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Context: In type 2 diabetes (T2D), the vertebral fracture (VFx) prevalence and cortisol secretion are
increased.

Objective: The objective of this study was to evaluate the role of glucocorticoid secretion and sensitivity in
T2D-related osteoporosis.

Design and Setting: This was a case-control study in an outpatient setting.

Patients: The patients were ninety-nine well-compensated T2D postmenopausal women (age,
65.7 � 7.3 y) and 107 controls (age, 64.5 � 8.2 y).

Main Outcome Measures: We assessed osteocalcin, C-terminal telopeptide of type I collagen,
ACTH, cortisol after the dexamethasone suppression test (F-1mgDST), BclI and N363S single-nu-
cleotide polymorphisms (SNPs) of glucocorticoid receptor, lumbar spine and femoral neck bone
mineral density by dual x-ray absorptiometry, and VFx by radiography.

Results: Comparedwithcontrols, T2Dsubjectshad increasedVFxprevalence (20vs34.3%,respectively;
P � .031), bone mineral density (Z-scores, lumbar spine, 0.16 � 1.28 vs 0.78 � 1.43, P � .001; femoral
neck, �0.03 � 0.87 vs 0.32 � 0.98, P � .008, respectively), and F-1mgDST (1.06 � 0.42 vs 1.21 � 0.44
�g/dL, 29.2 � 1.2 vs 33.3 � 1.2 nmol/L, respectively; P � .01), and decreased osteocalcin (10.6 � 6.4 vs
4.9 � 3.2 ng/mL, 10.6 � 6.4 vs 4.9 � 3.2 �g/L, respectively; P � .0001) and C-terminal telopeptide of type
I collagen (0.28 � 0.12 vs 0.14 � 0.08 ng/mL, 0.28 � 0.12 vs 0.14 � 0.08 mcg/L, respectively; P � .0001).
Fractured controls or T2D patients had increased sensitizing N363S SNP prevalence (20 and 17.6%,
respectively) compared to non-fractured subjects (3.4 and 3.1%, respectively; P � .02 for both com-
parisons), and similar BclI SNP prevalence. The VFx presence was associated with the sensitizing variant
of N363S SNPs in controls (odds ratio [OR] � 10.6; 95% confidence interval [CI], 1.8–63.3; P � .01) and
in T2D patients (OR � 12.5; 95% CI, 1.8–88.7; P � .01), and with the F-1mgDST levels (OR � 2.1; 95%
CI, 1.1–4.1; P � .03) only in T2D patients.

Conclusions: In postmenopausal T2D women, VFx are associated with cortisol secretion and the
sensitizing variant of N363S SNPs. (J Clin Endocrinol Metab 100: 1417–1425, 2015)
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Abbreviations: BMD, bone mineral density; BMI, body mass index; �-CTX, C-terminal telopeptide
of type I collagen; F-1mgDST, cortisol level after 1 mg overnight dexamethasone suppression test;
FN, femoral neck; GC, glucocorticoid; GR, GC receptor; HbA1c, glycosylated hemoglobin; 11HSD,
11�hydroxysteroid dehydrogenase; 11HSD1, 11HSD type 1; LS, lumbar spine; OC, osteocalcin;
ROC, receiveroperatingcharacteristic; R-UFF/UFE,UFF/UFE ratio; T2D, type2diabetes;UFE,urinary
free cortisone; UFF, urinary free cortisol; VFx, vertebral fracture(s).
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Several studies suggest that patients with type 2 diabetes
(T2D) have normal or even increased bone mineral

density (BMD), but reduced bone quality and an increased
risk of fracture (1–9). These discrepancies between BMD
and the risk of fracture explain the limited role of dual-
energy x-ray absorptiometry for assessing fracture risk in
T2D patients (9). Osteoporosis in T2D is characterized by
a low bone turnover with a normal/decreased bone re-
sorption and decreased bone apposition, partially due to
the inhibition of the Wnt/�-catenin signaling (10–12).
Other mechanisms include the toxic effect on collagen of
advanced glycosylation agents, caused by chronic expo-
sure to glucose excess (13, 14). Indeed fracture risk is max-
imal in patients with T2D chronic complications, which
are caused by chronic hyperglycemia (9, 15, 16).

Recently, cortisol secretion and sensitivity have been sug-
gested to play a role in the pathogenesis of postmenopausal
osteoporosis (17, 18). Indeed, in osteoporotic patients, the
degreeofcortisol secretion,evenif inthenormalrange, seems
to be associated with BMD (19–20), and the genetic varia-
tions of 11�-hydroxysteroid dehydrogenase (11HSD) activ-
ity seem to influence the severity of osteoporosis (21–23).
Moreover, the different glucocorticoid (GC) receptor (GR)
polymorphisms are thought to be associated with fracture
risk in osteoporotic patients (24–27).

Also in T2D patients, cortisol secretion and/or sensi-
tivity may influence the disease. Indeed, increased cortisol
secretion seems to be present in T2D patients (28, 29), and
the different GR polymorphisms may influence the dia-
betic control (30, 31).

Notwithstanding the potential role of cortisol secretion
and sensitivity in the pathogenesis of postmenopausal os-
teoporosis and in influencing metabolic control in T2D,
no studies have investigated cortisol secretion and sensi-
tivity in T2D-related osteoporosis so far.

