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Background: Long-term glucocorticoid use increases fracture risk by reducing bone mass. This study evaluated the relationship be-
tween hip and vertebral fractures and the total amount of systematic glucocorticoid use.

Methods: We randomly selected 1,896,159 people aged 20 to 100 years who participated in the National Health Checkup program
in 2006. The amount of glucocorticoids prescribed was calculated based on the defined daily dose (DDD). The total DDD was ob-
tained by adding oral and parenteral glucocorticoids for 6 months from the index date. Subjects were categorized into four groups
according to total glucocorticoid DDDs: non-users (DDDs=0), low users (0< DDDs =45), intermediate users (45< DDDs <90),
and high users (90< DDDs). We followed them for 2 years. A multivariate Cox proportional hazard model was used to evaluate the
effects of the total amount of glucocorticoid use on hip and vertebral fractures.

Results: Higher glucocorticoid use was associated with a higher risk of vertebral fracture. Relative to non-users, the vertebral fracture
risk was 1.39 times higher in the low-user group, 1.94 times higher in the intermediate-user group, and 2.43 times higher in the high-
user group. The risk of hip fracture was 1.72 times higher in intermediate users and 3.28 times higher in high users than in non-users.
Conclusion: As the amount of glucocorticoid use for 6 months increased, the risk of hip and vertebral fractures became higher. In
order to prevent fractures, it is necessary for doctors to evaluate the total amount of glucocorticoid prescribed to the patient and to
provide appropriate treatment.
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INTRODUCTION

Long-term glucocorticoids (GCs) treatment is known to be a
major risk factor for osteoporotic fractures and the most com-
mon cause of secondary osteoporosis [1,2]. The effects of GCs
on bone fragility primarily occur through their direct impact on
osteoblasts, osteocytes, and osteoclasts; specifically, they de-
crease the production of osteoblasts and osteocytes, while pro-
longing the lifespan of osteoclasts [3]. Indirect effects include
reduced muscle mass, decreased renal calcium resorption and
levels of sex hormones, and alterations in parathyroid hormone
pulsatility [4]. Bone loss in GC-induced osteoporosis (GIOP) is
biphasic, with a reduction of bone mineral density (BMD) of
6% to 12% within the first year, followed by a slower annual
loss of approximately 3% [5]. The risk of fracture increases rap-
idly within the first 3 months after initiation of GC therapy. The
risk of all fractures was found to decline toward baseline rapidly
after discontinuation of oral GCs [6].

The prevalence of oral GC use in the community population
has been reported to be 0.85% in the United Kingdom popula-
tion age =18 years and 1.2% in the United States population age
=20 years. GC use increased with age and was around 2.5% in
people over 60 years old [7,8]. However, little epidemiological
data have been reported on the use of GCs in Korea. Our previ-
ous study reported about 1% of women over 50 years of age
used oral GCs for more than 30 days a year using a randomly
sample of the National Health Checkup Database [9].

The fracture risk assessment tool (FRAX), developed by the
World Health Organization (WHO), includes the use of oral
GCs as an independent risk factor for the prediction of fractures.
In this model, the definition of GC use was initially ever-users
based on a meta-analysis of seven cohorts [10]. However, the
risk of fracture is largely determined by the dose and duration of
GC use. Van Staa et al. [6] reported that the relative risk of ver-
tebral and hip fractures increased depending on the daily GC
dose using the General Practice Research Database (GPRD).
Therefore, the risky level of oral GC use in the FRAX model is
now assumed to be equivalent to 5 mg daily or more of prednis-
olone for more than 3 months. Recently, the FRAX model with
correction for daily GC usage has been used in the United King-
dom [11].

So far, most studies regarding GC use analyzed mainly oral
GC and provided various indicators related to drug use such as
mean daily dose, cumulative dose, duration and highest dose
etc. The criteria presented in each study are different, so it can
be confusing when applying them in real clinical practice. In
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addition, intermittent use of high-dose oral GCs may result in a
small increased risk of osteoporotic fracture [12]. There are sev-
eral reports of increased risk of fractures even when using in-
jected or inhaled GCs [13,14]. Therefore, this study aimed to in-
vestigate the dose-dependent fracture risk based on the total
amount of systemic GC use among general population. For drug
usage evaluation, we used defined daily dose (DDD) that is the
most regarded drug utilization metric and was developed as a
universal measure of drug consumption. In order to be easily
applied to clinical practice, the drug usage was evaluated for a
period of time after the GC was first used.

