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Trabecular bone score and
sclerostin concentrations in
patients with primary
adrenal insufficiency
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1Department of Endocrinology, Diabetes and Isotope Therapy, Wroclaw Medical University,
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Background: Patients with primary adrenal insufficiency need lifelong

replacement therapy with glucocorticoids and mineralocorticoids, which

may influence their bone quality.

Aim: The aim of the study was to evaluate densitometry parameters, trabecular

bone score and sclerostin concentrations in patients with primary adrenal

insufficiency in comparison to control group.

Materials and methods: We included 29 patients (62% females) with diagnose

of autoimmune primary adrenal insufficiency (mean age 49.7 ± 11.7 years,

mean duration of the disease 13.2± 13.6 years) and 33 healthy subjects

(adjusted with age, sex and body mass index). Bone mineral density at the

femoral neck, lumbar spine, total body and trabecular bone score were

evaluated. Serum sclerostin concentrations were measured.

Results: There were no significant differences in densitometry parameters (T-

score, Z-score, bone mineral density in all locations) as well as in trabecular

bone score in patients with adrenal insufficiency in comparison to control

group. Mean serum sclerostin concentration was significantly higher in patients

with adrenal insufficiency than in control group (44.7 ± 23.5 vs 30.7 ± 10.4

pmol/l, p=0.006). There was a negative correlation between trabecular bone

score and the duration of adrenal insufficiency and age, also a negative

correlation between femoral neck and total densitometry parameters and

24-hour urine cortisol as a marker of hydrocortisone daily dose in patients

with adrenal insufficiency.
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Conclusions: The bone status in patients with primary adrenal insufficiency was

not impaired in comparison to control group, while sclerostin concentration

was higher. The duration of the disease and higher hydrocortisone doses may

affect negatively bone status.
KEYWORDS

primary adrenal insufficiency, sclerostin, trabecular bone score, bone mineral density,
Addison’s disease
Introduction

Primary adrenal insufficiency (Addison’s disease) is a rare

disorder, characterized by an inability of the adrenal cortex to

produce sufficient amounts of glucocort icoids and

mineralocorticoids. The prevalence in European countries is

about 100-140 cases per million (1, 2) and it is increasing (3).

Despite receiving hormonal replacement therapy, patients suffer

from impaired quality of life (4–6) and a higher mortality rate -

especially if diagnosed at a young age (7–9). It may be a

consequence of coexisting autoimmune disorders in about 60%

of patients (10), but also adrenal crises (8), malignancies,

infections, and cardiovascular complications (7, 11). Another

important problem is the risk of osteoporosis, but data

concerning patients with primary adrenal insufficiency are

inconsistent or even contradictory. The cross-sectional study

comprising 292 patients from Norway, Britain, and New

Zealand showed a reduced bone mineral density (BMD) at the

femoral neck and lumbar spine (12). Another population-based

cohort study from Sweden showed an increased risk of hip

fracture in patients in comparison to control group, especially

females diagnosed with autoimmune primary adrenal

insufficiency < 50 years of age (13). There are also studies

reporting no significant impairment of BMD (14, 15).

It has been shown, that standard glucocorticoid replacement

therapy provides doses higher than produced in healthy adrenal

glands, which may affect bone status (16). Hypercortisolemia leads

to increased fracture risk due to inhibition of calcium absorption,

impaired bone formation, and increased resorption, especially in

bone with high trabecular content (17). One of the mediators of

the adverse effect of glucocorticoids on bone may be the influence

on Wnt/bcatenin signaling, a pathway known to promote

differentiation of mesenchymal stem cells into osteoblasts.

Canonical Wnt signaling also stimulates osteoblast maturation

and survival of osteoblasts and osteocytes, while decreasing

osteoclast generation (18). Glucocorticoids inhibited intracellular

Wnt signaling, resulting in the suppression of osteoblast

differentiation in vitro (19, 20). Sclerostin, encoded by the Sost

gene, is a protein secreted mainly by osteocytes, that inhibits Wnt/

bcatenin signaling mainly through interaction with the

lipoprotein receptor-related protein (LRP) family (18). In mice,
02
glucocorticoids increased the expression of Sost gene, while

