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Abstract
Purpose  Fracture risk assessment is recommended at three months after glucocorticoid (GC) therapy initiation. This study 
aimed to assess whether GC exposure in the initial 90 days of GC therapy is associated with subsequent hip and clinical 
vertebral fracture risk using the nationwide health insurance claims database of Japan (NDBJ).
Methods  Patients aged ≥ 50 years who were prescribed GC (≥ 70 mg prednisolone or equivalent; PSL) in the initial 90 days 
of GC therapy and were followed for hip and clinical vertebral fracture incidences for the subsequent 1080 days were selected 
from NDBJ. Associations of GC exposure with hip or clinical vertebral fracture risk were evaluated by Cox regression 
analysis adjusted for potential confounders.
Results  We selected 316,396 women and 299,871 men for the GC-exposed group and 43,164 women and 33,702 men for 
the reference group. Higher GC doses and longer prescription days in the initial 90 days of GC therapy were significantly 
and dose-dependently associated with increased fracture risk relative to the reference group. Patients receiving GC ≥ 5 mg 
PSL/day had a significantly increased fracture risk in the stratum of 30–59 days of GC prescription. In addition, female 
patients who received GC (≥ 1 and < 2.5 mg PSL/day) for 90 days in the initial 90 days of GC therapy had a significantly 
increased fracture risk.
Conclusions  GC exposure in the initial 90 days of GC therapy was dose-dependently associated with hip and clinical vertebral 
fracture risk. GC may increase fracture risk with lower doses for shorter durations than previously reported.
Summary  Fracture risk assessment three months after glucocorticoid (GC) therapy initiation is recommended. We found 
that GC exposure in the initial 90 days of GC therapy at lower daily doses for shorter durations than previously reported 
were significantly and dose-dependently associated with fracture risk using a nationwide health insurance claims database.

Keywords  Dose–response relationship · Glucocorticoid-induced osteoporosis · Hip fracture · Nationwide health insurance 
claims database study · Retrospective cohort study · Clinical vertebral fracture

Introduction

Patients on glucocorticoid (GC) therapy are at risk of a 
rapid loss of bone mineral density (BMD) [1, 2] and a rapid 
increase in vertebral and non-vertebral fracture risk [3, 4]. 
From 30 to 50% of patients on long-term GC therapy report-
edly experience fractures [5], resulting in an increased risk 

of mortality [6] and decreased quality of life [7]. These 
adverse effects of GC are known as GC-induced osteoporo-
sis (GIO), the most frequent type of secondary osteoporosis.

Since increased fracture risk is observed in the ini-
tial months of GC therapy [8, 9], most guidelines for 
GIO management recommend fracture risk assessment 
three months after the initiation of GC therapy [10–15]. 
Although the criteria for high fracture risk warranting 
the initiation of anti-osteoporosis medications (AOMs) 
vary from guideline to guideline, most guidelines include Extended author information available on the last page of the article
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a daily GC exposure of ≥ 5 or ≥ 7.5 mg (prednisolone or 
equivalent; PSL) in the criteria [10–15]. These criteria 
have been developed according to results from obser-
vational studies examining the association between 
GC doses and fracture risk [3, 5, 16–25, 26–28]. How-
ever, GC exposures assessed in those studies were not 
obtained from the initial three months of GC therapy but 
from longer durations. For example, van Staa et al. [23] 
conducted one of the largest cohort studies using data 
from the General Practice Research Database (GPRD), 
and reported a significant dose-dependent relationship 
between daily GC doses and vertebral or hip fracture risk. 
However, GC exposure in that study was obtained from 
the entire period of GC therapies ranging from 3 to 60 
months. Given that physicians who conduct a fracture risk 
assessment three months after GC therapy initiation only 
know GC doses of the initial three months of GC therapy, 
evidence to support the validity of fracture risk assess-
ment based on GC exposure in the initial three months of 
GC therapy is necessary.

In addition, it is unclear whether lower GC doses for 
shorter durations of GC therapy than 5 mg PSL/day for 
three months are associated with a significant increase in 
fracture risk. GC therapy at ≥ 2.5 mg PSL/day has been 
reported to be associated with increased hip and vertebral 
fracture risk in a cohort study comprising more than 244 
thousand patients each for the GC-exposed and control 
groups using GPRD [22–24]. However, even such a large-
scale study did not present results for women and men 
separately. Other studies reported that GC exposure ≥ 5 
mg PSL/day was associated with elevated fracture risk [3, 
16–20]. Previous studies may not have had sufficient power 
to evaluate the association between lower GC exposure 
and incidence of rare outcomes, such as hip fracture.

