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Abstract.  Glucocorticoid (GC)-induced osteoporosis (GIO) is a serious problem for patients taking GC therapy.  GC

increases risk for fracture.  However, there are controversies regarding the threshold of bone mineral density (BMD) in

patients with GIO.  The present study aimed to examine the relationship between the presence or absence of vertebral

fracture and various indices including BMD in 136 female Japanese patients treated with oral GC (102 patients with

autoimmune diseases).  Moreover, we analyzed the cut-off values of BMD for incidence of vertebral fracture in patients

with oral GC use and compared these values with those in control subjects.  BMD was measured by dual-energy X-ray

absorptiometry of the lumbar spine, femoral neck, and distal one third of radius.  We compared various indices between

patients taking oral GC with and without vertebral fracture.  Age, body height, and body weight were significantly greater,

shorter, and lower in the group with vertebral fracture, respectively.  As for BMD, age-matched BMD seemed lower in the

fracture group, although the differences were significant between both groups only at the femoral neck.  Duration of GC

treatment was longer in the fracture group.  Cut-off values of BMD at lumbar spine, femoral neck, and distal radius were

higher in patients with GC treatment compared with those of control group [GC vs control (g/cm2): 0.807 vs 0.716 at

lumbar spine; 0.611 vs 0.581 at femoral; 0.592 vs 0.477 at radius].  The sensitivity and specificity were lower in patients

with GC treatment compared with those of control group.  The present study demonstrated that the thresholds of BMD for

vertebral fracture were higher in Japanese female patients with oral GC treatment at any site compared with

postmenopausal subjects.  The factors other than BMD were considered to affect bone strength and vertebral fracture risk.
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GLUCOCORTICOID (GC) is used for the treatment

of various serious diseases, such as rheumatic, colla-

gen, and respiratory diseases.  GC-induced osteoporosis

(GIO) is a serious problem for patients taking GC

therapy and many patients suffer from decrease in the

activity of daily life and quality of life.  About 50% of

patients with Cushing syndrome and 30–50% of patients

taking long-term GC have atraumatic fracture due to

osteopenia [1–3].  Histomorphometric studies of GIO

revealed an increase in the number of osteoclasts and

bone resorption sites as well as a reduction in bone for-

mation [4].  The effect of GC on bone formation seems

to be more crucial in the pathogenesis of GIO [5].

Glucocorticoid (GC) causes bone loss and an in-

crease in bone fragility, resulting in the great increase

in fracture risk.  Van Staa et al. [6] reported that the

relative risk during oral GC treatment of non-vertebral

fracture was 1.33, hip fracture of 1.61, forearm fracture

of 1.09, and vertebral fracture of 2.60.  Other studies

also confirmed the enhanced risk of vertebral and hip

fractures in GIO [2, 7–10].  Lower bone mineral density

(BMD) was found in the hip and vertebrae of patients

under oral GC therapy [9, 11–14].  However, a meta-
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analysis of prior GC use and fracture risk suggested

that fracture risk was only partly explained by BMD

[7].  In patients with GC-treated rheumatoid arthritis,

lumbar BMD could not be used to predict the risk of

vertebral fracture [15].  Moreover, controversies exist

about the threshold of BMD in patients with GIO.

Selby et al. reported that GC did not alter the thresh-

old for vertebral fracture in 391 patients [16].  How-

ever, several studies indicated that the threshold of

BMD for fracture in patients taking oral GC is increased

[17, 18].  

The present study was, therefore, performed to ex-

amine the relationship between the presence or absence

of vertebral fracture and various indices including

BMD in 136 female Japanese patients treated with oral

GC because of collagen, neurological, dermatological

or respiratory diseases.  Moreover, we analyzed the

cut-off values of BMD for the incidence of vertebral

fractures in patients with oral GC use and compared

these values with those in control subjects.

Subjects and Methods

Subjects

One hundred thirty-six female Japanese patients who

were treated with oral GC for more than 6 months (GC

group), and 716 control subjects participated in this

study.  Basal diseases of GC-treated patients are shown

in Table 1.  We excluded subjects whose performance

status was disturbed.  Among 136 patients, 102 patients

(75%) were included due to autoimmune diseases.  Con-

trol subjects were women who visited our outpatient

clinic for assessment of metabolic bone diseases, in-

cluding osteoporosis.  Postmenopausal subjects num-

bered 71 and 622 in GC and control groups, respec-

tively.  The study was approved by the ethical review

board of Kobe University Hospital.  All subjects agreed

to participate in the study and gave informed consent.  