Therefore, the aim of the present study was to evaluate
bone involvement in a group of diabetic postmenopausal
female subjects with and without T2D, in relation to cor-
tisol secretion and sensitivity.

Patients and Methods

Patients
From September 2011 to September 2014, 120 consecutive

Caucasian subjects with T2D referred to our outpatient clinic for
diabetes and 120 Caucasian nondiabetic subjects were enrolled
in the study, which was approved by the local Ethical Committee.

T2D patients were selected on the basis of the following cri-
teria: age range 50–85 years, postmenopausal status, age at T2D
diagnosis � 30 years, BMI of 19–40 kg/m2, no insulin therapy
during the first 2 years of the disease, and glycosylated hemo-
globin (HbA1c) � 8.0%. The exclusion criteria were: signs of
hypercortisolism (moon facies, striae rubrae, hypertrichosis,

skin atrophy, and buffalo hump); history of ketoacidosis or hy-
poglycemia in the 6 months before enrollment; past or present
therapy with glitazones, glucocorticoids (�3 mo and/or � 5
mg/d of prednisone equivalents), antidepressants, bisphospho-
nates, strontium ranelate, PTH (1–34 and 1–84), denosumab,
anticonvulsants, estrogens, or selective estrogen receptor mod-
ulators; presence of hyperthyroidism, rheumatoid arthritis,
scleroderma, malabsorption, neoplasia, hyperandrogenism,
alcoholism, depression, chronic renal failure, acute illness, al-
terations of sleep-wake cycle; presence of proliferative or laser-
treated retinopathy, overt diabetic nephropathy (macroalbu-
minuria � 300 mg/24 h), severe macroangiopathy (history of
myocardial infarction, coronary artery bypass graft surgery, per-
cutaneous transluminal coronary, and carotid, femoral, or fem-
oral-popliteal angioplasty).

The nondiabetic subjects were consecutively recruited on the
basis of the same inclusion and exclusion criteria from our out-
patient clinic for endocrine diseases, where they were followed
up for nonmorbid obesity, euthyroid nodular goiter, or euthy-
roid chronic lymphocytic thyroiditis.

Twenty-one diabetic and 13 nondiabetic subjects did not
complete the study protocol and were excluded from the anal-
ysis, which has eventually been performed on 99 subjects with
T2D and 107 subjects without T2D who served as controls.

Methods
In all subjects, a personal and familial history and two vali-

dated questionnaires regarding the propensity to fall (32) and
daily calcium intake (33) were collected.

Venous blood samples were taken in the morning after a 10-
hour fast. All blood and urine samples were immediately stored
at �20°C until analysis. Total serum calcium corrected for al-
bumin [total serum calcium � (4.4 � albumin mg/dL) � 0.8],
25-OH vitamin D, HbA1c, 24-hour urinary calcium excretion,
and creatinine clearance were measured in all patients, and al-
bumin excretion rate was measured in T2D subjects. Serum os-
teocalcin (OC) and C-terminal telopeptide of type I collagen
(�-CTX) were measured in 48 subjects with T2D and 48 subjects
without T2D. OC (normal values, 5–25 ng/mL) was measured by
the Invitrogen human Osteocalcin Enzyme Amplified Sensitivity
Immunoassay (Life Technologies) following the manufacturer’s
instructions, and �-CTX (normal values, 0.14–1.35 ng/mL) was
determined by the Serum CrossLaps ELISA (Immunodiagnostic
System Ltd) according to the manufacturer’s assay procedure.

Cortisol secretion was evaluated by measuring morning
plasma ACTH (normal values, 10–55 pg/mL, 2.2–12.1 pmol/L),
24-hour urinary free cortisol (UFF; normal values, 3–43 �g/24
h, 8.3–118.7 nmol/24 h), 24-hour urinary free cortisone (UFE;
normal values, 15–122 �g/24 h, 41.6–337.9 mol/24 h), and se-
rum cortisol at 9 AM after the administration of 1 mg dexameth-
asone at 11 PM the previous day (F-1mgDST; normal values,
�1.8 �g/dL, 50 nmol/L).

At study entry, plasma morning ACTH levels (mean of three
determinations at 20-min intervals) and serum cortisol levels (after
dichloromethane extraction) were measured by immunoradiomet-
ricassay(BRAHMSDiagnosticaGmbH)andimmunofluorometric
assay (TDX-FLX kits; Abbott Diagnostika GmbH). The intra- and
interassay coefficients of variation were � 10% for ACTH and �
3% for cortisol.

The UFF/UFE ratio (R-UFF/UFE) was used as a measure of the
11HSD type 2 activity. This enzyme, by inactivating cortisol to
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cortisone, may modulate the tissue exposure to active GC (22).
The determination of UFF and UFE was performed by liquid
chromatography-tandem mass spectrometry, after purification
by an on-line TurboFlow system using a Cyclone column
(Thermo Scientific). Cortisol and cortisone were separated in
liquid chromatography (Hypersil Gold; Thermo Scientific). De-
tection and quantification were performed by a triple quadru-
pole mass spectrometer (TSQ Quantum Access; Thermo Scien-
tific). The coefficient of variation is � 10%, the accuracy is
between 98 and 100%, and the limit of quantification is 1 �g/L
for both cortisol and cortisone (34).

