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Abstract
Purpose to assess bone damage and metabolic abnormal-
ities in patients with Addison’s disease given replacement
doses of glucocorticoids and mineralocorticoids.
Methods A total of 87 patients and 81 age-matched and
sex-matched healthy controls were studied. The following
parameters were measured: urinary cortisol, serum calcium,
phosphorus, creatinine, 24-h urinary calcium excretion,
bone alkaline phosphatase, parathyroid hormone, serum
CrossLaps, 25 hydroxyvitamin D, and 1,25 dihydrox-
yvitamin D. Clear vertebral images were obtained with
dual-energy X-ray absorptiometry in 61 Addison’s disease
patients and 47 controls and assessed using Genant’s
classification.
Results Nineteen Addison’s disease patients (31.1%) had at
least one morphometric vertebral fracture, as opposed to six
controls (12.8%, odds ratio 3.09, 95% confidence interval
1.12–8.52). There were no significant differences in bone
mineral density parameters at any site between patients and
controls. In Addison’s disease patients, there was a positive
correlation between urinary cortisol and urinary calcium
excretion. Patients with fractures had a longer history of
disease than those without fractures. Patients taking

fludrocortisone had a higher bone mineral density than
untreated patients at all sites except the lumbar spine.
Conclusions Addison’s disease patients have more fragile
bones irrespective of any decrease in bone mineral density.
Supra-physiological doses of glucocorticoids and longer-
standing disease (with a consequently higher glucocorticoid
intake) might be the main causes behind patients’ increased
bone fragility. Associated mineralocorticoid treatment
seems to have a protective effect on bone mineral density.
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Introduction

Adrenal insufficiency, or Addison’s disease (AD), is due to
an adrenal hypofunction or dysfunction (primary adrenal
insufficiency), or to a deficiency in hypothalamic
corticotropin-releasing hormone or pituitary adrenocortico-
tropic hormone (ACTH) (secondary adrenal insufficiency)
[1–4]. Autoimmune AD is the most common form of pri-
mary hypoadrenalism in the white adult population of
developed countries, accounting for about 80–90% of all
forms of AD [2, 4]. The condition can occur alone or in
association with other autoimmune diseases, in various
combinations that are classified as autoimmune polyendo-
crine syndromes (APS-1, APS-2, and APS-4) [5–12].

Treatment for AD consists of two or three daily oral
doses of the specific hormones that patients lack. The daily
dose distribution is intended to mimic the physiological
circadian rhythm of cortisol secretion, but it has its
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drawbacks in that it induces serum cortisol peaks beyond
physiological levels, and it does not reflect the normal rise
in serum cortisol levels after the nadir occurring during the
night. This impairs patients’ quality of life due to their
temporary underdosing or overdosing, and long-term
overdosing can cause weight gain, glucose intolerance,
and abnormal bone metabolism, leading to osteoporosis
[13–16].

It is well known that glucocorticoids (GC) have a
negative effect on bone, both directly by increasing bone
resorption and inhibiting bone formation, and indirectly by
inhibiting vitamin D-dependent intestinal calcium absorp-
tion and increasing renal calcium excretion. In primary
adrenal insufficiency, the lack of adrenal androgens is an
additional factor that carries a risk of osteoporosis [17].
Although the bone damage associated with the therapeutic
use of GC has long been known, the effect of GC given as a
replacement therapy is less clear and rarely studied [18–23].
Data on bone mineral density (BMD) and on the incidence
and prevalence of fragility fractures in primary adrenal
insufficiency are scanty and controversial. The potential
impact of different therapeutic regimens on fracture risk in
primary adrenal insufficiency is also still unclear. Over-
replacement therapy for secondary adrenal insufficiency is
known to be associated with high prevalence of
radiologically-evident vertebral fractures [24], providing
the rationale for addressing the same issue in patients
with primary adrenal insufficiency. The aim of our study
was therefore to assess bone damage—in terms of BMD
and prevalence of vertebral fractures—in patients with pri-
mary adrenal insufficiency treated with replacement doses
of GC. Our cases were also compared with a normal control
group.

Materials and methods

Patients

Our sample consisted of 87 patients with primary auto-
immune AD on GC replacement therapy referring to the
Endocrinology Unit at the University Hospital in Padua. The
female/male ratio was 59/28. The patients ranged in age from
20 to 77 years (median: 44 years). Twenty-five women aged
from 26 to 77 years (median: 55 years) had been post-
menopausal for 1–47 years (median: 13 years), and their age
at menopause ranged from 16 to 53 years (median: 45 years).
Seven patients developed early menopause (at 40-year-old or
younger) due to premature ovarian failure. The patients in the
sample had a history of AD spanning from 0.5 to 55 years
(median: 9 years). Seventy-three patients were being treated
with cortisone acetate, one with dexamethasone, and 13 with
hydrocortisone. Twenty-four patients had AD alone, nine

had APS-1, and 54 had APS-2. The control group consisted
of 81 healthy subjects, matched for sex and age, recruited
from the medical and technical staff at our department and
from subjects without any chronic diseases or concomitant
use of drugs interfering with bone metabolism, who under-
went dual-energy X-ray absorptiometry (DXA) as part of a
check-up. The group ranged from 23 to 78 years of age
(median: 45 years), and the female/male ratio was 58/23.
Twenty-three women aged from 49 to 78 years (median:
56 years) had been postmenopausal for 1–27 years (median:
3 years), and their age at menopause ranged from 43 to 59
years (median: 51 years).

