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BMD decrease over 3 years (bone losers, 1; normal sub-
jects, 0) as an objective factor, was performed using vari-
ables that were chosen according to the results of the
Student’s ¢ test or chi-squared test as explanatory factors.

Results
Baseline data

Baseline data from the 458 participants are summarized in
Table 1. The mean age of the participants was not signif-
icantly different between men and women, but significant
differences between men and women were observed for
height, weight, BMI, grip strength, arm span, and mean
BMD values at the FN site (p < 0.01). In contrast, the
mean BMD values at the lumbar spine L2-1.4 were not
significantly different between men and women. None of
the participants was diagnosed with OP according to the
diagnostic criteria defined by the Japanese Society for
Bone and Mineral Research [11].

BMD changes over 3 years

The mean BMD value of the lumbar spine at baseline,
1.20 g/cm? in men and 1.18 g/cm® in women, increased
significantly in both men and women over 3 years (1.27 g/
cm? in men and 1.20 g/cm? in women; p < 0.001) based on
the follow-up survey. This tendency was also observed in
the BMD values at the FN site in men (baseline, 1.11 g/
cm?; follow-up, 1.15 g/cmz), but not in women (baseline,
0.97 g/em?; follow-up, 0.97 g/cm?).

The annual changes at the lumbar spine site were
1.78 % and 0.97 % per year in men and women, respec-
tively, whereas the annual changes at the FN site were
1.08 % and 0.08 % per year in men and women,

Table 1 Baseline characteristics of participants

Men Women

(n = 298) (n = 160)
Age 20.2 (2.3) 20.0 (2.1)
Height (cm) 1722 (5.3)  158.7 (4.6)*
Weight (kg) 64.4 (9.0) 51.9 (5.6)*
BMI (kg/m?) 21.7 2.7 20.6 (1.9)*
Grip strength (kg) 472 (714) 30.5 (6.2)*
Arm span (cm) 172.7 (7.4)  159.5 (6.3)*
BMD at lumbar spine L2-L4 (g/cm®)  1.20 (0.12)  1.18 (0.11)
BMD at femoral neck (g/cmz) 1.11 (0.14)  0.97 (0.11)*

Mean values (standard deviation)
n number, BMI body mass index, BMD bone mineral density

* p < 0.001, men vs. women
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Fig. 1 Annual rate (y, year) of bone mineral density (BMD) changes
at the lumbar spine L2-L4 (a) and femoral neck sites (b) in men and
women

respectively (Fig. 1). BMD at the lumbar spine and FN
sites decreased over the 3-year follow-up period in 93
(20.2 %; 54 men, 39 women) and 176 (38.5 %; 96 men, 80
women) of 458 students, respectively. These groups of 93
and 176 students were classified as “bone losers” at the
lumbar spine and FN sites, respectively.

Risk factors for bone loss

Table 2 shows the comparison of characteristics at the
baseline study between normal subjects and bone losers. At

" the lumbar spine, male bone losers tended to be signifi-
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cantly older (p < 0.05), were more likely to skip breakfast
(p < 0.01), and exercised less per week (p < 0.01) than
normal subjects. Female bone losers at the lumbar spine
tended to be smokers (p < 0.05), who exercised signifi-
cantly less (p < 0.05). In addition, female bone losers had
significantly higher BMDs at the lumbar spine than those
of normal subjects (p < 0.01) (Table 2a).

Similar tendencies were observed with regard to the FN
site. Male bone losers tended to be significantly older
(» < 0.05) and exercised less per week (p < 0.05) than
normal subjects. In addition, male bone losers at the FN
site were more likely to be smokers (p < 0.05) and had
higher BMDs than normal subjects (p < 0.05). Female
bone losers at the FN site tended to exercise less (p < 0.05)
and had later menarche (p < 0.05) than those of normal
subjects (p < 0.01) (Table 2b).

Logistic regression analysis was performed after
adjustment for age and BMI on those subjects that exhib-
ited a decrease in BMD (bone losers, 1; normal subjects, 0)
as an objective factor and had the aforementioned potential
lifestyle risk factors. For male bone losers diagnosed at the
lumbar spine, skipping breakfast (having breakfast less
often than every day) and exercising less (at least 2 h/
week) were entered into the model as explanatory factors.
For female smokers, exercising less and lumbar spine
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Table 2 Comparison of baseline characteristics and frequencies of lifestyle factors between normal subjects and those with bone loss (bone
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losers)
Baseline characteristics Men qucn ‘
Normal subjects Bone losers Normal subjects Bone losers
(n = 244) (n = 54) (n = 121) (n =39)
a. Normal subjects vs, bone losers diagnosed at the umbar spme L2-14
Mean age (SD), years 20.1 (2.2) 21.0 (2.6)* 19.9 2.0 20.1 (2.6)
Mean BMI (SD), kg/m 21.7 (2.8) 21.6 2.4) 20.5 (1.6) 20.8 (2:5)
Current smoking, % 13.5 24.1 0.8 7.7%
Alcohol intake, % 393 50.0 21.5 ©23.1
(at least 1 day/week) !
Coffee intake; % 21.9 31.5 28.1 18.0
(every day) ‘ '
Skipping breakfast, % 39.3 64.8%* 19.8 23.1
(having breakfast less often than every day) )
Milk intake, % 492 426 421 410
(drinking every day) k '
'Exefcise Y% 79.1 593w 62.0 41.0%
(at least 2 h/week) , k ’
Past hlstory of fractures at any sites, %, 34.0 222 19.0 18.0
Family history of osteoporosis, % 4.5 0.06 4.1 12.8
Diet history, % 9.4 13.0 40.0 48.7
Mean age of menarche (SD), years - - 12.4 (1.3) 12.5 (1.5)
Mean values of BMD at lumbar spine L2-L4 (SD), g/cm2 1.20 (0.13) ' ’ 1.21 0.12) 1.17.(0.11) 1.22 (O‘IO)**
Baseline characteristics: Normal subjects Bone losers Normal. subjects Bone losers
(n=201) (n = 96) (n = 80). (n = 80)
b. Normal subjects vs. bone losers dlagnosed at the femoral neck
‘Mean age (SD) years ) 20.0 (2.1) 20.7 (2.5)% 19.8 (2.1) 202 (2.3)
Mean BMI (SD), kg/m? 217 .7 1 21.8°(2.8) 208 (1.5) 204 (2.4)
Current smokmg, % 119 22.9: 1.3 a 38
Alcohol intake, % 413 417 225 213
(at least once per week) o ‘ o
Coffee intake, % 279 302 300 213
(every day) ' '
Slﬂppmg breakfast % 42.6 46.9 17.5 23.7
(havmg breakfast Iess often than every day) ‘ . ' T
Mllk intake, % ' 46.7 51.0 37.5 46.3
(drmkmg every day) . .
Exercise, % 791 67.7% 67.5 46.3%
(at least 2 h/week) o
Past history of fractures at any sites, % ) 32.3 30.2 17.5 20.0
Family history. of osteoporosis, % 45 52 5.0 757
Diet history, % - ' 11.0 8.3 413 425
Mean age of menarche (SD) years - - 12.2 (1.2) <1126 (1.4)*
Mean values of BMD at the femoral neck (SD), g/cm 1.10 (0.13) 1.14 (0.15) 0.96 (0.11) 0.98 (0.11)
n number, SD standard deviation, BMI body mass index, BMD bone mineral den31ty
R p'< (). 01 *p<0. 05 normal sub]ects vs. bone losers
4\ Springer
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Table 3 Risk factors for bone
loss

The odds ratio was calculated
by logistic regression analysis
after adjustment for age and
body mass index

Related factors Odds ratio 95 % confidence interval  p value
Lumbar spine L2-L4
Men
Skipping breakfast (vs. every day) 2.82 1.58-5.38 0.001%#*
Exercise (more than 2 h/week vs. less often) - 0.44 0.23-0.85 0.014*
Women
Current smoking 9.84 1.16-207.2 0.055
Exercise (more than 2 h/week vs. less often) 0.45 0.21-0.96 0.038*
BMD of lumbar spine at the baseline (+1 SD)  1.69 1.08-2.72 0.024*
Femoral neck k ' '
Men
Current smoking 1.93 0.99-3.75 0.050
Exercise (more than 2 h/week vs. less often) 0.61 0.35-1.08 0.085
BMD of femoral neck at the baseline (+1 SD) 147 1.11-1.97 0.008%**
Women ' .
Menarche (41 year) 1.28 1.00-1.65 0.054
Exercise (more than 2 h/week vs. less often) 0.42 0.22-0.81 0.010*

