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Background: Endocrinopathy is a risk factor for slipped capital femoral epiphysis (SCFE). We aimed to determine (1) the
incidence of endocrinopathy-associated SCFE compared with that of non-endocrinopathy-associated SCFE, (2) whether
the incidence of SCFE increases with the number of deficient hormones, and (3) the clinical characteristics of
endocrinopathy-associated SCFE.

Methods: We conducted a population-based cohort study using a nationwide database in South Korea. All new diag-
noses of endocrinopathy or SCFE between 2002 and 2019 in children born between 2002 and 2005 were identified. The
incidence of SCFE was calculated for each type of endocrinopathy. The trend of the incidence of SCFE relative to the
number of deficient hormones was analyzed. The male:female ratio was compared between endocrinopathy-associated
SCFE and non-endocrinopathy-associated SCFE. For endocrinopathy-associated SCFE, the time between the diagnoses of
SCFE and endocrinopathy was evaluated.

Results: The incidence of SCFE was higher in children with endocrinopathy than in those without endocrinopathy (37.1/
100,000 versus 9.0/100,000 children) (relative risk, 4.1 [95% confidence interval, 2.8-6.1]). Among various endocri-
nopathies, growth hormone deficiency showed the highest incidence of SCFE (583.8/100,000 children). The Cochran-
Armitage test showed a linear trend, with an increased number of deficient hormones being associated with a higher
incidence of SCFE (p < 0.001). Male sex was dominant in the non-endocrinopathy-associated SCFE group (73%; 117 of
161), whereas female sex was dominant in the endocrinopathy-associated SCFE group (53%; 16 of 30) (p = 0.009).
Twenty-two of the 30 cases of endocrinopathy-associated SCFE were diagnosed after the diagnosis of endocrinopathy,
with a median time of 3.6 years between the diagnoses. Six (27%) of these 22 children developed SCFE >5 years after the
diagnosis of endocrinopathy.

Conclusions: The incidence of SCFE was approximately 4 times higher in children with endocrinopathy than in those
without endocrinopathy. The risk of SCFE increased with an increased number of deficient hormones. Long-term moni-
toring of SCFE occurrence in children with endocrinopathies is strongly recommended.

Level of Evidence: Diagnostic Level III. See Instructions for Authors for a complete description of levels of evidence.

S
lipped capital femoral epiphysis (SCFE) is a disorder,
occurring mainly in prepubescence and early adoles-
cence, in which the proximal femoral metaphysis is dis-

placed relative to the epiphysis1. The slip is a consequence of
either a higher-than-usual load across a normal physis, a physi-
ological load across a physis that is weaker than normal, or a
combination of the two2,3. Obesity may cause an abnormally high
load across the physis4. Small epiphyseal tubercles, down-

regulation of type-II collagen and aggrecan expression in the
physis, radiation therapy, and diseases associated with SCFE, such
as renal failure osteodystrophy and endocrinopathy, may weaken
the physis5-11. When SCFE occurs with an associated disease or a
history of radiation therapy, it is classified as atypical8,12. Endo-
crinopathy is the most common cause of atypical SCFE12.

The incidence of SCFE in the general population has
been explored in many studies, with a relatively recently reported
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incidence of approximately 10 per 100,000 children in the United
States1,13-17. However, to our knowledge, the exact incidence of
endocrinopathy-associated SCFE has not been investigated. The
overall incidence of SCFE among patients with endocrinopathy
was estimated in only 1 study on the basis of many assumptions18,
whereas the incidence among patients with specific endocrinop-
athies was reported in 5 studies, including 4 on growth hormone
deficiency (GHD) and 1 on central precocious puberty (CPP)19-23.
Because the incidence of SCFE is affected by age, sex, race, season,
region, and study period1, it must be compared between patients
with endocrinopathy and a relevant control group. However, the 5
studies that investigated the incidence of SCFE in patients with
specific endocrinopathies did not include control groups and
compared the incidence with that in historical reports19-23.
Therefore, whether the incidence of SCFE is higher in patients
with endocrinopathy than in those without endocrinopathy,
and the extent to which the incidence of SCFE increases with
endocrinopathy, are unknown. Even among patients with endo-
crinopathy, the incidence of SCFE could vary depending on the
type of endocrinopathy and the number of deficient hormones,
which has not been investigated.