knockout mice lacking Sost were protected from bone loss in

conditions of glucocorticoid excess (21). Additionally, treatment

with antibodies against sclerostin in mice prevented

glucocorticoid-induced osteoporosis (22). In line with animal

results, in a study comprising patients treated with more than

7.5 mg of prednisolone per day for a year, sclerostin concentration

increased significantly and correlated with glucocorticoid dose

(23). On the other hand, in 21 patients with chronic endogenous

Cushing syndrome, sclerostin concentration in serum was

significantly reduced in comparison to control group, and

increased after treatment (24). In a recent randomized

intervention study, 64 healthy males were given a placebo or

prednisolone 7.5 mg daily, or prednisolone 30 mg daily for 2

weeks. Compared with placebo, prednisolone high-dose decreased

serum sclerostin concentrations, while low-dose did not alter

sclerostin concentrations (25). Another study did not show any

significant influence of short-term hypercortisolemia after

adrenocorticotropin (ACTH) infusion on sclerostin

concentrations in 17 healthy subjects (26). In summary, studies

in vitro and in mice suggest that inhibiting the canonical Wnt/b-
catenin signaling pathway, especially through increased

expression of its antagonists like sclerostin, is an important

factor contributing to glucocorticoid-induced osteoporosis. In

humans results are inconsistent. The duration and type of used

glucocorticoid may be crucial. Some authors also suggest, that

chronic hypercortisolemia affects the number and function of

osteocytes, cells that are the main source of sclerostin, rather than

affects directly sclerostin concentration (24).

The trabecular bone score (TBS) is a new diagnostic method,

providing indirect information on trabecular bone

microarchitecture (27). It is obtained from the computed

evaluation of pixel grey-level variations in lumbar spine dual-

energy X-ray absorptiometry (DXA) images. TBS is correlated

with trabecular bone volume, the number of trabeculae and their

connectivity (28). It has been shown, that in patients with

endogenous hypercortisolemia TBS was significantly lower

than in control group and correlated with disease duration (29).

To our best knowledge, there was no study evaluating TBS

and sclerostin concentrations in patients with primary adrenal

insufficiency so far. It may be important because of
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glucocorticoid deficiency – a mainstay of the disease, but also

common overtreatment with hydrocortisone in the replacement

therapy. There are other factors contributing to osteoporosis in

patients with primary adrenal insufficiency, like deficiency of

adrenal androgens (30) or other autoimmune diseases that need

to be taken into consideration.

In this context, the aim of our study was to evaluate TBS and

sclerostin serum concentrations in patients with autoimmune

primary adrenal insufficiency.
Materials and methods

Subjects

We included 29 patients with diagnose of autoimmune

primary adrenal insufficiency (18 women, 11 men; mean age

49.7 ± 11.7 years) and sex-, age-, body mass index (BMI)

matched 33 controls (20 women, 13 men, mean age 54.8 ± 9.5

years), who were patients of Department of Endocrinology,

Diabetes and Isotope Therapy in Wrocław, Poland, between

February 2020 and February 2022. All subsequent patients

followed up in our department were included in the study.

Only one patient denied to take part in the study. Three patients

were newly diagnosed with Addison`s disease, so we waited 6

months of stable therapy to perform examinations. The patients

with longer duration of the disease had stable doses of

replacement therapy for at least a year. In case of infections

doses were increased for a short period of time, however 3

months before our examinations doses were not modified.

According to the Endocrine Society Clinical Guidelines, the

primary adrenal insufficiency diagnosis was established on the

basis of the following criteria: peak cortisol concentrations below

18 µg/dl at 30 or 60 minutes after corticotropin stimulation test

(250 µg) as a gold standard, alternatively morning cortisol

concentration below 5 µg/dl in combination with ACTH

concentration increased twofold the upper reference range as a

preliminary test (31). The inclusion criteria was the diagnosis of

autoimmune primary adrenal insufficiency treated with a

hormonal replacement therapy for at least 3 months. The

autoimmune cause of the adrenal insufficiency was made on

the basis of positive testing for autoantibodies against adrenal 21

hydroxylase or coexistence of other autoimmune diseases,

without any other known cause of adrenal insufficiency.

A thorough medical history was taken, including detailed

information about hormonal replacement therapy (current

doses and mean doses for the last 3 months) and osteoporotic

risk factors. The physical examination included measurement of

height in cm, weight in kg, on this basis BMI was calculated. The

patients did not report changes in body height. The waist

circumference was measured with tape, halfway between the

lowest rib and the top of the hipbone. The hip circumference was

measured with tape, at the widest part of the buttocks.
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We collected concentrations of following parameters in

blood: morning ACTH, direct renin concentration, 25(OH)

vitamin D, dehydroepiandrosterone sulfate (DHEA-S),

estradiol (E2), follicle-stimulating hormone (FSH), luteinizing

hormone (LH), total testosterone (T), sex hormone binding

globulin (SHBG), thyroid-stimulating hormone (TSH), free

thyroxine (fT4), insulin-like growth factor (IGF-1),

parathormone (PTH), calcium, and alkaline phosphatase

(ALP). The free androgen index (FAI) was calculated as the

ratio of T divided by SHBG and multiplied by 100. We also

measured urinary free cortisol (UFC). An oral glucose tolerance

test (OGTT) with 75 g glucose in patients without known

diabetes was conducted.