Sixty-six AD patients (16 males and 50 females) had one
or more comorbidities.

The various doses of GC being used were standardized
by converting them into equivalent doses of hydrocortisone
adopting the following ratios: 30 mg hydrocortisone= 0.75
mg dexamethasone= 37.5 mg cortisone acetate. GC repla-
cement therapy was expressed in terms of the daily dose
(mg/day), daily dose by body weight (mg/kg), daily dose by
body surface area (mg/m2), and cumulative dose (g). Body
surface area was calculated using the Mosteller method,
(height in cm ×weight in kg/3600)½ [25]. Seventy-five
patients were taking fludrocortisone acetate (FCA) and 12
were not. Twenty-nine patients were given cholecalciferol
1000–2000 IU/day; patients with APS-1 were also given
calcitriol 0.5–3 µg/day. Among the postmenopausal AD
patients, 15 out of 25 had experienced early menopause
(≤40 years of age), and six of them had used hormone
replacement therapy. None of the male AD patients had
hypogonadism.

All procedures performed in this study complied with the
ethical standards of our institutional research committee,
and with the 1964 Helsinki Declaration and its subsequent
amendments. All participants gave their informed consent
to the study and to the use of their personal data.

Bone mineral density and vertebral fracture assessment

BMD at the lumbar spine (L1–L4) and proximal femur, and
body composition (particularly the amount of adipose tis-
sue) were evaluated with DXA in all patients and healthy
controls using a Hologic Delphi device (Hologic Inc,
Bedford, MA, USA). The in vitro coefficient of variation,
measured by analyzing an anthropomorphic phantom
reproducing the lumbar vertebrae (provided by the manu-
facturer) ten times, was 0.6%. In vivo reproducibility was
measured by obtaining five scans in 1 week in ten healthy
volunteers: the coefficient of variation [CV] was 1.2% for
the lumbar spine, 2.1% for the whole femur, and 1.8% for
the femoral neck.

The morphometric study to identify any vertebral
deformities according to Genant’s classification [26] was
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performed in all subjects, but clear images were only
obtained for 61 AD patients (18 men, 27 premenopausal
and 16 postmenopausal women), and for 47 healthy con-
trols (11 men, 23 premenopausal and 13 postmenopausal
women).

The morphometric analysis was performed using the
specific densitometer software. The subject was positioned
in the right lateral decubitus and the pointing laser was
placed just above the left iliac crest. During the scan,
patients were asked to hold their breath at the point of
maximum inspiration. In all patients and controls, the height
of the vertebrae was measured on the D5-L4 segment,
excluding Schmorl nodes and osteophytes from the overall
vertebral height measurement. Any wedge and biconcave
vertebral deformities were calculated from the ratio of the
mid- or anterior height to the posterior height. Crush
deformities were calculated from the ratio between the three
heights of the deformed vertebra and those of the adjacent
vertebrae. The vertebral heights were measured on the
vertebrae with an evidently deformed morphology, as
judged by two independent operators, and only the verteb-
rae judged to be deformed by both examiners were taken
into account. In accordance with Genant’s classification, we
considered deformities with a 20–25% reduction in the
central or anterior height vis-à-vis the posterior height of the
same vertebra as mild, reductions of 26–40% as moderate,
and reductions >40% as severe.

Biochemical tests

Fasting blood samples were collected at 8.00 a.m. (AD
patients had only taken their therapy at least 1 h before-
hand); and a 24-h urine collection was provided at the same
time. The following parameters were measured: urinary
cortisol, serum calcium (Ca), phosphorus (P), creatinine
(Cr), 24-h urinary calcium excretion (uCa), bone alkaline
phosphatase (bALP), parathyroid hormone (PTH), serum
CrossLaps (CTx), 25 hydroxyvitamin D (25OHD), and 1,25
dihydroxyvitamin D (1,25[OH]2D).