We aimed to determine (1) the incidence of SCFE in
children with endocrinopathy overall, as well as in children
with specific endocrinopathies, compared with that in children
without endocrinopathy, (2) whether the incidence of SCFE
increases with the number of deficient hormones, and (3) the
clinical characteristics of endocrinopathy-associated SCFE.

Materials and Methods
Data Source

We utilized the database of the National Health Insurance
Service (NHIS), a mandatory single-payer organization

that covers >99% of the population in South Korea24. Since
2002, the NHIS has accumulated information regarding the
demographic characteristics, diagnoses, and medical treatments
whenever patients visit a clinic or hospital. This allows for a
comprehensive longitudinal follow-up of interactions between
patients and health-care providers. The database uses the diag-
nostic codes of the International Classification of Diseases, 10th
Revision (ICD-10); Drug Identification Numbers of South Korea,
147th edition; and procedure codes of the South Korea Health
Insurance Review and Assessment Service. The NHIS approved
the use of its database and provided data after excluding patient
identification information (NHIS-2021-1-182). Our institutional
review board waived the need for the approval of this study.

Study Population
We performed a population-based cohort study using data that
were collected between January 1, 2002, and December 31, 2019.
We included children who had been born between January 1,
2002, and December 31, 2005; the study population was lim-
ited to 2002 to 2005 birth-year cohorts to ensure a minimum
follow-up period of 14 years from their birth. We identified
all children having ‡1 diagnostic code for endocrinopathies in
which SCFE has been reported to occur: (1) hypothyroidism11,25,26,
(2) central precocious puberty (CPP)21, (3) hypopituitarism18,27,

(4) hypergonadotropic hypogonadism18, (5) GHD20,23,28, (6) hyper-
parathyroidism29, (7) congenital adrenogenital disorders30,
(8) gigantism31, or (9) pseudohypoparathyroidism32 (see Appen-
dix Table I). GHDwas defined as the presence of both a diagnostic
code for GHD and drug identification numbers for growth hor-
mone (see Appendix Table II). Childrenwith a diagnostic code for
CPP but without drug identification numbers for gonadotropin-
releasing hormone (GnRH) agonists were excluded because all
instances of CPP-associated SCFE in previous reports occurred in
children receiving GnRH agonist therapy and not in childrenwith
CPP only21,33,34 (see Appendix Table II). Patients who died or
emigrated before 2019 were excluded from this study.

All patients with the diagnostic code for SCFE (ICD-10
code M930) were also identified. To increase the validity of
SCFE diagnosis, we only included patients in the study if they
had an SCFE-relevant operating code. Patients with diagnostic
codes for congenital deformities or developmental dysplasia of
the hip (Q65), juvenile osteonecrosis of the femoral head
(M911), traumatic femoral fracture or hip dislocation (S72 and
S73), infectious arthritis of the hip (M0005, M0015, M0025,
M0085, andM0095), or osteomyelitis of the femur (M8605 and
M8615) were excluded.

Incidence and Clinical Characteristics of
Endocrinopathy-Associated SCFE
The incidence of SCFE was compared between children with
and without endocrinopathy in the overall population, in boys,
and in girls. The incidence of SCFEwas also compared between
boys and girls in the overall population and in children with
and without endocrinopathy. In children with endocrinopathy,
the incidence of SCFE was calculated for each endocrinopathy
type.

To identify the trend of the incidence of SCFE relative to
the number of deficient hormones, we defined the group with
1 hormone deficiency as patients who had only 1 diagnostic
code for hypothyroidism (thyroid hormone), hypergonado-
tropic hypogonadism (sex hormone), or GHD (growth hor-
mone). Groups with 2 or 3 deficient hormones were defined as
patients with 2 or all 3 diagnostic codes, respectively.

