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Abstract
Purpose Hypercortisolism has detrimental effects on bone metabolism with the consequences of bone loss and bone fractures. 
We aimed to evaluate the frequency of vertebral fragility fractures and to determine the factors associated with Cushing’s 
syndrome (CS).
Methods A total of 135 patients diagnosed with Cushing’s syndrome [108 patients with Cushing’s disease and 27 patients 
with adrenocortical adenoma] and 107 healthy controls were included in this cross-sectional study. The available clinical, 
laboratory, and radiologic data of patients with CS were recorded, retrospectively. Lateral vertebral radiograms were evalu-
ated for vertebral fragility fractures according to Genant’s semi-quantitative method. Bone mineral density (BMD) was 
determined using a Dual-energy X-ray absorptiometry (DEXA).
Results Vertebral fragility fractures (VFs) were observed in 75.3% (n = 61) of the patients. The median number of VFs was 
six (min–max: 2–12). All patients with vertebral fractures had thoracic VF, and 50.7% of the patients had lumbar fragility 
fractures. Thirty-three (40.7%) patients with vertebral fractures had normal bone densitometry values. Osteoporosis and 
osteopenia were observed in 16.2% and 40.7% of the patients, respectively. The duration of active disease, the presence of 
ACTH-secreting pituitary adenoma, and 24-h urinary cortisol did not influence the presence of vertebral fractures. Vertebral 
fractures were independently associated with age, FSH, LH levels, and lumbar BMD (R2 = 68.18%, p = 0.028). The femoral 
neck BMD (but not lumbar BMD) was independently associated with age, BMI, and PTH levels (R2 = 48.48%, p < 0.001).
Conclusion Vertebral fracture frequency was higher in CS patients. Most of the patients with vertebral fractures had multi-
ple fractures. Although low lumbar BMD was associated with VF, patients with CS with normal bone densitometry could 
experience VF. Vertebral radiograph evaluations as a part of routine evaluation for silent vertebral fractures may help to 
prevent further fractures in patients with CS.
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Introduction

Endogenous and exogenous hypercortisolism is known to 
cause detrimental effects on bone metabolism. A high rate 
of bone loss and fractures has been reported in Cushing’s 
disease (CD). The prevalence of osteoporosis was reported 
as 40–70%, and osteopenia was reported as 80–85% at the 

time of the diagnosis in patients with endogenous hypercor-
tisolism [1, 2].

Clinical studies have reported that there is a fivefold 
increase in vertebral and hip fragility in Cushing’s syndrome 
(CS). The rate of non-traumatic vertebral and peripheral 
fractures was reported as 30–70% [3], occurring more often 
at the vertebral level, especially in thoracic vertebras. Age, 
duration of the disease [4], bone mineral density (BMD) [5], 
and previous history of fracture [3] were found as predictors 
of fracture development. Fractures due to hypercortisolism 
usually appear in the first year, and improvements in bone 
densitometry are generally observed 2 years after the cure 
of the disease [3, 6, 7].

Symptomatic fracture frequency has been reported in 
a limited number of studies, ranging between 15 and 52% 
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[5, 8]. In a study with subclinical CS, a clinically evident 
fracture was reported in 11.4% of patients [9]. In clinical 
studies, there is a wide range of distribution of vertebral 
fracture ratios, and there are conflicting results about predic-
tors of fracture. The fracture rate, evaluated with vertebral 
radiographs, was reported to range between 15 and 76% [4, 
5, 10–12].

We aimed to determine the frequency of non-traumatic 
vertebral fractures in patients with CS and the factors associ-
ated with vertebral fractures. The secondary objective was to 
assess bone mineral density in patients with CS.

Methods

Patients’ clinical and laboratory evaluation

We included 149 patients with CS who were followed up 
at Marmara University Medical School Endocrinology and 
Metabolism Department outpatient clinic between 1998 and 
2020. Patients diagnosed with adrenocortical carcinoma, 
ectopic CS, subclinical CS, patients with chronic renal fail-
ure, primary hyperparathyroidism, and hyperthyroidism 
were excluded. A total of 135 patients [108 patients with CD 
and 27 patients with adrenocortical adenoma] were included 
in the final analysis.

