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Context: Anorexia nervosa (AN), a prevalent psychiatric disorder predominantly affecting women,
is characterized by self-induced starvation and low body weight. Increased clinical fractures are
common, and most women have low bone mineral density (BMD). Previously investigated treat-
ments have led to no or modest increases in BMD in AN.

Objective: Our objective was to investigate the effect of teriparatide (TPT; human PTH[1–34]), an
anabolic agent, on low bone mass in women with AN.

Design, Setting, and Patients: This randomized, placebo-controlled trial at a clinical research center
included 21 women with AN: 10 (mean age � SEM, 47 � 2.7 years) treated with TPT and 11 (47.1 �

2.3 years) treated with placebo.

Interventions: TPT (20 �g SC) or placebo was administered for 6 months.

Main Outcome Measures: Our primary outcome measure was change in BMD of the spine and hip by
dual-energyx-rayabsorptiometry.SecondaryoutcomemeasuresincludedchangesinserumN-terminal
propeptide of type 1 procollagen (P1NP), C-terminal collagen cross-links, sclerostin, and IGF-1 levels.

Results: At 6 months, spine BMD increased significantly more with TPT (posteroanterior spine, 6.0%
� 1.4%; lateral spine, 10.5% � 2.5%) compared with placebo (posteroanterior spine, 0.2% � 0.7%,
P � .01; lateral spine, �0.6% � 1.0%; P � .01). The results remained significant after controlling
for baseline body mass index, P1NP, and IGF-1. Changes in femoral neck (P � .4) and total hip (P �

0.8) BMD were comparable in both groups, as were changes in weight. Serum P1NP levels increased
after 3 months of TPT treatment and remained at this higher level at 6 months, whereas P1NP levels
were unchanged in the placebo group (P � .02). TPT was well-tolerated by all subjects.

Conclusions: This study demonstrates that TPT administration increases spine BMD substantially
after only 6 months of therapy in women with AN. (J Clin Endocrinol Metab 99: 1322–1329, 2014)

Anorexia nervosa (AN) is a psychiatric disorder affect-
ing predominantly young women with a lifetime

prevalence approaching 2.2% (1). The disease is charac-

terized by self-induced starvation and the inability to
maintain a normal weight for height (2) and is associated
with a number of severe medical comorbidities, including
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clinical fractures. More than 85% of women with AN
have bone mineral density (BMD) values more than 1 SD
below an age-comparable mean (3, 4), and importantly,
there is a 7-fold increased risk of fracture (5). However,
there are currently no Food and Drug Administration-
approved treatments for low bone mass in patients with
AN.

Although adolescents and young women are the group
most often affected by AN, an increasing number of
women over the age of 35 have been entering programs for
the treatment of AN (6). The relapse rate of AN is high
with only approximately 50% of patients recovering after
21 years (7), and therefore, the increasing prevalence of
AN in women over 35 is thought to be due primarily to
persistent disease (8). However, new-onset AN is also
noted among older women (9–11) and is associated with
more significant weight loss (10). Therefore, a group of
women with AN over 35 would be expected to have more
significant bone loss.

Previous studies have investigated the effects of a num-
ber of therapies, including oral contraceptives (OCs) (12,
13), bisphosphonates (14), testosterone (14), dehydroepi-
androsterone (DHEA) (15–17), and recombinant human
(rh)IGF-1 (13) on BMD in women with AN. OCs (12, 13),
DHEA (15, 16), and testosterone (14) did not increase
BMD in women with AN. The only agents that have re-
sulted in increases in BMD in AN include an anabolic
agent, rhIGF-1, in combination with OCs (13) and bis-
phosphonates, which increase BMD by 2% to 4% over 1
year, the greatest reported increase in BMD to date in
women with AN (14). Because bone loss in AN, unlike
other estrogen-deficient states, is characterized by de-
creased bone formation in the setting of undernutrition
(18–20), a potent anabolic agent, such as teriparatide
(TPT; human PTH[1–34]), would be a logical treatment
choice. However, TPT-induced bone formation is medi-
ated, in part, by local IGF-1 production (21, 22), and sys-
temic levels of IGF-1 (23) and IGF-1 production in re-
sponse to GH are reduced in AN (24). Therefore, whether
TPT would be an effective treatment in AN is not known.
We hypothesized that the profound low bone formation
state in AN would respond to TPT administration by an
increase in BMD. We studied the effects of TPT on a group
of women with AN and low BMD by 1) comparing
changes in BMD after 6 months of treatment with TPT or
placebo and 2) comparing changes in markers of bone
turnover over the 6-month study period.