Themale:female ratio and the age at the time of diagnosis
were compared between the endocrinopathy-associated SCFE
and non-endocrinopathy-associated SCFE groups. In the
endocrinopathy-associated SCFE group, the time between
the diagnosis of SCFE and the diagnosis of endocrinopathy
was evaluated.

Statistical Analysis
Given that the data were from a nationwide population, no
adjustment procedure was required to determine the inci-
dence35,36. Continuous variables were compared with use of the
Student t test after the Shapiro-Wilk test demonstrated nor-
mality. Categorical variables were compared between the groups
with use of the chi-square test or the Fisher exact test. We eval-
uated the trend of the incidence of SCFE relative to the number of
deficient hormones with use of the Cochran-Armitage test. The
relative risk (RR) of SCFE and its 95% confidence interval (CI)
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were calculated on the basis of the presence of endocrinopathy,
sex, and the number of deficient hormones. The level of signifi-
cance was set at p < 0.05. All statistical analyses were performed
with use of SAS 9.4 (SAS Institute).

Results

Of the 1,876,592 children, 80,769 were diagnosed with endo-
crinopathy and 191 were diagnosed with SCFE (Fig. 1). The

mean age was 16.0 ± 1.1 years (range, 14.0 to 17.9 years) in the
overall population. The demographic characteristics of the study
population are presented in Table I. Among the 80,769 children
with endocrinopathy, 30 had SCFE. Among the 191 patients
with SCFE, 30 (16%) had endocrinopathy and 161 (84%) did not
(Fig. 1). The overall mean duration of follow-up (and standard
deviation) after the diagnosis of SCFE was 3.9 ± 1.9 years.

Incidence of Endocrinopathy-Associated SCFE
The overall incidence of SCFE in the study cohort was 10.2/
100,000 children. The incidence of SCFEwas higher in children
with endocrinopathy than in those without endocrinopathy
(37.1/100,000 versus 9.0/100,000 children; p < 0.001) (RR, 4.1

[95% CI, 2.8-6.1]) (Table I). In subgroup analyses by sex, the
incidence of SCFE was higher in boys with endocrinopathy
than in those without endocrinopathy (57.7/100,000 versus
12.3/100,000 children; p < 0.001) (RR, 4.7 [95% CI, 2.7-8.2])
and was higher in girls with endocrinopathy than in those without
endocrinopathy (28.3/100,000 versus 5.2/100,000 children;
p < 0.001) (RR, 5.4 [95% CI, 3.1-9.6]).

The incidence of SCFE was higher in boys than in girls in
both the endocrinopathy group (57.7/100,000 versus 28.3/100,000
children; p = 0.047) (RR, 2.0 [95% CI, 1.0-4.2]) and the non-
endocrinopathy group (12.3/100,000 versus 5.2/100,000; p < 0.001)
(RR, 2.4 [95% CI, 1.7-3.3]) (Table I).

Among the various endocrinopathies, GHD showed the
highest incidence of SCFE (583.8/100,000 children) (Table II).
All children with GHD and SCFE had multiple hormone defi-
ciencies (Table III).

The number of children according to the number and
type of deficient hormones is shown in Figure 2. The Cochran-
Armitage test showed a linear trend, with an increased number
of deficient hormones associated with a higher incidence of
SCFE (chi-square = 170.85; p < 0.001) (Table III).