In the group with adrenal insufficiency 5 patients had type 1

diabetes treated with insulin, one patient had type 2 diabetes, 21

patients had primary autoimmune hypothyroidism treated with

L-thyroxine. In the control group, 4 patients had type 2 diabetes,

4 patients had autoimmune hypothyroidism treated with L-

thyroxine. The doses of L-thyroxine and insulin were stable for

at least 3 months, there were no exacerbations of concomitant

diseases for at least 3 months.

In patient`s group there were 10 postmenopausal women

(56%), four of them received hormonal replacement therapy, 8

women were premenopausal (44%). In the control group there were

12 postmenopausal women (60%), none of them received hormonal

replacement therapy, 8 women were premenopausal (40%).

On the basis of the WHO densitometric criteria (32), in the

adrenal insufficiency group at the lumbar spine 13 patients had

osteopenia, 3 had osteoporosis. At the femoral neck 14 patients

had osteopenia, 2 had osteoporosis. In the control group at the

lumbar spine 8 subjects had osteopenia, 3 had osteoporosis. At

the femoral neck 14 controls had osteopenia, no one

had osteoporosis.

No patient from the adrenal insufficiency group or control

group had pituitary insufficiency, hyperprolactinemia,

hyperparathyroidism (based on current hormonal

measurements) or osteoporotic fracture (based on medical

history and clinical examination). All patients had normal

kidney and liver function.
Laboratory examinations

The ACTH, LH, FSH, E2, T, DHEA-S, PTH,fT4

concentrations were measured by chemiluminescence

immunoassay method using Immulite 2000 (Siemens

Healthcare Diagnostics, USA). Following reference ranges were

used: ACTH <46 pg/ml (analytical sensitivity: 5.0 pg/ml); LH

premenopausal women: follicular phase 1.1-11.6 mIU/ml,

ovulation phase 17.0-77.0 mIU/ml, luteal phase 0.7-14.7 mIU/

ml; postmenopausal women: 11.3-39.8 mIU/ml; men: 0.8-7.6

mIU/ml (analytical sensit ivity: 0.05 mIU/ml); FSH

premenopausal women follicular phase 2.8-11.3 mIU/ml,
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ovulation phase 5.8-21.0 mIU/ml, luteal phase 1.2-9.0 mIU/ml;

postmenopausal women 21.3-153.0 mIU/ml; men 0.7-11.1 mIU/

ml (analytical sensitivity: 0.1 mIU/ml); E2 premenopausal women:

follicular phase <160.0 pg/ml, ovulation phase 34–400.0 pg/ml,

luteal phase 27.0–246.0 pg/ml; postmenopausal women <30.0 pg/

ml; men <56.0 pg/ml (analytical sensitivity: 15.0 pg/ml); T

premenopausal women 0.2–0.72 ng/ml, postmenopausal women

0.2–0.43 ng/ml, men 0.72–8.53 ng/ml, >50 years 1.29–7.67 ng/ml

(analytical sensitivity: 0.15 ng/ml); DHEA-S: women 35.0–430.0

µg/dl; men 80.0–560.0 µg/dl (analytical sensitivity: 3.0 µg/dl), PTH

11.0-76.0 pg/ml (analytical sensitivity: 3.0 pg/ml), fT4 10-22 pmol/

l (analytical sensitivity: 0.5 pmol/l).

UFC was measured using a radioimmunoassay method

(Immunotech, Beckman Coulter Inc., Prague, Czech Republic),

reference range in control group 14.0–120.0 mg/24 h. There is no
available reference range in patients receiving hydrocortisone

replacement therapy.

25(OH)D concentrations were measured by chemiluminescent

immunoassay using Architect i1000 (Abbott Laboratories, USA),

reference ranges: vitamin D deficiency <20 ng/ml, suboptimal status

20–30 ng/ml, optimal status 30–70 ng/ml. Limit of detection (LOD)

was 2.2 ng/ml, limit of quantitation (LOQ) was 2.4 ng/ml.

Serum calcium and alkaline phosphatase were measured

using colorimetric assays on an Architect c4000 (Abbott

Laboratories, USA). Reference ranges were as follows: calcium

8.4–10.5 mg/dL (LOD: 0.5 mg/dl; LOQ: 1.0 mg/dl); alkaline

phosphatase 40–150 IU/l (LOD: 5.0 IU/l; LOQ: 5.0 IU/l).