Subjects and Methods

Subjects
Twenty-one women (mean age � SEM, 47 � 1.7 years) who

met DSM IV weight and psychiatric criteria for AN and who had

a T-score of ��2.5 at any site were recruited through referrals
from local eating disorder providers, endocrinologists, and on-
line advertisements. Subjects were randomized to receive either
TPT (Eli Lilly and Company) or identical placebo injections.
Subjects in the TPT group were 69% to 85% of ideal body weight
at the time of the screening visit, and subjects in the placebo
group were 61% to 85% of ideal body weight. Subjects with
abnormal thyroid function tests, chronic diseases known to af-
fect BMD (other than AN), or diabetes mellitus were excluded
from participation. None of the subjects were treated with oral
bisphosphonates within 12 months of the study or iv bisphos-
phonates within 3 years of initiating the study. Exclusion criteria
also included the use of medications known to affect bone me-
tabolism, including estrogen, in the 3 months preceding the
study. The protocol was approved by the Partners Institutional
Review Board and complied with the Health Insurance Porta-
bility and Accountability Act (HIPAA) guidelines. Written in-
formed consent was obtained from all subjects.

Experimental protocol
After a screening visit during which a history, physical ex-

amination, and studies to determine eligibility were performed,
subjects presented for the baseline visit. Clinical and nutritional
evaluations and laboratory and radiologic studies were per-
formed at this visit, and subjects were taught to self-administer
the study medication. Calcium and vitamin D intake was as-
sessed by a bionutritionist from the Clinical Research Center at
the Massachusetts General Hospital, and if self-reported intake
was less than 1200 mg daily of calcium, subjects were provided
with supplements to achieve a daily intake of 1200 mg of cal-
cium. All subjects were provided with a daily vitamin containing
400 IU of vitamin D.

Study participants self-administered 20 �g of TPT or placebo
once daily sc using a 31-gauge pen needle in the abdomen for 6
months. Participants were seen every month at the Massachu-
setts General Hospital Clinical Research Center at which time a
physical examination and laboratory studies were performed.

Anthropometric measurements
Subjects were weighed on an electronic scale while wearing a

hospital gown, and height was measured as the average of 3
readings on a single stadiometer. Elbow breadth (for estimation
of frame size) was measured using calipers and compared with
norms based on NHANES-I data. Body mass index (BMI) was
calculated using the formula [weight (kilograms)/height (me-
ters)2], and the percentage of ideal body weight was calculated
based on 1983 Metropolitan Life Height and Weight tables (25).

Biochemical assessment
Serum IGF-1, N-terminal propeptide of type 1 procollagen

(P1NP), and C-terminal collagen cross-links (CTX) were mea-
sured by a luminescent immunoassay analyzer (ISYS Analyzer;
Immunodiagnostics Corporation). The detection limit for IGF-1
was 4.4 ng/mL with an intra-assay coefficient of variation (CV)
of 2.2% and an interassay CV of 5.1%. The detection limit for
P1NP was 1 ng/mL, with an intra-assay CV of 2.9% and an
interassay CV of 4.6%. The detection limit for CTX was 0.023
ng/mL with an intra-assay CV of 3.2% and an interassay CV of
6.2%. Serum sclerostin levels were measured by ELISA (TECO-
medical Group, Quidel Corporation) with a detection limit of
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0.170 ng/mL and an intra-assay CV of 3.1% and interassay CV
of 3.5%.

Radiologic imaging
All subjects underwent dual-energy x-ray absorptiometry im-

aging to measure BMD of the posteroanterior (PA) lumbar spine
(L1–L4), lateral spine (L2–L4), total hip, and femoral neck using
a Hologic Discovery A densitometer (Hologic Inc). CV of dual-
energy x-ray absorptiometry have been reported as �1% for
bone (26).