The Japanese Ministry of Health, Labour and Welfare 
(MHLW) has recently developed the National Database of 
Health Insurance Claims and Specific Health Checkups of 
Japan (NDBJ). This database has accumulated all monthly 
electronic health insurance claims since fiscal year 2012 
on an individual patient basis [29]. Japan has a public 
health insurance system with nationwide coverage, and 
97% of health insurance claims were submitted electroni-
cally in 2012, with the proportion increasing every year 
thereafter [30]. Thus, the NDBJ is one of the most exhaus-
tive healthcare databases in the world [31].

We conducted a large-scale retrospective cohort study 
using NDBJ data to examine whether patients on GC ther-
apy with an average daily dose of 5 mg PSL or lower for 
shorter durations than previously reported in the initial 
90 days of GC therapy had a significantly increased risk 
of hip and clinical vertebral fractures in the 1080 days 
following GC therapy initiation by sex-specific analysis.

Methods

Database

The NDBJ contains information such as patient identifica-
tion (ID) number, age, sex, date of consultation for outpa-
tient service, dates of admission and discharge for inpatient 
service, as well as date, volume, and tariff of procedures 
and drugs provided to each patient, but not actual laboratory 
values [29]. The ID number is generated by an encrypting 
function to make data anonymous but combinable for the 
same patient. The NDBJ is open to researchers who have 
their study involving the use of NDBJ data approved by the 
MHLW. The present study protocol was approved by the 
MHLW on 2 October 2019, as well as the Ethics Committee 
of Kindai University Faculty of Medicine (Approval num-
ber: #31–065, 3 July 2019). The present study used NDBJ 
data from fiscal years 2012 to 2018 (1 April 2012 to 31 
March 2019).

Patient selection (Fig. 1)

We selected women and men aged ≥ 50 years at baseline 
(initiation of GC therapy) who went 180 days without a GC 
prescription prior to GC therapy, and who were followed 
for 1080 days after the initiation of GC therapy (Fig. 1). We 
recorded the names of all GCs prescribed, as well as their 
doses, date of prescription, and number of prescription days 
in 90-day increments for the 1080 days of the observation 
period. GC doses were converted to mg PSL based on anti-
inflammatory potency [32]. We selected patients who were 
prescribed cumulative doses of GC ≥ 70 mg PSL for at least 
15 days in the initial 90 days of GC therapy.

We also recorded the prescription of AOMs (bisphos-
phonates, denosumab, teriparatides, specific estrogen recep-
tor modulators (SERMs), and activated vitamin D3 (AVD) 
analogs including alfacalcidol, calcitriol, and eldecalcitol), 
dose, and date and days of prescription for 180 days before 
and 1080 days after baseline (Fig. 1). Patients who received 
AOMs during the 180-day period before baseline were 
excluded. Patients who received AOMs during the 1080-
day observation period were included in analyses.

Classification of patients according to GC exposure 
(Fig. 2)

Patients were divided according to the number of days of GC 
prescription (< 30 days, 30–59 days, 60–89 days, 90 days), 
cumulative doses of GC (< 150 mg PSL, ≥ 150 and < 250 
mg PSL, ≥ 250 and < 500 mg PSL, ≥ 500 and < 1000 mg 
PSL, ≥ 1000 mg PSL), and average daily doses of GC (< 1 
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mg PSL, ≥ 1 and <2.5mg PSL, ≥ 2.5 and <5 mg PSL, ≥ 5 
and <75 mg PSL, ≥ 7.5 and <20 mg PSL, ≥ 20 mg PSL) in 
the initial 90 days of GC therapy. Average daily GC dose 
was calculated as cumulative GC dose divided by number 
of days of GC prescription. As shown in Fig. 2, we selected 
patients who were prescribed GC with average daily doses 
of ≥ 1 mg PSL for ≥ 30 days (GC-exposed group) and those 
with average daily GC doses of < 5 mg PSL for < 30 days 
(reference group), i.e., patients who were speculated to have 
no increase in fracture risk due to GC exposure.

Definition of outcome

Patients who suffered a hip or clinical vertebral fracture 
were defined as those who were registered as having had 
a femoral neck, trochanteric, intertrochanteric, or per-
trochanteric fracture, or cervical, thoracic, or lumbar 
vertebral fracture, respectively, in the diagnosis field of 
the NDBJ for the first time in the 1080-day observation 
period (Fig. 1). However, those with pathologic, meta-
static, tumorous, and suspicious fractures, as well as those 
with descriptions in a modifier field suggesting old frac-
tures (e.g., previous, history, or postoperative) were not 

included in either hip or clinical vertebral fracture cases. 
In addition, fractures of the vertebral arch, transverse 
process, and spinous process were not included. To avoid 
the inclusion of prevalent vertebral fractures found inci-
dentally on radiographs as incident vertebral fractures, 
patients who had been diagnosed with a vertebral fracture 
during the 180-day period before baseline were excluded 
in the analyses setting incident clinical vertebral fracture 
as the outcome. The date of the initial institutional visit 
due to fracture was adopted as the date of fracture occur-
rence. In patients with hip fractures, proof that the patient 
received hip surgery within 30 days from the date of frac-
ture occurrence was additionally required. The endpoint 
was set as either the end of the 1080-day follow-up period 
or a hip or clinical vertebral fracture event, whichever 
came first.