Biochemical measurements

Routine serum and urinary chemistry determinations

were performed by standard automated techniques.

Serum concentrations of intact parathyroid hormone

(PTH) were measured by immunoradiometric assay

(Allegro Intact PTH IRMA kit; Nichols Institute Diag-

nostics, San Juan Capistrano, CA; normal range, 10–

65 ng/liter), as previously described [19].  Serum level

of osteocalcin and urinary level of deoxypyridinoline

(Dpd) were measured as described [20].

Radiography

Lateral radiographs of the thoracic and lumbar spine

were taken.  The anterior, central, and posterior heights

of each of the 13 vertebral bodies from T4 to L4 were

measured using an electronic caliper.  Vertebral fracture

was diagnosed to be present if at least one of three

height measurements taken from along the length of

the same vertebra was decreased by more than 20%

compared to the height of the nearest uncompressed

vertebral body.  On this criterion, 34 and 158 women

were diagnosed as having one or more vertebral frac-

tures in the GC and control groups, respectively.  De-

fining vertebral fracture from radiographs of the spine

is difficult because there is no gold standard for the

types of deformities of vertebral shape resulting from

the breakage of bone.  Definitions of vertebral fracture

with high true positive rates and low false positive rates

are clinically useful in identifying women who may

have vertebral fractures.  The criterion in the present

study (>20%) was considered to be good for defining

vertebral fractures because it had a relatively high true

positive rate and low false positive rate based on quali-

tative classifications from a previous report [21].

BMD measurements by dual energy X-ray absorptiom-

etry (DXA)

BMD values were measured by DXA using QDR-

2000 (Hologic Inc., Waltham, MA) at the lumbar

spine, femoral neck and distal one third of radius.

BMD was automatically calculated from the bone area

(cm2) and bone mineral content (BMC) (g) and ex-

pressed absolutely in g/cm2.  The Z-score is the number

Table 1. Basal diseases of GC-treated group

n

Autoimmune diseaes 102

Neurological diseases 15

Dermatological diseases 6

Respiratory diseases 5

Inframatory bowel diseases 5

Hematological diseases 5

Total 136
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of SD a given measurement differs from the mean for a

sex-, age-, and race-matched reference population.

The T-score is the number of SD a given measurement

differs from the mean for a normal young adult refer-

ence population.  The coefficients of variation (preci-

sion) of measurements of the lumbar spine, femoral

neck and radius were 0.9, 1.7, and 1.9%, respectively.  

Statistical analysis

All data were expressed as the mean ± SD for each

index.  Comparisons of each group were made with the

nonparametric Mann-whitney U-test.  P values <0.05

were considered significant.  To compare the strength

of association between BMD at each of the measure-

ment sites and fractures, we analyzed the areas under

receiver operating characteristic (ROC) curves for each

site [22].  For each of the BMD measurements at the

radius, femoral and lumbar spine sites and for each of

the vertebral fracture group, all possible cut-off points

were defined and the proportion of subjects without

fractures above each point (the specificity) and the

proportion of subjects with fractures below each point

(the sensitivity) were calculated.  This yielded an ROC

curve which displayed the relationship between sensi-

tivity and specificity for each BMD measurement as a

discriminator between the normal and fracture groups.

The optimal criterion, which attempts to maximize both

sensitivity and specificity, is usually defined as the

point closest to 100 % sensitivity and 100 % specificity.  

Results

Background data

Baseline indices are shown in Table 2 and 3 in GC

and control groups.  The incidences of vertebral frac-

ture were 22.1 and 25.0% in control and GC groups,

respectively.  Younger age was found in GC group.

Body weight and body mass index (BMI) were similar

in both groups, although body height was higher in

GC group, probably due to younger age.  BMD, as

well as Z-score were higher in GC group at the lumbar

spine, femoral neck, and radius.  These differences

were considered to be due to a younger age in GC

group.  

As shown in Table 3, serum levels of calcium, intact

PTH, and non-specific alkaline phosphatase (ALP)

were within normal range in patients under GC treat-

ment, suggesting that GC did not induce secondary

hyperparathyroidism in GC-treated group.  Serum level

of osteoclacin was relatively lower in patients taking

GC which signified that the drug reduced bone for-

mation.  On the other hand, urinary level of Dpd was

higher in the same group of patients which indicated

increased bone resorption due to the effects of GC.