Sclerostin in the serum was measured using a sandwich

ELISA kit from Biomedica (Biomedica Wien, Austria). The

analysis was performed in accordance with the attached

protocol in sample duplicate during a single session.
BMD and TBS assessment

BMD at the femoral neck, lumbar spine (L1-L4), and total

body were evaluated using the DXA technique (Hologic Horizon

A densitometer). The coefficients of variation (CV) were as

follows: females - femoral neck 1.69%, lumbar spine 1,6%,

total body 1%; males - femoral neck 1.8%, lumbar spine 1.3%,

total body 1%. Results were presented as BMD (g/cm2), T-score,

and Z-score. According to WHO criteria in postmenopausal

women and men aged >50 years, we used the following

categories: T-score ≥-1 standard deviations (SD) – normal; T-

score between -1 and -2.5 SD – osteopenia; T-score ≤-2.5 SD –

osteoporosis. In premenopausal women or men aged < 50 years

we used Z-score: values of -2.0 SD or lower are stated “below the

expected range for age” and those above -2.0 SD “within the

expected range for age (32).

TBS values were obtained from lumbar spine DXA images

using TBS iNsight software, version 3.0.3.0 (Med-Imaps, Pessac,

France). In line with other studies, the following criteria were
Frontiers in Endocrinology 04
used: TBS ≥1.31 normal, 1.31–1.23 partially degraded

microarchitecture, ≤1.23 degraded microarchitecture (33).
Statistical analysis

Statistical analysis was performed using Statistica software

for Windows, version 13.3 (StatSoft),. The mean, median,

standard deviation (SD), and interquartile ranges (IQR) were

determined for all variables. The Shapiro–Wilk test was used to

check the normality of the data distribution. Student’s t-test or

Mann-Whitney test was applied to compare quantitative

variables, whereas categorical variables were compared by the

chi-square test or Fisher’s exact test. Correlations between

parameters were evaluated using Pearson’s test or Spearman’s

rank correlation test as appropriate. Moreover, a multiple

regression analysis was used to identify the predictors of TBS.

P-value <0.05 was considered statistically significant
Ethics

The Bioethics Committee of Wroclaw Medical University

approved the protocol of the study. All subjects signed informed

consent forms in accordance with the Declaration of Helsinki.

The participants provided their written informed consent to

participate in this study.
Results

The general characteristics of the group with primary

adrenal insufficiency and controls are presented in Table 1.

The adrenal insufficiency group comprised 29 patients (62%

females, mean age 49.7 ± 11.7 years) and the control group

comprised 33 subjects (61% women, mean age 54.8 ± 9.5 years).

There were no significant differences in age, sex, body mass, and

BMI between the studied groups. The patient`s group and

controls did not differ significantly in case of the frequency of

postmenopausal women.

Mean plasma ACTH concentration and UFC were

significantly higher in group with the adrenal insufficiency

(p<0.000 and p=0.013, respectively), while controls had higher

DHEA-S concentration (p<0.000).

The characteristic of disease duration and hormonal

replacement therapy in the adrenal insufficiency group is

presented in Table 2. Mean disease duration was 13.2 ± 13.6

years, mean age at diagnosis was 36.6 ± 10.9 years. All patients

were treated with hydrocortisone (mean daily dose 25.8 ± 6.2

mg), one patient received also 0.125 mg of dexamethasone per

day. 19 patients received ≥ 25 mg of hydrocortisone daily. 26

patients received fludrocortisone (mean dose 0.07 ± 0.06 mg).
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There were no significant differences in BMD, T-score or Z-

score values at the lumbar spine and femoral neck between the

studied groups. TBS also did not vary between groups (p=0.63),

as presented in Figure 1. Mean TBS values in both groups

indicated partially degraded bone microarchitecture (between

1.31 and 1.23).

The sclerostin concentration was significantly higher in the

group with adrenal insufficiency in comparison to the control

group (mean values 44.7 ± 23.5 pmol/l vs 30.7 ± 10.4 pmol/l,
Frontiers in Endocrinology 05
p=0.006), as presented in Figure 2. There were no significant

differences in sclerostin concentration, TBS, BMD at the LS and

FN between patients receiving higher vs lower doses of

hydrocortisone (we divided groups according to mean daily

dose 25.8 mg and median of the daily dose – 25 mg, p> 0.05).

We performed further analyses to assess correlations

between sclerostin and other clinical parameters. We only

found correlation with serum fT4 concentration (R=0.486,

p=0.009; no significant correlation with serum TSH). Other
TABLE 2 Characteristics of the patients with autoimmune primary adrenal insufficiency (n = 29).

