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Context: Anorexia nervosa (AN) and functional hypothalamic amenorrhea (HA) are associated with
low bone density, anxiety, and depression. Women with AN and HA have elevated cortisol levels.
Significant hypercortisolemia, as in Cushing’s disease, causes bone loss. It is unknown whether
anxiety and depression and/or cortisol dysregulation contribute to low bone density in AN or HA.

Objective: Our objective was to investigate whether hypercortisolemia is associated with bone loss
and mood disturbance in women with HA and AN.

Design and Setting: We conducted a cross-sectional study in a clinical research center.

Participants: We studied 52 women [21 healthy controls (HC), 13 normal-weight women with
functional HA, and 18 amenorrheic women with AN].

Outcome Measures: Serum samples were measured every 20 min for 12 h overnight and pooled for
average cortisol levels. Bone mineral density (BMD) was assessed by dual-energy x-ray absorpti-
ometry (DXA) at anteroposterior and lateral spine and hip. Hamilton Rating Scales for Anxiety
(HAM-A) and Depression (HAM-D) were administered.

Results: BMD was lower in AN and HA than HC at all sites and lower in AN than HA at the spine.
On the HAM-D and HAM-A, AN scored higher than HA, and HA scored higher than HC. Cortisol
levels were highest in AN, intermediate in HA, and lowest in HC. HAM-A and HAM-D scores were
associated with decreased BMD. Cortisol levels were positively associated with HAM-A and HAM-D
scores and negatively associated with BMD.

Conclusions: Hypercortisolemia is a potential mediator of bone loss and mood disturbance in these
disorders. (J Clin Endocrinol Metab 94: 4710–4716, 2009)

Anorexia nervosa (AN), a psychiatric disorder pre-
dominantly affecting young women, is character-

ized by restrictive eating resulting in extremely low body
weight, amenorrhea, and bone loss (1). Functional hypo-
thalamic amenorrhea (HA) in normal-weight women,
prevalent in the same age group, leads to less severe de-
creases in bone mineral density (BMD) (2, 3). Both groups
of patients are hypoestrogenemic; the greater bone loss in

AN is thought to result from nutritional deficiencies and
additional endocrine abnormalities (1). Altered hypotha-
lamic-pituitary-adrenal (HPA) dynamics and hypercorti-
solemia have been reported in AN (4–7) and HA (8–10)
and may play an important role. Significant elevations in
cortisol, for example in Cushing’s syndrome or after ad-
ministration of high-dose glucocorticoids, are known to
cause bone loss through multiple mechanisms including
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promotion of osteoclastic bone resorption over osteoblas-
tic bone formation. Although there is some evidence link-
ing cortisol to decreased markers of bone formation in HA
(3) and AN (3, 4), and to BMD in AN (11), a clear rela-
tionship between cortisol dysregulation and bone loss in
these populations has not been established.

HPA dysregulation is also a feature of major depression
(12, 13) and anxiety disorders (14, 15), and there is evi-
dence that it may underlie symptomatology (16, 17).
There is increasing data establishing major depression as
a risk factor for osteoporosis (18–22). It is not known
whether patients with anxiety are more susceptible to os-
teoporosis. Anxiety and depression are more common in
HA (23) and AN (24–27), but whether relative hypercor-
tisolemia is a mechanism underlying bone loss is unclear.

We therefore investigated the link between hypercor-
tisolemia, psychiatric symptoms, and bone loss in women
with HA and AN. We hypothesized that relatively higher
levels of cortisol in AN compared with HA could be a
contributing factor for increased bone loss and symptoms
of anxiety and depression in this group.

Subjects and Methods

Subjects
We studied 52 women [21 healthy controls (HC), 13 normal-

weight women with functional HA, and 18 amenorrheic women
with AN]. All subjects were recruited from the community
through advertisements and referrals from healthcare providers.