METHODS

Source of data

The Korean National Health Insurance Service (NHIS) provides
health insurance to all Koreans, and all Koreans are obliged to
become members of this national insurance system. The Korean
NHIS performs National Health Checkups every 2 years for in-
sured Koreans over 40 years of age, and these checkups are en-
forced by law and performed by local hospitals that are fully
qualified based on the NHIS criteria. The National Health
Checkups include height, weight and blood pressure measure-
ments, chest radiography, urinalysis, blood count, and blood
chemistry. In addition, a self-administered questionnaire is used
to collect information on patients’ medical history, current
health status, family history, tobacco and alcohol consumption,
dietary preferences, and leisure-time physical activities.

Study design

Two million men and women were randomly selected from the
participants who had received health checkups from January 1
to December 31, 2006. We excluded subjects aged <20 and
>100 years (n=3,759). In addition, subjects who had missing
information for smoking, alcohol use, body mass index (BMI),
and place of residence (n=601) were excluded. There were no
missing data for other variables. Subjects who died (n=1,839)
or suffered a fracture (n=1,186) within 6 months after the index
date or who were diagnosed with cancer, chronic renal failure,
dementia, ischemic stroke, or rare/incurable diseases during the
entire follow-up period (n=2,905) or who had GC prescriptions
for 3 months or more during the 1 year before the index date
were also excluded. The final study population consisted of
1,896,159 participants who were followed up through Decem-
ber 31, 2009 (Fig. 1). The Institutional Review Board of Chung-
Ang University Hospital reviewed and approved this study (IRB
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2,000,000 People had health checkups in 2006 ‘

—{ 3,759 People were under 20 or over 100 ‘

—{ 1,839 People died within 6 months since the index date ‘

67,405 People had GC prescriptions for 3 months preceding the
index date

29,051 People were diagnosed with cancer, chronic renal failure,
— dementia, ischemic stroke, or rare/incurable diseases during the
whole follow-up period

— 1,186 People suffered a fracture within 6 months after the index date

601 People had no information on smoking, alcohol use, BMI, and
place of residence

4
1,896,159 People met all inclusion criteria

Fig. 1. Selection of study subjects. GC, glucocorticoid; BMI, body
mass index.

No. C201486 (1282)). Written informed consent by the patients
was waived due to a retrospective nature of our study.

GC users were defined as patients with at least one pharmacy
claim for a GC. The index date for GC users was the date of the
first GC prescription claim, and the index date for non-users
was the date of the checkup. The follow-up period was the
2-year period after the index date. The follow-up period for pa-
tients reporting a fracture after the index date ended on the date
of fracture occurrence. For patients who did not have a fracture
after the index date, the follow-up period was a minimum of 2
years and ended either when the patient died or at the end of the
study period.

Measurement of GC use

We included all kinds of oral and parenteral GCs, such as de-
flazacort, dexamethasone, hydrocortisone, methylprednisolone,
prednisolone, and triamcinolone. We considered GCs with sys-
temic effects, but not inhaled or topical GCs. Also included
were ingredients that were classified as HO2AB and HO2BX in
the WHO ATC codes (2013). In addition, GC doses were calcu-
lated as prednisolone-equivalent doses. We calculated the total
amount of GC used for 6 months from the index date using the
DDD. Only patients who had ever taken a GC during the first 6
months were included and categorized as GC users in this anal-
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ysis The DDD is the assumed average maintenance dose per
day of a drug used for its main indication in adults [15]. The
amount of medication can be added up regardless of the ingre-
dients or administration route. For example, if one is prescribed
5 mg of prednisolone, which has a DDD of 10 mg, to take every
day for 90 days, the total medication use would sum up to 45
DDDs. If instead, one received 10 mg of prednisolone for 90
days, the total would be 90 DDDs. The subjects were catego-
rized into four groups based on GC use: non-users (GC DDDs=
0), low users (0< GC DDDs <45), intermediate users (45< GC
DDDs =90), and high users (90< GC DDDs).