Serum Ca, P, Cr and bALP were measured by means of a
colorimetric assay using common automated laboratory
methods on a Cobas 8000 instrument (Roche Diagnostics).
Serum CTx were assayed by enzyme immunoassay using
Serum CrossLaps ELISA® (Nordic Bioscience Diag-
nostics). Serum PTH was measured with the LIAISON® N-
tact TMPTH kit that exploits the chemiluminescence tech-
nology in an immunoassay for the quantitative measure-
ment of intact human PTH in the serum (the detection limit
[DL] is 10 pg/mL; and the inter-assay and intra-assay
coefficients of variation (CV) are 4 and 3.5%, respectively).
Serum 25OHD concentrations were measured with the
direct competitive method using a chemiluminescence
immunoassay (DiaSorin, Italy) automated on the LIAISON

XL instrument (DL: 1.5 nmol/L; inter-assay and intra-
assay CV: 9%). Serum 1,25(OH)2D was measured with the
1,25[OH]2D IDS RIA® kit (DL: 5 pmol/L; inter-assay and
intra-assay CV: 8.6–16.6% and 11.9–20%, respectively).
Urinary cortisol was tested by radioimmunoassay
using the commercial cortisol BRIDGE kit (Adaltis, Rome,
Italy).

Statistical analysis

Results are presented as counts and percentages in the
case of categorical variables, and as median and range
(minimum and maximum values) for quantitative variables.
Normality of the quantitative variables was checked gra-
phically with quantile–quantile plots and with the Shapiro
Wilk test.

AD patients versus controls, and AD patients with versus
without fractures were compared with the Χ2 test in the case
of categorical variables, and with non-parametric
Mann–Whitney test in the case of quantitative variables.
Data were entered in an EXCEL spreadsheet and analyzed
with GraphPad Prism version 5.00 for Windows, GraphPad
Software, San Diego California USA (www.graphpad.com).
Significance was set at a p value ≤ 0.5.

Results

All the data collected for the AD patients and healthy
controls are summarized in Table 1. Age at menopause was
significantly lower in the AD group (median; min–max: 45;
16–53 years) than in the control group (51; 43–59 years) (p
< 0.0001), so the years since menopause were significantly
higher in the former (13; 1–47 years) than in the latter (3;
1–27 years) (p= 0.0032). There were no significant dif-
ferences between patients and controls in any of the DXA
parameters. Urinary cortisol concentrations were higher in
AD patients (309; 6–1380 nmol/24 h) than in controls (254;
23–744 nmol/24 h), but the difference was not statistically
significant. AD patients had lower 24-h urinary Ca excre-
tion levels (3.04; 0.52–17.10 mmol/24 h) than controls (4.6;
1.43–11.85 mmol/24 h) (p= 0.0031). There were no sig-
nificant differences between the two groups as regards
serum Ca, P, bALP, CTx, 25OHD, and PTH. No significant
correlations emerged in the AD patients between duration of
disease and urinary cortisol, and the various densitometric
and laboratory parameters. Finally, AD patients showed a
significant positive correlation between urinary cortisol and
urinary Ca excretion (Fig. 1).

The majority of patients were taking FCA. BMD was
significantly higher in FCA-treated patients at all sites
except for the lumbar spine. In contrast, there was no dif-
ference in any of the demographic, anthropometric or
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laboratory parameters between the patients who were or
were not taking FCA. The GC doses and duration of disease
were also similar in these two groups (Table 2).

Patients with comorbidities had a lower age at
menopause, body weight and BMI than patients without
comorbidities, but there were no differences between
these two groups in terms of their DXA parameters
(Table 3).

Our series was tested for the potential skeletal impact of
different GC formulations. Seventy-three AD patients were
given cortisone acetate while 13 took hydrocortisone. The
patients treated with cortisone acetate were older (45; 20–77
years) than those given hydrocortisone (32; 21–56 years)
(p= 0.016). The former also received a higher cumulative

Fig. 1 Correlation between daily urinary calcium excretion and urin-
ary cortisol excretion in patients with Addison’s disease

Table 1 Demographic,
anthropometric, densitometric
and laboratory parameters in AD
patients and controls