BMD bone mineral density
% p < 0,01, * p < 0.05

BMD at the baseline survey were entered into the model as
explanatory factors. Table 3 shows the results of the
logistic regression analysis adjusted for age and BMI. In
men, skipping breakfast and exercising less were signifi-
cantly associated with bone loss of the lumbar spine
[skipping breakfast: odds ratio (OR), 2.82, 95 % confi-
dence interval (95 % CI), 1.58-5.38, p = 0.001; exercise:
OR, 0.44, 95 % CI, 0.23-0.85, p = 0.014]. In women,
exercising less and higher values of BM at the baseline
affected bone loss at the lumbar spine (exercise: OR, 0.45,
95 % (I, 0.21-0.96, p = 0.038; BMD of lumbar spine at
the baseline: OR, 1.69, 95 % CI, 10.8-2.72, p = 0.024),
whereas the effect of current smoking was diluted (OR,
9.84, 95 % CI, 1.16-207.2, p = 0.055) (Table 3).

Among bone losers diagnosed at the FN site, current
smoking, exercise, and FN BMD values at the baseline
were entered into the model as explanatory factors for men;
age of menarche and exercise were entered into the model
as explanatory factors for women. Table 3 also shows the
results of logistic regression analysis after adjustment for
age and BMIL In men, higher FN BMD at baseline was
significantly associated with bone loss (OR, 1.47, 95 % CI,
1.11-1.97, p = 0.008). Although the effect of smoking and
exercise was diluted (current smoking: OR, 1.93, 95 % CI,
0.99-3.75, p =0.050; exercise: OR, 0.61, 95 % CI,
0.35-1.08, p = 0.085), the tendency that smoking and less
exercise raised the risk of bone loss remained. In women,
exercise was significantly associated with bone loss (OR,
042, 95 % CI, 0.22-0.81, p = 0.010). Older menarche
also tended to raise the risk of bone loss, although it was no
longer significant (OR, 1.28, 95 % CI, 1.00-1.65,
p = 0.054) (Table 3).
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Discussion

Here, we clarified the annual changes at both the 1.2-1.4 and
FN sites in men and women using the prospective cohort
data of young Japanese medical students over 3 years, with
20.3"% and 38.5 % of total subjects exhibiting BMD loss in
the lumbar spine and FN, respectively. Among lifestyle
factors, ‘skipping breakfast and reduced exercising signifi-
cantly decreased BMD values. In addition, smoking also
showed a tendency to decrease BMD values.

The consensus view holds that bone mass increases
substantially during the first 20 years before reaching a
plateau in both men and women; however, few reports to
date have confirmed changes in BMD ‘using longitudinal
follow-up of subjects at the age of PBM. In a previous
study using the same male medical student data as:-those
used in the present study, we reported that BMD values of
L2-1.4 did not significantly correlate with age,  whereas
BMD of the FN was negatively correlated with age [9].
However, we could not determine specific changes in the
BMD values because of the cross-sectional design of the
study. In the present follow-up study, we confirmed that the
mean BMD values at L2-1.4 in men and women increase
with age up to 20 years. ,

Among lifestyle factors, nutrition is one of the major
factors that may affect BMD values in every age decade,
although the reports on men and women in their twenties
are still insufficient. Deshmukh-Taskar et al. [12] reported
that breakfast consumers had a more favorable intake of
nutrients including calcium, fiber, and various micronutri-
ents than breakfast skippers in a study of children aged 9 to
13 years (n = 4,320) and adolescents aged 14 to 18 years
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(n = 5,339). In addition, they found that the prevalence of
obesity (body mass index >95th percentile) was higher in
breakfast skippers than those who ate breakfast. Larson
et al. [13] demonstrated, in a study of 4,079 middle and
high school students, that eating breakfast improved total
daily calcium intake. However, little is known about the
relationship between consuming breakfast and BMD in
young men and women. An initial survey of 63 first-year
medical students reported that BMD was highest in those
that regularly had breakfast, followed by those that occa-
sionally had breakfast, and then by those that rarely had
breakfast [14], supporting the idea that consuming break-
fast positively affects BMD values [9]. Here, we show that
skipping breakfast was significantly associated with bone
loss, mdlcatmg that consuming breakfast might be associ-
ated with not only BMD values but also bone change.
Taken together, these findings strongly suggest that a habit
of consuming breakfast can effectively maintain maximum
peak bone mass.

In contrast to breakfast consumption, milk intake did not
show a significant association with bone change in this
study, even though milk is one of the best calcium sources
because of -its bioavailability and versatility ~as both-a
‘beverage and- a complement to various solid:foods [15].
Many experimental studies have: shown that calcium: sup-
plementation increases BMD. in children and' adolescents
[16-19]... In several Western countries, specific. dietary
intake of calcium has been recommended for children and
adolescents to maximize peak bone mass [20].-In:addition,
a meta-analysis showed that calcium intake correlated with
BMD in all areas except in: the ulna of postmenopausal
women [21]. Conversely, Miyabara et al. [22] did not show
a correlation:between calcium intake and BMD of subjects
with a mean age of 20.7 years. Our results support the view
that calcium intake might not influence. BMD change in
young- men: and women and: indicate: that- the effect of
calcium intake on BMDs may differ with age.

~However, with regard to the association between rmlk
consumption “and - bone loss,. the interaction . between
breakfast and milk consumption should be considered. Our
results: showing that. skipping :breakfast decreases' BMD
may not- accurately represent the effect of milk on. BMD
because most: ordinary Japanese people consume milk: at
breakfast. Further, we could not evaluate the effect of other
nutrients, especially the effect of vitamin D, on bone loss
because: of the lack of information in the questionnaire
survey. Our other population-based study, entitled ROAD

[23,24], showed that:the prevalence of vitamin D insuffi-
~ciency (%), defined by serum 25-hydroxyvitamin D (25D)
levels: >10 ng/ml but <30 ng/ml for individuals in their
twenties and thirties, was 86.4-%: Similarly, the prevalence
of vitamin D deficiency (%), defined by serum 25D levels
<10 ng/ml, was 2.3 %. These results suggest that the

prevalence of 25D deficiency and insufficiency was similar
to that in older groups [25]. Therefore, we should evaluate
the effect of vitamin D intake on bone loss in young adults
with peak bone mass. Further research is required to con-
firm the cffect of mﬂk or calcium intake, including that on
bone loss. ,

Similar to breakfast consumption, several reports have
demonstrated that physical activity also has a positive

~ impact on bone demny Research with young subjects has

demonstrated that BMI and physical activity affect BMD in
young Japanese women [22]. Moreover, Babarousti et al.
[26] showed that Greek men who spent at least some hours
of their week doing physical activities that might promote
bone mass tended to have higher quantitative ultrasound

" measurements than non-exercisers. Ginty et al. [27] also

reported that high-impact sports during childhood and
adolescence might promote bone growth and development.
Furthermore, Delvaux ‘et al. [28] investigated the contri-
bution of physical activity during youth to the development
of adult bone mass in a prospective population study over
27 years and concluded that lifetime physical activity, as

~well as physical fitness and BMI, contributed to adult bone

mass: Our results. show that >2 h of exercise per week at
the baseline independently correlated with an increase in
BMD in: both. young men- and women. These findings
indicate -that ' site-specific - bone . strain -or - deformation
resulting from external loading during exercise acts as an
osteogenic stimulus. Thus, exercise in adolescence may
play a very important role in maintenance of bone quantity.