The study protocol was approved by the Marmara Uni-
versity Medical School Ethics Committee (09.2020.628) 
and conducted following the International Conference on 
Harmonization Guidelines for Good Clinical Practice and 
the Declaration of Helsinki. All subjects provided written 
informed consent.

Clinical characteristics and demographic parameters (age 
and sex); laboratory data [fasting plasma glucose, HbA1c, 
low-density lipoprotein (LDL), high-density lipoprotein 
(HDL), triglyceride, total cholesterol, uric acid, blood urea 
nitrogen (BUN), creatinine, calcium, phosphorus, albumin, 
25-OH vitamin D, alkaline phosphatase (ALP), osteocalcin, 
c telopeptide (CTx), thyroid-stimulating hormone (TSH), 
free thyroxine (FT4), cortisol, 1 mg dexamethasone sup-
pression test (DST), 24-h urine cortisol (UFC), 2 days 2 mg 
DST, adrenocorticotrophic hormone (ACTH), growth hor-
mone (GH), insulin-like growth factor (IGF-1), prolactin, 
follicle-stimulating hormone (FSH), luteinizing hormone 
(LH), total testosterone, estradiol (E2)]; imaging findings, 
and medical histories were obtained retrospectively from 
medical records.

Calcium levels were measured using a photometric color 
test, phosphorous levels were analyzed using a photometric 
ultraviolet (UV) test, and ALP and creatinine were analyzed 
using a kinetic color test (Jaffé method) with an AU5800 
Clinical Chemistry Analyzer (Beckman Coulter, USA). 
Serum PTH was determined in all participants using an 

immunoassay method (Roche, modular system, E170, Ger-
many). 25-OH vitamin D was analyzed using an immunoas-
say method on a Unicel DXI 800 automated analyzer (Beck-
man Coulter, USA). Cortisol levels were assessed using an 
enzyme-linked immunosorbent assay (ELISA) using an 
AU5800 Clinical Chemistry Analyzer (Beckman Coulter, 
USA). ACTH and osteocalcin concentrations were measured 
using a chemiluminescent immunometric assay (Immulite 
2000, Siemens, LA, USA). The 24-h urine cortisol level was 
assessed using liquid chromatography-mass spectrometry. 
CTx was assessed using an electrochemiluminescence assay 
(Modular E, Roche Diagnostics, Mannheim, Germany).

Endocrinologic evaluation of hypercortisolism 
and pituitary function

One milligram DST, UFC, and midnight serum cortisol 
measurements were used as first-line screening tests. Low-
dose DST was used for verification in specific cases. When 
two screening tests were positive, tests for differential diag-
nosis (plasma ACTH level, 8 mg DST, inferior petrosal sinus 
sampling) were performed according to the guidelines [13].

Hormonal remission was considered in cases that met 
the following criteria: 1 mg DST < 1.8 mcg/dL, < 100 mcg/
day UFC, and lack or regression of clinical features [13]. 
Patients were evaluated for hormonal remission at least 
3 months after surgery, every 3 months in the postoperative 
first year, and every 6 months thereafter.

FT4 and TSH levels, plasma total testosterone level (only 
for men), E2 level (only for women), and the presence of 
menstruation were used to evaluate the activity of the pitui-
tary-thyroid and pituitary–gonadal axes, respectively. Adre-
nal insufficiency was defined as the presence of an ACTH 
stimulated peak cortisol value < 18 μg/dL after a low-dose 
ACTH stimulation test or insulin tolerance test (ITT) [14]. 
Growth hormone (GH) insufficiency was defined as the pres-
ence of two or more pituitary hormone deficiencies and an 
IGF level below the age-matched reference values or a peak 
GH level below 3 μg/L during the ITT [15].