Mean ± SD Median IQR

Duration of the disease (years) 13.2 ± 13.6 6 3-26

Age at diagnosis 36.6 ± 10.9 36 29-41

Daily dose of hydrocortisone (mg) 25.8 ± 6.2 25 20-30

Mean daily dose of hydrocortisone from last 6 months (mg) 26.2 ± 6.1 28 22.5-30

Daily dose of fludrocortisone (mg) 0.07 ± 0.06 0.05 0.025-0.1

Mean daily dose of fludrocortisone from last 6 months (mg) 0.07 ± 0.06 0.05 0.034-0.1

Sodium (mmol/l) 139.4 ± 3.2 139 137-141

Potassium (mmol/l) 4.2 ± 0.3 4.2 4.0-4.5

Fasting glucose (mg/dl) 93.3 ± 23 88 81-93

Systolic blood pressure (mmHg) 128 ± 14.4 125 120-140

Diastolic blood pressure (mmHg) 79 ± 10.4 80 75-85
front
SD, standard deviations; IQR, interquartile range.
TABLE 1 Characteristics of the patients with primary adrenal insufficiency and controls.

Adrenal insufficiency (n = 29) Control group (n = 33) p-value

Mean ± SD Median IQR Mean ± SD Median IQR

Age (years) 49.7 ± 11.7 48 39-58 54.8 ± 9.5 55 46-64 0.052

Body mass (kg) 72.8 ± 16.3 70 59-82 78.7 ± 11.4 80 70-85 0.098

BMI (kg/m2) 25.6 ± 4.4 26.4 21.9-28.7 27.4 ± 2.7 27.5 25-29.2 0.064

ACTH (pg/ml) 584.5 ± 477 421 152-1184 19.4 ± 19.2 14.7 10.6-20.1 <0.000

UFC (µg/day) 88.5 ± 61.6 72.8 39.9-123.9 49.7 ± 23.3 43.8 34.3-59.6 0.013

DHEA-S (µmol/l) 24.1 ± 17.7 15 15-28.6 124.04 ± 67.5 112 77.2-158.0 <0.000

25(OH) vitamin D (ng/ml) 31.3 ± 14.0 28.8 22.2-40.5 25.9 ± 6.5 25.6 22.1-29.5 0.049

PTH (pg/ml) 28.7 ± 12.8 26.2 19.0-37.3 41.8 ± 21.7 34.9 25-57 0.019

ALP (U/l) 55.1 ± 15.1 52.5 43.4 ± 65.0 63.2 ± 17.7 61 50-72 0.059

SCL (pmol/l) 44.7 ± 23.5 35.4 30.5-48.9 30.7 ± 10.4 28.7 24.3-35.5 0.006

LS T-score -0.83 ± 1.3 -0.9 -1.9-0.4 -0.90 ± 1.0 -0.5 -1.5-(-)0.1 0.817

LS Z-score -0.18 ± 1.3 -0.2 -1.1-0.8 0.06 ± 0.9 0.1 -0.6-0.6 0.371

LS BMD (g/cm2) 0.97 ± 0.2 1.0 0.9-1.1 0.96 ± 0.1 1.0 0.9-1.0 0.744

FN T-score -0.90 ± 0.9 -1.1 -1.5-(-)0.5 -0.78 ± 0.9 -0.8 -1.5-(-)0.2 0.617

FN Z-score -0.17 ± 0.9 -0.2 -0.8-0.3 0.13 ± 0.9 0.2 -0.5-0.5 0.179

FN BMD (g/cm2) -0.77 ± 0.1 0.8 0.7-0.9 0.80 ± 0.1 0.8 0.7-0.9 0.380

TBS 1.32 ± 0.1 1.3 1.25-1.37 1.30 ± 0.1 1.29 1.22-1.39 0.630
i

SD, standard deviations; IQR, interquartile range; BMI, body mass index; ALP, alkaline phosphatase; SCL, sclerostin; BMD, bone mineral density; LS, lumbar spine; FN, femoral neck; TBS,
trabecular bone score.
Bold values are considered statistically significant (p < 0.05).
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clinical factors (hydrocortisone dose, duration of adrenal

insufficiency, duration of autoimmune hypothyroidism) and

hormones were not associated significantly with sclerostin

serum concentration.

There were no significant differences in calcium or alkaline

phosphatase concentrations between patients and controls, but

vitamin D concentration was higher in the adrenal insufficiency
Frontiers in Endocrinology 06
group (p=0.049) , whi le control s had higher PTH

concentrations (p=0.019).