Genomic DNA was isolated from peripheral blood leuko-
cytes using an Illustra DNA Extraction Kit BACC2 (GE Health-
care). Detection of the BclI and N363S polymorphisms was as-
sessed by PCR, as previously described (26).

In T2D subjects, the presence of chronic complications was
evaluated. The diagnosis of diabetic neuropathy was based on
symptoms and quantitative sensory and motor testing. Diabetic
retinopathy was searched with funduscopic examination and
categorized as nonproliferative, preproliferative, and prolifera-
tive. Diabetic nephropathy was assessed by measuring mi-
croalbumin in 24-hour urine (normal value, �30 mg/d) twice (at
enrollment and after 3–6 mo) to determine persistent microalbu-
minuria (albumin excretion rate between 30 and 300 mg/d).

In all subjects, BMD was measured by dual-energy x-ray ab-
sorptiometry (Hologic Discovery) at the lumbar spine (LS; pre-
cision 1.0%) and femoral neck (FN; precision 1.8%) and ex-
pressed as Z-score and T-score (number of standard deviations
above/below the mean for the patient’s age, sex, and ethnicity, or
above/below the mean for a healthy 30-year-old adult of the
same sex and ethnicity as the patient, respectively).

Conventional spinal radiographs in lateral (T4–L4) and an-
teroposterior projection were obtained in all subjects with stan-
dardized technique. Two trained radiologists, blinded to BMD
and hormonal data, independently reviewed the radiographs.
Vertebral fractures (VFx) were diagnosed on visual inspection
using semiquantitative visual assessment and defined as reduc-
tions of more than 20% in anterior, middle, or posterior verte-
bral height (35).

Statistical analysis
Statistical analysis was performed by SPSS version 21.0 sta-

tistical package (SPSS Inc).
The results were expressed as mean � SD. The normality

of distribution was tested by Kolmogorov-Smirnov test. The
comparison of continuous variables between T2D and con-
trols was performed using Student’s t test or Mann-Whitney
U test, as appropriate, and between T2D and controls with
and without VFx by one-way ANOVA and Bonferroni post
hoc analysis. Categorical variables were compared by �2 test
or Fisher’s exact test, as appropriate. The associations be-
tween the bone metabolism parameters, HbA1c, age, BMI,
LS-BMD, FN-BMD, and cortisol secretion parameters were
tested by the Pearson product-moment correlation or Spear-
man’s correlation as appropriate. We tried to fit a relationship
between OC and HbA1c and between OC and F-1mgDST into
the whole sample of subjects and in both diabetic patients and
nondiabetic subjects.

Patients were divided into tertiles of F-1mgDST or HbA1c
for assessing the association between VFx prevalence and cor-
tisol secretion or glycometabolic control, respectively. Logis-

tic regression analysis assessed the association between VFx
presence (as a dependent variable) and parameters known as
risk factors (as independent variables), even considering the
results of the comparisons of the clinical, biochemical, and
genetic characteristics between subjects with and without
T2D and with and without VFx. The receiver operating char-
acteristic (ROC) curve analysis assessed the cutoff(s) of the
F-1mgDST with the best sensitivity and specificity for detect-
ing T2D patients with VFx.

P values �.05 were considered significant.

Results

Characteristics of T2D subjects and controls are reported
in Table 1. Compared with controls, T2D patients showed
reduced OC and �-CTX levels and an increased preva-
lence of hypertension, dyslipidemia, previous clinical fra-
gility fractures, and asymptomatic VFx, despite increased
spinal and femoral BMD. No differences were found be-
tween patients and controls in calcium excretion and cre-
atinine clearance levels, propensity to falls, daily calcium
intake, and prevalence of the different GR polymor-
phisms. On the contrary, T2D patients showed higher
F-1mgDST and lower UFE levels than controls, whereas
ACTH and UFF were comparable. The prevalence of ret-
inopathy, nephropathy, and neuropathy was 5.1, 5.1, and
3.3%, respectively.

Comparisons between T2D patients with and without
VFx and between controls with and without VFx are re-
ported in Table 2. The prevalence of hypertension and
dyslipidemia was similar in fractured and non-fractured
T2D subjects. The use of loop diuretics, thiazide diuretics,
and statins was comparable between fractured (2.9, 20.6,
and 17.6%, respectively) and non-fractured T2D patients
(1.5%, P � .64; 15.4%, P � .51; 30.8%, P � .16, respec-
tively). The number of patients using insulin, dipeptidyl
peptidase 4 inhibitors, glucagon-like peptide-1 agonists,
metformin, and sulfonylureas was comparable between
fractured (20.6, 23.5, 11.8, 64.7, and 5.9%, respectively)
and non-fractured (18.5%, P � .79; 23.1%, P � .96;
7.7%, P � .49; 66.2%, P � .89; 13.8%, P � .33, respec-
tively) patients. No subjects had hypoglycemic episodes
during the 6 months before enrollment. The number of
patients with a history of symptomatic (n � 7), and/or
severe (n � 2), and/or frequent (n � 4), and/or unaware-
ness of (n � 4) hypoglycemia during the 24 months before
study enrollment was similar in fractured (5.9, 2.9, 5.9,
and 5.9%, respectively) and non-fractured (7.7, 1.5, 3.1,
and 3.1%, respectively) patients.