Vertebral fracture evaluation

Vertebral fractures were assessed using lateral thoracolum-
bar X-ray radiograms. The semi-quantitative method defined 
by Genant et al. was used [16]. According to this clinical 
technique, vertebral fractures were graded on a visual 
inspection and without direct vertebral measurement as 
normal (grade 0), grade 1 (mild, approximately 20–25% 
reduction in anterior, middle, and/or posterior height and 
a reduction of area 10–20%), grade 2 (moderate, approxi-
mately 25–40% reduction in any height and a reduction in 
an area of 20–40%), and grade 3 (severe, approximately 40% 
reduction in any height and area).
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Vertebral radiograms were independently performed by 
two blinded endocrinologists trained in osteoporosis man-
agement (TA and DGY).

Bone mineral density measurements

Bone mineral density (BMD) measurements of 107 age-
matched controls were included in the analysis for the com-
parison of BMD and Z scores. None of the control subjects 
had chronic renal disease, primary hyperparathyroidism, 
thyroid or pituitary disease, and none of the controls had 
taken calcium, bisphosphonates, oral contraceptives, or hor-
monal replacement therapy.

Dual-energy X-ray absorptiometry (DEXA) was used 
to determine the BMD and measured in the lumbar spine 
(L1–L4) in the anteroposterior (AP) projection and the three 
sites of the right hip (femoral neck, Ward’s triangle, and tro-
chanter) using a Lunar DPX-L. The coefficient of variation 
(CV) for three sets of measurements was 1.0%.

Osteopenia was defined according to the classic World 
Health Organization (WHO) criteria, as a T score for the 
lumbar AP or femoral neck between − 1 SD and − 2.5 SD, 
accordingly.

Osteoporosis was defined as the BMD T score on DEXA 
at the lumbar spine or femoral neck less than or equal to 
− 2.5 SD for postmenopausal women and men aged over 
50 years. For premenopausal women and men aged below 
50 years, it was defined as a BMD Z score on DEXA at the 
lumbar spine or femoral neck less than or equal to − 2 SD.

Statistical analysis

Continuous variables are summarized using descriptive sta-
tistics presented as mean and standard deviation (SD). Cat-
egorical variables are summarized using counts and percent-
ages. Categorical data were analyzed using the Chi-square 
(χ2) test or Fisher exact test as appropriate. Student’s t-test 
and analysis of variance (ANOVA) were used for parametric 
variables.

Multiple regression analysis was performed to define the 
predictors of vertebral fractures. Predictors with a possible 
influence on dependent variables were added as covariates 
(age, BMI, creatinine, PTH, 25-OH vitamin D, 1 mg DST, 
UFC, FSH, LH, total testosterone, estradiol, femoral neck, 
and lumbar BMD levels).

Multiple regression analysis was performed to define the 
relationship between BMD levels and the following vari-
ables: age, BMI, creatinine, PTH, 25-OH vitamin D, 1 mg 
DST, UFC, FSH, LH, total testosterone, and estradiol.

The results were evaluated at a 95% confidence interval, 
and p < 0.05 was considered statistically significant. All sta-
tistical analyses were performed using software (GraphPad 
InStat 3.0; GraphPad Software, Inc., San Diego, CA, USA).

Results

General characteristics of patients

Female preponderance [F/M: 111/24] was observed in 
our group of patients with CS. Type 2 diabetes mellitus, 
hypertension, and hyperlipidemia were observed in 49.6% 
(n = 67), 59.3% (n = 80), 41.5% (n = 56) of the patients, 
respectively. Clinical, anthropometric, laboratory param-
eters and DEXA results are presented in Table 1. The 
mean follow-up time was 46.6 ± 41.7 months. In the last 
visit, glucocorticoid deficiency was present in 17 (12.5%) 
patients, GH deficiency was in 6 (4.4%), and secondary 
hypogonadism was seen in 7 (5.1%) patients.

Although the number of cases with CS due to adre-
nal adenoma (n = 27) was less, there was no significant 
difference between the patients with ACTH-dependent 
pituitary tumors or independent CS regarding clinical and 
hormonal parameters [sex, BMI, cortisol, ACTH, 1 mg 
DST, 2 days 2 mg DST, PTH, 25-OH vitamin D, calcium, 
phosphorous, osteocalcin and CTx levels, DEXA, duration 
of symptomatic disease, time since remission, but not UFC 
(p = 0.013)].