- ‘As: already- mentioned, we determined the period for
which bone loss is prevented in subjects regularly. partici-
pating in sports. However, this gave rise to another ques-

“tion: What type  of .sport. should be performed? In. a

previous study on male students ‘we found that, to maxi-
mize peak bone mass at both the lumbar spine (L2-1.4) and

EN,. aggressive exercise,” as defined by the recreational

physical activity classification [29], such as tennis, jogging,

~football, rugby; volleyball, and basketball, is recommended
-[30]. To clarify the association between bone loss and the
type of ‘exercise; by using the identical classification rec-
-reational physical activity: classification [29], we divided

‘the ‘participants ' into. three: groups: - a. high-impact: sports

. group -(tennis,  jogging, football, rugby, volleyball; rand

basketball); a moderate-impact :sports - group (golf, table

tennis, and dancing); and a low- or no-impact sports group
. (floor: exercise, sailing, boating, cycling for: pleasure,

swimming, - fishing, snooker, and no: sports). Logistic

_regression:analysis with BMD decrease over 3 years (bone
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losers; 1; normal subjects, 0) at L2-1.4 or FN used ‘as ‘an
objective  variable .and - classification of impact of sports
(moderate-impact sports' group - vs. -high-impact sports
group and low-impact or no-impact sports group: vs. high-
impact sports group) as an explanatory variable after

' @ Spriﬁger
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adjustment for age, gender, and BMI, and we found that
low-impact or no-impact sports significantly increased the
risk of bone loss at both L.2-1.4 and FN (at L2-1.4: OR,
2.64, 95 % CI, 1.40-5.16, p = 0.0033; at FN: OR, 2.46,
95 % Cl, 1.45-4.25, p = 0.0010). Moderate-impact sports
also increased the risk of bone loss compared to high-
impact sports, although this difference was not statistically
significant (at L2-L4: OR, 1.21, 95 % CI, 0.64-2.35,
p = 0.57; at FN: OR, 1.50, 95 % CI, 0.91-2.51, p = 0.12).
Thus, to prevent bone loss, longer duration of sports and
higher-impact sports/exercise are recommended.

In addition to poor nutrition and lack of exercise,
smoking may also decrease BMD values in young men and
women, although this finding was only marginally signifi-
cant (men, p = 0.050; women, p = 0.055) in the present
study. It is well known that smoking is a significant risk
factor for osteoporotic fractures [31]; however, few longi-
tudinal studies on the effects of smoking on bone loss have
been reported [32]. Our results also support the adverse
effect of smoking on bone change, not only in young men
but also in young women.

Surprisingly, our study found the individuals with high
BMD values at baseline tended to lose significantly more
BMD within 3 years, which might result from the phe-
nomenon of “regression to the mean.” Regression to the
mean refers to the phenomenon by which a variable that is
extreme on first measurement will tend to be closer to the
center of distribution on later measurements [33]. In the
present study, we could not distinguish whether the phe-
nomenon of higher BMD values in bone losers than in
normal losers was a true result or an artificial result from
the regression to the mean phenomenon because we mea-
sured BMD at only two points. To avoid this potential
confounding factor in the assessment of bone change, bone
change was obtained after adjusting for the initial change in
BMD, and thus, at least three points of measurements were
required. Further study is needed to confirm these results.

Here, we have shown that nutrition and exercise sig-
nificantly affect BMD in young Japanese adults; however,
this study does have some limitations. Most notably, our
sample size is relatively small and may not be represen-
tative of young Japanese men and women. However, the
values of anthropometric factors of the participants in the
present study were not significantly different from those of
the general population obtained from the 2000 National
Health and Nutrition Survey conducted by the Ministry of
Health, Labour and Welfare, Japan [34] [values of BMI
(SD): 21.7 (2.7) of men in the age group of the twenties in
the National Health and Nutrition Survey, 21.7 (2.6) in the
present study, 21.2 (2.0) of women in the National Health
and Nutrition Survey, 20.6 (1.9) in the present study].
Therefore, it seems that any selection bias in the present
study should not have caused the sample to deviate

@ Springer

227

significantly from the general Japanese population in the
same age range. Moreover, the follow-up rate of nearly
100 % in the present study strengthens our findings. Sec-
ond, because our study is an aggregate of annual cross-
sectional studies of freshmen from 1993 to 2000, a cohort
effect may be present in the sample, meaning that the
characteristics of the 1993 study may differ from those in
2000. However, comparison of the anthropometric factors
across years revealed no significant differences in BMI
among subjects classified by year of participation, indi-
cating any cohort effect in the present study is minimal.

In conclusion, our findings confirm that BMD increases
in men and women in their twenties, and that cOnsumption
of breakfast, exercise, and quitting smoking are recom-
mended to maintain these BMD values.
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Introduction

Glucocorticoids (GCs) are widely used to treat various
inflammatory, immunologic, and allergic disorders that
cause rheumatic, respiratory, bowel, hepatic, neurologi-
cal, renal, and skin diseases. Osteoporosis is the most
common and important adverse effect of GC therapy, and
fractures occur in 30-50 % of adult patients receiving
long-term GC therapy [1, 2]. Glucocorticoid-induced
osteoporosis (GIO) is the most common type of secondary
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osteoporosis, and it occurs in patients of all ages, from
children to the elderly.

An early rapid decrease of bone mineral density
(8~12 %) occurs within several months of starting GC
therapy, although bone mineral density decreases more
slowly thereafter, with the annual loss being approximately
2-4 % [3]. In addition, it is known that there is a significant
increase in the risk of vertebral and hip fractures before
marked bone loss occurs [4]. Therefore, it is important to
prevent early bone loss and to decrease in fracture risk as
early as possible after the start of GC therapy.

Based on the concept of early prevention and treatment,
the American College of Rheumatology (ACR) developed
recommendations for the prevention and treatment of GIO
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in 1996 [5]. As the beneficial effects of bisphosphonates on
GIO were reported from 1997 to 1999, guidelines for the
management of GIO were also published in the United
Kingdom, Canada, and Australia [6-8]. In Japan, the Jap-
anese Society for Bone and Mineral Research (JSBMR)

released guidelines- on the management:kandy,treatnjlent of

GIO in 2004 [9].

An approach to determining the pharmacologlcal inter-

vention threshold based on assessment of the absolute risk
of fractures was initiated in the. mid-2000s, and FRAX®, a
computer-based fracture risk:assessment tool supported by
the World Health Organization (WHO), was published in
2007 [10]. FRAX® can be used to calculate the 10-year
probability of a major osteoporotic fracture and the 10-year
probability of hip fracture with or without bone mineral
density (BMD) measurement, and it includes GC therapy
as an independent risk factor for fracture.

Regarding pharmacological intervention, the efficacy of
ter1parat1de for the treatment of GIO was reported in 2007
and 2009 [11, 12].
~ Based on such new evidence regarding GIO, the ACR
recommendations were updated to mcorporate FRAX® as
an ‘assessment tool for fracture risk in the 2010 revision
[13]. The Joint GIO Guidelines Working Group of the
International Osteoporosm Foundation and the European
Calcified Tissue Society have also published a framework
for the development of 0u1dellnes for the management of
GIO [14]. )
~In response to these international changes related to
GIO, the Japanese 8001ety for Bone and Mineral Research
(JSBMR) set up a Committee for the Revision of Guide-
lines on the Management and Treatment of Glucocorticoid-
Induced Osteoporosis.
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Policies guiding theupdate

In order to update the guidelines, the committee has per-
formed revxslons based on the fo lowmg pollczes

Although several Gmdelmes tor the management of
~ GIO have been published during the last decade, it
~ has been reported that the adherence to -these

guxdelmes is low, and a study performed in Japan
demonstrated that the level of adherence to guide-
lines in clinical practice was only 233 % [15, 16].
The following problems have been pomted out: (1)
lack of understanding about the importance of
prevention and treatment of GIO among both doctors
and patients; and (2) a low rate of BMD measure-
ment for screening and monitoring. Because GCs are
used in various medical fields and most doctors
prescribing GCs are not specialists in the treatment
of osteoporosis, the updated guidelines should make
management decisions easier for physicians in
clinical practice, even without fracture risk assess-
ment by measurement of BMD.

Because of the following limitations, the committee

decided not to incorporate FRAX® into the revised

guideline as a fracture risks assessment tool for GIO.

1.

(b)

FRAX® cannot be used in prernenopausal
women or men under 40 years old.
The dose and duration of GC therapy are not
incorporated into the algorithm, so fracture risk
is likely to be underestimated in patients on
high-dose GC therapy. In addition, FRAX®
 includes both past and current GC use as an
independent risk factor.
FRAX® is mainly useful for predicting for non-
vertebral - fractures -and clinical - vertebral. frac-
tures, whereas morphometric vertebral fractures
are a maJor problem in patlents takmo GCs [17]

2.