According to a meta-analysis of studies validating hip frac-
ture diagnosis according to hospital administrative claims data, 
there is convincing evidence to support the use of such data 
to identify hip fractures, with a sensitivity of 69–97% and a 
positive predictive value (PPV) of 63–96%. The validity was 
improved by combining diagnostic codes for hip fracture and 
procedural codes for hip surgeries, as was done in the present 

Fig. 1   Definition of eligible 
patients and data collection. 
AOM: anti-osteoporosis medi-
cation, GC: glucocorticoid

Fig. 2   Patient classification 
according to GC exposure in 
initial 90 days of GC therapy. 
GC: glucocorticoid, PSL: pred-
nisolone or equivalent GC dose
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study, with a sensitivity of 83–97% and a PPV of 86–98% [33]. 
However, there is insufficient evidence regarding the accuracy 
of clinical vertebral fracture identification using administrative 
data [33].

Covariates used for confounding adjustment

Diseases and bone fractures registered in the NDBJ during 
the 180-day period before baseline were obtained to evaluate 
their confounding effects on the association between GC and 
incident hip and clinical vertebral fractures. We identified type 
1 and 2 diabetes mellitus, dementia, hip fracture, and clinical 
vertebral fracture as diagnoses which resulted in institutional 
visits or were found incidentally during institutional visits. 
Prescription of ≥ 7 different medications during the 90 days 
before and after the initiation of GC therapy was defined as 
polypharmacy according to the definition set forth by the Japa-
nese National Health Insurance System.

Statistical analysis

Continuous variables are presented as mean and standard 
deviation (SD) or median and lower and upper quartile values 
according to the distribution. Dichotomous variables are pre-
sented as proportion (%). Trends of continuous or dichotomous 
variables with GC doses were tested by a linear regression test 
or Cochran-Armitage trend test. Cumulative incidence rates 
were calculated by the Kaplan–Meier method. Differences 
in cumulative incidence rates among groups stratified by GC 
exposure were evaluated by the generalized Wilcoxon trend 
test. Associations of baseline characteristics and GC therapy 
with incident hip or clinical vertebral fracture risk were evalu-
ated by hazard ratios (HRs) derived from Cox proportional 
hazards regression analysis (PHREG procedure of the SAS 
system, release 9.40, SAS Institute, Cary, NC, USA). Con-
founding effects of baseline characteristics on the association 
between GC exposure and incident hip or clinical vertebral 
fracture risk were adjusted for by Cox proportional hazards 
models with the inverse probability weighting (IPW) method 
using propensity scores estimated by the logistic regression 
equation incorporating baseline characteristics (LOGISTIC 
procedure of the SAS system, release 9.40, SAS Institute, 
Cary, NC, USA). The propensity score was calculated as the 
probability of receiving GC with doses classified as the GC-
exposed group in the analysis of the entire GC-exposed group 
and the reference group, and in the stratified analysis according 
to the GC prescription days.

Results

Baseline characteristics of patients (Table 1)

A total of 835,462 women and 610,323 men were selected 
from the NDBJ according to the inclusion criteria. We 
excluded 164,060 patients with AOM prescription before 
GC therapy initiation. Among the remaining 688,720 
women and 593,005 men, 43,164 women and 33,702 men 
were classified into the reference group, and 316,396 women 
and 299,871 men into the GC-exposed group. Hip fractures 
occurred in 4040 women (incidence rate, 3.80/1000 person-
years (PY)) and 1422 men (1.44/1000 PY), and clinical 
vertebral fractures in 15,697 women (14.8/1000 PY) and 
9080 men (9.23/1000 PY).

As shown in Table 1, patients with higher daily doses of GC 
were older, had a history of more diseases, and had a higher 
proportion of polypharmacy and receiving AOMs. These 
trends were highly significant, except for the prevalence of hip 
fracture in men. Incidence rates of hip and clinical vertebral 
fractures increased with increasing daily GC doses.

Baseline characteristics and unadjusted fracture risk 
(Table 2 and Figs. 3and 4)

HRs of incident hip and clinical vertebral fractures 
during the 1080-day observation period were significantly 
increased even in the lowest daily or cumulative GC dose 
group and in the shortest GC prescription day group relative 
to the reference group (Table  2). Significant increasing 
trends of fracture risk were observed with increasing daily 
and cumulative GC doses and number of GC prescription 
days. These dose-dependent associations between GC 
exposure and fracture risk were observed in Kaplan–Meier 
cumulative incidence rate curves (Figs. 3 and 4). Baseline 
characteristics that were significantly associated with 
fracture risk were age, polypharmacy, comorbidities, and 
fracture history.