Assessment of vertebral fracture and predictors 
of vertebral fractures

A history of any fracture was reported in ten cases. Radio-
logic vertebral fracture evaluations were available for 81 
patients. Sixty-one (75.3%) patients had vertebral fragil-
ity fractures. Severe vertebral fractures (grade two and 
higher) were observed 69.1% (n = 56). Fourteen patients 
(22.2%) had grade 3 vertebral fractures. Symptomatic ver-
tebral fractures were reported in 14 (17.2%) cases. All 
patients with vertebral fractures had thoracic fragility frac-
tures, and 32 (50.7%) patients had lumbar fragility frac-
tures. Fifty-four (85.7%) patients with vertebral fractures 
were women, 34 (62.9%) of whom were postmenopausal. 
Thirty-three (52.3%) patients with vertebral fractures had 
diabetes. There was no statistically significant difference 
between the vertebral fracture rate in patients with diabe-
tes or without diabetes (p = 0.601).

There were no significant differences between patients 
with or without vertebral fractures and the clinical and 
laboratory parameters (sex, BMI, cortisol, ACTH, 1 mg 
DST, 2 days 2 mg DST, UFC, DHEAS, PTH, 25-OH vita-
min D, calcium, the etiology of CS, and the duration of 
symptomatic disease) (p > 0.05, for all).

The median number of lumbar and thoracic vertebral 
fractures was 6 (min–max: 2–12). The median num-
bers of grade 1, grade 2, and grade 3 fractures were 3 
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(min–max: 2–7), 4 (min–max: 1–9), and 2 (min–max:1–3), 
respectively. Thirty-three patients with vertebral fractures 
(40.7%) had normal lumbar and femoral neck BMD. There 
was no significant difference between vertebral fracture 
frequency in patients in remission or patients with active 
disease (p = 0.603).

Multiple regression analysis showed that the vertebral 
fractures were independently associated with age, FSH, LH 
levels, and lumbar BMD (R2 = 68.18%, p = 0.028).

Assessment of bone mineral density

There were 55 (40.7%) patients with osteopenia and 22 
(16.2%) patients with osteoporosis. Patients with CS had sta-
tistically significantly lower BMD and Z scores, both in the 
lumbar spine and femoral neck compared with the control 
group (Table 2). One hundred twenty-seven patients (85.2%) 
were under 25 hydroxyvitamin D replacement. While the 
patients did not use a bone medication at the initial evalu-
ation, respectively, 14 and 8 patients were treated with bis-
phosphonate and denosumab in the follow-up.

Osteopenia and osteoporosis were detected in 40.3% and 
20.9% of patients with diabetes, respectively, while the fre-
quencies were 41.2% and 11.8% in non-diabetic patients. 

Table 1  Clinical, 
anthropometric, laboratory 
parameters and bone mineral 
density results of the patients 
according to localization of 
Cushing’s syndrome

ACTH, adrenocorticotropic hormone creatinine, (0–1.2 mg/dL); BMD, bone mineral density; BMI, body 
mass index; Calcium, (8.8–10.6  mg/dL); CTx, c telopeptide (0.025–1.008  µg /L); DST, dexametha-
sone suppression test (1.8 µg/dL); F, female; M, male; osteocalcin, (0.4–8.2 µg /L); PTH, parathormone 
(15–65  ng/L); Phosphorous, (2.4–4.4  mg/ dL); SD, standard deviation; UFC, 24-h urinary free cortisol 
(< 100 µg/day); 25 (OH) vitamin D, 30–100 µg /L