The committee collected data on several Japanese
GIO cohorts and performed analyses to identify
specific risk factors for fractures in Japan and their
relative weights for calculation of scores:in individ-
uals, which could be employed by physicians to
determine the pharmacolog1cal threshold for stating
drug therapy. A working group was orgamzed by the
committee to study fracture risk factors and inter-
vention threshold by analyzmg the Japanese GIO
cohorts. ;

Pharmacological interventions recommended by the
updated guidelines are limited to agents approved for
the treatment of osteoporosis in Japan. The commit-
tee systematically reviewed data from randomized or
controlled clinical trials. Each recommendation for

©
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Table 1 Patients cohorts: demographic and disease characteristics

Populations studied to determine the cut off score for

intervention (N = 903 [117%])

Populations studied to verify the cut off
score for intervention (N = 144 [1%])

Cohort A Cohort B Cohort C Cohort D Cohort E

Number of subjects 108 [18%] 617 [64%] 178 [35%] 108 [1%] 36 [0%]
Age (years) 544 + 14.6 59.7 + 11.1 50.1 & 14.9 48.1 + 15.6 493 + 159
GC dose (mg/day)® 11.5 £ 13.6 57+ 4.6 11.1 £ 13.6 457 + 134 41.7 £ 264
Duration of GC therapy (years) 79 + 838 48 + 6.1 Data not available 0 0.07 & 0.19
Lumbar BMD (%YAM) 88.2 + 169 80.0 £ 15.6 78.7 95.9 + 15.6 91.4 4+ 16.5
Prior fragility fracture 17 (15.7%) 146 (23.7 %) 48 (27.0 %) 6 (6 %) 4 (11.1 %)
New fracture 8 (7.4 %) 96 (15.6%) 52 (29.2 %) 10 (11.4 %) 6 (16.7 %)
Underlying disease

RA 26-(24.1 %) 467 (75.7 %) 83 (46.6 %) 1 (0.9 %) 3 (8.3 %)

SLE 36 (33.3 %) 36 (5.8 %) 44 (24.7 %) 37 (34.3 %) 11 (30.6 %)

PM/DM 12 (11.1 %) 12 (1.9 %) 13 (7.3 %) 30 (27.8 %) 7 (19.4 %)

Vasculitis syndrome 4 (3.7 %) 4 (0.6 %) 0 13 (12.0 %) 4 (11.1 %)

PMR 2 (1.9 %) 12 (1.9 %) 1 (0.6 %) 0 1 (2.8 %)

Miscellaneous 23 (21.3 %) 41 (6.6 %) 37 (20.8 %) 23 (21.3 %) 8 (22.2 %)
Overlap syndrome

RA 4 SLE 0 0 0 0 2

RA + PM/DM 1 0 0 0 0

RA + miscellaneous 1 36 0 0 0

SLE + PM/DM 1 0 0 1 0

SLE + miscellaneous 2 6 0 0 0

PM/DM + miscellaneous 0 2 0 0 0

RA + PM/DM + miscellaneous 0 1 0 0 0

RA theumatoid arthritis, SLE systemic lupus erythematosus, PM/DM polymyositis/dermatomyositis, PMR polymyalgia rheumatica

# Number of male patients

® prednisolone equivalent mg/day. In patients receiving methylprednisolone pulse therapy, 50 mg/day (1 mg/kg body weight) was set as the

usual dose following pulse therapy for convenience

pharmacological interventions was based on com-
prehensive assessment of the beneficial effects on
BMD and fractures.

Subjects and methods
Subjects

In order to determine risk factors for fractures, the com-
mittee requested data on the following Japanese GIO
cohorts: patients in a Japanese multicenter randomized
controlled trial (RCT) on the primary and secondary pre-
vention of GIO with alendronate plus alfacalcidol: The
GOJAS study (cohort E and A), the longitudinal GIO
cohort of the National Hospital Organization National Sa-
gamihara Hospital (cohort B), the longitudinal GIO cohort
of Fujita Health University Hospital (cohort C), .and
patients in an RCT of the University of Occupational and

231

Environmental Health investigating primary prevention of
GIO (cohort D).

The items investigated were the date of starting each
study, age, sex, menopausal status, underlying diseases,
GC dose at study start (prednisolone equivalent), duration
of GC therapy, history of methylprednisolone pulse ther-
apy, medications for osteoporosis, basal lumbar BMD
(expressed as % YAM), prior fragility fractures, and new
fractures during the study period (which varied from 2 to
4 years for these cohorts).

A total of 1,047 patients were recruited from these five
Japanese cohorts. The demographic profile and disease
characteristics of the patients are shown in Table 1.

Cohorts A, D, and E were in randomized controlled
studies, while cohorts B and C were in longitudinal studies.
With regard to underlying diseases, rheumatoid arthritis
(RA) was common in cohorts A, B, and C. In particular,
RA patients accounted for 75 % of cohort B. Therefore, the
GC dose in these cohorts was as low as 5-12 mg/day and
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the mean of lumbar BMD was around 80 % of the YAM.
In contrast, the major underlying diseases of cohorts D and
E were systemic lupus erythematosus (SLE), polymyositis/
dermatomyositis, and vasculitis syndrome, which are usu-
ally treated with high doses of GCs. Because of differences
in the underlying diseases, the patients in cohorts D and E
were younger than those in cohorts A, B and C. Also, the
baseline mean lumbar BMD of cohorts D and E was more
than 90 % of the YAM.

Since the,mstmmcms used for BMD measurement'by
DXA varied among the participating institutions, BMD
data were expressed as %Y AM. Assessment and definition
of vertebral fractures were done according to the criteria
for primary osteoporosis in the JSBMR guideline on the
prevention and treatment of osteoporosis [18].

Process of updating guidelines

The committee revised the guidelines according to the
4-phase process shown in Fig. 1

Phase 1 involved the analysis of patients from three Jap-
anese GIO cohorts (cohorts A, B and C), excluding the two
cohorts enrolled to study the primary prevention of GIO. A
total of 903 patients were analyzed by the Cox proportional
hazard model to identify factors predicting fractures. First,
the hazard ratio of each fracture predictor was obtained as a
continuous variable. Then the factors were categorized with
appropriate references and hazard ratios were calculated for
each reference. For calculation of the risk score, the relative

weight of a factor for predicting fracture was determined and
a tentative score was assigned by conversion of parameter
estimates. In brief, tentative scores were calculated 10 times
for each parameter estimate, decimals were rounded, and the
score was rounded to the next integer. The final score was
calculated as the tentative score divided by 2 with rounding
of ‘decimé\ls. and it was rounded to an integer <10. Then the
cu-off score that efficiently separated patients with fracture
from non-fracture patients was ‘determined by recelver
operating characteristic (ROC) analysis.

Phase 2 involved analysis of patients from the other two
Japanese GIO cohorts (cohorts D and E), who were par-
ticipants in RCTs on the primary prevention of GIO. The
proportion of RA patients was high and the mean GC dose
was<10 mg/day (prednisolone equivalent) for the cohorts
analyzed in phase 1. Therefore, in order to verify that the
cutoff score obtained in phase 1 could be applied to patient
populations receiving high-dose GC therapy, and that the
cutoff score could be used for both patients committed and
exposed to GC therapy, phase 2 involved: analysis of
patients receiving primary prevention of GIO during
treatment with GC for systemic collagen vascular diseases,
such as SLE, polymyositis/dermatomyositis and vasculitis
syndrome. The cutoff score that efficiently separated
patients with fracture from non-fracture patients was ana-
lyzed by same process as that used in. phase 1.