Male patients who received any AOM after GC therapy 
initiation had a significantly increased risk of incident hip and 
clinical vertebral fractures compared with patients who did 
not. An increase in fracture risk was also observed in female 
patients on bisphosphonates, teriparatides, and AVDs.
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Table 2   Unadjusted hazard ratios (HRs) of incident hip and clinical vertebral fractures for glucocorticoid (GC) exposure and basic characteris-
tics of patients

95% CI: 95% confidence interval
PSL: prednisolone or equivalent GC dose
AOM: anti-osteoporosis medication
SERM: specific estrogen receptor modulator
AVD: activated vitamin D3 analog
–-APatients with a history of vertebral fracture were excluded
–-BSERMs were not prescribed to men

Basic characteristics Women Men

Hip fracture Clinical vertebral 
fracture

Hip fracture Clinical vertebral 
fracture

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Daily GC dose (PSL) in initial 90 days (compared with reference group)
   ≥ 1 and < 2.5 mg 1.46 (1.25, 1.70) 1.29 (1.19, 1.40) 1.49 (1.12, 1.97) 1.12 (1.00, 1.25)
   ≥2.5 and < 5 mg 1.64 (1.42, 1.88) 1.46 (1.36, 1.57) 1.69 (1.31, 2.18) 1.32 (1.19, 1.45)
   ≥ 5 and < 7.5 mg 2.35 (2.04, 2.69) 2.12 (1.98, 2.28) 2.13 (1.65, 2.75) 1.90 (1.72, 2.10)
   ≥7.5 and < 20 mg 2.27 (1.98, 2.60) 2.58 (2.41, 2.76) 2.28 (1.79, 2.91) 2.28 (2.07, 2.50)
   ≥ 20 mg 2.30 (1.98, 2.68) 3.19 (2.96, 3.43) 2.28 (1.75, 2.95) 2.85 (2.58, 3.14)
  P-value for trend p < 0.001 p < 0.001 p < 0.001 p < 0.001
Cumulative GC dose (PSL) in initial 90 days (compared with reference group)
   ≥150 and < 250 mg 1.44 (1.26, 1.65) 1.26 (1.18, 1.35) 1.44 (1.12, 1.84) 1.10 (1.00, 1.21)
   ≥250 and < 500 mg 2.20 (1.92, 2.52) 2.02 (1.89, 2.17) 2.15 (1.68, 2.76) 1.84 (1.67, 2.02)
   ≥500 and < 1000 mg 2.58 (2.24, 2.96) 2.59 (2.41, 2.78) 2.52 (1.96, 3.24) 2.36 (2.14, 2.60)
   ≥1000 mg 2.38 (2.07, 2.73) 3.37 (3.14, 3.61) 2.32 (1.81, 2.97) 2.86 (2.61, 3.15)
   P-value for trend p < 0.001 p < 0.001 p < 0.001 p < 0.001
Cumulative days of GC prescription in initial 90 days (compared with reference group)
   30—59 days 1.45 (1.27, 1.66) 1.36 (1.27, 1.45) 1.54 (1.21, 1.96) 1.26 (1.15, 1.38)
   60—89 days 2.34 (2.05, 2.67) 2.39 (2.23, 2.56) 2.19 (1.72, 2.78) 2.14 (1.95, 2.35)
   90 days 2.57 (2.25, 2.94) 2.93 (2.74, 3.14) 2.58 (2.02, 3.29) 2.72 (2.48, 2.99)
   P-value for trend p < 0.001 p < 0.001 p < 0.001 p < 0.001
Cumulative GC dose after initial 90 days (per 

1000 mg PSL)
1.08 (1.08, 1.09) 1.13 (1.13, 1.13) 1.05 (1.04, 1.07) 1.11 (1.11, 1.11)

Age at GC therapy initiation (per 5 year 
increase)

1.73 (1.71, 1.76) 1.45 (1.44, 1.46) 1.68 (1.63, 1.73) 1.52 (1.51, 1.54)

Polypharmacy at GC therapy initiation 
(absence as reference)

2.53 (2.36, 2.71) 2.45 (2.36, 2.54) 2.47 (2.20, 2.77) 2.34 (2.24, 2.46)

Comorbidities in 180 days preceding GC therapy (absence as reference)
   Type 1 diabetes mellitus 1.97 (1.31, 2.97) 1.59 (1.27, 2.01) 1.77 (0.92, 3.40) 1.45 (1.09, 1.93)
   Type 2 diabetes mellitus 2.04 (1.91, 2.19) 1.81 (1.75, 1.88) 1.81 (1.62, 2.02) 1.53 (1.46, 1.60)
   Dementia 6.40 (5.98, 6.84) 2.92 (2.80, 3.05) 6.24 (5.53, 7.03) 3.21 (3.03, 3.41)
   Hip fracture 6.28 (4.56, 8.65) 2.86 (2.24, 3.64) 7.46 (3.11, 17.9) 5.33 (3.48, 8.18)
   Vertebral fracture 3.61 (2.80, 4.65) –-A 5.94 (3.86, 9.13) –-A