Compared to T2D subjects without VFx, in fractured
T2D patients the BMD at FN was reduced, and the prev-
alence of retinopathy (15.4 vs 1.8%; P � .04) and of the
heterozygous variant of N363S polymorphism was in-
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creased. No difference was found between fractured and
non-fractured T2D patients in terms of BMD at LS, OC
and �-CTX mean levels, prevalence of homozygous
and/or heterozygous BclI GR variants, nephropathy (11.5
vs 3.6%; P � .32) and neuropathy (3.8 vs 3.8%; P � 1),
24-hour urinary calcium excretion, creatinine clearance,
daily calcium intake, propensity to fall, R-UFF/UFE, and
mean levelsof theparametersof cortisol secretion.However,
as shown in Figure 1, when T2D patients were divided into
tertiles of F-1mgDST levels (I tertile: F-1mgDST, 0.4–0.85
�g/dL, 11–23.5 nmol/L; II tertile: F-1mgDST, 0.9–1.45 �g/
dL, 24.8–40 nmol/L; III tertile: F-1mgDST, 1.5–1.8 �g/dL,
41.4–50 nmol/L), the prevalence of VFx significantly in-

creased from the lowest to the highest tertile (21.2, 33.3, and
48.5%, respectively; p for trend � 0.038), whereas no asso-
ciation was found between the tertiles of HbA1c and VFx
prevalence (I, II, III tertiles: 47.1, 23.5, and 29.4%, respec-
tively; p for trend � 0.122). The ROC curve analysis showed
that the cutoffs of F-1mgDST with the best diagnostic sen-
sitivity and specificity for detecting T2D patients with VFx
were � 0.9 �g/dL (24.8 nmol/L) and � 1.5 �g/dL (41.3
nmol/L), respectively. Indeed, 48 of the 65 non- fractured
T2D patients had F-1mgDST � 0.9 �g/dL (24.8 nmol/L;
specificity 73.8%; P � .04), whereas 27 of the 34 fractured
T2D patients had F-1mgDST � 1.5 �g/dL (41.3 nmol/L;
sensitivity, 79.4%; P � .04).

Table 1. General Characteristics of T2D and Non-T2D Subjects

Parameters T2D Subjects Non-T2D Subjects P

n 99 107
Age, y 65.7 � 7.3 (52–80) 64.5 � 8.2 (50–80) .20
BMI, kg/m2 29.5 � 4.8 (21–39.9) 28.6 � 4.7 (20.1–39.8) .22
Years from menopause 14.0 � 7.4 (2–30) 12.6 � 8.1 (2–30) .21
Smokers 16 (16.2) 28 (26.2) .08
Patients experiencing 1/2 fallsa 10/2 (10.1/2.0) 5/2 (4.7/1.9) .46
Daily calcium intake, mg 675.4 � 207 (330–1270) 635 � 159 (364–950) .22
Patients with hypertension 64 (64.6) 44 (41.5) .001
Patients with dyslipidemia 47 (47.5) 30 (28.0) .004
T2D duration, y 10.1 � 7 (1–30)
HbA1c, % 6.8 � 0.7 (5.3–8) 5.4 � 0.5 (4–6.0) �.0001
Calcium, mg/dL 9.3 � 0.4 (8.5–10) 9.3 � 0.3 (8.6–10) .17
25-OH vitamin D, ng/mL 19.2 � 10.8 (12–61.4) 18.4 � 7.5 (12–35) .62
ALP, U/L 70.6 � 16.5 (37–105) 71.2 � 15.6 (45–105) .82
24-h urinary calcium excretion, mg 133.6 � 77.7 (71.5–385) 143.0 � 80.3 (70–380.9) .418
Creatinine clearance, mL/min 90.7 � 26.7 (61–144.8) 90.2 � 19.4 (60.5–145) .861
ACTH, pg/mL 16.9 � 11 (5–54.2) 16.4 � 9.2 (5–51.4) .72
F-1mgDST, �g/dL 1.21 � 0.44 (0.4–1.8) 1.06 � 0.42 (0.4–1.8) .01
UFF, �g/24 h 19.2 � 10.4 (4.7–54.7) 20.4 � 9.5 (4.2–43) .37
UFE, �g/24 h 87 � 22.3 (33.7–166.3) 94.8 � 18.2 (35–121) .02
R-UFF/UFE 0.22 � 0.11 (0.06–0.59) 0.20 � 0.10 (0.08–0.45) .22
OC, ng/mLb 4.9 � 3.2 (�0.8 to 13.8) 10.6 � 6.4 (�0.8 to 22.1) �.0001
�-CTX, ng/mLb 0.14 � 0.08 (�0.03 to 0.37) 0.28 � 0.12 (�0.12 to 0.55) �.0001
BMD LS, Z-score 0.78 � 1.43 (�3.6 to 4.0) 0.16 � 1.28 (�2.2 to 4.3) .001
BMD LS, T-score �0.80 � 1.43 (�5.3 to 2.9) �1.39 � 1.27 (�4.1 to 2.8) .002
BMD FN, Z-score 0.32 � 0.98 (�1.8 to 2.6) �0.03 � 0.87 (�1.8 to 2.7) .008
BMD FN, T-score �1.06 � 1.08 (�3.4 to 1.4) �1.45 � 0.91 (�3.1 to 1.4) .006
Patients with previous clinical fragility Fx 17 (17.2) 7 (6.5) .02
Patients with VFx 34 (34.3) 20 (18.7) .01
BclI .29