Comparison of various indices between patients taking

oral GC with or without vertebral fracture

We compared various indices between patients

taking oral GC with or without vertebral fracture.  As

shown in Table 4, age, body height, and body weight

were significantly greater, shorter, and lower in the

Table 2. Background data in control and GC-treated groups

Control GC-treated

No. of subjects 716 136

No. of subjects with 

vertebral fracture

158 (22.1%) 34 (25.0%)

No. of postmenopausal 

women

622 71

Age (years) 61.2±10.9 49.6±15.5**

Body height (cm) 152.5±5.8 154.5±6.1**

Body weight (kg) 51.0±7.9 51.4±8.2

BMI (kg/m2) 21.9±3.0 21.5±3.1

L2-4BMD (g/cm2) 0.781±0.157 0.842±0.164**

Zscore –0.028±1.285 –0.484±1.257**

FN BMD (g/cm2) 0.617±0.110 0.650±0.118**

Zscore 0.096±1.307 –0.434±1.151**

Rad1/3 BMD (g/cm2) 0.508±0.086 0.630±0.100**

Zscore –0.464±1.400 0.653±1.428**

BMI: body mass index; FN: femoral neck; Rad1/3: distal radius

**, control vs GC,; p<0.01

Table 3. Background data in GC-treated group

GC-treated

Serum calcium (mg/dl) 9.64±0.42

Serum phosphorus (mg/dl) 3.40±0.59

ALP [100–303] (IU/l) 196.5±73.1

intact PTH [10–65] (pg/ml) 34.5±13.7

Osteocalcin [2.5–13] (ng/ml) 3.99±2.63

u-Ca/u-Cr 0.28±0.20

u-Dpd [2.8–7.6] (nmol/mmol · Cr) 7.74±7.13

Current dose of prednisolone (mg/day) 10.1±7.4

Maximum dose of prednisolone (mg/day) 40.6±16.3

Duration of glucocorticoid treatment (month) 82.5±82.0
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group with vertebral fracture, respectively.  As for

BMD, Z-score seemed lower in the fracture group,

although the differences were significant between

both groups only at the femoral neck.  On the other

hand, the differences were not significant about serum

levels of PTH and osteocalcin as well as urinary level

of Dpd between patients with or without vertebral

fractures.  As regards the usage of GC, the duration of

treatment was longer in the fracture group, although

current and maximum doses were not significantly dif-

ferent between both groups.  

Cut-off values for vertebral fracture

Table 5 shows cut-off values of BMD for vertebral

fracture at the point of coincidence between sensitivity

and specificity calculated by ROC analyses.  Cut-off

value discriminates the patients with vertebral fracture

from those without fractures.  Cut-off values of BMD

at the lumbar spine, femoral neck and distal radius

were higher in patients with GC treatment compared

with those of control group.  The sensitivity and speci-

ficity were lower in patients with GC treatment com-

pared with those of control group.  

Since age was greater in the control group, we per-

formed ROC analyses in the age- and body size-

matched GC-treated and control subgroups (110 sub-

jects in each group; age: 53.0 ± 13.8 vs 53.0 ± 13.9 for

control vs GC-treated; Height :154.2 ± 6.1 vs 153.9 ±

6.0 for control vs GC-treated; Weight: 51.6 ± 8.2 vs

51.7 ± 8.5 for control vs. GC-treated; BMI: 21.8 ± 2.8

vs 21.8 ± 3.1 for control vs GC-treated).  Table 6

Table 4. Comparison of various indices between women with and without vertebral fracture in GC-treated group

GC-treated
Vertebral fracture

p
(–) (+)

Age (years) 45.8±15.7 57.1±12.6 <0.001**

Body height (cm) 155.7±5.6 150.6±5.9 <0.001**

Body weight (kg) 52.8±7.8 47.6±8.2 <0.001**

BMI (kg/m2) 21.7±2.9 20.9±3.8 0.238

L2-4BMD Zscore –0.37±1.31 –0.81±1.03 0.079

FN BMD Zscore –0.29±1.18 –0.88±0.94 0.010*

Rad1/3 BMD Zscore 0.77±1.21 0.30±1.92 0.099

intact PTH (pg/ml) 33.1±13.2 36.8±16.2 0.193

osteocalcin (ng/ml) 4.12±2.61 3.59±2.70 0.345

u-Ca/u-Cr 0.27±0.21 0.32±0.18 0.342

u-Dpd (nmol/mmol · Cr) 7.21±7.60 9.29±5.32 0.163

Current dose of prednisolone (mg/day) 9.7±7.2 11.5±8.3 0.235

Maximum dose of prednisolone (mg/day) 39.2±14.7 45.0±20.1 0.086

Duration of glucocorticoid treatment (M) 70.1±70.5 118.1±102.3 0.013*

BMI: body mass index; FN: femoral neck; Rad1/3: distal radius    **; p<0.01, *; p<0.05