In phase 3, the committee integrated the findings from

~phases 1 and phase 2, refined the results by adding the

evidence about GIO from Japan and overseas, and

Fig. 1 The guidelines were
updated in four steps: phase 1 to
_phase 4. Details of each phase
are mentioned in the text

. Phasel

Determination of relative weights of each factor for calculation of scores
(tentative scores obtained by conversion of parameter estimates into integers)

i
Identification of the cut-off score that efficiently separates fracture and non-
fracture cases by receiver operating characteristics (ROC) analysis

Analysis of patients from three Japanese GIO cohorts (N=903)

Identification of factors predicting fractures by
Cox proportional hazard analysis and categorization of factors

T

Phase 2 2

Analysis of patients (N=144) treated with high-dose GC from two ‘primary

Verification of cut-off score that efficiently separates fracture and

prevention RCTs for GIO

non-fracture cases by ROC analysis

_ Phase3

Integrate and reﬁne the results of phases 1 and 2, review GIO data from overseas and \
) Japan and determine the optimal cut-off score applicable to an intervention thresho]d

“for physicians to initiate drug therapy in clinical pracllce

. Phased

Review systematically the data from randomized or controlled clinical trials <= i
.- to determine the recommendation grades of drug therapy by comprehensively

assessing the efficacy for BMD and fractures.
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Table 2 Characteristics of patients analyzed to identify the optimal
cutoff score for pharmacological intervention

Male Female
Number of subjects 117 786
Agelyears (range) 59.8 &+ 13.3 56.8 + 12.8
(17-83) (18-92)
Percentage with menopause - 81.7 %
(%)
GC dose (mg/day)* 104 4+ 134 70+ 79
(0-80) (0-60)
<5 26 (22.2 %) 237 (30.2 %)
5<<75 42 (359 %) 331 (42.1 %)
>7.5 49 (41.9 %) 218 27.7 %)
Methylprednisolone pulse 6 (5.1 %) 14 (1.8 %)
therapy
Lumbar bone mineral density ~ 87.6 &+ 16.8 79.7 £ 15.6
(%Y AM) .
Prior fragility fracture 23 (19.7 %) 188 (23.9 %)
New fracture 27 (23.1 %) 129 (16.4 %)
Underlying disease
RA 66 (56.4 %) 510 (64.9 %)
SLE 10 (8.5 %) 106 (13.5 %)
PM/DM 13 (11.1 %) 24 (3.1 %)
Vasculitis syndrome 434 %) 4 (0.5 %)
PMR 1 (0.9 %) 14 (1.8 %)
Miscellaneous 21 (17.9 %) 80 (10.2 %)
Overlap
RA + PM/DM 0 1
RA -+ Miscellaneous 1 36
SLE-+PM/DM 0 1
SLE + Miscellaneous 0 8
PM/DM + Miscellaneous 0 2
RA + PM/ 1 1
DM + Miscellaneous
Medications for osteoporosis
None 52 (44.4 %) 241 (30.7 %)
Aminobisphosphonates 29 (24.8 %) 199 (25.3 %)
Non-aminobisphosphonates 16 (13.7 %) 150 (19.1 %)
SERM 0 6 (0.8 %)
Active vitamin D3 16 (13.7 %) 173 (22.0 %)
Vitamin K2 4 (3.4 %) 16 (2.0 %)
Miscellaneous 0 1 (0.13 %)

In patients receiving methylprednisolone pulse therapy, 50 mg/day
(1 mg/kg body weight) was set as the usual dose following pulse
therapy for analytical convenience

RA rheumatoid arthritis, SLE systemic lupus erythematosus, PM/DM
polymyositis/dermatomyositis, PMR polymyalgia rheumatica

# Prednisolone equivalent mg/day

determined the optimal cutoff score that was applicable as
an intervention threshold for physicians to initiate drug
therapy in clinical practice.

Table 3 Predictors of fracture

Factor Hazard 95 % P value
ratio confidence
interval
Age 1 year 1.024 1.008-1.040 0.025
increase
GC dose? 1 mg/day 1.038 1.024-1.051 <0.0001
increase
Lumbar bone 1 % 0.979 0.968-0.991 0.006
mineral density increase
(%Y AM)
Prior fragility + 3412 2.409-4.832 <0.0001
fracture
Bisphosphonate + 0.472 0.302-0.738  0.001
therapy

? Prednisolone equivalent

Phase 4 involved assessing pharmacological interven-
tions for the prevention and treatment of GIO. The data
from randomized or controlled clinical trials performed
overseas and in Japan were reviewed systematically. The
investigation attempted to determine whether pharmaco-
logical intervention was effective for both BMD and
fracture, as well as for both primary and secondary pre-
vention. The committee determined the grade of recom-
mendation for each drug by comprehensively assessing the
beneficial effects on BMD and fractures when the drug was
employed for prevention and treatment of GIO.

Results
Phase 1 analysis
Identification of fracture predictors

The committee analyzed 903 patients from three Japanese
cohorts. As shown in Table 2, 87 % of the patients were
female, and the mean age of each cohort was 56-60 years.
The major underlying disease was rheumatoid arthritis. In
about 30 % of patients, the GC dose was <5 mg/day
(prednisolone equivalent), with about 40 % of patients
receiving a dose of 5-7.5 mg/day, and about 30 % of
patients using 7.5 mg/day or more. Few patients were on
high dose of GC therapy.

When clinical characteristics were analyzed by using the
Cox proportional hazard model, the age, GC dose, lumbar
BMD, and prior fragility fracture were identified as factors
that predicted future fractures (Table 3). As the age increased
by 1 year, the fracture risk increased by 2.4 %. Similarly, as
the GC dose increased by 1 mg prednisolone equivalent/day,
the fracture risk increased by 3.8 %. Conversely, as lumbar
BMD increased by 1 %, the fracture risk decreased by 2.1 %.

@ Springer
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Table 4 Categorization of the predictors of fractures

Factors Reference  Hazard 95 % confidence P value
ratio interval
Age'(years)

50 < <65 <50 1.446 0.86-2.427 0.16
65 2.108 1.214-3.660 . 0,08,
GC dose (mg/day)*

§<<75 <5 1.149 0.754-1.756 0.5186

7.5< 2,166 " 1.405-3.338 ©0.0005
Lumbar bone mineral density (%YAM) } '

70 < <80 80=< 1.373 0.896~2.104 0.1452

<70 ) 1.863 1.244-2.790 0.0025
Prior fragility fracture

+ —~ 3.485 2.457-4.943 <0.0001
Bisphosphonate therapy

+ - 0.481 0.307-0.753 0.061

? Prednisolone equivalent

Table 5 - Scores for the categories of each fracture predictor

Predictor Parameter estimates by  Tentative  Final
logistic regression score® score”
Agé (yeafs}
<50 ) ‘ 0
50 < <65 036890 4 2
65< 0.74589 8 4
GC dose (mg/day)©
<5 0
5<<15 0.13867 2 1
7.5< 0.77294 8 4
Lumbar bone mineral density (%YAM) '
80< 0
70 < <80 031724 4 2
..<70 0.62218 T 4
Prior fragihty fractures
- n ~ 0
-+ 1.24846 13 7
Bisphosphonate therapy.
— . . . O
+ —0.73190 -8 —4

2 Calculated 10 times for each parameter estimate, decimals rounded
off and rounded up to the next integer S

Y Tentative score divided by 2, decimals rounded off; and rounded to
-an-integer <10 : .

¢ Prednisolone equivalent

Ifthere wasa h1st0ry of pnor fraglhty fracture, the fracture risk
increased by 3.4 times compared with that for patlents who
had no history of fracture. In contrast, use of blsphosphonates
decreased the fracture risk by 52.8 %.

@: Springer
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Categorization of fracture predictors

When the hazard ratio for age was calculated versus
<50 years, the fracture risk was 1.446 times hlgher at age
50-65 years and was 2,108 times higher at age >65 years. For
the GC dose and lumbar BMD, hazard ratios were calculated
versus a-prednisolone dose <5 mg/day and versus.%YAM
>80 %, respectively. The hazard ratios are shown in Table 4.
In patients ‘with a history- of fragility fractures, the future
fracture risk was 3.485 times higher than in patients without
prior fragility fractures. In contrast, treatment with bisphos-
phonates decreased the fracture risk to 0.481 times compared
with that for patients not on bisphosphonates (Table 4).

Tentative scores obtained by conversion of parameter
estimates '

Parameter estimates for each risk factor obtained by logistic
regression were converted to tentative scores by the formula
described in the “Methods,” and are shown in Table 5. Final
scores were obtained by modification of the tentative scores
as shown in Table 5 and were employed for further analysis.
As aresult, an age 65 years or older, a GC dose of more than
7.5 mg/day (prednisolone equivalent), a BMD of <70 %
relative to the YAM, and fragility fracture were assigned
high scores as independent risk factors for fracture.