Subjects with AN met DSM-IV criteria (28) including intense
fear of gaining weight, emphasis on body shape, weight less than
85% of ideal body weight (IBW) as determined by the 1983
Metropolitan Life tables (29), and lack of menses for at least
three consecutive months.

Subjects with HA were 90–110% of IBW and reported am-
enorrhea for at least three consecutive months. Exclusion criteria
included polycystic ovarian syndrome, hyperprolactinemia, pre-
mature ovarian failure, and history of AN.

Healthy female volunteers were 90–110% of IBW and re-
ported regular menstrual periods. HC had no history of amen-
orrhea, disordered eating, or significant anxiety or depression.

All subjects had normal thyroid function tests. Subjects were
excluded if they had an alanine aminotransferase greater than 90
U/liter, a serum creatinine greater than 4.5 mg/dl, any condition
known to affect bone metabolism other than HA or AN, or
history of diabetes mellitus. Additional exclusion criteria in-
cluded active abuse of drugs or alcohol, use of medication known
to affect bone metabolism, or cortisol levels within 3 months
(including estrogen), use of depot medroxyprogesterone within
6 months, use of a bisphosphonate within a year, and pregnancy
or breastfeeding within 6 months of the study.

Methods
This study was approved by the Institutional Review Boards

of Partners Health Care, Inc., and Massachusetts Institute of
Technology. Written informed consent was obtained from all

subjects before any procedures. All subjects were admitted to the
General Clinical Research Center of Massachusetts General
Hospital for an outpatient screening visit and an inpatient over-
night visit.

At the screening visit, height, weight, and elbow breadth were
measured by research dietitians, blood was drawn for screening
laboratory tests, and a comprehensive history and physical exam
were performed. Exercise patterns and alcohol intake were as-
sessed. Percent IBW was calculated as described above. Body
mass index (BMI) was obtained by dividing the weight in kilo-
grams by the square of height in meters. Frame size was deter-
mined by comparing elbow breadth to race-specific norms
derived from the United States Health and Nutritional Exami-
nation Survey I (30).

During the inpatient overnight visit, percent IBW and BMI
were reevaluated. Medical history and physical exam were per-
formed. BMD and body composition were assessed by dual-
energy x-ray absorptiometry (Hologic 4500; Hologic, Inc.,
Waltham, MA). This technique has a precision of 0.01 g/cm2 at
the lumbar spine and 3% for fat mass (31). Study staff admin-
istered the Hamilton Rating Scale for Depression (HAM-D) (32)
and Hamilton Rating Scale for Anxiety (HAM-A) (33). An iv
catheter was placed, and subjects were allowed to acclimate to
their rooms for at least 2 h, followed by frequent sampling of
blood every 20 min from 2000–0800 h. Blood draws were per-
formed by experienced research nurses at the Clinical Research
Center with identical procedures between patients and controls.
Subjects were asked to fast starting at 2000 h. Subjects were
allowed to sleep through the night and were not woken up by the
nurses. All healthy controls presented for their overnight visit
during the follicular phase of their menstrual cycle.

Biochemical analysis
Serum was stored at �80 C until analysis. Overnight serum

samples were pooled for average cortisol levels. Serum cortisol
was measured by chemiluminescent microparticle immunoassay
(Architect System; Abbot Diagnostics, Abbott Park, IL). The
intraassay coefficient of variation (CV) was reported for three
levels ranging from 2.1–4.8%, and the total CV was reported for
three levels, ranging from 3.9–7.7%. The sensitivity was 0.8
�g/dl. Fasting serum IGF-I levels were measured by chemilumi-
nescent immunometric assay (Immulite 2000; Diagnostics Prod-
ucts Corp., Los Angeles, CA). The intraassay CV was reported
for six levels ranging from 2.3–3.9%, and the total CV was re-
ported for six levels, ranging from 3.7–8.1%. The sensitivity was
20 ng/ml. Fasting leptin levels were measured by radioimmuno-
assay (LINCO Research, a division of Millipore, Inc., St.
Charles, MO). The intraassay CV ranged from 3.4–8.3% and
the interassay CV ranged from 3.6–6.3%. The sensitivity was
0.5 ng/ml.