Fracture incidence

We identified all patients who had a hip or vertebral fracture re-
corded in their claim records during follow-up. We identified all
claims records of outpatient visits or hospital admissions of pa-
tients from January 1, 2006 to December 31, 2009 in the NHIS
data. We used specific International Classification of Diseases,
Tenth Revision (ICD-10) codes and procedures to identify hip
and vertebral fractures [16,17]. Hip fractures were identified by
the ICD-10 codes of S72.0 (fracture of the femoral neck) and
S72.1 (pertrochanteric fracture) and codes for seven procedures
(open reduction of fractured extremity-femur, closed pinning-
femur, external fixation-pelvis/femur, closed reduction of frac-
tured extremity-pelvis/femur, bone traction, skin traction, hemi-
arthroplasty-hip). For the spine, the codes were S22.0 (fracture
of the thoracic spine), S22.1 (multiple fractures of the thoracic
spine), S32.0 (fracture of the lumbar spine), M48.4 (fatigue
fracture of vertebra), and M48.5 (collapsed vertebra, not else-
where classified). Each fracture code had to be accompanied by
a physician’s claim for site-specific fracture reduction or fixa-
tion (either open or closed) to enhance the specificity of the
coding [18].

Covariates

The covariates were age, sex, place of residence, fracture histo-
ry, rheumatoid arthritis history, osteoporosis treatment medica-
tion (bisphosphonates and selective estrogen receptor modula-
tors), alcohol consumption, smoking status, and BMI. Sex, age,
place of residence, alcohol consumption, smoking status, and
BMI were defined at the date of the health checkups. Patients’
history of fracture, osteoporosis treatment medication, and rheu-
matoid arthritis were also investigated in the NHIS database. A
history of a fracture was defined if a vertebral or hip fracture
had occurred during the 2 years before the index date. A history
of rheumatoid arthritis was defined as a subject visiting an out-
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patient clinic more than twice or being admitted more than once
using a related code during 1 year preceding the index date.

Statistical analysis

Most covariates, such as gender, place of residence, fracture his-
tory, theumatoid arthritis history, alcohol consumption, smok-
ing, and osteoporosis treatment medication, were set as dichoto-
mous variables. BMI was classified into three groups; under-
weight (< 18.5 kg/m?), normal weight (18.5 to 22.9 kg/m?), and
overweight and obese (=23 kg/m?). Age was analyzed as a con-
tinuous variable. The baseline characteristics of the four GC
groups were compared using the chi-square test. Cox propor-
tional hazards regression was performed to evaluate the associa-
tion between GC use and hip and vertebral fractures. The cumu-
lative hazard rate of fracture according to GC use was depicted
as a survival curve. Statistical significance was assumed at o=
0.05 and all analyses were conducted using SAS version 9.4
software (SAS Institute Inc., Cary, NC, USA).

RESULTS

Demographic and clinical characteristics
Table 1 summarizes the baseline characteristics of the four

groups defined by total GC use. There were 1,896,159 individu-
als in the cohort, and the prevalence of GC use was 34.6%
(656,419 subjects for all type therapies). However, except for
the low user group, it was only 1.05%.

The proportions of women and rural residents were higher in
GC users than in non-users. The mean age of the subjects was
44.8 years, and it increased in groups with higher GC use. GC
users were more likely to be diagnosed with fractures, osteopo-
rosis, and rheumatoid arthritis than non-GC users. In contrast,
non-GC users were more likely to be drinkers and smokers than
GC users. The mean BMI was similar among the four groups,
but the normal and overweight or obese BMI groups were pro-
portionally more represented among GC users than among GC
non-users.

Incidence of fractures according to GC use

Over 2 years of follow-up, 4,793 (0.25%) individuals experi-
enced fractures, including 3,988 vertebral fractures and 880 hip
fractures (Fig. 2). Fractures were more likely in GC users than
in non-GC users. For vertebral fractures, the highest incidence
was found in the high-users group (80 patients per 10,000) and
the lowest in the non-user group (14 patients per 10,000). The
same pattern was observed for hip fractures, which increased

Table 1. Characteristic of the Study Population by Glucocorticoid Exposure
Total glucocorticoid amount
Characteristic 0 0< DDDs <45 45< DDDs <90 90< DDDs Total, % Total no.
(non-user) (low user) (intermediate user) (high user)