AD patients Controls

Variables Median Min Max Median Min Max p value

Age (years) 44 20 77 45 23 78 0.878

Age at menopause (years) 45 16 53 51 43 59 <0.0001

Years since menopause 13 1 47 3 1 27 0.0032

Weight (kg) 64 45 97 65 45 98 0.70

Height (cm) 167 148 192 165 149 191 0.177

BMI (kg/m2) 23 17.64 30.9 23.4 18 39.8 0.299

L1-L4 BMD (g/cm2) 0.955 0.677 1.352 0.965 0.59 1.228 0.973

L1-L4 BMD (Z-score) −0.5 −2.8 3.1 −0.3 −3.3 2.6 0.164

L1-L4 BMD (T-score) −0.9 −3.5 2.4 −0.8 −4.2 1.6 0.836

Femoral neck BMD (g/cm2) 0.757 0.551 1.068 0.772 0.39 1.3 0.417

Femoral neck BMD (Z-score) −0.4 −2.3 2.1 −0.2 −2.7 2 0.320

Femoral neck BMD (T-score) −1.05 −2.9 2 −0.7 −4.1 1.2 0.202

Total femur BMD (g/cm2) 0.878 0.557 1.212 0.904 0.515 1.216 0.584

Total femur (Z-score) −0.5 −2.2 2.2 0 −2 2.5 0.164

Total femur (T-score) −0.8 −2.7 1.8 −0.5 −2.7 1.9 0.293

Whole body BMC (g) 2219 1348 3538 2109 1269 3353 0.672

Whole body BMD (g/cm2) 1.093 0.836 1.352 1.082 0.66 1.309 0.673

Whole body BMD (Z-score) 0.2 −2.7 3 0.1 −2.9 1.4 0.797

Whole body BMD (T-score) −0.8 −3.1 2.4 −0.6 −4.2 1.1 0.707

Fat tissue (kg) 19.6 6.8 37.4 18.0 7.1 35.4 0.319

Fat tissue (%) 29.9 11.1 45.5 29.4 9 41.9 0.325

Lean body mass (kg) 40.5 29.2 66.4 40.3 32.2 79 0.603

Serum Ca (mmol/L) 2.41 1.64 2.77 2.37 2.00 2.55 0.055

Serum P (mmol/L) 1.07 0.63 1.64 1.02 0.6 1.5 0.688

Urinary Ca excretion (mmol/day) 3.04 0.52 17.1 4.66 1.43 11.85 0.0031

25OHD (nmol/L) 50 15 120 47 10 110 0.061

1,25(OH)2 D (pmol/L) 105 29 408 117 6.2 244 0.577

PTH (ng/L) 25 3 61.5 25 12 66 0.364

Serum CTx (pg/mL) 395 49 1157 373 33 1117 0.140

Bone ALP (µg/L) 11.4 4.6 40.9 11.2 5.1 31 0.812

Urinary cortisol excretion (nmol/day) 309 6 1380 254 23 744 0.236

BMI body mass index, BMD bone mineral density, BMC bone mineral content,CTx C-terminal telopeptide of
type I collagen
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dose (137; 6–753 g vs 61.6; 3.6–370 g of hydrocortisone
equivalent) (p= 0.048). No significant differences were
found between the two groups’ BMD values at any site.

Vertebral assessment

Ten AD patients and 6 healthy controls had a history of
traumatic fractures. Nineteen AD patients (31.2%; 6 males,
8 premenopausal and 5 postmenopausal women) revealed at
least one morphometric vertebral fracture: 4 had two, and 1
had three. Fifteen fractures were mild according to Genant’s
classification, 6 were moderate, and 3 were severe. Eighteen
fractures were in the thoracic spine and 6 in the lumbar
spine. Two patients (51 and 77 year-old) who had experi-
enced early menopause had morphometric vertebral frac-

tures. In the control group, 6 subjects (12.8%; 1 male,
5 post-menopausal women) revealed at least one morpho-
metric vertebral fracture: 5 had a single fracture, 1 had two.
Six fractures were classified as mild, and 1 as moderate
(there were no severe fractures). Five fractures were in the
thoracic spine, and 2 in the lumbar spine. The difference
between the cases of fracture in the AD patient versus
control group was statistically significant (p= 0.025), with
an odds ratio (OR) of 3.09 (95% confidence interval [CI]:
1.12–8.52).

Among the 19 AD patients revealing vertebral fractures,
16 were taking FCA and 3 were not. Among the AD
patients without vertebral fractures, 35 were taking FCA
and 8 were not (OR 1.22; 95% CI: 0.285–5.211;
p= 0.789).

Table 2 Demographic,
anthropometric, densitometric
and laboratory parameters in
patients with and without
fludrocortisone treatment

Without
fludrocortisone

With fludrocortisone

Variable Median Min Max Median Min Max p value

Age (years) 42 34 77 44 20 75 0.43

Age at menopause (years) 50 17 51 44.5 13 53 0.89

Years since menopause (years) 14 4 27 12.5 1 47 0.33

Weight (kg) 59 51 82 64.5 45 97 0.482

Height (cm) 1.64 1.50 2.02 1.68 1.48 1.92 0.196

BMI (Kg/m2) 22 18 28 23 17.6 30.9 0.187

Duration of disease (years) 8 3 24 9 0.5 55 0.99

Daily dose of glucocorticoids (mg) 43.7 18.9 45.7 41.3 16.7 72.9 0.582

Daily dose of hydrocortisone equivalent (mg) 35 18.9 45.7 33.8 14.9 58.3 0.715

Daily dose / BSA (mg/m²) 19.8 10.6 28.3 19.9 7.6 31.6 0.471

Daily dose / body weight (mg/kg) 0.54 0.26 0.82 0.49 0.18 0.91 0.252

Cumulative dose of hydrocortisone equivalent (g) 104.9 21.9 350.4 94.9 3.65 602.3 0.926