WT 61 (61.6) 55 (51.4)
Heterozygous variant 33 (33.3) 47 (43.9)
Homozygous variant 5 (5.1) 5 (4.7)

N363S .67
WT 8 (8.1) 7 (6.6)
Heterozygous variant 0 (0.0) 0 (0.0)
Homozygous variant 91 (91.9) 100 (93.5)

Abbreviations: ALP, alkaline phosphatase; Fx, fracture; WT, wild type. Data are expressed as mean � SD (range) or absolute number (percentage).
Z-score represents the number of standard deviations above or below the mean for the patient’s age, sex and ethnicity. T-score represents the
number of standard deviations above or below the mean for a healthy 30-year-old adult of the same sex and ethnicity as the patient. Normal
values: ALP, 35–105 U/L; ACTH, 5–55 pg/mL; F-1mgDST, �1.8 �g/dL; UFF, 3–43 �g/24-h; UFE, 15–122 �g/24 h; OC, 5–25 ng/mL; �-CTX, 0.14–
1.35 ng/mL. SI conversion factors: serum cortisol � 27.59; ACTH � 0.22; urinary cortisol � 2.77; calcium � 0.25; 25-OH vitamin D � 2.5; OC �
1; �-CTX � 1.
a Data are referred to the last year before the study inclusion.
b OC and �-CTX levels were measured in 48 subjects with T2D and in 48 without T2D.
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Similar to T2D patients, in controls with VFx, the BMD
at FN was reduced, and the prevalence of the heterozygous
variant of N363S polymorphism increased. Fractured and
non- fractured controls were comparable in terms of OC,
�-CTX, BMD at LS and R-UFF/UFE levels, mean levels of
the parameters of cortisol secretion, prevalence of homozy-
gous and/or heterozygous BclI GR variants, 24-hour urinary
calciumexcretion, creatinineclearance,dailycalciumintake,
and propensity to fall. At variance with T2D patients, in
fractured control subjects, prevalence of the smoking habit
was increased as compared with their non-fractured coun-
terparts. In controls, no association was found between the
tertiles of F-1mgDST and VFx prevalence (I, II, and III ter-
tiles: 19.4, 16.7, and 20%, respectively; p for trend � 0.93),
and the ROC curve analysis did not show statistically sig-
nificant cutoffs of F-1mgDST for detecting VFx.

Considering the whole population, cortisol secretion
and R-UFF/UFE levels were associated with neither BMD

nor HbA1c levels. However, OC levels were inversely as-
sociated with F-1mgDST levels (R � �0.25; P � .03). This
association was confirmed in control subjects (R �
�0.338; P � .04) but not in T2D patients (Figure 2).

In the whole sample of T2D patients and controls,
HbA1c levels were inversely associated with �-CTX (R �
�0.51; P � .0001) and OC levels (R � �0.37; P � .001;
Figure 3). These associations were absent when controls
and T2D patients were separately considered.

The logistic regression analysis showed that in T2D
patients, the presence of VFx was significantly associated
with the sensitizing variant of N363S polymorphism and
with tertiles of F-1mgDST levels, even after adjusting for
the history of fragility fractures, BMI, age, and spinal
BMD (Table 3). Because the pathophysiological mecha-
nisms of osteoporosis may be different in postmenopausal
and senile osteoporosis (36), we assessed the same asso-
ciations even after adjusting for age � 65 or � 65 years,

Table 2. Characteristics of T2D and Non-T2D Subjects With and Without VFx

Parameters T2D Subjects With VFx T2D Subjects Without VFx P Non-T2D Subjects With VFx Non-T2D Subjects Without VFx P