Cushing’s disease 
n = 108
Mean ± SD

Adrenal Cushing’s 
syndrome 
n = 27
Mean ± SD

All patients 
n = 135
Mean ± SD

F/M, n 88/20 23/4 111/24
Age at the time of diagnosis, years 44.0 ± 14.1 46.5 ± 13.3 44.5 ± 13.9
Estimated duration of symptomatic 

disease, months
38.3 ± 48.4 42.7 ± 45.6 39.8 ± 47.3

Patients in remission, n (%) 58 (53.7%) 14 (51.8%) 72 (53.3%)
Time since remission, months 44.2 ± 36.1 69.0 ± 88.7 49.0 ± 52.3
BMI, kg/m2 33.6 ± 7.0 31.4 ± 6.2 33.2 ± 6.9
UFC, µg/24 h 423.1 ± 393.3 257.7 ± 210.6 393.1 ± 371.7
1 mg DST, µg/dL 11.1 ± 8.6 11.5 ± 10.9 11.2 ± 9.1
2 days 2 mg DST, µg/dL 9.7 ± 8.2 9.6 ± 7.7 9.7 ± 8.1
Calcium, mg/dL 9.4 ± 0.6 9.6 ± 0.7 9.4 ± 0.6
Phosphorous, mg/dL 3.5 ± 0.7 3.5 ± 0.6 3.5 ± 0.7
PTH, ng/L 55.9 ± 33.3 54.3 ± 26.9 55.6 ± 32.0
25-OH vitamin D, µg/L 22.6 ± 10.6 27.1 ± 9.2 23.5 ± 10.5
Creatinine, mg/dL 0.8 ± 0.4 0.7 ± 0.1 0.8 ± 0.3
Osteocalcin, µg/L 7.1 ± 19.0 3.8 ± 3.0 6.4 ± 16.3
CTx, µg/L 0.8 ± 1.7 0.7 ± 0.7 0.8 ± 1.4
Femoral neck BMD, g/cm2 0.907 ± 0.158 0.861 ± 0.118 0.897 ± 0.151
Femoral neck Z score − 0.335 ± 1.211 − 0.396 ± 0.937 − 0.349 ± 1.153
Lumbar spine BMD, g/cm2 1.093 ± 0.173 1.067 ± 0.174 1.087 ± 0.173
Lumbar spine Z score − 0.467 ± 1.350 − 0.277 ± 1.280 − 0.426 ± 1.332

Table 2  Bone mineral density and laboratory parameters of patients 
with Cushing’s syndrome and control group

Bold values indicate statistically significant p < 0.05
BMD, bone mineral density; BMI, body mass index; CS, Cushing’s 
syndrome; F, female; M, male; SD, standard deviation

CS 
n = 135
Mean ± SD

Control 
n = 108
Mean ± SD

p

Age, years 50.3 ± 13.4 48.7 ± 12.9 0.261
F/M, n 111/24 77/30 0.063
BMI, kg/m2 33.2 ± 6.9 32.0 ± 5.7 0.167
Femoral neck BMD, g/

cm2
0.897 ± 0.151 0.963 ± 0.133 0.001

Femoral neck Z score − 0.349 ± 1.153 0.155 ± 0.971  < 0.001
Lumbar spine BMD, g/

cm2
1.087 ± 0.173 1.150 ± 0.162 0.007

Lumbar spine Z score − 0.426 ± 1.332 0.053 ± 1.258 0.004
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There was no statistically significant difference in the fre-
quency of osteoporosis (p = 0.169) or osteopenia (p = 0.999) 
according to the presence of diabetes. The presence of dia-
betes was not associated with both femoral neck (p = 0.074) 
and lumbar spine (p = 0.216) BMD levels.

There were no significant differences between patients 
with osteoporosis or patients with normal DEXA and the 
clinical and laboratory parameters (sex, BMI, cortisol, 
ACTH, 1 mg DST, 2 days 2 mg DST, UFC, DHEAS, PTH, 
25-OH vitamin D, calcium, the etiology of CS, duration of 
symptomatic disease, time since remission, the presence of 
secondary hypogonadism or GH deficiency) (p > 0.05, for 
all).

Multiple regression analysis showed that the femoral neck 
BMD, not lumbar BMD, was independently associated with 
age, BMI, and PTH levels (R2 = 48.48%, p < 0.001).