Initiation of AOM after GC therapy initiation (no AOM as reference)
   Bisphosphonates 1.23 (1.14, 1.32) 1.14 (0.98, 1.32) 2.09 (2.01, 2.16) 1.87 (1.77, 1.97)
   Denosumab 1.01 (0.71, 1.44) 1.16 (0.43, 3.09) 2.76 (2.43, 3.13) 3.93 (3.12, 4.96)
   Teriparatides 2.59 (2.10, 3.20) 3.48 (2.01, 6.00) 8.73 (8.11, 9.40) 14.9 (13.1, 16.8)
   SERMs 0.84 (0.61, 1.15) –-B 1.87 (1.65, 2.11) –-B

   AVDs 1.24 (1.11, 1.39) 1.46 (1.18, 1.81) 2.13 (2.02, 2.24) 2.41 (2.24, 2.60)
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Daily and cumulative GC doses and adjusted 
fracture risk (Table 3, 4, 5, S1‑S5)

Associations between average daily GC doses in the initial 
90 days of GC therapy and hip or clinical vertebral fracture 
risk are shown in Table 3 and 4, respectively, after adjusting 
for covariates at baseline by IPW using propensity scores. 
Equations of the propensity score model for receiving GC 
are presented in Tables S1 (for hip fracture as outcome) and 
S2 (for clinical vertebral fracture as outcome). C-statistics 
of the equations were 0.596 and 0.599, respectively. As 
shown in Tables S3 and S4, standardized differences in 
baseline characteristics with IPW using propensity scores 

between the GC exposure groups (in the entire group and 
groups stratified by GC prescription days) and the reference 
group were less than 0.1 SD, suggesting that baseline 
characteristics were well-balanced between groups. All 
patients in the GC-exposed group showed significant dose-
dependent increases in hip fracture risk compared with the 
reference group, and the HR was significant even in the 
lowest exposure group ( ≥ 1 and < 2.5 mg PSL) (Table 3).

When patients were stratified by number of days of GC 
prescription in the initial 90 days of GC therapy, a signifi-
cantly increased risk of hip fracture was observed in groups 
with daily doses ≥ 5 and < 7.5 mg PSL for the stratum of 
30–59 day prescription, and in groups with daily doses ≥ 1 

Fig. 3   Kaplan–Meier cumula-
tive incidence rate curves of 
hip fracture (A) and clinical 
vertebral fracture (B) in patients 
on glucocorticoid (GC) therapy 
according to average daily GC 
dose in the initial 90 days of GC 
therapy
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and < 2.5 mg PSL for the stratum of 90 day prescription in 
women (Table 3). As for the risk of clinical vertebral fracture, 
results were similar to those regarding the risk of hip fracture 
in women, whereas a more modest association was observed 
in men (Table 4).

In addition, a significant dose-dependent association 
between cumulative GC doses in the initial 90 days of GC 
therapy and hip and clinical vertebral fractures were observed 
after adjusting for baseline characteristics by IPW using pro-
pensity scores (Table 5). Baseline characteristics were well-
balanced between patients in all GC-exposed groups and the 
reference group (Tables S3 and S4).

Discussion

In this large-scale retrospective cohort study using a 
nationwide health insurance claims database, higher GC 
doses and longer prescription days in the initial 90 days of 
GC therapy were significantly and dose-dependently asso-
ciated with increased fracture risk in the subsequent 1080 
days. Patients receiving GC at ≥ 5 mg PSL/day had sig-
nificantly increased fracture risk in the stratum of 60–89 
day GC prescription. In addition, patients who received 
GC for 90 days in the initial 90 days of GC therapy had 

Fig. 4   Kaplan–Meier cumula-
tive incidence rate curves of 
hip fracture (A) and clinical 
vertebral fracture (B) in patients 
on glucocorticoid (GC) therapy 
according to cumulative GC 
dose in the initial 90 days of GC 
therapy
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Table 3   Multivariate-adjusted hazard ratios (HRs) of incident hip 
fracture for patients on glucocorticoid (GC) therapy classified by 
average daily GC dose in all GC-exposed patients or in each stratum 

according to number of days of GC prescription in the initial 90 days 
of GC therapy compared with reference patients

Values represent HRs and 95% confidence intervals (95% CIs)
PSL: prednisolone or equivalent GC dose
HRs and 95% CIs were calculated for all GC-exposed patients or for each stratum according to number of days of GC prescription in the initial 
90 days of GC therapy after adjusting for age at GC therapy initiation, presence of type 1 diabetes mellitus, type 2 diabetes mellitus, dementia, 
hip fracture, and vertebral fracture during 180 days prior to GC therapy, polypharmacy at GC therapy initiation, and cumulative GC dose after 
the initial 90 days of GC therapy in addition to inverse-probability weighting using propensity scores

