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The Severity of Bone Loss: A Comparison Between
Cushing’s Disease and Cushing’s Syndrome
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Abstract

Background: This study aimed to estimate the prevalence of osteo-
porosis among patients with adrenal Cushing’s syndrome (ACS) and
Cushing’s disease (CD), to investigate whether there is a difference in
the degree of osteoporosis between both groups; and if so, what fac-
tors may be responsible for this variation.

Methods: This is a cross-sectional study in which data from 19 pa-
tients with CD and eight patients with ACS were analyzed. Osteo-
porosis was assessed using the bone mineral density (BMD) of the
lumbar spine using dual-energy X-ray absorptiometry (DEXA).

Results: Bone loss was present in 81.5% of the patients with Cush-
ing’s syndrome. Osteoporosis is nearly three times more common in
ACS (62.5%) than in CD (26.3%). BMD at the lumbar spine was
lower in patients with ACS than in patients with CD. ACS had sig-
nificantly lower levels of dehydroepiandrosterone sulfate (DHEA-S)
than CD. In comparison to the CD group, the serum parathyroid hor-
mone (PTH) concentration in the ACS group was significantly higher.
In the entire patient population, there was a statistically significant
correlation between the DHEA-S and the lumbar BMD values.

Conclusions: Patients with ACS have more severe osteoporosis than
patients with CD, and the difference in DHEA-S concentrations might
be important in explaining this difference. BMD examinations should be
prioritized to enable rapid recognition and intervention for osteoporosis.
Measurement of bone turnover markers such as PTH may aid in the
early diagnosis of the consequences of hypercortisolism on the bone.
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Introduction

Cushing’s syndrome (CS) is a group of symptoms and signs
caused by abnormally elevated cortisol levels from a variety of
causes. There are several types of CS, e.g., exogenous Cushing
and ectopic adrenocorticotropic hormone (ACTH)-dependent
Cushing, Cushing’s disease (CD), and adrenal Cushing’s syn-
drome (ACS) [1]. Hypercortisolism, which is the defining fea-
ture of CS is a known important cause of secondary osteoporosis
characterized by a loss of bone mass and density [2]. Cushing
osteopathy is one of the most severe complications. Abnormal
bone turnover, decreased bone mineral density (BMD), and in-
creased fracture risk are common effects of excessive gluco-
corticoids [3]. The structural and functional skeletal damage is
disabling and correlates with the patients’ reported low quality
of life [3, 4]. According to data on bone density in endogenous
hypercortisolism, patients with CS of adrenal, pituitary, or ec-
topic origin have marked osteopenia/osteoporosis [5, 6].
Assessment of bone derangement is based on dual-energy
X-ray absorptiometry (DEXA) to measure BMD. BMD is un-
questionably one of the most important determinants of bone
quality and the World Health Organization (WHO) diagnostic
classification of osteoporosis is based on its values as expressed
in T scores [3, 7, 8]. Patients with CS are reported to have a
60% to 80% prevalence of osteopenia and a 30% to 65% preva-
lence of osteoporosis, respectively [1, 9, 10]. Other studies on
CS patients who underwent DEXA scans reveal a BMD decline
of 15-20% in comparison to normal subjects and 28% to 50%
of the affected patients have osteoporosis [3, 11]. Although
their phenotypes are similar, patients with primary adrenal-de-
pendent or pituitary-dependent CS exhibit different patterns of
adrenal steroid secretion. While cortical adenomas cause CS to
secrete only cortisol, creating a “pure hypercortisolism”, corti-
cal adenomas can promote steroid synthesis in the zona fascicu-
lata as well as in the zona reticularis of the adrenal cortex [9].
The rarity of CS and other endogenous hypercortisolism,
such as adrenal adenomas or hyperplasia secreting cortisol in-
dependently from ACTH or ectopic ACTH-secreting tumors,
helps to explain this. All of these conditions are uncommon
and, as a result, are frequently diagnosed later in the course
of the disease. Osteopathy in endogenous hypercortisolism is
frequently disregarded due to the lengthy and challenging di-
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agnostic procedures, as well as the endocrinologist’s specific
focus on the treatment of the underlying diseases [3].