Statistical analysis
Statistical analysis was performed using JMP Pro version 10.0

(SAS Institute) software. Means and the SEM are reported.
Means were compared using the Student’s t test unless the dis-
tribution was non-normal, in which case the Wilcoxon test was
used. Proportions were compared using the Fisher’s exact test.
Pearson correlation coefficients, or if the data were non-normal,
Spearman’s coefficients, were calculated to assess univariate re-
lationships. Multivariable analyses were performed using least-
squares linear regression to control for confounders. Repeated-
measures analysis was used to investigate the group � time
interaction for P1NP, CTX, IGF-1, and sclerostin levels mea-
sured at baseline and 3 and 6 months. Only individuals with
complete data (n � 19 for P1NP, CTX, and IGF-1; n � 20 for
sclerostin) were included in the repeated-measures analysis. A P

value of �.05 on a two-tailed test was used to indicate
significance.

Results

Baseline characteristics
Baseline characteristics of the study subjects are listed

in Table 1. Baseline characteristics were similar in both
groups except for serum IGF-1 and P1NP levels, which
were significantly higher in the TPT group as compared
with the placebo group at baseline. Both groups had low
bone mass as per protocol; the mean lateral spine T-score
was ��3.0 in both groups. All of the subjects completed
the study and remained on their assigned treatment for the
duration of the study.

Changes in BMD
After 6 months, there was a 6.0% � 1.4% increase in

BMD at the PA spine and an absolute increase of 0.05 �
0.01 g/cm2 in the TPT group compared with a 0.2% �
0.7% increase (absolute increase, 0.002 � 0.005 g/cm2) in
the placebo group (P � .01 for both percent change and

Table 1. Baseline Characteristics of the Study Participants

Teriparatide
(n � 10)

Placebo
(n � 11)

P
Value

Age, y 47.0 � 2.7 47.1 � 2.3 .98
BMI, kg/m2 17.6 � 0.4 16.6 � 0.4 .08
Weight, kg 47.2 � 2.1 45.4 � 1.4 .47
Height, cma 163.5 � 2.3 165.5 � 1.8 .86
Percentage of ideal body weight 80.1 � 2 74.7 � 1.8 .06
Years since onset of anorexia nervosa

(self-reported)
20.4 � 3.7 18.0 � 4.3 .70

Mean systolic blood pressure, mm Hg 106 � 5 105 � 4 .90
Mean diastolic blood pressure, mm Hg 67 � 4 69 � 3 .75
Self-reported hours of exercise per weeka 7.2 � 2.3 8.4 � 2.9 .97
Amenorrhea, n 8 7 .64
Subjects reporting current use of

antidepressant medications, n
8 7 .64

Subjects obtaining �1200 mg Ca daily
(through diet and/or supplements), n

2 3 .99

Subjects obtaining �400 IU vitamin D daily
(through diet and/or supplements), n

2 5 .35

BMD of PA spine, g/cm2 0.77 � 0.02 0.81 � 0.03 .28
PA spine T-score �2.6 � 0.2 �2.1 � 0.3 .29
BMD of lateral spine, g/cm2 0.53 � 0.03 0.57 � 0.01 .22
Lateral spine T-score �3.5 � 0.3 �3.0 � 0.2 .24
BMD of total hip, g/cm2 0.71 � 0.04 0.69 � 0.02 .72
Total hip T-scorea �1.9 � 0.4 �2.0 � 0.1 .60
BMD of femoral neck, g/cm2a 0.60 � 0.03 0.60 � 0.02 .70
Femoral neck T-scorea �2.3 � 0.3 �2.3 � 0.1 .57
Past use of bisphosphonates, n 4 5 .99
25-OH vitamin D, ng/mL 31.1 � 3.3 40.4 � 4.2 .1
IGF-1, ng/mL 152 � 18 104 � 9 .03
P1NP, ng/mLa 63 � 8 37 � 6 .02
CTX, ng/mL 0.55 � 0.12 0.53 � 0.08 .88
Sclerostin, ng/mL 0.59 � 0.05 0.69 � 0.10 .39

a Wilcoxon test used to analyze between-group differences.
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absolute change in BMD) (Figure 1A). These differences
remained significant after controlling for baseline percent-
age of ideal body weight (or BMI), baseline IGF-1, and
baseline P1NP levels (P � .01 for both percent change and
absolute change in BMD). Changes in body weight over
the 6-month study period were not significantly different
between the groups, although there was a trend toward
significance as the placebo group gained more weight than
the TPT group (placebo, 1.8% � 1.6%, vs TPT, �2.4%
� 1.7%; P � .09).