In patients with primary adrenal insufficiency further

analyses were conducted to assess correlations between TBS/

densitometry parameters with other clinical characteristics

(Table 3). TBS correlated negatively with age (p=0.004), the

duration of the disease (p=0.009) and gonadotropin
FIGURE 2

Sclerostin concentrations in patients with primary adrenal insufficiency and control group. AI – adrenal insufficiency group, CG – control group.
FIGURE 1

TBS values in patients with primary adrenal insufficiency and control group. TBS, trabecular bone score; AI, adrenal insufficiency group; CG,
control group.
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concentrations (p=0.001 for FSH, p=0.038 for LH). There was a

positive correlation between TBS and BMD at the lumbar spine

(p=0.000) and total body (p=0.011). Further, we conducted a

multiple regression analysis to determine the influence of clinical

factors and hormones on TBS value. At the beginning, we

included factors such as age, disease duration, DHEA-S, FSH,

LH, TSH, PTH, IGF-1, BMI. The final model comprised age and

LH concentration. The multiple regression analysis revealed that

age (ß - (–)0.0042, standard error (SE)- 0.00197, p=0.042) and

LH concentration (ß - (-)0.0035, SE - 0.00172, p=0.049) are

independent predictors of TBS.
Frontiers in Endocrinology 07
BMD in all examined locations (LS, FN, total body)

correlated positively with serum DHEA-S concentrations and

negatively with gonadotropin concentrations (Table 3, data not

shown for LH). Gonadotropin concentrations were also

negatively associated with T-score and Z-score in total body

densitometry (T-score and FSH: p=0.00003, R=(-)0.702).

Estradiol concentrations were positively correlated with T-

score value at the femoral neck (p=0.045) and total

body (p=0.048).

DHEA-S was also positively associated with T-score and Z-

score at the femoral neck (p=0.016 and p=0.02, respectively) and
TABLE 3 Correlations between TBS/densitometry parameters/sclerostin and other clinical characteristics in 29 patients with autoimmune primary
adrenal insufficiency.

R p

TBS

age -0.523 0.004

disease duration -0.479 0.009

LS BMD 0.615 0.000

total body BMD 0.475 0.011

FSH -0.572 0.001

LH -0.387 0.038

LS BMD

DHEA-S 0.372 0.046

FSH -0.628 0.0003

FN T score

UFC -0.654 0.0003

FSH -0.519 0.004

estradiol 0.381 0.045

FAI 0.482 0.013

FN Z score

UFC -0.448 0.022

FAI 0.504 0.009

FN BMD

UFC -0.664 0.0002

DHEA-S 0.622 0.0003

FSH -0.595 0.001

testosterone 0.515 0.004

FAI 0.620 0.001

total body T score

UFC -0.476 0.016

estradiol 0.384 0.048

total body BMD

UFC -0.462 0.020

DHEA-S 0.603 0.0007

FSH -0.733 0.000009

testosterone 0.529 0.004

sclerostin

fT4 0.486 0.009
frontie
fT4, free thyroxine concentration; BMD, bone mineral density; DHEA-S, dehydroepiandrosterone-sulfate; FAI, free androgen index; FSH, foliculotropin; LH, lutropin; TBS, trabecular bone
score; TBS, trabecular bone score; UFC, urinary free cortisol.
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total body T-score (p=0.016). Testosterone correlated positively

with BMD in FN and total body. FAI was positively associated

with FN T-score, Z-score, and BMD.

UFC was significantly negatively associated with

densitometry parameters in FN (T-score, Z-score, BMD) and

total body (BMD, T-score) (Table 3).

Additionally, we analyzed the influence of most prevalent

concomitant autoimmune diseases (autoimmune hypothyroidism

in 21 patients and autoimmune diabetes in 5 patients with

primary adrenal insufficiency). There were no significant

differences in sclerostin concentration, TBS and BMD between

patients with and without diabetes in subject with primary adrenal

insufficiency (p>0.05). Similarly, we did not observe significant

differences in sclerostin, TBS, BMD between patients with and

without the diagnose of autoimmune hypothyroidism. There was

also no correlation between the duration of autoimmune

hypothyroidism and sclerostin (R=0.186, p= 0.34), TBS (R=-

0.046, p=0.81), BMD, T-score and Z-score.
Discussion

We found no significant difference between TBS or BMD in

patients with autoimmune primary adrenal insufficiency in

comparison to controls. To our best knowledge, this is the first

report of TBS in patients with Addison’s disease. Previous

studies examined BMD or osteoporotic fractures in this group

of patients with varying results. The biggest cross-sectional study

from Norway, UK and New Zealand showed reduced BMD at

the FN and LS in comparison to the control group (12). Some

authors reported no significant difference in BMD between

patients with Addison's disease and healthy subjects, however,

numbers of patients were mostly small (14, 15). Some studies

showed also an increased prevalence of vertebral and hip

fractures in patients with primary adrenal insufficiency (13,

34). Maybe our study group was too small to demonstrate

differences in TBS/BMD values between patients and controls

because even in larger cohorts those differences were subtle (12).