Average daily GC dose (PSL) in 
initial 90 days of GC therapy

All patients in GC-
exposed group

Stratified by number of days of GC prescription in initial 90 days of GC 
therapy

30–59 days 60–89 days 90 days

Women ≥ 1 and < 2.5 mg 1.15 (1.04, 1.27) 1.10 (0.94, 1.28) 1.13 (0.98, 1.31) 1.47 (1.22, 1.77)
≥2.5 and < 5 mg 1.18 (1.09, 1.27) 1.11 (0.99, 1.23) 1.24 (1.10, 1.40) 1.45 (1.26, 1.67)
≥ 5 and < 7.5 mg 1.31 (1.22, 1.41) 1.21 (1.07, 1.36) 1.45 (1.29, 1.63) 1.49 (1.31, 1.69)
≥7.5 and < 20 mg 1.17 (1.09, 1.25) 1.26 (1.13, 1.41) 1.17 (1.05, 1.31) 1.24 (1.10, 1.39)
≥ 20 mg 1.52 (1.38, 1.67) 1.55 (1.32, 1.82) 1.67 (1.44, 1.92) 1.52 (1.30, 1.78)
P-value for trend  < 0.001  < 0.001  < 0.001 0.245

Men ≥ 1 and < 2.5 mg 1.28 (1.08, 1.53) 1.21 (0.93, 1.57) 1.38 (1.07, 1.78) 1.41 (0.96, 2.08)
≥2.5 and < 5 mg 1.36 (1.20, 1.55) 1.20 (0.997, 1.45) 1.52 (1.24, 1.86) 1.76 (1.36, 2.27)
≥ 5 and < 7.5 mg 1.46 (1.27, 1.66) 1.36 (1.10, 1.68) 1.47 (1.18, 1.83) 1.81 (1.43, 2.28)
≥7.5 and < 20 mg 1.44 (1.29, 1.61) 1.57 (1.32, 1.88) 1.44 (1.20, 1.73) 1.51 (1.23, 1.85)
≥ 20 mg 1.57 (1.36, 1.82) 1.57 (1.21, 2.03) 1.68 (1.34, 2.1) 1.65 (1.29, 2.10)
P-value for trend  < 0.001  < 0.001  < 0.001 0.005

Table 4   Multivariate-adjusted hazard ratios (HRs) of incident clinical 
vertebral fracture for patients on glucocorticoid (GC) therapy classi-
fied by average daily GC dose in all GC-exposed patients or in each 

stratum according to number of days of GC prescription in the initial 
90 days of GC therapy compared with reference patients

Values represent HRs and 95% confidence intervals (95% CIs)
PSL: prednisolone or equivalent GC dose
HRs and 95% CIs were calculated for all GC-exposed patients or for each stratum according to number of days of GC prescription in the initial 
90 days of GC therapy after adjusting for age at GC therapy initiation, presence of type 1 diabetes mellitus, type 2 diabetes mellitus, dementia, 
and hip fracture during 180 days prior to GC therapy, polypharmacy at GC therapy initiation, and cumulative GC dose after the initial 90 days of 
GC therapy in addition to inverse-probability weighting using propensity scores

Average daily GC dose (PSL) in 
initial 90 days of GC therapy

All patients in GC-
exposed group

Stratified by number of days of GC prescription in initial 90 days of GC 
therapy

30–59 days 60–89 days 90 days

Women ≥ 1 and < 2.5 mg 1.07 (1.01, 1.12) 1.03 (0.96, 1.12) 1.09 (1.01, 1.18) 1.26 (1.13, 1.41)
≥2.5 and < 5 mg 1.14 (1.1, 1.19) 1.04 (0.99, 1.1) 1.27 (1.19, 1.36) 1.37 (1.27, 1.48)
≥ 5 and < 7.5 mg 1.38 (1.33, 1.44) 1.17 (1.1, 1.25) 1.51 (1.42, 1.61) 1.67 (1.56, 1.79)
≥7.5 and < 20 mg 1.59 (1.54, 1.65) 1.29 (1.22, 1.37) 1.70 (1.61, 1.8) 1.96 (1.85, 2.08)
≥ 20 mg 2.23 (2.13, 2.33) 1.92 (1.78, 2.07) 2.39 (2.23, 2.55) 2.65 (2.47, 2.84)
P-value for trend  < 0.001  < 0.001  < 0.001  < 0.001