Determining the optimal score for discrimination
between fracture and non-fracture patients

Using the final scores, receiver operating’ characteristic
(ROC) analysis was performed to obtain the optimal cutoff
score. The score with the highest value (0.380) for sensi-
tivity-(1-specificity) was shown to be a score of 6 (Table 6;
Fig. 2). At a score of 6, the sensitivity, 1-specificity, true
positive rate (%), true negative rate (%), false positive rate
(%), and false negative rate (%) were 0.712, 0.332, 71.2,
66.8, 33.1, and 28.8 %, respectively. The area under the
ROC curve (a measure of how well the score distinguished
fracture and non-fracture groups) was 0.741.

Phase 2 analysis
Verification of the phase 1 residts

The validity of the optimal cutoff score for setting the
intervention threshold was assessed in the following man-
ner by using the data from different patient groups.

The subjects consisted of 144 patients from the two RCTs
on primary prevention, which were the primary prevention
trial of the Umvers1ty of Occupatlonal and Environmental
Health and a multicenter study on the efficacy of alendronate
and alfacalcidol (GOJAS) for primary prevention. The
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Table 6 Determination of the

: X Probability 1- Sensitivity Sensitivity- True True False False
optimal cut off score by receiver specificity (1-specificity) positive negative positive negative
operating characteristics (ROC)
analysis ) 19.0000  0.701 0.001 0.026 0.024 4 746 1 152

17.0000 0.615 0.004 0.058 0.054 9 744 3 147

16.0000 0.569 0.012 0.109 0.097 17 738 9 139

15.0000 0.521 0.019 0.147 0.129 23 733 14 133

~ 14.0000 0.474 0.031 0.192 0.162 30 724 23 126

13.0000 0.426 0.058 0.244 0.186 38 704 43 118

12.0000 0.380 0.076 0.301 0.225 47 690 57 109

11.0000 0.336 0.100 0.397 0.297 62 672 75 94

10.0000 0.295 0.141 0.462 0.321 72 642 105 84

9.0000 0.256 0.166 0.500 0.334 78 623 124 78

8.0000 0.222 0.220 0.590 0.370 92 583 164 64

7.0000 0.190 0.258 0.603 0.344 94 554 193 62

6.0000 0.162 0.332 0.712 0.380 111 499 248 45

5.0000 0.138 0.396 0.744 0.347 116 451 296 40

4.0000 0.117 0.542 0.821 0.278 128 342 405 28

3.0000 0.098 0.639 0.878 0.240 137 270 477 19

2.0000 0.083 0.724 0.942 0.218 147 206 541 9

1.0000 0.069 0.807 0.962 0.154 150 144 603 6

0.0000 0.058 0.908 0.974 0.067 152 69 678 4

—1.0000 0.048 0.948 0.987 0.039 154 39 708 2

) —~2.0000 0.040 0.975 0.994 0.019 155 19 728 1
Bold values indicate the —3.0000 0.033 0.988 1.000 0.012 156 9 738 0
highest value of sensitivity- —4.0000 0.028 1.000 1.000 0.000 156 0 747 0

(1-specificity)

~4@— Patients for phase 1 analysis to identify the cut-off score (N=903)
=~ Patients for phase 2 analysis to verify the cut-off score (N=144)
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Fig. 2 Identification of the optimal cutoff score to separate fracture
and non-fracture cases by receiver operating characteristics analysis.
The score of the maximum value of sensitivity-(1-specificity) was 6 by
both phase 1 and phase 2 analyses. A score 3 was adopted in the updated
guideline as the optimal cutoff score and is shown in the graph

characteristics of these subjects are shown in Table 7. All of
the subjects were female patients, except for one male, and
mean age was about 10 years younger than that of the sub-
jects in the phase 1 analysis. Underlying diseases were
generally systemic collagen vascular diseases, such as SLE
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and polymyositis/dermatomyositis, and there were only four
patients with RA. Accordingly, all except one of the patients
were taking GC doses of more than 7.5 mg/day (predniso-
lone equivalent). The clinical profiles of the patients in the
phase 1 and 2 analyses differed with regard to age, GC doses,
and underlying diseases.

Verification of the optimal cutoff score from Phase 1 .

ROC analysis indicated that the score with the highest value
(0.373) for sensitivity-(1-specificity) was a score of 6
(Table §; Fig. 2) and this finding corresponded to the result
obtained in phase 1. At the score 6, the sensitivity, 1- spec-
ificity, true positive rate (%), true negative rate (%), false
positive rate (%), and false negative rate (%) were 0.600,
0.227, 60.0, 77.3, 22.7, and 40.0 %, respectively. The area
under the ROC curve (an indicator of accuracy) was 0.741.

Determining the optimal cutoff score for intervention
and outline of the updated guidelines (phase 3)

Patients covered by the guidelines

The updated guidelines cover men and women aged 18 years
or older who are using or planning to use GC for more than

@ Springer



_J Bone Miner Metab

Table 7 Characteristics of patients analyzed toverify the cutoff
score for verification

Male Female

143

Number of subjects 1
Agelyears (range) 57.0 483 + 157
i (18-84)
Percentage of menopause (%) - 49.0 %
GC dose (mg/day)" 40 4474 177
: 2(0=160)
<5 0 0
5<<75 0 1 (0.7 %)
>7.5 1 137 (99.3 %)
Methylprednisolone pulse therapy 0 6 (4.1 %)
Lumbar bone mineral density 86.8 94.8 £ 159
(%Y AM) o
Prior fragility fracture 0 10 (7.0 %)
New fracture 0 16 (11.2 %)
Underlying disease
RA 0 4 (2.8 %)
SLE 0 48 (33.6 %)
PM/DM 1 36 (25.2 %)
Vasculitis syndrome 0 17 (11.9 %)
PMR 0 1 (0.7 %)
Miscellaneous 0 31 (21.7 %)
Overlap
"RA +SLE 2
SLE-+PM/DM 1
Medlcanons for osteoporos1s ‘
None' = 0 107 %)
i Ammob15phosphonaies 0 50 (357 %)
" Non-aminobisphosphonates 0 34 (24.3 %)
' SERM ‘ 00
Active vitamin D3 1 54 (386 %)
Vitamin K2 0 0
Miscellaneous 0 107 %)

In patients receiving methylprednisolone pulse therapy, 50 mg/day
(1 mg/kg body weight) was set as the usual dose followmg pulse
therapy for analytical convenience

RA rtheumatoid arthrxtxs,kSLE systemic"lnpus erythematosus, PM/DM
polymyositis/dermatomyositis, PMR polymyalgia rheumatica : -

? Prednisolone equivalent mg/day

3 months. New ev1dence regardmg GIOin children has not
been reported in Japan or overseas since the 2004 JSBMR
guidelines were published, and the cohorts used to identify
risk factors for fractures and set the cutoff score for phar-
macological intervention when updatmg these guldehnes did
not include any children. Therefore, children were excluded
from coverage by the guidelines. With regard to the GC
administration route, currently available evidence is limited
to oral administration, and there is insufficient data about
intravenous or inhaled GCs. The risk of vertebral fractures

@ Springer

was found to increase rapidly within 3~6 months after the

- start of oral GC therapy by an epidemiological study [2], and
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the framework for development of national guidelines on the
management of GIO provided by the Joint IOF-ECTS
Working Group covers men and women considering oral GC
therapy for 3 months or longer [14]. Although analysis of
903 cases in phase 1 failed to demonstrate that the duration of
GC therapy was a factor predicting fractures, the updated
JSBMR guidelines are designed for patients who are exposed
to or committed to oral GC therapy for more than 3 months.

Détermination of the optimal cutoff score

Jor pharmacological intervention and development

of the guidelines

The committee analyzed 903 patients in cohorts A, B, and C,
which included a high percentage of RA patients using rather
low GC doses, to determine the intervention threshold score,
and the cutoff score obtained that efficiently separated
fractftxre and non-fractﬂre cases was a score of 6. Then, ver-
ification of this score was performed by analyzing 144
patients from cohorts D and E, in which the majority of
patients had systemic collagen vascular diseases and were on
high-dose GC therapy. As a result, a score of 6 was confirmed
to discriminate fracture and non-fracture cases. Thus the
results of both analyses were consistent.