Table 5. Cut-off values for vertebral fracture at the point of

coincidence between sensitivity and specificity

Cut-off value
Sensitivity

(%)

Specificity

(%)(g/cm2)
T-score 

(%)

Control

L2-4 0.716 –2.66 71 74.8 74.8

Femoral neck 0.581 –1.89 74 75.3 75.3

Radius 1/3 0.477 –3.63 72 72.8 72.8

GC treated

L2-4 0.807 –1.84 80 66.7 66.7

Femoral neck 0.611 –1.62 78 70.9 70.9

Radius 1/3 0.592 –1.37 89 62.2 62.2

Table 6. Cut-off value for vertebral fracture at the point of

coincidence between sensitivity and specificity in

age-matched subgroups

Cut-off value
Sensitivity

(%)

Specificity

(%)(g/cm2)
T-score

(%)

Control

L2-4 0.749 –2.36 75 83.3 83.3

Femoral neck 0.598 –1.74 76 72.2 72.2

Radius 1/3 0.544 –2.12 83 72.3 72.3

GC treated

L2-4 0.802 –1.88 81 61.5 61.5

Femoral neck 0.606 –1.67 77 66.8 66.8

Radius 1/3 0.583 –1.55 87 56.9 56.9
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shows cut-off values of BMD for vertebral fractures

at the point of coincidence between sensitivity and

specificity calculated by ROC analyses in these age-

matched subgroups.  Cut-off values of BMD at the

lumbar spine and distal radius were higher in patients

with GC treatment compared with those of control

group, although the differences were less.  The sensi-

tivity and specificity were lower in patients with GC

treatment compared with those of control group.

Discussion

The incidence of vertebral fracture was higher in the

GC group compared with control group, although the

subjects of GC group had higher BMD and younger

age in the present study.  This finding is compatible

with previous reports, indicating the increased risk of

vertebral fracture in patients taking oral GC [2, 6–10].

In the present study, we compared various indices

between women with and without vertebral fracture in

patients taking oral GC.  Age, body height, and body

weight were greater, shorter, and lower in the fracture

group, respectively.  Age was included in the risk fac-

tors for osteoporosis-related vertebral fractures, includ-

ing GIO [7], which was compatible with the present

evidence.  Shorter height in the group with vertebral

fracture is considered to be partly due to the vertebral

deformity by fractures themselves, leading to signifi-

cant loss of body height.  Higher body weight induces

the positive impact on bone mass.  Moreover, our pre-

vious study revealed that lean body mass and serum

level of albumin were selected as useful markers,

which predicted the risk of osteoporosis vertebral

fracture in postmenopausal Japanese women [20],

suggesting that the sustained nutritional deficiency

affects osteoporosis or vertebral fracture.  These find-

ings might explain the reason why the body weight of

fracture group was lower in the present study.  As for

BMD, Z-score at any measured site seemed less in

fracture group.  However, the difference was signifi-

cant only at the femoral neck.  In previous studies

about GC-treated patients [15], BMD at femoral neck

was best predictable for fracture risk than the other

sites, such as the lumbar spine or the distal radius.

These findings were compatible with the present re-

sults.  Since the differences in BMD were less between

patients taking oral GC treatment with and without ver-

tebral fracture, factors other than BMD are considered

important, compared with postmenopausal osteoporo-

sis.  Duration of GC treatment was significantly longer

in fracture group in the present study, which was

compatible with previous reports [7, 23, 24].  In several

studies, the daily dose of GC was selected to predict

fractures [8, 25].  Since most of the present subjects

suffer from autoimmune diseases and the differences of

daily dose of GC were relatively less among the sub-

jects, the difference of daily dose of GC might not be

significant.  