Men ≥ 1 and < 2.5 mg 0.95 (0.88, 1.02) 0.86 (0.77, 0.96) 1.03 (0.92, 1.14) 1.13 (0.96, 1.33)
≥2.5 and < 5 mg 1.06 (1.01, 1.12) 0.98 (0.91, 1.06) 1.12 (1.02, 1.22) 1.32 (1.18, 1.47)
≥ 5 and < 7.5 mg 1.34 (1.27, 1.41) 1.12 (1.03, 1.23) 1.47 (1.35, 1.61) 1.63 (1.48, 1.78)
≥7.5 and < 20 mg 1.50 (1.44, 1.57) 1.32 (1.23, 1.42) 1.63 (1.52, 1.75) 1.66 (1.54, 1.79)
≥ 20 mg 1.97 (1.87, 2.07) 1.61 (1.46, 1.78) 2.14 (1.97, 2.32) 2.25 (2.06, 2.44)
P-value for trend  < 0.001  < 0.001  < 0.001  < 0.001
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a significant increase in fracture risk even with doses ≥ 1 
and < 2.5 mg PSL/day.

Our results support the recommendation of the GIO man-
agement guidelines to perform fracture risk assessment at 
three months after GC therapy initiation, with a valid asso-
ciation between daily GC doses in the initial 90 days of GC 
therapy and fracture risk. We do not believe, however, that 
GC exposure in the initial 90 days of GC therapy increases 
fracture risk in the subsequent 1080 days regardless of GC 
exposure after 90 days of GC therapy. In the present study, 
77.8% of patients in the GC-exposed group continued GC 
therapy after the initial 90 days, and this proportion signifi-
cantly increased with the increase in daily GC doses in the 
initial 90 days of GC therapy (Table 1). Since GC exposure 
after the initial 90 days was also associated with an increase 
in fracture risk (Table 2), the association between daily GC 
doses in the initial 90 days and fracture risk may partly be 
explained by GC exposure after the initial 90 days. However, 
GC doses after 90 days of GC therapy are not available at the 
time of fracture risk assessment conducted at three months 
after GC therapy initiation. The present study thus under-
scores the need for physicians to perform fracture risk assess-
ment three months after GC therapy initiation according to 
GC exposure information in the initial 90 days of GC therapy.

A meta-analysis including 23 observational studies on 
the association between GC exposure and fracture risk 
concluded that GC exposure ≥ 5 mg PSL/day was associ-
ated with a significant increase in fracture risk [5]. Another 
review concluded that GC exposure ≥ 7.5 mg PSL/day 
increased fracture risk [8]. However, a large-scale cohort 

study using GPRD reported that a significant increase 
in hip fracture was observed in the 2.5–7.4 mg PSL/day 
group, and in vertebral fracture in an even lower exposure 
stratum, i.e., < 2.5 mg PSL/day [23]. In the GPRD study, 
however, the fracture risk increase in relation to GC expo-
sure was not separately presented for women and men, 
even though the prevalence of osteoporosis and incidence 
of fractures significantly differ between sexes. The pre-
sent study is the first to report that GC exposure as low 
as ≥ 1 and < 2.5 mg PSL/day was significantly associated 
with increased fracture risk in both women and men when 
patients received GC for 90 days in the initial 90 days of 
GC therapy.

There were significant increases in hip and clinical ver-
tebral fracture risk in patients who received AOMs rela-
tive to those who did not (Table 2). This is possibly due to 
confounding by indication [34], that is, physicians might 
have selected patients who were at increased risk of fracture 
to administer AOMs. For example, if a physician selected 
a patient with a four-fold higher risk of fracture based on 
clinical risk factors and laboratory tests for osteoporosis, 
a two-fold higher risk of fracture would still remain even 
though the use of AOMs reduced the fracture risk by half. 
In the analyses shown in Table 3 and 4, we did not adjust the 
association between GC exposure and fracture risk for AOM 
use since the imbalance in AOM use (i.e., higher AOM use 
in higher GC exposure group) might have led to an underes-
timation of the effect of GC on fracture risk in higher daily 
dose groups, resulting in a reduced significance of the over-
all association.

Table 5   Multivariate-adjusted 
hazard ratios (HRs) of incident 
hip and clinical vertebral 
fractures for patients on 
glucocorticoid (GC) therapy 
classified by cumulative GC 
dose in the initial 90 days of 
GC therapy compared with 
reference patients

Values represent HRs and 95% confidence intervals (95% CIs)
PSL: prednisolone or equivalent GC dose
HRs and 95% CIs for hip fracture were calculated after adjusting for age at GC therapy initiation, presence 
of type 1 diabetes mellitus, type 2 diabetes mellitus, dementia, hip fracture, and clinical vertebral fracture 
during 180 days prior to GC therapy, polypharmacy at GC therapy initiation, and cumulative GC dose after 
the initial 90 days of GC therapy in addition to inverse-probability weighting using propensity scores
HRs and 95% CIs for clinical vertebral fracture were calculated after adjusting for the same variables as 
those for hip fracture except for previous clinical vertebral fracture