The aim of this study is to estimate the prevalence of os-
teoporosis among patients with ACS and CD in Egypt, to in-
vestigate whether there is a difference in the degree of osteopo-
rosis between pituitary and adrenal CS; and if so, what factors
may be responsible for this variation.

Materials and Methods

The study was conducted in compliance with the ethical stand-
ards of the responsible institution on human subjects as well as
with the Helsinki Declaration and was approved by the local
Ethical Committee at Alexandria University Faculty of Medi-
cine, Alexandria, Egypt (IRB number: 0305681). All partici-
pants provided informed consent.

A cross-sectional prospective study where data from 19
patients with CD and eight patients with ACS recruited from
Alexandria Faculty of Medicine, Alexandria, Egypt, during the
period from July to November 2022 were analyzed. All of the
patients had manifestations of hypercortisolism. Patients who
had mild autonomous cortisol secretion, other types of hyper-
cortisolism other than CD and ACS (such as ectopic ACTH
syndrome, adrenocortical hyperplasia, or adrenocortical car-
cinoma) or recurring diseases were excluded from the study.
Since diabetes mellitus can affect the BMD and might be a
confounding factor, patients diagnosed with diabetes mellitus
were also excluded. Pregnancy, alcoholism, smoking, and a his-
tory of chronic disease were also among the exclusion criteria.
The enrolled patients underwent evaluation while their diseases
were still active, and none of them were taking any medications
known to have an impact on bone metabolism or the hypotha-
lamic-pituitary-adrenal axis. The following endocrine workup
and clinical features were used to confirm the diagnosis of CS:
1) measuring serum cortisol levels at 2400 h; 2) evaluation of
the 24-h excretion of urinary free cortisol (UFC) calculated as
the mean value of three different samples collected on consecu-
tive days; 3) measurement of plasma ACTH at 0800 h; 4) low-
dose overnight dexamethasone suppression test (1 mg, orally,
at 2300 h and measurement of serum cortisol at 0800 h in the
following morning). For the diagnosis of ACTH-dependent
CS, the corticotropin-releasing hormone test and the high-dose
overnight dexamethasone suppression test (8 mg, orally, at 2300
h and measurement of serum cortisol at 0800 h the following
morning) were used. An adrenal computed tomography (CT)
scan or a pituitary magnetic resonance imaging (MRI) was used
to assess the presence of a space-occupying lesion. All patients
underwent surgical treatment, either resection of the pituitary
adenoma or the pituitary gland using the transsphenoidal ap-
proach. Both cortisol-secreting and ACTH-secreting adenomas
were identified in these surgically removed tissues.

Serum calcium and phosphorus concentrations were
measured using COBAS C311 automated chemistry analyzer
(Roche Diagnostics, Germany). Serum level of cortisol, dehy-
droepiandrosterone sulfate (DHEA-S), and 25-hydroxyvitamin
D3 (25(OH)D3) concentrations were measured using COBAS
E411 automated immunoassay analyzer (Roche Diagnostics,
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Germany) [12]. Serum ACTH and parathyroid hormone (PTH)
concentrations were measured using COBAS E411 automated
immunoassay analyzer (Roche Diagnostics, Germany) [12].

The 24-h UFC concentration was assessed using Immulite
2000 automated immunoassay analyzer (Siemens Healthcare
Diagnostics, USA) [12]. A DEXA scan machine (Model Holo-
logic Horizon) was used. The bone density is measured at the
lumbar spine using the T-score, which represents the differ-
ence between the measured BMD and the population standard
deviation (SD) for similar ages and sex. A normal result is a
T-score from -1 to +1. T-score between -1 and -2.5 represents
osteopenia, whereas a T-score of -2.5 or less indicates osteopo-
rosis. The prevalence and the degree of severity of osteoporo-
sis were compared between ACS and the CD groups.