L1-L4 BMD (g/cm2) 0.828 0.722 1.134 0.991 0.677 1.352 0.118

Femoral neck BMD (g/cm2) 0.581 0.551 0.770 0.769 0.556 1.068 0.0004

Total femur BMD (g/cm2) 0.731 0.618 0.927 0.892 0.557 1.212 0.008

Whole body BMD (g/cm2) 0.997 0.836 1.149 1.109 0.860 1.352 0.014

Whole body BMC (g) 1781 1414 2590 2242 1348 3539 0.045

Fat (kg) 19.6 6.8 26.5 19.7 9.1 37.4 0.573

Lean body mass (kg) 38.7 33.6 53.3 41.8 29.2 66.4 0.184

Serum Ca (mmol/L) 2.49 1.83 2.61 2.39 1.64 2.77 0.300

Serum P (mmol/L) 1.11 0.91 1.44 1.07 0.63 1.64 0.324

Serum creatinine (mmol/L) 74.85 53 95 78 53 155 0.294

Serum CTx (pg/mL) 354 49 996 401 142 1157 0.758

Bone ALP (mg/L) 10.6 6.6 30.1 11.5 4.6 40.9 0.831

25(OH) vitamin D (nmol/L) 73.5 26 96 49 15 120 0.186

1-25 (OH)2 D (pmol/L) 124 90 192 99 29 408 0.428

PTH (ng/L) 22.2 4.0 47.0 25 3.0 61.5 0.489

Urinary Ca excretion (mmol/24 h) 3.32 1.59 6.33 2.85 0.52 10.82 0.588

Urinary cortisol excretion (nmol/24 h) 283 15.4 1142 295 1.08 1380 0.772

BMI body mass index, BMD bone mineral density, BMC bone mineral content, CTx C-terminal telopeptide
of type I collagen
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Among the AD patients who underwent vertebral mor-
phometry, 44 had one or more comorbidities, and 12 of
them (5 males and 7 females) had at least one vertebral
fracture, while 32 (12 males and 20 females) did not. The
other 17 patients who underwent vertebral morphometry
had no comorbidities, and 7 of them (3 males and
4 females) revealed vertebral fractures, while 10 (5 males
and 5 females) did not. There was no significant difference
in morphometric vertebral fracture rate between the AD
patients with and without comorbidities (OR 0.97; 95% CI:
0.41–2.31; p= 0.946).

In our sample, 11 of the 13 AD patients with early
menopause underwent vertebral morphometry, and 3 of
them revealed vertebral fractures. Our sample included
7 patients with type I diabetes (4 males and 3 females, aged
from 23 to 54 years): 4 of them underwent vertebral mor-
phometry and none had vertebral fractures. There were

5 patients with type II diabetes (1 male and 4 females, aged
from 21 to 73 years), 3 of them underwent vertebral mor-
phometry, and 2 revealed vertebral fractures (one 45-year-
old male, and one 73-year-old female). When patients with
early menopause and/or diabetes of either type were con-
sidered together in the group that underwent vertebral
morphometry, no differences emerged in terms of the ver-
tebral fracture rate between patients with and without these
comorbidities (OR 1.006; 95% CI: 0.294–3.448; p=
0.992).

Patients who revealed vertebral fractures had a longer
history of AD (12; 2–55 years) than those who did not (7;
0.5–30 years) (p= 0.018). GC doses and the anthropo-
metric and laboratory parameters considered here identified
no other significant differences between these two groups
(Table 4).

Table 3 Demographic,
anthropometric, densitometric,
and laboratory data in AD
patients without and with
comorbidities