Fig. 1

Flowchart of the study population. SCFE = slipped capital femoral epiphysis and GnRH = gonadotropin-releasing hormone.
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Clinical Characteristics of Endocrinopathy-Associated SCFE
Among the 191 patients with SCFE, male sex was dominant
in the non-endocrinopathy SCFE group (73%; 117 of 161),
whereas female sex was dominant in endocrinopathy-associated

SCFE group (53%; 16 of 30) (p = 0.009) (Table I). The mean age
at the time of diagnosis of SCFE did not differ between the
patients with and without endocrinopathy (Table I). The mean
age at the time of diagnosis of endocrinopathy in children with

TABLE I Demographic Characteristics of the Study Population and Incidence of SCFE According to Presence of Endocrinopathy

Characteristic
Overall

(N = 1,876,592)
Non-Endocrinopathy

Group (N = 1,795,823)
Endocrinopathy

Group (N = 80,769) RR (95% CI)* P Value

Sex†

Male 976,927 (52%) 952,667 (53%) 24,260 (30%) <0.001‡

Female 899,665 (48%) 843,156 (47%) 56,509 (70%)

SCFE†

Total 191 161 30

Male 131 (69%) 117 (73%) 14 (47%) 0.009‡

Female 60 (31%) 44 (27%) 16 (53%)

Age at diagnosis of
SCFE§ (yr)

Total 11.6 ± 1.7 (5 to 16) 11.6 ± 1.5 (7 to 15) 11 ± 2.1 (5 to 16) 0.212#

Male 11.9 ± 1.7 (5 to 16) 11.9 ± 1.5 (7 to 15) 11 ± 2.6 (5 to 16) 0.520#

Female 10.9 ± 1.4 (8 to 14) 10.8 ± 1.3 (8 to 14) 10 ± 1.6 (8 to 14) 0.805#

SCFE incidence**

Total 10.2 9.0 37.1 4.1 (2.8-6.1) <0.001‡

Male 13.4 12.3 57.7 4.7 (2.7-8.2) <0.001‡

Female 6.7 5.2 28.3 5.4 (3.1-9.6) <0.001‡

RR†† (95% CI) 2.0 (1.5-2.7) 2.4 (1.7-3.3) 2.0 (1.0-4.2)

P value‡ <0.001 <0.001 0.047

*Relative risk (RR) >1 indicates increased risk of slipped capital femoral epiphysis in the endocrinopathy group compared with that in the non-
endocrinopathy group. †The values are presented as the number of children, with the percentage in parentheses. ‡Chi-square test. §The values
are presented as the mean and the standard deviation, with the range in parentheses. #Student t test. **Per 100,000 children. ††Relative risk
(RR) >1 indicates increased risk of slipped capital femoral epiphysis in boys compared with that in girls.

TABLE II Incidence of SCFE in Children with Specific Endocrinopathies*

Variable Hypothyroidism CPP Hypopituitarism HH GHD Hyperparathyroidism CAD Gigantism PHP

SCFE†

Total 20 10 13 6 10 2 1 0 0

Male 11 4 6 1 4 1 0 0 0

Female 9 6 7 5 6 1 1 0 0

Endocrinopathy†

Total 50,093 28,582 6,340 2,764 1,713 1,510 601 441 84

Male 19,667 1,343 3,050 1,999 1,015 794 335 103 37

Female 30,426 27,239 3,290 765 698 716 266 338 47

SCFE incidence‡

Total 39.9 35.0 205.0 217.1 583.8 132.5 166.4 0 0

Male 55.9 297.8 196.7 50.0 394.1 125.9 0 0 0

Female 29.6 22.0 212.8 653.6 859.6 139.7 375.9 0 0

RR (95% CI)§ 4.5 (2.8-7.1) 3.9 (2.1-7.4) 22.9 (13.0-40.2) 24.2 (10.7-54.7) 65.1 (34.4-123.1) 14.8 (3.7-59.5) 18.6 (2.6-132.3)

P value <0.001# <0.001# <0.001# <0.001# <0.001# <0.001** <0.001**

*CPP = central precocious puberty, HH = hypergonadotropic hypogonadism, GHD = growth hormone deficiency, CAD = congenital adrenogenital disorders, PHP =
pseudohypoparathyroidism. †The values are presented as the number of children. Children with multiple endocrinopathies were counted in each individual endocrinopathy. ‡Per
100,000 children. §Relative risk (RR) >1 indicates increased risk of slipped capital femoral epiphysis in children with each endocrinopathy compared with that in children without
endocrinopathy. #Chi-square test. **Fisher exact test.