IBM SPSS Statistics for Windows, version 20, was used
to analyze the data (IBM Corp., Armonk, NY). To describe the
criteria of the studied sample, descriptive statistics in terms of
frequency and percentages were used. The Chi-square test was
used to examine the relationship between categorical variables.
A P value of less than 0.05 was deemed statistically signifi-
cant. The normal distribution of all data was tested. The mean
+ standard deviation of normally distributed data is reported.
The Student’s #-test was used for comparisons between the two
groups. Data were presented as mean and standard error after
confirming the normality distribution (all variables were not fol-
lowing the normal distribution) and comparison was done using
the Mann-Whitney test. Pearson’s test was used to assess cor-
relations. Age, body mass index (BMI) and UFC were adjusted
using linear regression analysis. To compare the correlations of
categorical variables, logistic regression analysis was used.

Results

In this study, there were eight ACS patients and 19 CD pa-
tients. In patients with ACD, there were three men and five
women, and the mean age was 46.5 + 8.6 years; while in the
CD group, there were five men and 14 women with a mean
age of 44.3 + 14.2 years. ACS and the CD groups did not differ
significantly in terms of age, sex, and BMI (Table 1).

The 24-h UFC concentration in the ACS group was signif-
icantly higher while serum ACTH concentration was signifi-
cantly lower compared to the CD group (P < 0.05). There were
no detectable differences in serum cortisol levels between CD
and ACS. ACS had significantly lower levels of DHEA-S than
CD (Table 1).

In all patients, there was no significant difference in the
serum concentration of calcium, phosphorus, or serum 25(OH)
D3 concentrations between the ACS and CD groups. In com-
parison to the CD group, the serum PTH concentration in the
ACS group was significantly higher (P < 0.01) (Table 1). The
PTH, serum calcium, 25(OH)D3, urinary cortisol, and serum
cortisol concentrations did not correlate with BMD, according
to Pearson correlation analysis (data not shown).

The prevalence of osteopenia and osteoporosis in the en-
tire patient population with CS (n =27) was 44.4% and 37.1%,
respectively. So, overall bone loss was found in 81.5% of our
population. The prevalence of osteoporosis in individuals with
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Table 1. Comparison Between ACS and CD Regarding De-
mographics and Clinical Characteristics, Hormonal Profile, and
Other Biochemical Markers of Bone Metabolism

ACS(n=8) CDm=19) Pvalue
Age (years) 46.5+3.07 443 +£0.34 0.48
Sex (male/female) 3/5 5/14 0.16
BMI (kg/m?) 2632+1.5 28.41+£0.49 0.535
ACTH (pg/mL) 7.43 +£1.45 93.87+4.62 <0.01%*
DHEA-S (pg/L) 86.0+£22.96 302.9+12.55 <0.01*

647.5+71.36 405.6+31.54 0.01*
5748 +1525 0.12

UFC (ung/24 h)
Serum cortisol (mmol/L) 549.5 + 28.0

25(0H)D3 (nmol/L) 39.15+6.76  38.02+4.43 0.578
PTH (ng/L) 49.60 +4.98  26.10 +4.896 <0.01*
Serum Ca (mmol/L) 208+025 1.97+0.03  0.053
Serum P (mmol/L) 155+025 167077  0.06

Data are presented as mean * standard error. *P < 0.05. ACS: adrenal-
dependent Cushing’s syndrome; CD: Cushing’s disease; BMI: body
mass index; ACTH: adrenocorticotropic hormone; DHEA-S: dehydroepi-
androsterone sulfate; UFC: urinary free cortisol; 25(OH)D3: 25-hydroxy-
vitamin D3; PTH: parathyroid hormone: Ca: calcium; P: phosphorus.

adrenal CS was (62.5%), which is nearly as triple that in pa-
tients with pituitary CD (26.3%) (Table 2).