Variable Without comorbidities With comorbidities

Number of patients 21 66

F/M ratio 10/12 49/16

Pre-menopause/post-menopause ratio 8/4 33/16

Median Min Max Median Min Max p value

Age (years) 43.5 20 77 44 20 77 0.626

Age at menopause (years) 42 29 51 38 16 53 0.0048

Years since menopause 3.5 1 31 13 1 47 0.334

Height (cm) 170 151 182 167 148 192 0.626

Weight (kg) 71 50 97 60 45 94.5 0.008

BMI (kg/m2) 25.3 21 30.1 22.2 17.6 30.8 0.003

Cumulative dose of glucocorticoids (g) 79.8 8.2 1350 158 3.6 987 0.14

Duration of disease (years) 5.5 1 31 9 0.5 55 0.595

L1-L4 BMD (g/cm2) 1.02 0.728 1.27 0.922 0.694 1.232 0.432

Femoral neck BMD (g/cm2) 0.776 0.578 1.037 0.743 0.556 1.068 0.162

Total femur BMD (g/cm2) 0.892 0.557 1.166 0.821 0.674 1.212 0.299

Whole body BMC (g) 2281 1422 3140 2111 1370 3293 0.402

Whole body BMD (g/cm2) 1.108 0.885 1.284 1.05 0.836 1.263 0.281

Fat tissue (kg) 21.4 0.09 37.4 18.7 6.8 32.9 0.126

Fat tissue (%) 30 14.55 45.5 29.4 11.1 43.7 0.446

Lean body mass (kg) 49.2 31.8 66.4 40 29.2 64.9 0.356

Serum Ca (mmol/L) 2.45 2.07 2.57 2.38 1.64 2.53 0.696

Serum P (mmol/L) 1.03 0.68 1.52 1.08 0.63 1.54 0.772

Urinary Ca excretion (mmol/day) 3.14 1.06 10.8 3.06 0.52 10.28 0.712

25OHD (nmol/L) 49 15 118 51 16 120 0.541

1,25(OH)2D (pmol/L) 107.5 73 408 105 29 348 0.833

PTH (ng/L) 34 18 101 33 3 122 0.901

Serum CTx (pg/mL) 412 204 923 370 49 1157 0.946

Bone ALP (µg/L) 11.2 7.6 18 11.4 4.6 40.9 0.801

Urinary cortisol excretion (nmol/day) 152 11 1000 361 1.08 3548 0.255

BSA bone surface area, BMD bone mineral density, BMC bone mineral content, CTx C-terminal telopeptide
of type I collagen, ALP alkaline phosphatase
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Discussion

The most relevant finding emerging from this study con-
cerns the morphometric assessment used to identify ver-
tebral deformities in AD patients according to Genant’s
method.

The value of assessing vertebral fractures using DXA has
now been validated by several studies. The method cor-
rectly identified 94% of moderate and severe fractures, and
96% of vertebrae without fractures [27–29]. The drawback
of the method lies in that the vertebrae above T7 are diffi-
cult to read. On the other hand, atraumatic fractures
occurring in the first stretch of the thoracic spine are known
to account for less than 5% of all prevalent vertebral frac-
tures [30].

In our sample, the risk of morphometric vertebral frac-
tures was found to be three times higher in AD patients than
in a healthy control population. Most of the studies that
examined the effect of GC replacement therapy on bone
status in AD patients did not check for the presence of
vertebral fractures. In a cross-sectional study involving 292
patients from Norway, the UK and New Zealand, Lovas
et al. found no difference in the prevalence of vertebral
fractures by comparison with those reported in a Norwegian
reference population, despite a significant reduction in
vertebral and femoral BMD in the AD patients [31].
Björnsdóttir et al. conducted a large study on 3,219 Swedish
AD patients compared with 31,557 sex-matched and age-
matched controls, finding an increase in the prevalence of
hip fractures in the AD patients (6.9 vs. 2.7%), who carried

Table 4 Demographic,
anthropometric, densitometric,
and laboratory data in AD
patients with and without
fractures

With fractures Without fracture

Variable Median Min Max Median Min Max p value

Age (years) 46 27 77 41 22 75 0.213

Age at menopause (years) 36 16 51 34 17 51 0.91

Years since menopause (years) 11 4 31 23.6 7 53 0.47

Weight (kg) 66.9 45 90 69.7 49 97 0.572

Height (cm) 169 156 183 167.8 149 192 0.868

BMI (kg/m2) 23.3 17.6 30.1 24.6 17.8 30.9 0.539

Duration of disease (years) 12 2 55 7 0.5 30 0.018

Daily dose of glucocorticoids (mg) 39.7 18.7 56.2 41.2 16.7 72.9 0.531

Daily dose of hydrocortisone equivalent (mg) 32.2 14.9 45 33.4 16.7 58.3 0.565

Daily dose /BSA (mg/m²) 18.2 9.67 25.83 19.3 9.1 31.6 0.312

Daily dose / body weight (mg/kg) 0.48 0.27 0.73 0.52 0.22 0.91 0.257

Cumulative dose of hydrocortisone equivalent (g) 178.5 25.5 602.2 104.6 3.65 279 0.133