384

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 106-A d NUMBER 5 d MARCH 6, 2024
INC IDENCE AND CLIN ICAL CHARACTER I ST ICS OF SCFE IN PAT IENTS

WITH ENDOCRINOPATHY

D
ow

nloaded from
 http://journals.lw

w
.com

/jbjsjournal by Q
R

5Z
o1yE

A
D

eZ
U

Y
rw

Iyk0liN
80lF

x+
C

W
P

dV
G

6b0M
k/a4if

g3w
jQ

j9M
n6T

/739186-f1834O
bP

fY
0M

E
Y

m
X

yjjQ
efnlu1Y

I1G
lW

aH
k68W

8nhO
P

Y
6rV

c3T
O

O
JaM

G
Y

W
Lk2gK

G
LW

1w
bT

K
1B

N
X

C
3B

hx/T
lyJkK

J
O

76S
71lIV

tLruIX
 on 03/07/2024



endocrinopathy-associated SCFEwas 8.1± 3.7 years (range, 0.4 to
16.0 years).

Of the 30 patients with endocrinopathy-associated SCFE,
22 (73%) were diagnosed with SCFE after endocrinopathy,
whereas 8 (27%) were diagnosed with endocrinopathy after
SCFE. In the group of 22 children in whom SCFE was diag-
nosed after endocrinopathy, the median time between the
diagnosis of endocrinopathy and the diagnosis of SCFE was 3.6
years (interquartile range [IQR], 2.9 to 5.1 years), with 6
patients (27%) being diagnosed with SCFE >5 years after the
diagnosis of endocrinopathy. In the group of 8 children who
were diagnosed with endocrinopathy after SCFE, the median
time between the diagnosis of SCFE and the diagnosis of
endocrinopathy was 41 days (IQR, 8 to 272 days); in that group,
5 patients (63%) had hypothyroidism, 1 (13%) had hypergo-
nadotropic hypogonadism, 1 (13%) had hypothyroidism and
GHD, and 1 (13%) had hypergonadotropic hypogonadism and
GHD.

Discussion

SCFE is a relatively uncommon disease37; therefore, previous
studies on endocrinopathy-associated SCFE were based on a

small number of patients and could not present the exact inci-
dence8,11,12,18,38. Using a nationwide database, we demonstrated not
only the overall incidence of SCFE in patients with an endocri-
nopathy but also the incidences in patients with various specific
endocrinopathies. To our knowledge, this is the first study to
provide clear evidence of a higher incidence of SCFE in children

with endocrinopathy than in those without. We also found that
the incidence of SCFE increased as the number of deficient hor-
mones increased.

Although the incidence of SCFE varies depending on eth-
nicity, the study period, and other factors, the overall incidence of
SCFE in the present study was comparable with those in previous
studies4,14,15. As the exact incidence of endocrinopathy-associated
SCFE has not been reported, we could not directly compare our
results with those of previous studies. Wells et al. estimated that 9
(1.15%) of 784 patients with ‡1 endocrinopathy exhibited SCFE,
whereas 122 (0.18%) of 69,474 children without endocrinopathy
exhibited SCFE (p < 0.001)18. The incidences of SCFE in that study
were higher than those in both the endocrinopathy and non-
endocrinopathy groups in the present study. However, their esti-
mation was based on several assumptions, including the
number of patients newly diagnosed with endocrinopathy.

Loder et al. reported that 33% of typical SCFEs and
70% of atypical SCFEs occurred in girls (p = 0.034)12. Sim-
ilarly, in the present study, 27% of non-endocrinopathy
SCFEs and 53% of endocrinopathy-associated SCFEs occurred in
girls (Table I). However, female sex was dominant in the group
with endocrinopathy-associated SCFE because endocrinopathies
occurred more often in girls (70%) than in boys (30%). The
incidence of SCFE was higher in boys than in girls in both the
endocrinopathy and non-endocrinopathy groups (Table I).