Another interesting aspect is that in our study vitamin D

concentration was higher in the adrenal insufficiency group,

while controls had higher PTH concentrations. It may suggest,

that patients with Addison`s disease used more effective vitamin

D supplementation than controls.

The evaluation of osteoporosis risk in patients with primary

adrenal insufficiency is difficult because there are many

contributing factors. The first of them is overtreatment with

glucocorticoids. Studies with the use of thermospray liquid

chromatography-mass spectrometry showed that daily steroid

production by healthy adrenal glands is about 9.9 ± 2.7 mg/day,

(5.7 mg/m2/day) (16) and the suggested dose in replacement

therapy is 15-20 mg of hydrocortisone per day by many authors

(35). According to European Adrenal Insufficiency Registry

(EU-AIR) data, 42% of patients with adrenal insufficiency
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received daily 20 to 25 mg of hydrocortisone, while 12.6% over

30 mg per day (36). In our group mean daily dose of

hydrocortisone was 26.2 ± 6.1 mg, while 19 patients received

25 mg or more. We found that UFC was significantly higher in

patients receiving hydrocortisone than in controls. Espiard et al.

have shown, that cortisol and all of its metabolites correlated

positively with daily hydrocortisone dose in patients with

Addison`s disease and UFC was 3-fold higher than in controls

(37) UFC in patients with Addison`s disease may be used as a

marker of glucocorticoid dose. We found a negative correlation

between UFC and densitometry parameters at the FN and total

body. Similarly, in the Norwegian Registry of Addison’s disease

the Z-scores at the FN, total hip, and total body, but not those at

the lumbar spine, were significantly associated with weight-

adjusted glucocorticoid dose (12) We found no association

between TBS and glucocorticoid dose or UFC. It is known,

that hypercortisolemia has a negative impact on bone by many

mechanisms, not only reduction in mineralization (17). That is

why sole BMD evaluation is not sufficient in estimating

glucocorticoid-related fracture risk. TBS has strong positive

correlations with the trabecular bone volume to tissue volume

ratio, number of trabeculae, and their connectivity and stiffness

(38). In this context, TBS appears to be a valuable tool in

assessing the bone status and estimating fracture risk in

patients with glucocorticoid-induced osteoporosis. It has been

shown that in patients with endogenous hypercortisolemia TBS

values were significantly lower than in controls, moreover,

subjects with Cushing`s syndrome with fractures had low TBS

values (29). However, the effect of exogenous glucocorticoids on

bone may be different, because it is modulated by various

mechanisms at a tissue level, like variations in the expression

and sensitivity of the glucocorticoid receptors (GRs), the action

of transmembrane transporters, and enzymatic metabolism of

glucocorticoids to more or less active forms by 11b-
hydroxysteroid dehydrogenases (11b-HSDs) (17). It has been

shown, that a common polymorphism in the efflux transporter

P-glycoprotein was associated with reduced BMD and increased

susceptibility to glucocorticoid-induced osteoporosis in patients

with Addison`s disease (12). It suggests that other factors

contributing to glucocorticoid action on tissue level may play

an important role in glucocorticoid induced osteoporosis

development. In our group more than half of the patients

received over 25 mg hydrocortisone daily, suggesting

overtreatment, while TBS/BMD values did not differ from the

control group. We also did not find differences in bone

parameters between groups on higher vs lower doses of

hydrocortisone. Maybe factors influencing steroids metabolism

played important role in this case. This aspect needs

further studies.

In our group, TBS correlated negatively with the duration of

the disease. It stays in accordance with the previous studies

showing that patients with a longer history of primary adrenal

insufficiency had a higher prevalence of vertebral fractures (34).
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Also, the age of patients and postmenopausal status (higher

gonadotropin levels) were associated with lower TBS values. In

multiple regression analysis, age and gonadotropin

concentration were independent factors influencing TBS values

in patients with primary adrenal insufficiency. Previously it has

been shown, that a linear decline of 14.5% in TBS was seen

between 45 and 85 years of age (6% before 65 years and 8.5%

after age 65 years) (39).