The committee then discussed the optimal score for
pharmacological intervention on the basis of a score of 6.
The following issue was raised regarding a score of 6 as an
intervention threshold; the score of a woman aged from 50
to under 65 years would be <6, even if she had osteopenia
(BMD 70-79 %) or was taking prednisolone at a moderate
dose (5-7.5 mg/day). Therefore, the committee concluded
that it was preferable for the sensitivity of the optimal
cutoff score to be more than 80 % from a clinical point
of view. Accordingly, the guidelines were updated on
the basis of a score of 3 as the optimal cutoff score for
pharmacological intervention. The Guidelines on the
Management and Treatment of Glucocorticoid-Induced
Osteoporosis of the Japanese Society for Bone and Mineral
Research (2014 update) are shown in Fig. 3. An age of
65 years or older, prednisolone >7.5 mg/day (or its
equivalent), prior -fragility fracture, and lumbar BMD

<70 % of the YAM are all assigned a score >3 as single

risk factors, so drug therapy should be started for subJects
with any of these factors.

General guidance and treatment/follow-up
General ‘guidak‘n‘ce

All patients who are comm1tted to or exposed to GC
therapy should be encouraged to reduce risk factors and
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Table 8 Verification of the

- X Probability 1- Sensitivity ~ Sensitivity- True True False False
optimal cutoff score by receiver Specificity (1-specificity) positive negative positive negative
operating characteristics (ROC)
analysis 0.000 0.000 0.000 0 119 0 15

15.0000 0.508 0.017 0.067 0.050 1 117 2 14
13.0000 0.406 0.017 0.133 0.117 2 117 2 13
12.0000 0.358 0.025 0.133 0.108 2 116 3 13
11.0000 0.312 0.042 0.133 0.091 2 114 5 13
10.0000  0.270 0.084 0.200 0.116 3 109 10 12
9.0000 0.232 0.092 0.200 0.108 3 108 11 12
8.0000 0.197 0.135 0.400 0.266 6 103 16 9
6.0000 0.140 0.227 0.600 0.373 9 92 27 6
4.0000 0.098 0.479 0.800 0.321 12 62 57 3
2.0000 0.067 0.639 1.000 0.361 15 43 76 0
Bold values indicate the 1.0000  0.055 0.656 1.000 0.345 15 41 78 0
highest value of sensitivity- 0.0000  0.046 1.000 1.000 0.000 15 0 119 0

(1-specificity)

Fig. 3 Guidelines on the

] Committed or exposed to = 3 months of oral glucocorticoid (GC) therapy

" Management and Treatment for
Glucocorticoid-Induced I

Osteoporosis of the Japanese |

General guidance '

A
Society for Bone and Mineral i o IRty
Research: 2014 update. GC tl‘)r 10{ fragility No 0
glucocorticoid, PSL Assess clinical risk factors and ractures
prednisolone, BMD bone calculate individual patient’s score |:> - —
mineral density (prior fragility fracture, Age, GC dose, BMD) Ag‘e’ (years)
v 4
! score >3 ‘ score <3 1 S
- GC dose 0
(PSL equivalent mg/day)
l l 4 g/day 5 <175 1
275 4
Treatment Follow-up — i y .
First-line treatment: Assess clinical risk Lumbar BMD i
alendronate factors by calculating e
risedronate score :
Alternative treatment :

teriparatide
ibandronate
alfacalcidol
calcitriol

modify their lifestyle, regardless of the GC dose or duration
of GC therapy. It is important to provide guidance on
improvement of nutrition, including dietary calcium intake,
body weight, smoking, alcohol intake, and exercise, for the
management of GIO similar to that for management of
primary osteoporosis [18].

Monitoring and follow-up

Monitoring is necessary to verify the efficacy of drug
therapy. To carefully assess the development of new
fractures and changes of BMD, regular radiographic
examination and BMD measurement should be scheduled

every 6-12 months. Even in patients who are judged to
have a low fracture risk and are being observed without
pharmacological intervention, the fracture risk should be
assessed by the scoring method in the JISBMR guidelines at
appropriate intervals, considering their GC dose and other
risk factors.

Recommendations of pharmacotherapy for GIO (phase 4)
As shown in Table 9, the committee has limited the
pharmacological interventions recommended in the upda-

ted guidelines to agents that are currently approved for the
treatment of osteoporosis in Japan.
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Table 9  Pharmacological recommendations for glucocorticoid-
induced osteoporosis

Medications Recommendation-  Dose and administration

grade®
Bisphosphonates
Alendronate A 5 mg daily, 35 mg weekly,
oral i
900 pg every 4 weeks, iv
infusion ;
Risedronate A 2.5 mg daily, 17.5 mg
weekly, 75 mg monthly,
oral
Etidronate C 200 mg, 400 mg 2 weeks per
3 months, oral
Minodronate C 1 mg daily, 50 mg every
4 weeks, oral
Ibandronate B 1 mg monthly, iv
Active vitamin D3 analog
Alfacalcidol B 0.25 pg, 0.5 pg, 1 pg dally,
oral
Calcitriol B 0.25 pg, 0.5 pg daily, oral
Eldecalcitol C- 0.5 fig, 0.75 pg daily, oral
Teriparatide [recombinant human parathyroid: hormone (1-34)]
Teriparatide B 20 pg daily, sc
(tDNA
origin)
Teriparatide C 56.5 pg, weekly, sc
acetate

Vitamin K2
Menatetrenone  C 45 mg daily, oral

Selective estrogen-receptor modulators (SERM)

Raloxifene C 60 mg daily, oral

Bazedoxifene C 20 mg daily, oral
Humanized monoclonal antibody against RANKL

Denosumab C 60 mg every 6 months, sc

A: Recommend as first-line treatment

B: Recommend as alternative treatment if there is a contraindication
or early intolerance to first-line treatment, or an inadequate response
to first-line treatment

C: Insufficient or limited evidence to recommend for the treatment of
GIO

% Recommendation grade

, Alendronate and nsedronate have been shown to prevent
a decrease of lumbar and femoral BMD [19-26]. The
efﬁcacy of these drugs has been proven in both primary and
secondary prevention studies. In addition, reduction of
vertebral fractures was. demonstrated in these studies,
although not as a primary endpoint. Therefore, both
alendronate and risedronate are recommended as first-line
treatment. Since both daily and once-weekly oral alendr-
onate have been shown to be effective for GIO [22] the
committee did not alter the grade of recommendatlon for
bisphosphonates on the basis of regimens.

@ Spfinger

Cyclical etidronate has been shown to be effective for
preventing vertebral and femoral bone loss in randomized
prospective controlled studies {27, 28], so this drug was
recommended as first-line therapy in the 2004 JSBMR
guidelines. However, reduction of vertebral fractures was
only found to be significant in post-menopausal women by
sub-analysis, and not in the whole patient population [27].
Therefore, the evidence was judged to be insufficient for
recommending, etldronate in the updated guidelines.

Efficacy of minodronate for GIO has not been investi-
gated sufficiently, so kt[his drug is not recommended in the
new guidelines.

Ibandronate has been shown to be effective for sec-
ondary prevention of GIO by increasing vertebral and
femoral BMD and reducing vertebral fractures ccmpared
with alfacalcidol [29-31]. However, data on primary pre-
vention are limited to one study with a small number of
patients [32]. For this reason, ibandronate is considered to
be an alternative option for individuals with contraindica-
tions to or early intolerance of first-line treatment.

With regard to active vitamin D3 derivatives (alfacal-
cidol "and calcitriol), there is evidence denﬁonstrating
effectiveness for lumbar and femoral BMD, and evidence
of vertebral fracture reduction, albeit not as a primary
endpoint, has been reported in placebo-controlled or
comparator studies [33-35]. A meta-analysis showed that
active vitamin D3 derivatives achieved a greater increase
of BMD and more effective reduction of vertebral fracture
risk compared with no treatment or calcium alone [36, 37],
so these drugs are also alternative treatments.

The effect of eldecalcitol on GIO has not been evaluated
and there are no available clinical data. In addition, it may
have the risk of further increasing urinary calcium excre-
tion, so eldecalcitol is not recommended in the guidelines.