At 6 months, BMD also increased significantly more
with TPT than placebo at the lateral spine. There was a
10.5% � 2.5% increase in BMD at the lateral spine and
an absolute increase of 0.05 � 0.01 g/cm2 in the TPT
group as compared with a �0.6% � 1.0% decrease (ab-
solute change, �0.003 � 0.005 g/cm2) in the placebo
group (P � .01 for both percent change and absolute
change in BMD) (Figure 1B). These differences remained
significant after controlling for baseline percentage of
ideal body weight (or BMI) and baseline IGF-1 and P1NP
levels (P � .001 for both percent change and absolute
change in BMD).

Changes in BMD of the hip and femoral neck were
similar in both groups after 6 months. There were no

changes in total hip BMD in either group (TPT, �0.3% �
0.9% [absolute change, �0.003 � 0.006 g/cm2], vs pla-
cebo, �0.1% � 1.0% [absolute change, �0.001 � 0.007
g/cm2]; P � .8 for both percent change and absolute
change in BMD) (Figure 2A). Changes in femoral neck
BMD were also similar in both groups (TPT, 0.5% �
1.1% [absolute change, 0.001 � 0.007 g/cm2], vs placebo,
1.7% � 0.8% [absolute change, 0.01 � 0.005 g/cm2]; P �
.2 for both percent change and absolute change in BMD)
(Figure 2B).

Changes in levels of markers of bone turnover and
sclerostin

P1NP
In the TPT group, levels of P1NP, a marker of bone

formation, increased 136% � 21.9% during the first 3
months of treatment and remained at this increased level
through 6 months. In comparison, P1NP levels remained
stable over the entire 6-month study in the placebo group.
This difference in the pattern in which P1NP levels
changed in the 2 groups was statistically significant (P �
.02) (Figure 3A).

Increases in P1NP levels during the first 3 months of
treatment predicted increases in PA spine and lateral spine
BMD over the 6-month study period. In the group as a
whole, there was a significant association between change
in P1NP levels during months 1 to 3 of treatment and the
6-month percent change in PA spine BMD (R � 0.64; P �
.01) and lateral spine BMD (R � 0.73; P � .001). In the
TPT group (n � 10), there was also a significant associ-
ation between change in P1NP levels during the first 3
months of treatment and the 6-month percent change in
PA spine BMD (R � 0.68; P � .04).

CTX
Levels of CTX, a marker of bone resorption, also in-

creased during the first 3 months of treatment with TPT
(45.5% � 26.6%) and remained at this higher level through

the 6-month study period. In the pla-
cebo group, CTX levels remained sta-
ble over the 6-month study (Figure
3B). However, this difference in CTX
patterns between groups did not reach
statistical significance (P � .07).

Sclerostin
Levels of sclerostin, a Wnt signal-

ing pathway inhibitor and negative
regulator of bone formation, were
stable in both the TPT and placebo
group over the 6-month study period
(Figure 3C).

Figure 1. There was a significantly greater increase in BMD after 6
months of TPT as compared with placebo in the PA spine (P � .01) (A)
and lateral spine (P � .01) (B).

Figure 2. After 6 months of treatment, changes in BMD in the total hip (A) and femoral neck
(B) were similar in the TPT and placebo groups.
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Relationship between baseline IGF-1 levels and
changes in BMD

IGF-1 levels remained stable in both the TPT group and
the placebo group over the 6-month study period (Figure
4A).

We performed an exploratory analysis to investigate
whether serum IGF-1 levels predict changes in BMD in
individuals treated with TPT. We examined the relation-
ship between baseline IGF-1 levels and 6-month changes
in BMD in the PA spine and lateral spine in the group of
women who received TPT (n � 10). There was an inverse
association between baseline IGF-1 level and both percent
change in PA spine BMD (R � �0.74; P � .02) and ab-
solute change in PA spine BMD (R � �0.72; P � .02), such
that individuals with the lower baseline IGF-1 levels had
the greatest increase in BMD after 6 months of treatment

with TPT (Figure 4B). This relationship held after con-
trolling for changes in weight over the 6-month study pe-
riod (P � .03 for both percent change and absolute change
in BMD).