Cumulative GC dose (PSL) in 
initial 90 days of GC therapy

Hip fracture Clinical vertebral 
fracture

Women ≥150 and < 250 mg 1.16 (1.08, 1.24) 1.08 (1.04, 1.12)
≥250 and < 500 mg 1.28 (1.19, 1.37) 1.36 (1.31, 1.42)
≥500 and < 1000 mg 1.25 (1.16, 1.35) 1.55 (1.49, 1.61)
≥1000 mg 1.31 (1.21, 1.41) 2.12 (2.05, 2.20)
P-value for trend  < 0.001  < 0.001

Men ≥150 and < 250 mg 1.27 (1.13, 1.43) 0.98 (0.93, 1.03)
≥250 and < 500 mg 1.48 (1.31, 1.67) 1.32 (1.25, 1.38)
≥500 and < 1000 mg 1.55 (1.36, 1.75) 1.52 (1.45, 1.60)
≥1000 mg 1.48 (1.30, 1.67) 1.85 (1.77, 1.94)
P-value for trend  < 0.001  < 0.001



816	 Osteoporosis International (2024) 35:805–818

The potential effects of confounding by underlying dis-
eases should also be considered. We did not have data on 
underlying diseases that had led to GC therapy as well as 
increased fracture risk, such as rheumatoid arthritis (RA), 
chronic obstructive pulmonary diseases (COPD), and 
inflammatory bowel diseases. Patients with severe diseases 
are more likely to have received higher doses of GC and may 
have had higher fracture risk due to underlying diseases. 
This may have resulted in overestimating the association 
between GC exposure and fracture risk. However, GC is not 
a first-line medication for RA or COPD. Hence, the effects 
of these diseases on the association studied may not have 
been large. In addition, the GPRD study reported that frac-
ture risk was similar across underlying diseases [5]. Imbal-
ance of baseline characteristics observed in the present study 
was adjusted for by Cox regression with IPW using propen-
sity scores, resulting in well-balanced baseline characteris-
tics. However, baseline characteristics incorporated in the 
logistic equations for propensity score were limited and the 
C-statistics of the equations were not optimal. We acknowl-
edge that the observed association between GC exposure and 
fracture risk might be explained in part by confounding due 
to underlying diseases.

The strength of the present study is the use of NDBJ data, 
which include all electronic health insurance claims data 
submitted in Japan under a public health insurance system 
with nationwide coverage. To our knowledge, the present 
study is the largest-scale cohort study ever conducted in 
Japan, and the obtained results are representative of the 
entire population in real-world settings.

There are also some limitations worth noting. First, the 
NDBJ does not provide detailed information on fracture 
events (e.g., how the fracture occurred). Therefore, hip 
and vertebral fractures caused by high-energy impact may 
have been included in the analyzed data. In addition, we 
could not completely exclude prevalent vertebral fractures 
found incidentally on radiographs taken for other pur-
poses due to a lack of information needed to distinguish 
between old and new vertebral fractures in the diagno-
sis field of the NDBJ. Moreover, since we did not extract 
data on fractures of skeletal sites other than the hip and 
vertebra, we could not evaluate the association between 
GC exposure and non-vertebral fractures or major osteo-
porotic fractures. Second, the definition of hip fracture 
in this study included hip fracture diagnosis and hip sur-
gery within 30 days from a fracture event. This resulted in 
exclusion of patients with hip fractures treated conserva-
tively, which account for 6% of all hip fracture cases in 
Japan [35]. Third, many asymptomatic vertebral fractures 
may have been missed, since two-thirds of vertebral frac-
tures are asymptomatic and patients do not always seek 
medical attention [36]. Thus, our results may be limited 

to clinically manifested vertebral fractures. It is impor-
tant, however, to reduce clinical vertebral fractures, as 
they deteriorate quality of life [7] and increase morbidity 
and mortality [6]. Fourth, the reference group consisted 
of patients with the least GC exposure, i.e., a cumulative 
GC dose < 150 mg PSL in the initial 90 days. Such a small 
GC exposure would not have increased fracture risk, and 
even if it did, the association between GC exposure and 
fracture risk would be underestimated. Fifth, the NDBJ 
does not contain data on BMD, laboratory tests, radiologi-
cal examinations including vertebral fracture assessment, 
and risk factors for hip and vertebral fractures, including 
low body weight, frailty status, fall history, smoking and 
drinking habits, inadequate diet, and low physical activity. 
Therefore, we could not adjust the association between GC 
prescription and fracture risk for these factors. Finally, the 
present study used a retrospective cohort design and thus 
could not completely eliminate confounding effects, such 
as confounding by indication.

In conclusion, the present retrospective cohort study 
using NDBJ data revealed that average daily doses of GC 
in the initial 90 days of GC therapy were significantly 
and dose-dependently associated with subsequent hip and 
clinical vertebral fracture risk. A significant increase in 
fracture risk was observed in patients on GC therapy with 
lower daily doses and fewer days of prescription than pre-
viously reported.
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