Teriparatide [rDNA origin] has been shown to be effec-
tive at increasing vertebral and femoral BMD and for
reducino vertebral fractures in secondary prevention studies
[11, 12, 38—40], although the latter outcome was not a pri-
mary endpoint. Teriparatide was more effective than
alendronate for secondary prevention of GIO, but no studies
have been conducted with respect to pnmary prcventlon ‘The
safety and efﬁcacy of this drug have not been evaluated

_beyond 2 years of treatment. Smce treatment with terlpara—
tide is limited to no longer than 2 years dunng a patient’s

lifetime and there is no evidence on how to determine the
optimal timing of its use, this agent is only recommended as
alternative treatment in patients with a contraindication or
early intolerance to first-line treatment or those showmg an

.inadequate response to first-line treatment. It is also unclear
‘what the optimal drug treatment would be followmg teri-

. paratide. Some studies suggest that ant1-resorpt1ve therapy,
- such as blsphosphonates should be considered following the
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permitted 2-year treatment duration [40, 41].
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The efficacy of teriparatide acetate for GIO has not been
evaluated. Because there are no available clinical data, the
committee has not recommended it this time.

Because vitamin K2 was shown to have a similar frac-
ture-preventing effect to etidronate in a Japanese longitu-
dinal cohort study, it was recommended as an alternative
drug in the 2004 guidelines. However, there are no addi-
tional data to verify the effectiveness of vitamin K2 for
GIO, and a prospective randomized controlled study has
not been conducted to assess its effect on reducing frac-
tures. Accordingly, evidence about the effect of vitamin K2
on GIO was judged to be insufficient for it to be recom-
mended, as was decided for etidronate.

Selective estrogen receptor modulators (SERMs) and
denosumab, a fully human monoclonal antibody to
RANKL, were also not recommended in the new guide-
lines because of insufficient data in relation to GIO.

Safety of treating GIO
Bisphosphonates-related osteonecrosis of the jaw (BRONJ)

There are accumulating reports on osteonecrosis of the jaw
developed in patients with cancer or osteoporosis who have
been treated with intravenous or oral bisphosphonates after
invasive dental procedures such as tooth extraction [42].
The incidence of BRONJ is very low and is estimated to be
between 1/10,000 and 1/100,000 person-years based on
reports from overseas, while the nationwide retrospective
cohort survey conducted by the Japanese Society of Oral
and Maxillofacial Surgeons demonstrated an incidence
ranging from 0.01 to 0.02 % in Japan [43]. Although GC
therapy has been cited as a risk factor for BRONJ, there is
no evidence that osteonecrosis of the jaw is more common
in bisphosphonate-treated patients taking GCs than in those
treated with bisphosphonates alone. Since an increased
fracture risk is associated with long-term GC therapy for
more than 3 months and efficacy of bisphosphonates for
the prevention and treatment of GIO has been established,
the benefit of bisphosphonate therapy definitely overweighs
the risk. With regard to the definition, clinical character-
istics, risk factors, precautions when initiating bisphos-
phonates, and how long to suspend bisphosphonate therapy
before dental procedures and when to resume it, the stan-
dard position paper from the allied task force committee of
JSBMR should be helpful as a reference for physicians
[44].

Atypical femoral fractures (AFFs)

Atypical femoral fractures (AFFs), which are located in the
subtrochanteric region and diaphysis of the femur, have

239

been reported in patients taking bisphosphonates or deno-
sumab [45-47]. However, AFFs also occur in patients
without exposure to these osteoporosis medications. AFFs
are fractures that occur suddenly with minimal or no
trauma, and are often preceded by prodromal thigh or groin
pain for several weeks. According to the second report of
the American Society for Bone and Mineral Research [47],
based on recent evidence, AFFs may represent stress or
insufficiency fractures. '

AFFs are rare, accounting for approximately 1 % of all
hip and femoral fractures, and few serious cases may be
encountered in the clinical setting. Although GCs have
been proposed as a risk factor for the development of
AFFs, a recent controlled study revealed that GC use was
not associated with an increased risk of AFFs in patients
taking bisphosphonates [46].

Although the relative risk of AFFs is increased in
patients taking bisphosphonates, the absolute risk has been
reported to be low, ranging from 3.7 to 50 per 100,000
person-years [47]. Since longer-term use of bisphospho-
nates may be associated with a higher risk of AFFs, further
imaging examination should be considered in patients
using bisphosphonates who develop unexplained dull pain
or aching in the thigh or groin region.

Safety of drug therapy in premenopalisal women who
want to become pregnant

Although there is limited evidence about the efficacy of
drug therapy for GIO in premenopausal women, no clinical
trials of bisphosphonates or other drugs have been specif-
ically designed with premenopausal women as the primary
target population. In addition, there is currently little evi-
dence about the safety of bisphosphonates or other drugs
before and during pregnancy or while breast-feeding.
Because of inadequate evidences, the guidelines do not
provide any recommendations on drugs for premenopausal
women who want to become pregnant.

Bisphosphonates are incorporated into the bone matrix,
and then are gradually released over a period of weeks to
years. Therefore, there is a theoretical risk of fetal harm,
but human preconception and first trimester bisphospho-
nate use in case reports and prospective cohort studies with
a small sample size have demonstrated no significant
adverse effects on the fetus, neonate or mother [48-51], as
reported in animal studies. The ACR 2010 guidelines
recommended alendronate (grade A) and risedronate or
teriparatide (grade C) for selected premenopausal women
of childbearing potential who are taking more than 7.5 mg/
day of prednisolone, have a history of fragility fractures
and are clearly at higher risk for additional fractures [13].
However, bisphosphonates, including the first-line
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medications alendronate and risedronate, have been
assigr’recl to pregnancy category C by theUS Food and Drug
Administration (FDA), and it is not clear how lonc bis-
phosphonates should be suspended before pregnancy.
Therefore, these drugs should be used carefully before
pregnancy and only in specific cases when there are no
alternatives and the beneﬁts outweighs the risks, and these
agents should be avoided during pregnancy. In addmon
informed consent is necessary [13, 52].

Blsphosphonates might be transferred from mother to
infant in breast milk. However the clinical risk is not
expected to be high, since the bisphosphonate concentra-
tkion',i‘n' milk was below the detection limit, absorption by
neonates would be expected to be very low as in adults, and
bisphosphonates may form complexes with calcium from
breast milk in the gastrointestinal tract However, consid-
ering the lack of adequate evidence regardmg the safety of
bisphosphonates in relation to breast-feeding, these drugs
should be used with great caution during lactation [52, 53].

Discussion

The Committee of the JSBMR has updated the guidelines
on the management and treatment of glucocorticoid-
induced osteoporosis and has incorporated a new scoring
method. In the updated guidelines, the commlttee estab-
lished an intervention threshold by analyzing five J apanese
GIO cohorts from primary and secondary prevention
studies, and then by comprehensively assessing fracture
risk using ‘the scoring methods. Age GC dose, lumbar
'BMD, and prior fragtlrty fractures were 1dent1ﬁed as factors
predrctmg future fracture ‘and each factor was scored
according to the category. As a 1esult the fracture risk for
an 1nd1v1dual can be calculated as the sum of the scores for
each risk factor Srnce an age of 65 years or older, pred-
nisolone dose of 7.5 mg/day or more and a history of fra-
gility fracture are 1ndependent rrsk for future fractures,
initiation of drug therapy can be decided more easily
~without evaluatron of BMD by DXA When one of these rrsk
factors exists.

Durmg the process of updatmg the gutdehnes the
'pharmacologlcal threshold was identified by analyzing
three GIO cohorts with a high percentage of RA patients
and Low GC doses Thrs threshold was subsequently ver-
ified by using data on two prrmary preventron GIO cohorts
'usrng high-dose GC therapy for systemic collaoen Vascular
dtseases As a result, the thresholds obtained from analyses
‘ of these two drfferent pat1ent populatlons were identical.
Therefore the recommendat1ons in the gu1dehnes cover
patients with various. underlymc diseases treated with low
to high doses of GC, and can be applled to both prrmary
and secondary prevention of GIO.
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The medications recommended in the gurdehnes are
limited to those approved for the treatment of osteoporosis in
Japan. Among these agents, the committee comprehensively
reviewed validity for both primary and secondary preven-
tion, and assessed the benefit for both BMD and fracture
prevention based on the results of clinical studies performed
in Japan and overseas. Then they recommended the drugs
judged to be most effective based on current knowledge The
recommendations shall be revised su1tably ‘when new evi-

dence regardmg the effectiveness of therapy is accumulated.

Finally, recommendatrons in the guidelines are provided
to aid the physwran in decision-making for the manage-
ment of GIO, and do not replace an experienced physi-
cian’s judgment in the care of patients with GIO.
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