L1-L4 BMD (g/cm2) 0.949 0.677 1.27 0.966 0.694 1.23 0.956

Femoral neck BMD (g/cm2) 0.752 0.565 0.908 0.758 0.551 1.07 0.58

Total femur BMD (g/cm2) 0.866 0.618 1.128 0.883 0.557 1.21 0.957

Whole body BMD (g/cm2) 1.062 0.86 1.237 1072 0.836 1.28 0.985

Whole body BMC (g) 2217 1439 3140 2179 1348 3293 0.631

Fat (kg) 20.9 12.13 37.4 20.7 9.1 32.8 0.743

Lean body mass (kg) 44.8 34.4 66.3 43.8 29.2 66.5 0.583

Serum Ca (mmol/L) 2.37 2.08 2.53 2.41 1.84 2.77 0.607

Serum P (mmol/L) 1.09 0.74 1.64 1.05 0.63 1.51 0.563

Serum creatinine (mmol/L) 78.1 61 96 81.5 53 155 0.905

Serum CTx (pg/mL) 429.4 253 923 426.1 49 949 0.926

Bone ALP (mg/L) 11.4 6.9 20.5 13.1 4.6 40.9 0.451

25OHD (nmol/L) 50.3 18 87 59 15 120 0.364

1-25 (OH)2 D (pmol/L) 137 29 408 119.9 58 233 0.503

PTH (ng/L) 34.5 4 65 31.5 4 69 0.938

Urinary Ca excretion (mmol/24 h) 4.04 1.13 10.82 3.67 0.52 10.3 0.823

Urinary cortisol excretion (nmol/24 h) 293.3 6 1009 414.6 1.08 1380 0.577

BMI body mass index, BMD bone mineral density, BMC bone mineral content, CTx C-terminal telopeptide
of type I collagen
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a significantly higher fracture risk (hazard ratio: 1.8; 95%
CI: 1.6–2.1; p< 0.001) [32]. Koetz et al. found vertebral
fractures in 6.9% of female and 3.6% of male AD patients;
fractures (of any type) occurred in 32.5% of the females and
11.8% of the males beyond the age of 50 years. No com-
parison was drawn with a normal population, but post-
menopausal female patients had a higher fracture risk than
premenopausal women or men [22]. In the present study,
spinal morphometry in our AD and healthy control groups
identified significantly more AD patients with morpho-
metric vertebral fractures than controls, and the fracture risk
was three times higher in the former. The M/F ratio in the
populations with and without vertebral fractures was much
the same in the AD and control groups. When females were
considered alone, however, none of the premenopausal
women in the control group had fractures, whereas 7 of the
13 premenopausal AD patients had fractures. This finding
suggests a major role for GC replacement therapy—rather
than estrogen deficiency—in the genesis of atraumatic
vertebral fractures in AD patients.

The higher fracture risk is not related to a reduction in
BMD at any site. The effect of GC replacement therapy on
BMD has been examined in several studies, generating
different results [33–41]. These conflicting results might be
due to differences in the etiology of hypoadrenalism: in
almost all studies, patients with autoimmune disease,
pituitary insufficiency, and surgical adrenalectomy were
considered together, and very few studies had a control
group.

Our sample only included AD patients with an auto-
immune etiology, and that is why many of the women with
AD had been considerably younger at menopause than
those in the control group. In terms of hydrocortisone
equivalents, the daily dose of GCs administered to our
sample was 0.5± 0.15 mg/kg (and 18.69± 5 mg/m2 of body
surface area), which was higher than the doses mentioned in
other studies [31, 38–40]. On the other hand, the urinary
cortisol excretion levels measured in our AD patients
(which reflects the dose of GC they took) did not differ
significantly from those of controls. We surmise that the
slightly higher urinary cortisol excretion levels identified in
our cases may be the consequence of two or three peaks in
circulating cortisol, rather than a true overdose of GC. This
impression seems to be confirmed by the fact that all the
patients evaluated had a normal blood pressure, normal
laboratory parameters (including Na, K, and glucose), and a
normal BMI. ACTH was not considered because its plasma
levels fluctuate considerably due to the pulsatile secretion of
this hormone. In an open cross-sectional study on men with
severe ACTH deficiency, Behan et al. found that the lower
dose of hydrocortisone replacement that they used was
actually associated with an increased bone formation and a
positive bone remodeling balance [41]. Schulz et al. were

the first to demonstrate that reducing the daily hydro-
cortisone equivalent dose from 30.8± 8.5 to 21.4± 7.2 mg
led to an increase in BMD with no associated increase in the
risk of adrenal crisis, whereas incremental doses lowered
patients’ BMD [42]. Although our patients received slightly
higher GC replacement doses than elsewhere in the litera-
ture, we found no difference in BMD between patients and
controls. There were also no significant differences in our
data relating to mineral metabolism and bone turnover, apart
from uCa excretion, which was significantly lower in AD
patients. GC excess is believed to raise uCa excretion levels
by reducing renal tubular calcium reabsorption [43]. Con-
sistently with this assumption, we found a positive correla-
tion between urinary calcium and urinary cortisol in AD
patients. In our study, however, AD patients had lower daily
renal Ca excretion levels than controls. Their reduced uCa
excretion may be partly due to their associated miner-
alcorticoid (MC) treatment. Few studies are available on the
effect of these hormones on calcium excretion, and most of
them were conducted in experimental animals. While one
study on seven healthy men [44] identified a reduced uCa
excretion in the early stage of MC treatment, many other
experimental and clinical studies found that MCs induced a
clear increase in uCa excretion [45–49]. In our sample, we
found no difference between patients who were treated with
FCA and those who were not. These discrepancies might
therefore suggest that any decline in uCa excretion is a
consequence of a metabolic disorder rather than a direct
effect of corticosteroid therapy on the kidney.