Female sex, %" 37.63 48.69 4432 37.86 41.39 784,891
Age, yr 43.58+£13.23 46.99+13.85 51.99+13.89 52.68+14.09 44.82+£13.56
Residence (rural), %* 29.05 32.62 35.79 35.16 30.32 574,889
Fracture history, %" 0.11 0.23 0.39 0.47 0.16 2,961
Osteoporosis treatment medication, %* 0.92 2.25 3.98 4.40 1.40 26,513
RA history, %" 0.84 2.01 4.82 5.38 1.27 24,145
Alcohol use, %°* 19.00 15.97 15.24 15.39 17.94 340,258
Smoking, %" 18.84 13.72 14.42 15.78 17.08 323,899
BMI, %"

Low weight 4.30 3.82 3.34 4.18 4.13 78,344

Normal 40.45 38.34 36.01 37.76 39.70 752,763

Overweight and obese 55.25 57.84 60.66 58.06 56.16 1,065,052
BMI, kg/m* 23.5243.15 23.68+3.11 23.8543.08 23.68+3.15 23.58+3.14 1,896,159
Total 1,239,840 (65.39) 636,129 (33.55) 15,076 (0.80) 5,114 (0.27) 100.0 1,896,159
Values are expressed as mean +standard deviation or number (%).
DDD, defined daily dose; RA, rheumatoid arthritis; BMI, body mass index.
*Chi-square test (P<0.05).
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with increasing GC usage. The vertebral fracture rate was high-
er than the hip fracture rate in all groups.

The relationship between clinical risk factors and fracture
risk

The risk of fractures was higher in women and increased sharp-
ly with age (Table 2). Compared to normal BMI, low BMI was
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associated with a 1.92 times higher (hazard ratio [HR], 1.92;
95% confidence interval [CI], 1.52 to 2.43) hip fracture risk,
while overweight or obesity had a lower risk (HR, 0.74; 95%
CI, 0.64 to 0.85). Patients who had fractured had a 4.25 times
higher risk of a vertebral fracture (HR, 4.25; 95% CI, 3.65 to
4.96) and a 3.0 times higher risk of a hip fracture (HR, 3.0; 95%
CI, 2.04 to 4.40) than their counterparts. A history of osteoporo-
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Intermediate user High user

Total GC amount

Fig. 2. Unadjusted incidence rate of vertebral and hip fracture by glucocorticoid (GC) amount the relationship between glucocorticoid expo-

sure and fracture risk.

Table 2. Association between Glucocorticoid Amount and Fracture Risk
Variable Total Vertebral Hip
HR 95% CI HR 95% CI HR 95% CI

Glucocorticoid amount

Low 1.33 1.26-1.41 1.39 1.31-1.49 1.10 0.96-1.26

Moderate 1.88 1.56-2.26 1.94 1.59-2.37 1.72 1.12-2.64

High 2.58 1.97-3.38 2.43 1.78-3.31 3.28 1.96-5.50
Female sex 2.31 2.15-2.48 2.68 2.47-2.90 1.27 1.09-1.47
Age 1.12 1.11-1.12 1.11 1.11-1.12 1.13 1.13-1.14
Residencial area (rural) 1.33 1.25-1.40 1.40 1.31-1.49 0.98 0.86-1.13
Fracture history 4.04 3.504.66 4.25 3.65-4.96 3.00 2.04-4.40
Osteoporosis treatment medication 1.54 1.41-1.68 1.59 1.44-1.75 1.30 1.02-1.65
RA history 1.18 1.03-1.36 1.14 0.97-1.33 1.45 1.06-2.00
Alcohol use 1.22 1.10-1.35 1.26 1.12-1.41 1.16 0.93-1.44
Smoking 1.29 1.16-1.44 1.32 1.17-1.50 1.20 0.96-1.50
BMI

Low weight 1.35 1.19-1.53 1.22 1.05-1.41 1.92 1.52-2.43

Normal - - - - - -

Overweight and obese 0.98 0.92-1.04 1.03 0.-1.10 0.74 0.64-0.85
HR, hazard ratio; CI, confidence interval; RA, rheumatoid arthritis; BMI, body mass index.
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Fig. 3. Survival distribution function estimates for fracture. (A) Vertebral fracture. (B) Hip fracture.

sis treatment medication was related to a higher risk of vertebral
fractures (HR, 1.59; 95% CI, 1.44 to 1.75) and hip fractures
(HR, 1.30; 95% CI, 1.02 to 1.65). In addition, smoking, alcohol
consumption, and rural residency were associated with an ele-
vated vertebral fracture risk, and a history of rheumatoid arthri-
tis was related to a higher hip fracture risk.

