admission
age and BMI, length of hospitalization, and number
of previous admissions. The fact that the males had
a shorter duration of illness than the females
heightens our conclusion that the males with ano-
rexia nervosa had more severe bone disease even
though their eating disorders had a more recent
onset.

Conclusion

The risk of osteoporosis in males with eating disor-
ders remains an under-reported medical complica-
tion of eating disorders. Yet, our study indicates a
high prevalence of low bone mass in male patients
with eating disorders. Moreover, the severity of
bone deficiency in these males is even greater than
females with the same eating disorder, especially
for those with anorexia nervosa and in those with a
very low BMI and longer duration of illness. The
results of our study should serve to heighten aware-
ness about the clinical syndrome of osteoporosis in
male patients with eating disorders. It should also
encourage vigilance about the diagnostic and ther-
apeutic implications of this robust and concerning
association, particularly in those males with
anorexia nervosa.
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