Assessment of patients according to remission 
status

Seventy two patients (53.3%) were in remission and the 
median remission period was 36.5  months (min–max: 
3–310). Mean follow-up time was higher in patients with 
remission than active disease group [55.6 ± 44.8 months; vs. 
36.3 ± 35.6 months, (p = 0.006)]. Patients in remission had a 
shorter symptomatic disease period compared to active dis-
ease group [29.5 months (min–max: 3–205); vs. 50.3 months 
(min–max: 3–260), (p = 0.001)]. There was no significant 
difference between patients with remission status regarding 
clinical parameters (sex, age, BMI).

While patients in remission had higher femoral BMD 
compared with patients with active disease (p = 0.007), 
there were no significant differences between the lumbar 
spine BMD levels in these groups of patients. In the second 
year follow-up, patients in remission did not show a statis-
tically significant increase in BMD compared to baseline 
(p = 0.807).

Discussion

In this cross-sectional study, vertebral fragility fracture fre-
quency was 75.3%. All patients with vertebral fractures had 
thoracic fragility fractures, and 50.7% of the patients had 
lumbar fragility fractures. The median number of vertebral 
fractures was 6 (min–max: 2–12). Thirty-three (40.7%) 
patients with vertebral fractures had normal lumbar and 
femoral BMD levels on DEXA. Osteoporosis and osteope-
nia were observed in 16.2% and 40.7% of patients. Lumbar 
spine and femoral neck BMD were lower compared with the 
control group. The origin of CS, whether ACTH-dependent 
pituitary tumors or independent CS, did not influence the 
presence of vertebral fractures.

The prevalence of osteoporosis was reported to be higher 
in patients with adrenal CS than in those with pituitary CS 
in previously published reports [10, 17]. Normal levels of 
DHEAS have been held responsible for the protective effect 
in patients with pituitary-dependent CS [17]. Contrary to 
the literature, we did not find a difference between BMD 
levels in these two groups. DHEAS levels were not also dif-
fered in our study. While adrenal CS and pituitary CS were 
reported to be approximately equal in Asia, pituitary CS 
was reported to be 5 to 6 times more common than adrenal 
CS in Europe and the United States [10]. The small number 
of patients with adrenal Cushing’s syndrome in our study 
renders it difficult to derive definitive conclusions. In addi-
tion, in Minetto et al.’s study patients with adrenal CS were 
older compared to our group. The diverse distribution of CS 
between populations may be responsible for different BMD 
levels and determining different prevalences of osteoporosis.

In van der Eerden et al.’s study, 82% of the patients had 
osteopenia, and 31% had osteoporosis [18]. The prevalence 
of osteoporosis is reported as ranging from 40 to 70% in 
patients with CS [6, 7, 19]. In our study, although osteo-
porosis and osteopenia rates were less compared with the 
literature, a higher prevalence of vertebral fractures (75.3%) 
was found, regardless of the origin of CS or the presence of 
osteoporosis and osteopenia. Tauchmanova et al. [5] also 
reported a high prevalence of vertebral fractures (76%). 
Valassi et al. reported the frequency of vertebral fractures 
as 65.1% (n = 56) in 86 patients with pituitary and adrenal 
CS. Randazzo et al. evaluated 14 patients with vertebral 
radiographs, grade 1 vertebral fractures were detected in all 
patients, and moderate fractures were present in 28% of the 
patients [20]. In a study with subclinical hypercortisolism 
conducted by Chiodini et al. [6], the vertebral fracture preva-
lence was reported as 43% in premenopausal and 78% in 
postmenopausal women. In a study by Tauchmanova et al. 
that only included women, vertebral fractures were detected 
in 69% and 57% of patients with overt and subclinical CS, 
respectively [9]. Faggiano et al. [21], Belaya et al. [11], Futo 
et al. [4], Ohmori et al. [10], and Trementino et al. [12] 
reported vertebral fractures as 55.5%, 38.4%, 37%, 21.4%, 
and 15.3% in patients with endogenous CS, respectively. In 
the European Registry study, 25% of patients with normal 
BMD had bone fractures [19], in our study, it was 40.7%.