The relationship between GC exposure and fracture risk
Table 2 shows associations between the amount of GC use and
fracture risk according to a Cox proportional hazards model.
After adjusting for the covariates, the vertebral fracture risk of
GC users was higher than that of non-GC users. Even in the
low-user group (under 45 DDDs), the vertebral fracture risk was
1.39 times higher (HR, 1.39; 95% CI, 1.31 to 1.49) than among
non-users. The vertebral fracture risk was 2.43 times higher
(HR, 2.43; 95% CI, 1.78 to 3.31) in the high-user group and
1.94 times higher (HR, 1.94; 95% CI, 1.59 to 2.37) in the inter-
mediate-user group than in the non-user group, respectively.
Similarly, the risk of hip fractures was higher in GC users than
in non-users. The hip fracture risk was 3.28 times higher (HR,
3.28; 95% CI, 1.96 to 5.50) in the high-user group and 1.72
times higher (HR, 1.72; 95% CI, 1.12 to 2.64) in the intermedi-
ate-user group than in the non-user group. Fig. 3 shows how the
fracture-free survival probability changed over time for each of
the four GC user groups during the 2-year follow-up period,
correcting for other factors. Higher amounts of GC use were as-
sociated with more vertebral fractures over time. Hip fracture
also occurred more frequently with increasing GC usage over
time. The risk of fractures among the four GC user groups in-
creased over time.

Copyright © 2020 Korean Endocrine Society

DISCUSSION

In this study, we evaluated the relationship between GC usage
and vertebral and hip fractures in a large population cohort of
1,896,159 subjects who received National Health Checkups in
2006. The subjects were divided into four groups according to
GC use over the course of 6 months and were followed for ver-
tebral and hip fractures for 2 years. GC users accounted for
34.61% of the study population. Relative to non-users, the ver-
tebral fracture risk was 1.39 times higher (95% CI, 1.31 to 1.49)
even in low users. The risk of hip fractures was 1.72 times and
3.28 times higher in moderate users and high users, respectively,
compared to low users. Fracture risk can be predicted by evalu-
ating GC usage for 6 months. To our knowledge, this is the first
large-scale study of this issue in Korea using the nationwide
National Health Insurance claims database.

The adverse effects of systemic GCs on bone fragility are
well known. Many studies have examined the relationship be-
tween GC use and fracture risk; however, several differences
exist among these studies in terms of subjects and the details of
GC use. Furthermore, numerous studies have analyzed the use
of GCs and fracture risk in patients with diseases for which GCs
are used for therapeutic purposes, such as rheumatoid arthritis,
systematic lupus erythematosus, and chronic obstructive pulmo-
nary disease [19-21]. In contrast, this study was conducted
among members of the general public who underwent National
Health Checkups. In previous cohort studies on the general
population, the use of GCs has only been evaluated in terms of
never or ever. Most studies of this issue have presented little in-
formation on dosage or duration. Kanis et al. [10] showed that
prior GC use increased the relative risk of hip fracture by 2.62
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times in men and by 2.07 times in women in a previous meta-
analysis of seven cohorts. Recently, the Canadian Multicenter
Osteoporosis Study reported that baseline GC use affected frac-
ture risk over the course of 10 years, irrespective of the dose and
precise duration [22]. In the present study, similar results were
obtained, as GC use for the first 6 months increased the risk of
subsequent fractures.