n 34 65 20 87
Age, y 66.4 � 7.8 (52–78) 65.4 � 7.2 (52–80) .52 65.1 � 9.7 (50–80) 64.3 � 7.9 (50–80) .72
BMI, kg/m2 28.9 � 4.0 (21–35.3) 29.8 � 5.2 (21.3–39.9) .40 28.2 � 5.5 (21.6–37.6) 28.7 � 4.6 (20–39.8) .67
Years from menopause 14.9 � 7.3 (2–29) 13.5 � 7.4 (2–30) .36 14.5 � 9.0 (2–30) 12.1 � 7.9 (2–30) .23
Smokers 4b (11.8) 12d (18.5) .57 9 (45.0) 19 (21.8) .04
Patients experiencing 1/2 fallsa 4/0 (11.7/0.0) 6/2 (9.2/3.1) .523 3/1 (15.0/5.0) 2/1 (10.0/5.0) .2
Daily calcium intake, mg 622 � 175 (357–1043) 698 � 217 (329–1271) .17 671 � 173 (407–907) 621.7 � 153 (364–950) .3
Patients with hypertension 24b (70.6) 40d (61.5) .37 7 (35.0) 37 (43.0) .62
Patients with dyslipidemia 13 (38.2) 34 (52.3) .18 7 (35.0) 23 (26.4) .43
Patients with previous fragility Fx 7 (20.6) 10d (15.4) .51 3 (15.0) 4 (4.6) .12
T2D duration, y 11.7 � 6.5 (2–25) 9.2 � 5.8 (2–30) .13
HbA1c, % 6.6 � 0.7 (5.3–8.0) 6.9 � 0.7 (5.3–8.0) .10 5.4 � 0.6 (4.0–6.0) 5.4 � 0.5 (4.0–6.0) .75
Calcium, mg/dL 9.3 � 0.4 (8.5–10.0) 9.3 � 0.4 (8.5–10.0) .82 9.3 � 0.4 (8.6–10) 9.2 � 0.3 (8.6–10.0) .50
25-OH vitamin D, ng/mL 20.1 � 12.3 (12–55.5) 18.8 � 10.1 (12–61.4) .63 18.6 � 6.0 (12.0–29.9) 18.4 � 8.0 (12.0–35) .91
ALP, U/L 72.1 � 17.9 (46–105) 70.0 � 15.9 (37–105) .58 70.6 � 18.1 (47–105) 71.3 � 15.1 (45–105) .86
24-h urinary calcium excretion, mg 135.9 � 86.6 (71.5–385) 132.4 � 73.4 (71.7–365) .84 130.9 � 74.6 (70–348) 146.5 � 82.1 (72–380) .44
Creatinine clearance, mL/min 88.4 � 24.3 (61.7–144.8) 91.9 � 28.0 (61–144.9) .48 88.6 � 20.0 (6 5–134) 90.5 � 19.3 (60.5–145) .74
ACTH, pg/mL 18.2 � 12.3 (5–54.2) 16.3 � 10.4 (5–54) .40 13.0 � 7.1 (5–32) 17.2 � 9.5 (5–51.4) .07
F-1mgDST, �g/dL 1.26 � 0.47 (0.4–1.8) 1.19 � 0.43 (0.4–1.8) .42 1.08 � 0.41 (0.4–1.8) 1.06 � 0.4 (0.4–1.8) .79
UFF, �g/24 h 16.9 � 9.6 (5.0–53.1) 20.4 � 10.7 (4.7–54.7) .11 23.7 � 11.7 (5–43) 19.7 � 8.8 (4.2–43) .09
UFE, �g/24 h 85.7 � 18.8 (42.2–111.1) 87.7 � 24.0 (33.7–166.3) .72 96.0 � 19.1 (53.5–120.4) 94.4 � 18.1 (35–121.0) .76
R-UFF/UFE 0.21 � 0.10 (0.10–0.48) 0.23 � 0.11 (0.06–0.59) .61 0.23 � 0.10 (0.09–0.45) 0.20 � 0.08 (0.08–0.40) .12
OC, ng/mLb 4.6 � 3.4c (0.8–13.8) 5.2 � 3.1d (0.8–10.4) .62 9.9 � 7.0 (1.7–21.5) 11.0 � 6.3 (0.8–22.1) .63
�-CTX, ng/mLb 0.11 � 0.06c (0.05–0.26) 0.16 � 0.09 (0.03–0.37) .11 0.28 � 0.11 (0.12–0.55) 0.28 � 0.13 (0.12–0.48) .78
BMD LS, Z-score 0.47 � 1.58 (�3.6 to 4.0) 0.95 � 1.34d (�1.4 to 3.9) .12 0.17 � 1.25 (�2.2 to 2.7) 0.16 � 1.30 (�2.1 to 4.3) .99
BMD LS, T-score �1.20 � 1.43 (�5.3 to 1.7) �0.59 � 1.40d (�3.2 to 2.9) .05 �1.29 � 1.44 (�3.6 to 2.2) �1.41 � 1.25 (�4.1 to 2.8) .69
BMD FN, Z-score 0.02 � 1.03 (�1.8 to 2.6) 0.47 � 0.92d (�1.2 to 2.1) .03 �0.39 � 0.86 (�1.8 to 1.9) 0.05 � 0.86 (�1.3 to 2.7) .04
BMD FN, T-score �1.44 � 1.04 (�3.4 to 0.7) �0.87 � 1.05d (�2.9 to 1.4) .01 �1.89 � 0.96 (�3.1 to 0.4) �1.34 � 0.87 (�2.9 to 1.4) .015
BclI .96 .82

WT 21 (61.8) 40 (61.5) 9 (45.0) 46 (52.9)
Heterozygous variant 11 (32.4) 22 (33.8) 10 (50.0) 37 (42.5)
Homozygous variant 2 (5.9) 3 (4.6) 1 (5.0) 4 (4.6)

N363S .02 .02
WT 28 (82.4) 63 (96.9) 16 (80) 84 (96.6)
Heterozygous variant 6 (17.6) 2 (3.1) 4 (20) 3 (3.4)
Homozygous variant 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Abbreviations: ALP, alkaline phosphatase; Fx, fracture; WT, wild type. Data are expressed as mean � SD (range) or absolute number (percentage).
Normal values: ALP, 35–105 U/L; OC, 5–25 ng/mL; �-CTX, 0.14–1.35 ng/mL. Z-score represents the number of standard deviations above or
below the mean for the patient’s age, sex and ethnicity. T-score represents the number of standard deviations above or below the mean for a
healthy 30-year-old adult of the same sex and ethnicity as the patient. SI conversion factors: serum cortisol � 27.59; ACTH � 0.22; urinary
cortisol � 2.77; calcium � 0.25; 25-OH vitamin D � 2.5; OC � 1; �-CTX � 1.
a Data are referred to the last year before the study inclusion.
b OC and �-CTX levels were measured in 48 subjects with T2D and in 48 without T2D.
c P � .05 vs controls with VFx.
d P � .05 vs controls without VFx.
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and we obtained the same results (data not shown). In
controls, the same analysis showed that the VFx presence
was associated with the N363S polymorphism but not
with F-1mgDST levels (data not shown).