There was also an inverse relationship between baseline
IGF-1 level and percent change and absolute change in
lateral spine BMD in the TPT group, but this relationship
was not statistically significant (R � �0.39; P � .3 for
percent change in lateral spine BMD; and R � �0.44; P �
.2 for absolute change in lateral spine BMD).

Adverse effects
TPT was well-tolerated by all study participants. None

of the subjects dropped out of the study, and there were no
serious side effects or adverse events. Table 2 lists adverse
events reported by subjects in the TPT and placebo groups.
A similar number of subjects in each treatment group re-
ported lightheadedness, muscle pain or spasm, and head-
aches. More subjects in the placebo group reported nausea
and vomiting as compared with subjects in the TPT group.
Nine subjects in the placebo group and 6 subjects in the
TPT group reported the development of ecchymoses,
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Figure 3. A, P1NP levels increased after 3 months and remained at
this higher level in the group receiving TPT, whereas levels remained
stable in the group receiving placebo (P � .02 for group � time
interaction). B, CTX levels also increased after 3 months of TPT and
remained at this higher level at 6 months, whereas they remained
stable in the placebo group; however, this difference in the pattern of
change of CTX levels was not statistically significant (P � .07 for
group � time interaction). C,Serum sclerostin levels remained stable in
both groups over the 6-month study period. All P values represent
group � time interaction.
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Figure 4. A, IGF-1 levels remained stable in both groups over the 6-
month study period (P � .15 for group � time interaction). B, There
was a significant inverse association between baseline IGF-1 level and
6-month change in PA spine BMD (R � �0.74; P � .02).

Table 2. Number of Subjects in Each Randomization
Group Experiencing Adverse Effects

No. of Subjects

Teriparatide
(n � 10)

Placebo
(n � 11)

Lightheadedness 4 6
Muscle pain or spasm 3 4
Nausea 1 5
Vomiting 1 3
Headache 6 5
Injection site ecchymoses,

bruising, erythema
6 9

Serum Ca above normal
range

2 0

24-h urine calcium �400
mg

3 1
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bruising, or erythematous lesions at the injection sites that
resolved without further treatment. Two subjects in the
TPT group had an increase in serum calcium levels to
above the normal range. One of the subjects had a serum
calcium level of 10.3 mg/dL (normal range, 8.7–10.2 mg/
dL) at her month 1 study visit. Her calcium supplement
intake was decreased by 50%, and her serum calcium lev-
els subsequently remained within the normal range for the
remainder of the study. The second subject had a serum
calcium level of 11.4 mg/dL (normal range, 8.7–10.2 mg/
dL) at her month 3 study visit. We recommended that she
stop all calcium supplementation, and her subsequent se-
rum calcium levels were within the normal range for the
remainder of the study. Three subjects in the TPT group
had 24-hour urine calcium levels greater than 400 mg (all
were less than 500 mg). All urine calcium levels normal-
ized after subjects decreased their calcium supplement in-
take. None of the subjects stopped use of the study
medication.

Discussion

We have shown that 6 months of treatment with TPT
significantly increases BMD at the PA spine and lateral
spine in women with AN with minimal adverse effects.
This is the first reported randomized placebo-controlled
study of TPT in AN, and the only therapy to demonstrate
this degree of dramatic improvement at the PA spine. The
increases in BMD appear to be mediated by an increase in
bone formation as evidenced by the fact that changes in
P1NP levels during the first 3 months of treatment strongly
predict changes in spine BMD over the study duration.

AN has a lifetime prevalence of 2.2% (1), and only
approximately 50% of women with AN recover even
many years after their initial diagnosis (7). Low BMD is
the most common medical comorbidity associated with
AN. In women who are able to gain weight and resume
their menses, the mean annual increase in BMD is 1.8% at
the hip and 3.1% at the spine (27). In individuals who
remain low weight and amenorrheic, the annual rate of
bone loss is �2.4% at the hip and �2.6% at the spine (27).
Importantly, this bone loss is associated with an increased
risk of fracture. Young women with AN have a 7-fold
increased risk of fracture compared with age-matched
controls (5), and given the chronicity of the disease, the
incidence of fracture has been shown to remain elevated at
57%, even many years after the diagnosis of AN (28).
Therefore, bone loss and increased fracture risk can persist
and lead to life-long morbidity, and finding a beneficial
treatment for the bone loss associated with AN is critical.