The details of GC use have been presented in epidemiological
studies using claims data, with subjects often divided into
groups according to daily dose, duration, and pattern of use.
Representatively, van Staa et al. [6] reported similar results in
the GPRD in the United Kingdom to those found in our study.
They showed a dose-dependent effect of oral GCs on fracture
according to the daily dose. The risk of vertebral fractures in-
creased by more than 1.5 times at low doses (less than 2.5 mg/
day), and the risk of hip fractures increased by 1.77 times and
2.27 times at medium doses (2.5 to 7.5 mg/day) and high doses
(7.5 mg/day or more) [6]. Since then, several studies have re-
ported an increased risk of fractures at daily dose of GCs ex-
ceeding 5 mg. However, in most studies, the duration of GC use
varied from patient to patient, which is problematic because the
concept of daily doses without consideration of duration of use
can be confusing when applied in practice. Therefore, recent
studies have additionally analyzed the cumulative dose, peak
dose, and duration [23], but the method of evaluating GC usage
has not yet been standardized. To date, no clear information has
been presented on the risk of fracture with long-term use of low
doses of GCs. In this study, we evaluated the use of GCs on the
basis of DDDs. For example, the use of 2.5 mg of prednisolone
for 6 months (DDD=45) significantly increased the risk of ver-
tebral fractures. This suggests that the long-term use of low-
dose GCs may be risky. In addition, this study evaluated GC use
for 6 months with standardized DDDs in consideration of dose
and duration, in order to provide more detailed information for
use in predicting fracture risk in clinical practice.

Several studies have estimated the prevalence of oral GC use
in the general population. In the United Kingdom adult popula-
tion (age =18 years), the annual prevalence of long-term (i.e.,
>3 months) oral GC prescriptions was on average 0.75% be-
tween 1989 and 2008 [7], and in the United States population
aged =20 years, the average proportion of oral GC users was
1.2% for 10 years from 1999 to 2008 [8]. In our study, 34.61%
of all subjects (aged =40 years) had used GCs for all type thera-
pies. However, more than intermediate users, i.e., patients ex-
posed more than using 5 mg prednisolone for 3 months, were
1.05%. In this study, both oral and injectable drugs were includ-
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ed, which may have resulted in a higher percentage of GC users
than reported in previous studies. In other words, it suggests the
possibility of frequent uses of a short-term GC injection. Al-
though it is not possible to directly compare usage by country,
we can assume that injectable GCs are frequently used in South
Korea. This suggests that the prevalence of GIOP is likely high
in Korea, but fewer than <5% of intermediate and high users
received osteoporosis medication in this study. This was much
lower than the proportion of patients in these groups receiving
medication for general osteoporosis, and it is likely that osteo-
porosis was only diagnosed by BMD tests, in accordance with
existing domestic insurance standards. Therefore, criteria for
treatment should be established that account for the characteris-
tics of GIOP, including most notably an increased risk of frac-
ture before bone mass decreases.

The low-user group, with <45 DDDs, comprised the most
common GC group (33.5%). In the low-user group, the risk of
hip fracture did not increase significantly, but the risk of verte-
bral fracture increased by 1.39 times. This is consistent with
previous findings, and can be explained by the fact that GC-in-
duced bone loss is especially prominent in spongy bones such
as the lumbar spine [24]. Therefore, even in low users, a proper
assessment and treatment for fracture risk should be performed
at the beginning of administration. Further research is needed to
find the cut-off value of GC use that is most closely associated
with increased fracture risk in low-user groups.

This study has several limitations. First, the database was
based on medical claims, and therefore GC use could not be
precisely measured. The exact amount of GC use could have
been lower than what was prescribed, and consequently the ef-
fects of GC on fracture risk could have been underestimated.
Second, as we used the DDD methodology to evaluate to total
GC use, the duration of use could have been different in patients
with equal DDDs. In this regard, future research should analyze
whether there is a difference in fracture risk between high-dose/
short-duration use and low-dose/long-duration use. Third, as
this cohort consisted of only people who received health check-
ups, there could have been selection bias between subjects who
received health checkups and those who did not, even though
the population was randomly sampled from all individuals who
received health checkups in 2006. Fourth, there was no infor-
mation about BMD, and therefore the baseline BMD could not
be controlled. Fifth, underlying disease itself that needs GC
treatment might have potential independent effects on fracture
risk. In this study, only rheumatoid arthritis was included in the
analysis, and further studies are needed. Finally, as we defined
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vertebral and hip fractures by diagnostic and procedure codes,
we may have missed asymptomatic vertebral fractures. There-
fore, fracture risk might have been underestimated due to this
limitation of analyses of claims data.

In conclusion, this large-scale cohort study confirmed that the
risk of hip and vertebral fractures depended on total GC use.
This implies that the estimation of GC use for even 6 months
can predict the risk of fractures that persists for at least 2 years
even if patients discontinue GC use, and that clinicians should
monitor this possibility appropriately. Further studies are needed
to identify high-risk patients for fractures among those who re-
ceive low doses of GCs.
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