In the endocrinopathy-associated SCFE group, hypothy-
roidism was the most common endocrinopathy (Table II), pre-
sumably resulting from the high frequency of hypothyroidism in

TABLE III Incidence of SCFE According to Number of Deficient Hormones*

Variable No Deficiency Total

1 Hormone

2 Hormones 3 HormonesHypothyroidism
Hypergonadotropic
Hypogonadism GHD

SCFE†

Total 161 13 11 2 0 7 3

Male 117 8 7 1 0 4 0

Female 44 5 4 1 0 3 3

Endocrinopathy†

Total 1,795,823 52,679 49,237 2,275 1,167 878 45

Male 952,667 21,701 19,210 1,769 722 475 10

Female 843,156 30,978 30,027 506 445 403 35

SCFE incidence‡

Total 9.0 24.7 22.3 87.9 0 797.3 6,666.7

Male 12.3 36.9 36.4 56.5 0 842.1 0

Female 5.2 16.1 13.3 197.6 0 744.4 8,571.4

RR (95% CI)§ Ref. 2.8
(1.6-4.8)

2.5
(1.4-4.6)

9.8
(2.4-39.5)

— 88.9
(41.8-
189.0)

743.6
(246.5-
2243.1)

P value — <0.001# 0.002# 0.004** — <0.001# <0.001**

*GHD = growth hormone deficiency.†The values are presented as the number of children.‡Per 100,000 children. §Relative risk (RR) >1 indicates
increased risk of slipped capital femoral epiphysis in children with hormonal deficiency compared with that in children without hormonal deficiency.
#Chi-square test. **Fisher exact test.
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our population, which concurs with previous results11,18,38. Con-
versely, among the patients with various endocrinopathies
examined in this study, those with GHDhad the highest incidence
of SCFE, with 65 times the incidence of SCFE compared with that
in the control group of children without endocrinopathy. In the
National Cooperative Growth Study, SCFE occurred in 11 of
6,686 patients with idiopathic GHD who were receiving growth
hormone therapy (incidence, 164.5/100,000 children) and in 8 of
2,020 patients with non-idiopathic GHD who were receiving
growth hormone therapy (incidence, 396.0/100,000 children)20.
The incidence of SCFE in patients with GHD was higher in our
study, which might be because 546 (32%) of 1,713 patients with
GHD had multiple hormone deficiencies (Fig. 2).

In the present study, the greater the number of deficient
hormones, the higher the incidence of SCFE. Thyroid hor-
mones stimulate the proliferation and differentiation of physeal
chondrocytes and promote physeal closure during puberty2,39.
Sex hormones regulate growth plate maturation, ultimately
leading to physeal closure2,40. Growth hormone therapy induces
an increase in the number of proliferative and hypertrophic
chondrocytes in the growth plate39-41, reducing the force required
to displace the epiphysis42. A combination of hormone deficiencies
and growth hormone therapy may exert a synergistic effect on
physeal strength, resulting in a much higher incidence of SCFE in
children with more “endocrinological burdens.”

The age at the time of diagnosis of SCFE did not differ
between the childrenwith and without endocrinopathy (Table I).
Chung et al. also did not find a difference in age at the time of
diagnosis between patients with atypical SCFE (10.4 years) and
those with typical SCFE (11.2 years)8. However, Burrow et al.
reported that the mean age at the time of diagnosis of SCFE was
greater in children with endocrinopathy (13.8 years) than in
childrenwithout endocrinopathy (12.6 years) (p < 0.005)38. In the
study by Loder et al., the chronological age at the time of diagnosis
of SCFE was not different between patients with atypical (13.1
years) and typical SCFE (12.0 years)12. However, the Oxford bone
age was greater in patients with typical SCFE (13.1 years) than in
those with atypical SCFE (11.6 years) (p = 0.003). These mixed
results may be attributed to differences in the study populations
and follow-up periods. We could not compare bone age be-
tween the endocrinopathy and non-endocrinopathy groups
because of the unavailability of hip radiographs in the nation-
wide database.