In comparison to the CD group, lumbar BMD was sig-
nificantly lower in the ACS group (P < 0.05). Patients with
ACS had significantly lower lumbar bone densitometric val-
ues (BMD: 0.83 £ 0.12 g/cm?; T-score: -2.98 = 0.16), whereas
patients with CD had significantly higher values (BMD: 0.97
+ 0.32 g/em?; T-score: -1.91 + 0.33). After accounting for the
non-significant difference in age, sex, BMI and UFC values
between CD and ACS, the difference in BMD and T-score at
the lumber spine remained statistically significant (P = 0.012)
(Table 3). In the entire patient population, there was a statis-
tically significant correlation between the DHEA-S and the
lumbar BMD values (r = 0.67, P = 0.001). No additional evi-
dence of a significant relationship between BMD values and
the assessed hormonal variables such as ACTH in both ACS
and CD groups was detected.

Discussion

Osteoporosis has been acknowledged as a serious side effect

Table 2. Comparison Between ACS and CD Regarding the
Prevalence of Osteoporosis

T-score values ACS (n=398) CD (n=19) P value
Normal 1 (12.5%) 4 (21.0%) <0.01%*
Osteopenia 2 (25%) 10 (52.6%) <0.001%*
Osteoporosis 5 (62.5%) 5(26.3%) 0.03%*

*P < 0.05. ACS: adrenal-dependent Cushing’s syndrome; CD: Cush-
ing’s disease.

Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™

Table 3. Comparison Between ACS and CD Regarding Bone
Densitometric Values

ACS CD P value
BMD (g/cm?) 0.83+0.12 0.97 +0.32 0.011*
T-score -2.98+0.16 -1.91+0.33 <0-01*

Data are presented as mean * standard deviation. *P < 0.05. ACS: ad-
renal-dependent Cushing’s syndrome; CD: Cushing’s disease; BMD:
bone mineral density.

of endogenous hypercortisolism. Between 50% and 59% of
cases of osteoporosis have been reported to be brought on by
excessive endogenous cortisol. The presenting symptom of hy-
percortisolism can be pathological fractures. Early detection of
the typical changes in bone mass caused by hypercortisolism
aids in the early diagnosis of bone mass loss and prompt treat-
ment, reducing the likelihood of adverse events [13].

The aim of the current study was to estimate the preva-
lence of osteoporosis among patients with ACS and CD, to
investigate whether there is a difference in the degree of osteo-
porosis between them, and if so, what factors may be respon-
sible for this variation.

The present study confirms that bone loss (osteopenia
and osteoporosis) was present in 81.5% of the patients with
CS. This prevalence was marginally higher than the percent-
age (70%) reported in a national survey conducted in Japan in
1988 and in a study conducted by Ohmori et al who reported
a prevalence of 54.8% [14]. In the large ERCUSYN study
[15], DEXA measurements of the spine revealed osteopenia in
43% of men and 41% of women. Men were significantly more
likely than women to have osteoporosis at the spine (40% vs.
20%). The discrepancy might be explained by the fact that data
from the nationwide survey conducted in Japan were based on
physician responses to questionnaires rather than on specific
diagnostic criteria. So, our findings are more likely to be valid
and reliable. The higher percentage in our study might be also
explained by cultural and religious reasons where most of the
ladies are covered so they are not exposed to adequate sun-
light with subsequent higher prevalence of osteoporosis. Our
findings indicate that osteoporosis is nearly three times more
common in ACS (62.5%) than in CD (26.3%). Ohmori et al
reported similar findings with osteoporosis found in 69.6% of
ACS compared to 36.8% in CD [14].

The most interesting finding of this study was that BMD
at the lumbar spine was lower in patients with ACS than in
patients with CD. These current findings confirm results from
previous studies [9, 11, 13, 16, 17].