Data analysis
JMP Statistical Discoveries (version 5.01; SAS Institute, Inc.,

Cary, NC) was used for statistical analyses. Clinical character-
istics, hormone levels, BMD and psychiatric measures were com-
pared using ANOVA. Multiple comparisons were controlled for
using the Tukey-Kramer test. Univariate regression analysis was
used to investigate the associations between cortisol levels and
BMD as well as psychiatric measures. Stepwise regression anal-
ysis was performed to further investigate determinants of BMD
and psychiatric scores. Statistical significance was defined as a
two-tailed P value � 0.05. Data are reported as mean � SEM.
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Results

Patient characteristics
Patient characteristics are presented in Table 1. Sub-

jects in each group did not differ in age. As expected, AN
had lower mean BMI, percent IBW, and percent fat com-
pared with HC. BMI and percent IBW in HA were higher
than AN but lower than HC. There was a trend toward
lower percent fat in HA compared with HC and signifi-
cantly higher percent fat in HA compared with AN. Age of
menarche was not significantly different between groups.
AN reported a mean of 58.9 � 14.9 months of amenor-
rhea; this was not statistically different from the mean of
33.2 � 9.0 months of amenorrhea reported by HA. By
design, HC had no history of amenorrhea. Identified eti-
ological factors for HA included exercise (eight subjects),
weight loss (three subjects), and stress (eight subjects).
Cortisol levels in those who had HA attributable to exer-
cise did not significantly differ from those who had HA
due to other causes. IGF-I levels were lower in AN than

HA. Leptin levels were higher in HC than HA and lowest
in AN. However, there were no significant differences in
leptin levels after controlling for BMI or body fat. Groups
did not differ in mean hours of sleep during the frequent
sampling procedure.

Mean overnight serum cortisol levels
Pooled 12-h overnight blood samples for cortisol are

reported in Table 2. HA and AN had higher mean cortisol
levels than HC. There was a trend toward higher mean
levels of cortisol in AN compared with HA.

BMD
BMD and Z-scores are reported in Table 2 and Fig. 1.

HA and AN had lower mean BMD and Z-scores than HC
at all sites. Mean BMD and Z-scores were lower in AN
than HA at the anteroposterior (AP) and lateral spine but
not the hip. Fourteen percent of HC had BMD at one site
or more that was greater than 1 SD below the norm based

TABLE 1. Baseline characteristics

HC, n � 21 HA, n � 13 AN, n � 18

P values

HC vs. HA HC vs. AN HA vs. AN
Age (yr) 27.1 � 1.5 27.3 � 1.6 25.5 � 1.4 0.93 0.45 0.41
BMI (kg/m2) 22.6 � 0.4 21.0 � 0.4 18.2 � 0.2 0.01a �0.0001a �0.0001a

% IBW 99.3 � 1.3 93.4 � 1.4 79.8 � 0.9 0.02a �0.0001a �0.0001a

% Fat (DXA) 26.7 � 1.0 24.1 � 0.9 17.9 � 0.8 0.08 �0.0001a �0.0001a

Age of menarche (yr) 12.8 � 0.3 12.7 � 0.4 13.2 � 0.3 0.69 0.41 0.29
Months amenorrhea 0 33.2 � 9.0 58.9 � 14.9 �0.0001 �0.0001a 0.19
Hours exercise/wk 3.8 � 0.5 5.7 � 0.9 7.7 � 1.5 0.06 0.01a 0.28
No. alcoholic drinks/wk 1.8 � 0.5 3.2 � 0.7 1.5 � 0.5 0.08 0.66 0.04
IGF-I (ng/ml) 228.7 � 18.1 249.7 � 22.5 187.5 � 17.5 0.48 0.12 0.04
Leptin (ng/ml) 9.1 � 0.8 6.3 � 0.8 2.8 � 0.5 0.03a �0.0001a 0.0006a

Results are means � SEM.
a P � 0.05 after correcting for multiple comparisons using Tukey-Kramer.