In the current study, 22 (73%) of 30 children with
endocrinopathy-associated SCFE were diagnosed with SCFE
after endocrinopathy. In a previous study by Loder and
colleagues, 44 (54%) of 81 children with endocrinopathy-
associated SCFE were diagnosed with SCFE after endocri-
nopathy11. The time between the diagnosis of endocrinopathy
and SCFE in our study (median, 3.6 years) is longer than that
in the previous study (mean, 2.2 years), which could be par-
tially attributed to a younger age at the time of diagnosis
of endocrinopathy in our study than in the previous study
(mean, 8.1 versus 13.2 years)11. The difference between the
2 studies in terms of age at the time of diagnosis of endo-
crinopathy may be attributable to the difference in access to
health care between countries, the distribution of endocri-
nopathy types between the study populations, and advances
in diagnostic modalities to detect endocrinopathy. In the
present study, SCFE was diagnosed >5 years after endocri-
nopathy in more than a quarter of the 22 children in whom
SCFE was diagnosed after endocrinopathy. Although the
risk of SCFE may vary depending on the type of endo-
crinopathy or treatment status, this finding indicates the
need for long-term monitoring for SCFE in children with
endocrinopathy.

The present study had some limitations. First, our follow-
up period was relatively short, considering that endocrinopathy-
associated SCFE can occur even in patients >20 years of age43-46,
which may have resulted in the underestimation of the inci-
dence of endocrinopathy-associated SCFE. Further studies
should be conducted when nationwide data are accumulated
over longer periods. Second, the diagnosis of endocrinopa-
thy or SCFE in some patients may not be consistent with
the actual diagnosis because of the nature of NHIS claims
data. Although we retrieved drug identification numbers
for growth hormone and GnRH agonists, as well as SCFE-
relevant operation codes together with ICD-10 codes, more
information on the medication histories of our patients
and access to their radiographs could decrease misclassifi-
cation errors. Third, children in the same endocrinopathy

Fig. 2

Diagramshowing the number of childrenaccording to the number and type of

deficient hormones. The 2-hormone deficiency group consisted of 434

children (255 boys and 179 girls) with hypothyroidism and growth hormone

deficiencies, 377 children (192 boys and 185 girls) with hypothyroidism and

hypergonadotropic hypogonadism, and 67 children (28 boys and 39 girls)

with hypergonadotropic hypogonadism and growth hormone deficiencies.

The 3-hormone deficiency group consisted of 45 children (10 boys and 35

girls). The numbers in parentheses indicate the number of children with

SCFE. The size of the circles does not correlate with the number of children.
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group may have a heterogeneous hormonal status. However,
we could not include data on hormonal levels or the detailed
treatment status of each patient. Similarly, we could not
include data on SCFE severity. Fourth, our study did not
account for potential confounding factors such as age and
race. South Korea is racially homogeneous (96% in 2015)47.
Because of racial variability in SCFE14,16, the incidence of
endocrinopathy-associated SCFE in our study may differ
from that in studies from other countries. However, mono-
ethnicity allowed for the comparison of the incidence
of SCFE between children with and without endocri-
nopathy, minimizing the confounding effect of race. Last,
despite the ability to track the entire country, the number of
SCFE cases in patients with certain endocrinopathies was
small.

In conclusion, the incidence of SCFE was approximately
4 times higher in children with endocrinopathy than in those
without it and was approximately 2 times higher in boys than in
girls among children with and without endocrinopathy. The
risk of SCFE increased with an increasing number of deficient
hormones. Long-term monitoring for SCFE in children with
endocrinopathies is strongly recommended.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement
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