Excess glucocorticoids are thought to cause secondary os-
teoporosis through several different mechanisms. Chronic glu-
cocorticoid overproduction inhibits bone formation by directly
impairing osteoblast differentiation and function, promoting
osteoblast and osteocyte apoptosis. While decreasing the pro-
duction of osteoprotegerin by osteoblasts and osteocytes, exces-
sive glucocorticoids secretion can increase bone resorption by
promoting osteoclast differentiation, maturation, and survival,
likely through enhancing osteoclast autophagy and increasing
macrophage colony-stimulating factor and RANKL [18, 19].
Additionally, glucocorticoids excess is known to result in vi-
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tamin D deficiency because it affects vitamin D metabolism
and action by impairing the conversion of cholecalciferol into
25(0OH)D [20, 21]. These negative actions of glucocorticoids
on vitamin D may also be amplified by concomitant gluco-
corticoid-induced hypogonadism, obesity, and diabetes. Glu-
cocorticoids may modify the endogenous pulsatile secretion
of PTH, decreasing its secretion and potentially contributing
to reducing the bone synthesis of insulin-like growth factor 1
(IGF-1). Glucocorticoids decrease enteral calcium absorption
and may cause secondary compensatory hyperparathyroidism,
which in turn raises the amount of bone resorption [3, 20].
Moreover, glucocorticoids have several unfavorable indirect
effects on the skeleton through neuroendocrine mechanisms.
When glucocorticoids are oversecreted, they reduce growth
hormone (GH) secretion by increasing hypothalamic somato-
statin tone. Mild hypercortisolism has been linked to blunted
GH secretion. Additionally, glucocorticoids may inhibit IGF-I
peripheral action and suppress liver IGF-I secretion. Inhibiting
both gonadotropin and gonadal sex steroid secretion, gluco-
corticoids may lead to hypogonadism. The concurrent gluco-
corticoid-mediated suppression of the GH/IGF-I and gonadal
axes may have synergistically detrimental effects [3, 22]. The
glucocorticoid-induced impairment of gonadal steroid synthe-
sis, which prevents bone resorption, is an indirect mechanism
causing decreased bone mass. Additionally, because muscle
contraction no longer has the same trophic effect on bone,
the loss of muscle mass and power frequently seen in patients
with CS or those receiving long-term exogenous corticosteroid
treatment may contribute to osteoporosis. Furthermore, there
are many other cells in the bone that also contain glucocorti-
coid receptors in addition to osteoblastic lineage cells. These
cells are capable of producing and releasing growth factors and
cytokines, which in turn affect bone turnover [9].

There is a difference in the degree of osteoporosis depend-
ing on the cause of hypercortisolism. Our study demonstrated
that lumbar BMD values are noticeably more compromised in
ACS than in CD. The remarkable decline in serum DHEA-S
levels seen in ACS patients in this study may provide a con-
vincing justification for why ACS is more detrimental to the
bone than CD. DHEA-S concentrations have anabolic effects
on bone [3, 9]. These results are in concordance with the re-
sults obtained by Minetto et al [9]. In another study by Guo et
al on 78 patients with CS, they reported a significant difference
in lumbar BMD between ACS and CD. This was explained by
a difference in UFC levels but not by a difference in DHEA-S
concentration [13]. Other authors found no differences in the
degree of bone damage concerning the cause of hypercorti-
solism [23, 24]. The large amounts of DHEA-S that the adrenal
glands physiologically secrete have almost no direct effects,
but they are converted to DHEA, which is its biologically ac-
tive counterpart. DHEA-S serves as the reservoir for DHEA
as a result, and the two steroids have a linear relationship.
Research studies into the anabolic effects of DHEA on bone
in patients who receive pharmacological doses of the steroid
are currently ongoing. In healthy older subjects of both sexes,
DHEA replacement therapy had questioned effects on circulat-
ing levels of bone turnover markers, with unchanged or in-
creased levels of bone formation markers and unchanged or
decreased levels of bone resorption markers. The mechanisms
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underlying DHEA’s osteoanabolic effect need to be clarified.
DHEA may promote bone growth either directly or by convert-
ing to androgens and estrogens. DHEA sulphatase is present in
osteoblasts in sufficient quantities to change inactive DHEA-S
into active DHEA. Since a statistically significant correlation
was discovered between BMD and serum DHEA-S concentra-
tions, the conversion of DHEA into estrogens by osteoblasts
has been proposed as a preventative measure against post-
menopausal osteoporosis. Additionally, it has been shown that
1,25-dihydroxyvitamin D3 interacts with DHEA and DHEA-S
to promote osteoblastic differentiation and proliferation [9].