TABLE 2. Cortisol, BMD, and psychiatric measures

HC HA AN

P values

HC vs. HA HC vs. AN HA vs. AN
Cortisol

Mean 12-h pooled cortisol (�g/dl) 7.6 � 0.4 9.4 � 0.9 11.2 � 0.9 0.04 �0.0001a 0.09
Bone

BMD (g/cm2)
AP spine 1.04 � 0.02 0.92 � 0.03 0.83 � 0.03 0.005a �0.0001a 0.05
Lateral spine 0.83 � 0.02 0.72 � 0.02 0.63 � 0.03 0.001a �0.0001a 0.02a

Total hip 0.99 � 0.03 0.85 � 0.02 0.80 � 0.03 0.002a �0.0001a 0.19
Z-scores

AP spine �0.12 � 0.19 �1.04 � 0.29 �1.86 � 0.28 0.01a �0.0001a 0.06
Lateral spine 0.38 � 0.23 �1.02 � 0.27 �2.18 � 0.33 0.0006a �0.0001a 0.02
Total hip 0.31 � 0.23 �0.72 � 0.19 �1.15 � 0.22 0.004a �0.0001a 0.17

Psychiatric measures
HAM-D 1.1 � 0.4 6.6 � 1.2 13.3 � 1.2 �0.0001a �0.0001a 0.0007a

HAM-A 1.5 � 0.5 7.5 � 1.1 11.3 � 1.3 �0.0001a �0.0001a 0.05a

Results are means � SEM.
a P � 0.05 after correcting for multiple comparisons using Tukey-Kramer.
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on age, sex, and ethnicity (Z-score less than �1.0), and 0%
of HC had Z-scores less than �2.0. Sixty-nine percent of
HA had Z-scores of less than �1.0, and 31% had Z-scores
less than �2.0 at one site or more. Eighty-nine percent of
AN had Z-scores of less than �1.0, and 44% of AN had
Z-scores less than �2.0 at one site or more.

Psychiatric measures
Results of psychiatric measures are reported in Table 2.

Women with AN had higher mean scores than HA on the
HAM-D and HAM-A, and women with HA had higher
mean scores on these measures than HC. A score of 7 or
below on the HAM-D was considered normal and above
7 abnormal (34). On that basis, the mean HAM-D score
of 13 for AN was above the normal range; the mean
HAM-D score of 7 for HA was at the high end of the
normal range; and the mean HAM-D score of 1 for HC
was normal. On the HAM-D, 83% of AN had abnormal
scores; only three subjects had normal scores. In contrast,

31% of those with HA had abnormal scores, and 69%
were normal. All HC scored in the normal range on the
HAM-D. A HAM-A score below 18 was considered nor-
mal. All HC, all HA, and all but two AN had HAM-A
scores in the normal range.

Correlations between cortisol, BMD, and
psychiatric measures

As shown in Table 3, HAM-D and HAM-A scores were
negatively associated with BMD at all sites. Figure 2 pre-
sents univariate correlations between 12-h overnight se-
rum cortisol levels and BMD. Cortisol levels were nega-
tively associated with BMD at the AP and lateral spine as