The deficiency of adrenal androgens has also been suggested

as an osteoporotic risk factor in patients with primary adrenal

insufficiency. Gurnell et al. showed, that 12 months of DHEA-S

substitution therapy slightly but significantly increased FN

BMD, but not at other skeletal sites (30). In our group,

DHEA-S concentration correlated significantly with BMD in

all examined locations (LS, FN, total body). In accordance with

the work of Gurnell et al., the associations between androgens

and densitometry parameters were more visible at the FN than

in other locations. Apart from DHEA-S, we found associations

between FAI and FN T score, Z score and BMD, and also

between testosterone and FN BMD.

Toourbestknowledge, this is thefirst study toexamine sclerostin

concentrations in patients with autoimmune primary adrenal

insufficiency. We have found that in patients with Addison`s

disease the serum sclerostin concentration was significantly higher

than in the control group (p=0.006). Studies in mice and in vitro are

rather consistent, showing increased expression of sclerostin after

glucocorticoid therapy and a protective role of anti-sclerostin

antibodies against glucocorticoid-induced osteoporosis (19, 20, 22,

40), but inhumans, results are so far contradictory.Gifre et al. showed

an increase in sclerostin concentrations in patients treated for a year

with prednisone (mostly due to hematological diseases). Moreover,

sclerostinwas correlatedwith glucocorticoid dose (23).Other studies

comprising healthy patients treated with prednisone for a shorter

period (25) or patients with endogenous hypercortisolemia (24)

reported a glucocorticoid-related decrease in sclerostin

concentrations. In this context, our result is very interesting. Our

study groupwashomogenous, treatedwithhydrocortisone for a long

time, and presented no decrease in BMD or TBS in comparison to

controls, so the difference in sclerostin concentrations was probably

not an effect of the changes in osteocyte number, which are themain

source of sclerostin. There was a significant correlation between

serum sclerostin and fT4 concentration in patients with primary

adrenal insufficiency. There was no correlation with any other

parameters (including TSH, daily dose of hydrocortisone or

thyroxine, UFC), so the relevance of this correlation remains

unclear. Previously it has been shown that after the successful

treatment of thyrotoxicosis, the level of serum sclerostin decreases

(41).Also, in thegroupofpatientswithdifferent thyroid status, serum

sclerostin correlated positively with fT4 and negatively with TSH

(42). In the current study, fT4 concentration did not differ between

patients with Addison`s disease and controls, so we cannot draw
Frontiers in Endocrinology 09
conclusions, that different thyroid status explains higher serum

sclerostin in patients with primary adrenal insufficiency. However,

thyroid status is known to affect bonemetabolismandmost probably

affects sclerostin level, this fact needs tobe taken into consideration in

further studies on this topic.

Since this is the first study concerning sclerostin in Addison’s

disease, it is difficult to draw conclusionswhy sclerostinwas higher in

patients than in controls. We present few hypotheses of this result.

Firstly, treatmentwith steroidsmay increase sclerostin concentration

like in animals and some human studies. This associationmay occur

before the impairment of bone status and may be differently

pronounced depending on steroid type and duration of treatment.

Maybe our study was too small to detect influence of mild

hydrocortisone overtreatment on sclerostin. Also factors

influencing steroid metabolism may be important, as discussed

above. Secondly, the autoimmune process may promote other

sources of sclerostin production. It has been suggested that in

rheumatoid arthritis fibroblast-like synoviocytes were a major

source of sclerostin (43). Interestingly, the autoimmune disease was

present in all ourpatients andmostofpatients fromthe studyofGifre

et al., both groups were treated with steroids for longer period,

resulting in significant sclerostin increase. Also, thyroid status may

affect sclerostin concentration, asdiscussedabove. Inour studygroup

more patients than controls were treated with L-thyroxine and

sclerostin correlated with fT4 concentration. However, fT4 did not

differ significantly between patients and controls, so this aspect needs

further studies.

In this context, we believe that our study should be considered as

preliminaryone,weareplanning followup.The strengthof ourwork

is the homogeneity of our study group (autoimmune etiology of the

disease, treatmentwithhydrocortisone)and theuseofnovelmethods

(first report of TBS and sclerostin in Addison`s disease). The

limitations of our study are low number of patients and lack of

radiological imaging focused on osteoporotic fractures. This topic

needs further studies, especially multicenter, with greater number of

patients, with follow up and radiological assessment of fractures. To

further explore the reasons of sclerostin alterations, studies could

assess also patients without autoimmune disease (for example after

bilateral adrenalectomy).

In conclusion, we performed the first published study

comparing TBS values and sclerostin concentrations between

patients with autoimmune primary adrenal insufficiency and

healthy controls. TBS results were not impaired in patients with

Addison`s disease while sclerostin concentrations were

significantly increased in comparison to healthy subjects.
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