In the current study, biochemical indicators of bone me-
tabolism differed significantly between patients with hyper-
cortisolism. Serum PTH level in the ACS group was signifi-
cantly higher compared to the CD group. Similar higher PTH
concentrations were previously reported, and the authors sug-
gested that this indicated active bone turnover and secondary
hyperparathyroidism [13, 16].

Regarding BMD-related variables, this study did not dis-
cover any evidence of a significant relationship between BMD
values and the assessed hormonal variables such as ACTH in
both ACS and CD groups. A recent study [13] demonstrated a
significant correlation between BMD and ACTH concentration
in patients with CD; as a result, this study stated that ACTH
may have a protective effect on lumbar BMD in patients with
CD. According to reports, ACTH stimulates osteoblast prolif-
eration and elevates collagen I mRNA in the osteoblastic cell
line Sa0s2 in vitro. ACTH binds to the MC2R, a member of
the melanocortin receptor family that is expressed in osteo-
blastic cells in vivo. Osteoblast differentiation is promoted by
increased gene expression of Osterix and collagen type I alpha
when bone marrow, stromal cells, and leptin are exposed in
vitro. In the same study, ACTH was not associated with BMD
in ACS patients, implying that ACTH may not have a protec-
tive effect on lumbar BMD in ACS patients. This finding could
be attributed to the low ACTH concentration in this group. In
our study, ACTH may have a bone-protective effect; however,
it is insufficient to counteract the negative effects of increased
cortisol levels on bone metabolism in CD patients. This simi-
larity of lack of association between ACTH and BMD in the
ACS group enforces our results. The discrepancy regarding the
association in the CD group might be explained by different
sample sizes and selection criteria.

The limitations of this cross-sectional study on compara-
tively small patient populations are disclosed. Nevertheless, it
is important to keep in mind that ACS is extremely uncom-
mon, making up only 15% of all CS cases. Another limitation
is that we did not evaluate the patients for the presence of hy-
pogonadism. This was based on the results of the binary logis-
tic regression analysis in a previous study [13] that revealed
no relationship between lumbar BMD and gonadal function.
Therefore, we do not think that sex hormones affected bone
density in this study as a confounding factor. Another limita-
tion is that, for practical reasons, the duration of the disease,
age of menarche, and dietary calcium intake were not analyzed
and thus could not be investigated as mediating factors. Pa-
tients with ACS have more severe osteoporosis than patients
with CD, and the difference in DHEA-S concentrations might
be important in explaining the different effects on the bone.
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Early detection and management of CS are critical for reducing
bone complications. BMD examinations should be performed
to enable rapid recognition and intervention for osteoporosis.
Measurement of bone turnover markers such as PTH may aid
in the early diagnosis of the consequences of hypercortisolism
on the bone.

Further studies are recommended to evaluate the BMD of
the hip and femoral neck and to assess and compare the effect
of surgery as a management plan on the degree of bone loss in
both ACS and CD. Studies assessing the prevalence of symp-
tomatic and asymptomatic fractures are also recommended
since these are major causes of morbidity which affects the
quality of life.
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