TABLE 3. Relationship between psychiatric measures
and BMD

r P value
HAM-D

AP spine �0.50 0.0002
Lat spine �0.47 0.002a

Hip �0.56 �0.0001
HAM-A

AP spine �0.38 0.005
Lat spine �0.38 0.01a

Hip �0.46 0.0007
a After controlling for 12-h cortisol levels, no longer significant.
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FIG. 1. BMD. AN (white) and HA (gray) had lower mean Z-scores than
HC (black) at the AP spine (�1.86 � 0.28 vs. �1.04 � 0.29 vs.
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there was a trend toward lower mean Z-scores in AN compared with
HA at the AP spine (P � 0.06). a, P � 0.0001 vs. HC; b, P � 0.02 vs.
HA; c, P � 0.06 vs. HA.
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FIG. 2. Univariate correlations between 12-h pooled cortisol levels and
BMD. Cortisol levels negatively predicted BMD at the AP spine (A) (r �
�0.30; P � 0.04), lateral spine (B) (r � �0.52; P � 0.0009), and total
hip (C) (r � �0.32; P � 0.03).
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well as the hip. We entered 12-h overnight cortisol,
months of HA, age, and IGF-I levels into stepwise regres-
sion models. At the AP spine, 9% of the variance of BMD
was attributable to cortisol (P � 0.05). At the lateral spine,
27% of the variance of BMD was attributable to cortisol
and an additional 5% to months of HA, explaining 32%
of the total variance. At the hip, 18% of the variance of
BMD was attributable to months of HA and an additional
5% to cortisol, explaining 23% of the total variance. Fig-
ure 3 shows the relationship between 12-h overnight se-
rum cortisol levels and psychiatric measures. There were
strong associations between cortisol levels and scores on
the HAM-D and HAM-A.

Discussion

This study identifies normal-weight women with HA as an
intermediate phenotype between healthy menstruating
women and those with AN in terms of severity of hyper-
cortisolemia, mood disturbance, and bone loss. Impor-
tantly, cortisol levels were strongly associated with scores
of anxiety and depressive symptoms and negatively cor-
related with BMD. This implicates cortisol as a possible
mediator of dysregulated mood and bone loss in these
disorders. Alternatively, psychiatric symptomatology in
AN and HA may increase cortisol levels, precipitating
bone loss.

In a study of 49 amenorrheic women (30 with AN and
19 with HA) matched for age of menarche and duration of
amenorrhea, and 30 healthy controls, Grinspoon et al. (3)
showed that T-scores at the AP spine and hip were lower
in HA compared with healthy controls and lowest in those
with AN. Our study confirms decreased BMD in these
amenorrheic groups of patients, with more severe bone
loss in AN. Although hypercortisolemia is considered a
potential mediator of AN-induced bone loss, there are few

studies documenting an association between
cortisol and low bone density in this popula-
tion. Biller et al. (11) reported a negative cor-
relation between 24-h urine free cortisol cor-
rected for creatinine clearance and BMD at the
spine in females aged 14–42 yr with AN.
Misra et al. (4) performed overnight frequent
sampling of serum for cortisol levels in ado-
lescent girls with AN and found that cortisol
secretion was an inverse predictor of bone for-
mation markers. In a study of women with AN
and functional HA, Grinspoon et al. (3) found
an inverse relationship between urine free cor-
tisol in amenorrheic women and osteocalcin, a
marker of bone formation. Our investigation
showed higher levels of overnight pooled se-

rum cortisol in women with AN and HA compared with
eumenorrheic healthy controls and a trend toward higher
levels in AN compared with HA. There were strong neg-
ative associations between cortisol levels and BMD at the
AP spine, lateral spine, and hip. In a stepwise regression
model that included total months of amenorrhea, age, and
IGF-I levels, 12-h pooled cortisol was the best predictor of
variability of BMD at the AP and lateral spine. Together,
these data support the role of cortisol in the moderate
and severe bone loss associated with HA and AN, re-
spectively. Hypercortisolemia may explain the lack of
efficacy of estrogen replacement in restoring BMD in
these disorders (35, 36).