The symptomatic fracture ratio was stated as 52% in 
Tauchmanova et al. [5] study. In Szappanos et al. study 
symptomatic vertebral fracture was detected in 25% of 
patients [8]. In a study with female CS, the clinically evi-
dent fractures were 28% and 11.4% in overt and subclinical 
CS, respectively [9]. Symptomatic vertebral fractures were 
present in 17.2% of cases in our study.

Similar to the literature, lower lumbar spine BMD was 
found as a predictor of vertebral fractures in our study [5, 
9, 12]. In the European Registry study, bone fractures were 
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detected more frequently in patients with osteoporosis [19]. 
Contrary Belaya et al. [11] found no association between 
lumbar BMD and vertebral fractures.

Trementino et al. stated that UFC levels were correlated 
with vertebral fractures and the duration of active disease 
was positively correlated with peripheral fractures, but not 
with vertebral fractures [12]. Futo et al. reported that the 
estimated duration of glucocorticoid excess was higher in 
patients with bone fractures [4]. While Futo et al. [4] and 
Valassi et al. [19] evaluated the presence of vertebral frac-
tures with previous medical documentations, the rest of the 
studies [9, 11, 12] used the semi-quantitative method. In our 
study, there was no difference in the duration of active dis-
ease between patients with or without fractures (p = 0.129). 
On the other hand, the retrospective nature of our study 
renders it difficult to determine the exact timing of active 
disease and could have biased our results. The underlying 
causes of the discrepancy between the results might be due 
to the difference between the study groups and the difference 
between the number of cases of childhood-onset.

There are contradictory results in the literature about 
parameters that affect bone density and vertebral fractures. 
Tauchmanova et al. reported that morning cortisol and total 
testosterone levels were correlated with lumbar BMD but 
not with the prevalence of fractures [5]. Minetto et al. and 
Ohmori et al. stated that DHEAS levels were correlated with 
BMD both in the femoral neck and lumbar spine [17]. In a 
study by Tauchmanova et al. [9], lumbar spine BMD and the 
cortisol to DHEAS ratio were found as predictors of verte-
bral fracture. Futo et al. found no correlation between BMD 
or fractures and cortisol levels [4]. In the van der Eerden 
et al. study [18], UFC levels or estimated duration of symp-
tomatic disease did not affect BMD and Z scores. We found 
no correlation between BMD and morning cortisol, UFC, 
and DHEAS levels.

There are limited numbers of studies that investigated 
the effect of remission on BMD in long-term follow-up, and 
it was found that only a small number of patients, includ-
ing 10-year follow-up, recovered normal BMD [20, 22–25]. 
After the remission of CS, an increase in BMD, mostly lum-
bar spine, was reported as ranging from 14 to 79% [23, 26], 
and Kristo et al. stated that an increase in BMD was time-
dependent [22]. In our study, femoral neck BMD was statis-
tically higher in patients in remission than in patients with 
active disease, but it was not observed in the lumbar spine. 
We didn’t find a statistically significant increase in BMD 
in 2-year follow-up. In the previous reports, several factors 
such as female sex, the severity of the disease, time elapsed 
since cure, glucocorticoid exposure time have been reported 
to potentially affect bone damage and the time to bone recov-
ery after hypercortisolism resolution [4, 23, 24, 27].

The major limitation of this study is that the evaluation 
of vertebral fractures was made using a semi-quantitative 

method. Secondly, we evaluated retrospectively, and for 
comparing BMD scores, and making a precise interpreta-
tion between groups, larger prospective studies with longer 
follow-up are needed.

In conclusion, vertebral fracture frequency was higher in 
CS patients compared with age-matched controls. Most of 
the patients with vertebral fractures had multiple fractures, 
and thoracic vertebras were involved in all cases with ver-
tebral fractures. Lumbar BMD was found as an independ-
ent factor associated with vertebral fractures. Patients with 
CS with normal BMD could experience vertebral fractures. 
Vertebral radiograph evaluations as a part of routine evalua-
tion for silent vertebral fractures may help to prevent further 
fractures in patients with CS.
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