The present study revealed that the thresholds of

BMD for vertebral fracture were higher at any mea-

sured site in patients with oral GC treatment, compared

with control group.  These findings support previous

reports [17, 18].  Moreover, the sensitivity and speci-

ficity of cut-off values were lower in patients with oral

GC treatment compared with control group, suggesting

that BMD is not a very reliable marker for the predic-

tion of fracture risk, compared with postmenopausal

osteoporosis.  Factors other than BMD might influence

the bone strength in patients with oral GC treatment.

The reasons for increased threshold, as well as de-

creased sensitivity and specificity in patients with oral

GC treatment, are still unknown.  Bone strength is

affected by BMD as well as bone quality, including

bone structure, accumulation of micro damage, bone

turnover state, bone matrix protein, and mineralization

[26].  Several reports revealed the change of bone met-

abolic indices in patients with GIO or Cushing syn-

drome [27, 28].  Thus, the change in bone turnover may

affect bone strength in patients with GC treatment.

However, the differences in bone metabolic indices,

such as serum osteocalcin and urinary Dpd were not

significant between patients with GC treatment with

and without vertebral fracture in the present study.

Therefore, the effects of GC on bone turnover are not

considered the main reason of increased threshold for

vertebral fracture in patients with GC treatment.  At

the histological level, a decrease in wall thickness of

trabecular packets and as a consequence in the tra-

becular thickness and trabecular bone volume were

reported in GIO patients [29].  In the analysis of

transiliac biopsy specimens, patients with GIO were

characterized by lower bone formation and higher re-

sorption than patients with postmenopausal osteoporo-

sis, and these changes were associated with bone loss

caused by a major loss of trabecular connectivity [30].

Moreover, Aaron et al. reported plate perforations and

disruption of the three-dimensional trabecular architec-
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ture in GIO patients [31].  On the other hand, GC de-

creases the number of osteoblasts and osteocytes by

enhanced apoptosis as well as suppressed turnover of

cell cycle [32, 33].  Moreover, GC inhibits the synthe-

sis of bone matrix proteins, such as type I collagen and

osteocalcin.  The apoptosis of osteoblasts and osteo-

cytes induced by GC and subsequently a marked alter-

ation in bone turnover might result in the induction of

microarchitechtural changes in bone quality [34].

These findings indicate that the disrupted bone struc-

ture might decrease bone strength in patients with GC

treatment resulting in the increased fracture threshold

of BMD.  Alternatively, the change of bone geometry

might affect the bone strength in patients with GC

treatment.  Our previous study revealed that total bone

area and external circumferences were weakly but sig-

nificantly higher in the postmenopausal subjects with

fractures, although the fracture group had a significant-

ly larger endocortical circumference and a net reduc-

tion of cortical thickness and cortical bone area in the

analysis with peripheral quantitative computed to-

mography [35].  These differences did not seem to be

observed in postmenopausal patients with GC use.

Therefore, the disruption of the adapted change of bone

geometry by GC might partly augment a decrease in

bone strength induced by low BMD.  Moreover, the

increased fall by GC use or the nature of the underly-

ing diseases for which GC were prescribed may affect

the risk of fracture risk.  

Cut-off values of BMD for vertebral fractures in

Japanese were recently analyzed in several studies

[36, 37].  Nawata et al. recently reported guidelines

on the management and treatment of GC-induced osteo-

porosis of the Japanese Society for Bone and Mineral

Research [36].  In that study, they showed cut-off values

of BMD to separate fracture and nonfracture cases by

analyzing 692 patients including 627 women.  Our data

confirmed their evidence.  However, in our study, the

proportion of basal disease is different, since our study

did not include patients with rheumatoid arthritis, com-

pared with the previous study.  Moreover, we separate-

ly analyzed cut-off values of BMD at three sites

(lumbar spine, femoral neck, and distal radius).

 Since the subjects employed in the present study in-

cluded many patients with autoimmune diseases, the

nature of causal diseases for GC treatment might en-

hance the increased risk of vertebral fracture.  Namely,

the patients with autoimmune diseases may possess the

susceptibility for vertebral fractures to oral GC treat-

ment compared with other diseases.  Moreover, sub-

jects enrolled in the present study may not represent

the general patients undergoing oral GC treatment.

Consequently, assessment of large numbers of patients

will be necessary.

In conclusion, the present study demonstrated that

the thresholds of BMD for vertebral fracture were

higher in Japanese female patients with oral GC treat-

ment as compared with postmenopausal subjects.  The

factors other than BMD are considered to affect bone

strength and vertebral fracture risk.
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