Anxiety and depression are recognized features of
Cushing’s and potential side effects of exogenous glu-
cocorticoids; symptoms improve with normalization of
corticosteroid levels (37, 38). HPA dysregulation is well
established in major depression and may mediate symp-
toms, in part through limbic glucocorticoid receptor and
CRH receptor type I activation (16, 17). Normalization of
response to dexamethasone-CRH testing, a measure of
cortisol dynamics, may herald clinical improvement in
major depression and has been advocated as an early sur-
rogate marker for drug efficacy (13, 16). Blockade of cor-
tisol synthesis by medications like ketoconazole and me-
tyrapone has been shown to improve symptoms of
depression (39, 40). Although less robust, there is also
evidence of abnormal cortisol regulation and hypercorti-
solemia in anxiety disorders (14, 15). Patients with AN
have high rates of comorbid anxiety and depression (24–
27), and HA has been associated with anxiety and depres-
sive symptoms as well as vulnerability to stress (23, 41).
However, it is unknown whether these psychiatric symp-
toms in AN and HA are due to cortisol dysregulation.
Previous research shows that cognitive behavioral therapy
can restore ovulatory function in women with functional
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FIG. 3. Univariate correlations between 12-h pooled cortisol levels and psychiatric
measures. Cortisol levels showed strong associations with HAM-A (A) (r � 0.43; P �
0.003) and HAM-D (B) (r � 0.45; P � 0.002) scores.

4714 Lawson et al. Hypercortisolemia Predicts Bone Loss and Depression J Clin Endocrinol Metab, December 2009, 94(12):4710–4716

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/94/12/4710/2596418 by guest on 16 August 2022



HA, highlighting the important role of cognition and at-
titudes in driving endocrine function (42). Likely, the re-
lationship between mood and HPA function is bidirec-
tional. Although this study cannot determine causality,
our results clearly demonstrate a link between hypercor-
tisolemia and scores of anxiety and depressive symptoms
in these populations. The more modest psychiatric symp-
toms in HA compared with AN may be due to less signif-
icant hypercortisolemia. It is also possible that cortisol
dysregulation is the fundamental disorder underlying a
disease spectrum with more severe symptomatology seen
in AN compared with HA.

In recent years, depression has been identified as a po-
tential risk factor for bone loss (20–22). A study of 45
females aged 13–23 yr with AN found more severe bone
loss in those subjects with greater depressive symptoms
(43). In premenopausal women with depression, Altindag
et al. (19) reported that cortisol levels, but not HAM-D
scores, negatively correlated with BMD. There is limited
research investigating the relationship between anxiety
and bone. In a study of 207 adolescent girls, Dorn et al.
(44) showed an association between anxiety symptoms
and total body bone mineral content as well as hip bone
mineral content and BMD in a Caucasian subset of 125
girls. The Israeli National Health Interview Survey of
more than 2000 men and women found a correlation be-
tween generalized anxiety disorder and self-reported di-
agnosis of osteoporosis, independent of depression (45).
We showed that scores of anxiety and depressive symp-
toms were both negatively associated with BMD. This is
consistent with previous data linking depression to bone
loss and also identifies anxiety symptomatology as a
marker for increased risk of decreased BMD. Notably, this
study suggests clinical relevance to HAM-A scores of anx-
iety symptoms within the normal range, because only two
subjects had abnormal scores.

The relationship between cortisol, anxiety and depres-
sive symptoms, and bone is complex. One possibility is
that hypercortisolemia drives psychiatric symptoms and
bone loss in HA and AN. Alternatively, HA and AN may
result in anxiety and depression, leading to elevated cor-
tisol levels and, ultimately, bone loss. Likely, the link be-
tween HPA axis hyperactivity and disordered mood in
these disorders is bidirectional. This is a cross-sectional
study, and therefore causality cannot be established.

In summary, we studied the relationship between cor-
tisol dysregulation and clinical manifestations of AN and
HA, specifically low BMD and psychiatric symptoms. We
demonstrated that there is an inverse correlation between
cortisol levels and bone mass as well as anxiety and de-
pressive symptom scores. Hypothalamic amenorrhea rep-
resents an intermediate phenotype between healthy women

and those with AN. It is unclear whether hypercortisol-
emia is secondary or underlies the psychiatric pathology in
these disorders. Further investigation of cortisol dysregu-
lation and its relationship to bone loss and psychiatric
comorbidities in AN and HA is warranted.
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