Discussion

This study was aimed to assess the role of cortisol secretion
and sensitivity in T2D-related osteoporosis. Our data con-
firm that in T2D the prevalence of fragility fractures is
increased despite an increased BMD, cortisol secretion is
enhanced, and bone turnover is reduced. Moreover, VFx
were associated with both the heterozygous sensitizing
variant of N363S polymorphism and the degree of cortisol
secretion.

The finding of an increased fracture risk in T2D despite
an increased BMD confirms previous reports (1–8). How-
ever, most studies reported that the risk of fractures was
high in T2D patients with chronic complications and/or
scarce metabolic control (2, 8). The present finding that a
VFx is present in the 30% of T2D outpatients with good
metabolic control and without diabetic complications is of
clinical importance because it suggests the need of paying
attention to bone involvement regardless of the severity of
the diabetic disease.

Among the factors associated with VFx, in our frac-
tured T2D patients, FN BMD was reduced and the prev-
alence of retinopathy was increased more than in non-
fractured patients. This is in keeping with previous data
showing that T2D patients with fractures have a reduced

femoral BMD (37) and an increased prevalence of diabetic
retinopathy (15, 16), compared with non-fractured pa-
tients. At variance with previous studies (3, 5), the glyco-
metabolic control was comparable between fractured and
non-fractured T2D patients. This discordance may de-
pend on the fact that only patients with HbA1c � 8.0%
were included in the present study. This may also justify
the relatively higher OC levels that we found in T2D sub-
jects in respect to previous data (10) and may explain why
some T2D patients showed OC levels within the range of

Figure 2. Association between F-1mgDST levels and OC levels in patients
with T2D and in control subjects. Diabetic patients and control subjects are
divided into tertiles on the basis of the increasing cortisol levels after F-
1mgDST. F-1mgDST of T2D patients: I tertile, 0.4–0.85 �g/dL; II tertile, 0.9–
1.45 �g/dL; III tertile, 1.5–1.8 �g/dL. F-1mgDST of control subjects: I tertile,
0.4–0.9 �g/dL; II tertile, 0.91–1.49 �g/dL; III tertile, 1.5–1.8 �g/dL. SI
conversion factor: serum cortisol � 27.59. **, In control subjects, F-1mgDST
was associated with OC (R � �0.338; P � .04), whereas in T2D patients this
association was absent. Controls: OC 25th and 75th percentiles, mean �
SEM—I tertile, 6.2, 18.7, 12.8 � 1.7 ng/mL, respectively; II tertile, 4.5, 14.2,
9.0 � 1.3 ng/mL, respectively; III tertile, 2.6, 14.0, 7.3 � 3.0 ng/mL,
respectively. T2D patients: OC 25th and 75th percentiles, mean � SEM—I
tertile, 1.6, 7.6, 4.7 � 0.9 ng/mL, respectively; II tertile, 2.9, 7.4, 5.2 � 0.8
ng/mL, respectively; III tertile, 2.5, 4.9, 4.5 � 1.0 ng/mL, respectively.

Figure 3. Association between OC and HbA1c levels in the whole
population of T2D patients and control subjects. In the whole sample
of T2D patients and controls, HbA1c levels were inversely associated
with OC levels (R � �0.37; P � .001).

Figure 1. Association between F-1mgDST levels and the prevalence
of VFx in patients with T2D and in control subjects. Diabetic patients
and control subjects are divided into tertiles on the basis of the
increasing F-1mgDST. F-1mgDST of T2D patients: I tertile, 0.4–0.85
�g/dL; II tertile, 0.9–1.45 �g/dL; III tertile, 1.5–1.8 �g/dL. F-1mgDST of
control subjects: I tertile, 0.4–0.9 �g/dL; II tertile, 0.91–1.49 �g/dL; III
tertile, 1.5–1.8 �g/dL. SI conversion factor: serum cortisol � 27.59.
*, In T2D but not in control subjects, the prevalence of VFx increases
significantly from I tertile to III tertile (p for trend � 0.038).
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controls (Figure 3). The finding that bone apposition and
resorption (as mirrored by OC and �-CTX levels, respec-
tively) were inversely associated with HbA1c levels is in
keeping with the idea that chronic hyperglycemia may
have a pathophysiological role in diabetes-related osteo-
porosis. However, these findings must be viewed cau-
tiously, considering the heterogeneity of the OC levels in
controls and the large overlap of OC levels between T2D
patients and controls. It is not possible to exclude, there-
fore, that other factors might have influenced these results.

From a pathophysiological point of view, the present
findings may be interesting. Indeed, in keeping with a pre-
vious study on complicated T2D inpatients (28), our data
also show that in T2D outpatients adequately compen-
sated and without diabetic complications, cortisol secre-
tion is slightly enhanced and that the degree of cortisol
secretion is directly associated with the prevalence of VFx.
Apparently in contradiction, we did not find differences
between T2D patients with and without VFx in mean lev-
els of the parameters of cortisol secretion. However, it
must be considered that, due to the inclusion criteria, all
T2D patients included had normal cortisol secretion.
Therefore, in T2D the relation between skeletal health and
cortisol levels might be related to the degree of cortisol
secretion, even in the absence of hypercortisolism. In T2D
patients, but not in controls, we found two cutoffs of
F-1mgDST (�0.9 �g/dL, 24.8 nmol/L; and �1.5 �g/dL,
41.3 nmol/L), both within the normal range, that may
predict the absence and the presence of VFx with a 79.8%
sensitivity and a 73.8% specificity, respectively.