Surprisingly, our patients treated with FCA had sig-
nificantly higher densitometric values at all sites except for
the lumbar spine. This would indicate that the beneficial
effect of FCA, if any, is more evident on cortical than on
trabecular bone. To our knowledge, this is the first study to
demonstrate a difference in BMD between AD patients
treated or not treated with FCA. It is well known that there
are GC receptors (GRα and GRβ) and mineralocorticoid
receptors (MR) in the cells of osteoblast and osteoclast
lineage. Glucocorticoid receptors occur in trabecular and
cortical osteoblasts, in the osteocytes newly incorporated in
mineralizing osteoid, and in the lining cells of osteons in
cortical bone. GRβ may modulate the response of osteo-
blasts to GC by heterodimerizing with GRα and antag-
onizing its transcriptional activity. This would explain why
osteoblasts respond differently to low or high concentra-
tions of GC: physiological concentrations increase osteo-
blast differentiation and collagen synthesis, while higher
concentrations inhibit osteoblastogenesis and increase
osteoblast apoptosis [50–53]. Osteoclasts mainly, if not
exclusively, express GRβ, and GC can stimulate bone
resorption either directly or by increasing the synthesis of
receptor activator NF-kB ligand by osteoblasts [54, 55]. MR
are expressed in osteoblasts and osteoclasts, but their
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function is not clearly understood. The pharmacological
inhibition of MR with eplerenone results in an increasing
bone mass, the suppression of bone resorption, and an
increase in cortical thickness. Aldosterone significantly
enhances the proliferation of osteoblastic cells from rat
calvarias, and inhibits the activity of alkaline phosphatase,
which is a marker of the osteoblastic phenotype [56, 57].
The simultaneous presence of MR, GRα and GRβ in bone
cells suggests that these receptors may act in synergy, and
influence the activity of osteoblasts and osteoclasts in dif-
ferent ways, depending on their concentrations. Given the
small number of patients not treated with FCA in our
sample, and the novelty of our finding, we cannot speculate
on these results, which will need to be confirmed in a larger
population.

Björnsdóttir et al. [32] found that AD patients were at the
highest risk of hip fractures in the first year before and the
first year after their diagnosis. Their data correlated with
low cortisol levels in the year before the diagnosis
(responsible for a poor osteoblast differentiation), and
supra-physiological doses after starting GC treatment
(responsible for an greater osteoclastic activity induced by a
pronounced increase in bone turnover). We cannot advance
any hypotheses on the timing of the higher risk of vertebral
fracture in our AD patients, though the longer history of
disease among patients revealing spinal fractures suggests
that a lengthier exposure to GC could have an important
role in the genesis of vertebral fractures.

Supra-physiological doses of GC may not be the only
culprit responsible for bone damage in AD patients.
Another cause could be a shortage of adrenal androgens
[17] since other studies identified a positive correlation
between low BMD and low circulating levels of dehy-
droepiandrosterone (DHEA) in patients with hypopituitar-
ism [58]. Koetz et al. reported that women treated with
DHEA for this condition showed no spontaneous vertebral
fractures, whereas fractures were identified in 9.8% of the
untreated patients [22]. Although there was no difference in
serum glucose levels between our AD patients and controls,
we cannot exclude the possibility of long-term supra-phy-
siological doses of GC causing an excessive glycosylation
of collagen, which impairs the mechanical characteristics
and disrupts the normal, regular deposition of hydro-
xyapatite crystals. Such alterations may lead to a loss of
bone strength unrelated to the amount of mineral deposited
or, ultimately, to BMD [59–61]. The fact that we found no
difference in BMD between our patients with and without
fractures is consistent with this hypothesis, which suggests
that the increased risk of fractures in AD patients would be
due to qualitative rather than quantitative bone damage.

We cannot exclude the possibility of adrenal insuffi-
ciency itself, (as well as its replacement therapy) causing
functional growth hormone deficiency, which may be

involved in the pathogenesis of skeletal fragility in this
clinical setting [62].

Among the various comorbidities seen in AD patients,
early menopause and diabetes are the most often associated
with vertebral fractures [63–65]. Such comorbidities did not
influence BMD or fracture risk of our patients: we assume
that they had all received appropriate treatment.

Finally, bone impairment in various autoimmune dis-
eases might also be seen as the consequence of an immu-
noregulatory imbalance altering homeostatic mechanisms,
which would lead to an imbalanced osteoclast activity
[66, 67].

In conclusion, AD patients on chronic mineralocorticoid
and GC replacement therapy have a higher prevalence of
vertebral fractures unrelated to any decrease in BMD.
Supra-physiological doses of GC, a longer history of dis-
ease, and a consequently higher GC intake might be the
main reasons why their bones become more fragile. We
cannot exclude the possibility of other pathophysiological
mechanisms related to adrenal insufficiency and auto-
immune disease being involved in the genesis of AD
patients’ fractures. The influence of FCA on bone metabo-
lism warrants further investigation.
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