Low bone mass in AN is characterized by an uncou-
pling of bone formation and bone resorption (18–20).
Previous studies have investigated the use of predomi-
nantly antiresorptive agents for the treatment of low bone
mass in AN. Estrogen administered as an OC pill does not
result in an increase in BMD in AN (12, 13). In contrast,
physiologic doses of estrogen, primarily administered
transdermally in adolescent girls with AN, leads to signif-
icant improvements in BMD (29). Androgen replacement,
in the form of transdermal testosterone (14) or DHEA
(15), does not increase BMD in AN, although 18 months
of DHEA in conjunction with an OC pill results in main-
tenance, but not improvement, of BMD in AN (17). Other
than physiologic estrogen replacement, which results in a
2.6% increase in spine BMD after 18 months of treatment,
the only 2 agents that have demonstrated efficacy in this
population include rhIGF-1 in combination with an OC
pill, which resulted in a 1.8% increase in spine BMD after
9 months of treatment (13), and risedronate, a bisphos-
phonate, which is the most effective therapy to date, in-
creasing spine BMD by 3% to 4% after 1 year of treatment
(14). Therefore, this is the first treatment study to dem-
onstrate significant increases of 6% to 10% in spine BMD
in a period of only 6 months.

Whether TPT would result in an increase in BMD in
women with AN was previously unknown, because this
population is relatively IGF-1–deficient and IGF-1 is an
important mediator of the anabolic effects of TPT on
bone. Systemic IGF-1 is predominantly produced by the
liver and is regulated by GH and nutritional status, and
levels of IGF-1 in women with AN are approximately 50%
of those of normal-weight women (23). TPT induces
IGF-1 expression and secretion in osteoblasts (30); there-
fore, local IGF-1 production, in bone, is likely a more
important mediator of the effects of TPT than systemic
IGF-1. This is supported by studies in mice with a liver-
specific deletion of the IGF-1 gene (31), which exhibit
significant increases in trabecular number and thickness in
response to TPT treatment compared with vehicle-treated
mice (31). Our data also demonstrate that systemic levels
of IGF-1 do not need to be above a certain threshold for
TPT to improve BMD. In fact, in the 10 women who re-
ceived TPT, the women with the lowest baseline IGF-1
levels had the greatest increases in BMD. This may be due
to the fact that women with lower levels of IGF-1 at base-
line benefit more from TPT-induced IGF-1 secretion in
bone than women with higher baseline levels. Impor-
tantly, although additional studies will be needed to better
understand the relationship between bone acquisition in
response to TPT and IGF-1 in women with AN, our study
suggests that women with low systemic IGF-1 levels will
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demonstrate significant increases in spine BMD in re-
sponse to treatment with TPT.

We also found that serum sclerostin – a potent inhibitor
of Wnt signaling and a negative regulator of bone forma-
tion – did not appear to mediate changes in BMD in re-
sponse to treatment with TPT. Prior studies have shown a
decrease (32) or no change (33, 34) in serum sclerostin
levels in response to TPT. We have previously shown that
sclerostin is not an important mediator of low BMD in
adolescent girls with AN, because levels are similar in girls
with AN and healthy controls, and changes in sclerostin
do not mediate changes in BMD in response to physiologic
estrogen replacement (35). Similarly, we found that in
women with AN, sclerostin levels did not change in re-
sponse to TPT treatment and were similar in both the TPT
and the placebo groups over the 6-month time course.
Therefore, our data suggest that serum sclerostin is not an
importantmediatorof changes inBMDinresponse toTPT
in women with AN.

Whereas significant increases in spine BMD were ob-
served after only 6 months of treatment with TPT, the
effect of a longer duration of therapy is unknown except
for a case report that demonstrated increases in both spine
and hip BMD in response to 2 years of teriparatide in a
woman with AN (36). Importantly, although we only
studied the effects of 6 months of treatment, the increases
in BMD observed in this study are greater than any other
increases in BMD in response to treatment in a population
with AN. Additional studies will be needed to determine
whether longer-term use of TPT will result in BMD gains
in the hip and continued improvements at the spine.

In conclusion, 6 months of treatment with TPT led to
significant increases in spine BMD in a population of
women with AN. Future studies will be needed to better
understand the mechanism by which TPT leads to im-
provements in BMD in this population, as this will allow
us to better understand the pathophysiology of bone loss
in states of nutritional deprivation.
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