The lack of an inverse association between OC and
cortisol levels in T2D subjects would also conflict with the
hypothesis of a direct effect of cortisol secretion on bone
apposition. Nevertheless, the low OC levels in most of our
T2D subjects could have masked the relationship between

cortisol secretion and bone apposition, which, at variance,
was found in control subjects.

A second main finding of the present study is that VFx
are independently associated with increased cortisol sen-
sitivity due to the N363S-sensitizing polymorphism of the
GR in both T2D patients and controls. Although the
N363S polymorphisms were found to potentially influ-
ence bone metabolism in osteoporosis (25–27) and disease
control in diabetes (30–31), no data were available so far
regarding their potential role in T2D-related osteoporosis.
The direct association between the sensitizing N363S
polymorphism of GR with VFx is in accordance with the
idea that a cortisol secretion at the upper limit of normal
range may play a role in the pathogenesis of the T2D-
related osteoporosis.

At variance with data regarding cortisol secretion and
sensitivity, cortisol availability, measured by the R-UFF/
UFE, did not seem to influence bone metabolism in T2D
because the R-UFF/UFE, the parameter commonly used to
evaluate 11HSD type 2 activity (24), was not associated
with the presence of VFx in both T2D patients and con-
trols. However, this enzyme is expressed mainly at the
renal level, whereas in bone the conversion from cortisone
to cortisol is mediated by 11HSD type 1 (11HSD1), whose
activity is not well mirrored by R-UFF/UFE (22). Interest-
ingly, drugs inhibiting 11HSD1 are under evaluation for
their potential role in the treatment of T2D (38). If osteo-
porosis in T2D were related, at least in part, to the degree
of cortisol secretion and/or sensitivity, the treatment with
an 11HSD1 inhibitor could improve diabetic control and
reduce fracture risk at the same time.

Overall, these findings must be considered cautiously
due to several limits of the study itself. First, the cross-
sectional design allows investigation for association and
not for causality, and most importantly, the study is not
randomized and results for the controls relative to the T2D
patients are rather heterogeneous. However, in this study
the diabetic and nondiabetic outpatients were consecu-
tively enrolled. This design allowed us to have a “real life”
picture of the prevalence of VFx in T2D outpatients and to
investigate the potential role of the assessment of cortisol
sensitivity and secretion in the evaluation of T2D patients
at risk for osteoporosis. In this regard, the finding of two
possible cutoffs for F-1mgDST for detecting T2D patients
without VFx and with VFX might be useful in clinical
practice.

Second, in this case-control study, T2D patients and
controls may have been different not only with respect to
hyperlipidemia and hypertension, but probably also for
other unknown factors. For example, the possible influ-
ence of the comorbidities and of the drugs used for treating
diabetes, hypertension, and dyslipidemia cannot be ex-

Table 3. Factors Independently Associated With VFx in
T2D by Logistic Regression Analysis

Factor OR 95% CI P

Age (1-y increase) 1.0 0.9–1.1 .8
BMI (1 kg/m2 decrease) 1.0 0.9–1.1 .95
BMD LS (1 SD Z-score decrease) 1.4 0.9–2.0 .06
Previous fragility Fx

(presence vs absence)
1.0 0.3–3.6 .97

N363S heterozygous variant
(presence vs absence)

12.5 1.8–88.7 .01

Tertiles of F-1mgDST levels
(I vs II vs III tertile)a

2.1 1.1–4.1 .031

Abbreviations: Fx, fracture; OR, odds ratio; CI, confidence interval.
a The T2D diabetic patients were divided into tertiles on the basis of
F-1mgDST levels: I tertile, F-1mgDST 0.4–0.85 �g/dL; II tertile: 0.9–
1.45 �g/dL; III tertile: 1.5–1.8 �g/dL.
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cluded (39, 40), even if the prevalence of hypertension and
dyslipidemia and the different agents used was compara-
ble between fractured and non-fractured T2D patients. In
addition, we excluded patients with scarcely compensated
diabetes, and therefore the role of glycemic control may
have been underscored. On the other hand, this exclusion
criterion allowed us to minimize the effect on skeletal tis-
sue of a definitely increased cortisol secretion (3, 8).

Third, we did not repeat the determination of F-
1mgDST, and therefore we could not directly test the re-
producibility of F-1mgDST in our sample. However, the
main reasons for a reduced reproducibility of F-1mgDST
are the administration of drugs or the presence of diseases
that could influence dexamethasone metabolism, two
conditions that were among the exclusion criteria of the
study.

In conclusion, this study suggests that in postmeno-
pausal female outpatients with T2D: 1) the prevalence of
VFx is increased despite an increased BMD, and bone
turnover is reduced; and 2) the presence of VFx is associ-
ated with the degree of cortisol secretion and with the
sensitizing variant of the N363S polymorphism of the GR.

Further studies could be designed to ascertain
whether the parameters of cortisol secretion and sensi-
tivity may be used for personalizing the therapy in T2D-
related osteoporosis.
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