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The Role of Hyperinsulinemia in Slipped
Capital Femoral Epiphysis

Manuel Montañez-Alvarez, MD,* Héctor H. Flores-Navarro, MD,* Carlos Cuevas-De Alba, MD,*
Erika I. Arana-Hernández, MD,* and Marisa Ramírez-Ruiz, MD†

Background: Obesity in the prepuberal stage has been directly as-
sociated with slipped capital femoral epiphysis (SCFE). Serum in-
sulin level increases in the prepuberal and adolescence stage, to a
greater extent in the obese population. The main objective of this
article was to analyze the relationship between insulin levels
and SCFE.
Methods: A case-control study was conducted between January 2018
and April 2019. The study group was formed with patients with
SCFE and the control group with patients from the pediatric obesity
clinic of our hospital selected during their initial evaluation. None
were being treated for obesity. Anthropometric measurements of size,
weight, waist circumference, and blood pressure were taken. Body
mass index (BMI) and waist-height index of all patients were calcu-
lated. According to BMI for age, they were classified as normal,
overweight, or obese. Serum determinations of glucose, insulin, gly-
cated hemoglobin, lipid profile, and complete blood count were an-
alyzed. Insulin resistance was diagnosed with Homeostatic Model
Assessment (HOMA) >3. Insulin levels >13U/mL for girls and
>17U/mL for boys were considered as hyperinsulinemia.
Results: We studied 14 patients with SCFE and 23 in the control
group. The mean age and BMI in both groups were similar. The
elevation of serum insulin was significantly higher in the SCFE
group (P= 0.001) as was HOMA (P= 0.005). Triglycerides and
very-low-density lipoprotein were higher in the SCFE group
(P= 0.037 and 0.009, respectively). Glycemia, glycated hemo-
globin, total cholesterol, high-density lipoprotein, low-density
lipoprotein, and neutrophils showed no significant difference.
Conclusions: Patients with SCFE showed elevated levels of insulin,
HOMA, triglycerides, and very-low-density lipoprotein, even higher
than the control group. Our study demonstrates a significant

association between abnormally high serum insulin levels and SCFE.
The known effects of insulin on growth cartilage may explain the
physeal mechanical insufficiency to support the abnormally high or
repetitive loads in accelerated growth stages that lead to SCFE.
Level of Evidence: Level III—case-control, prognostic study.

Key Words: SCFE, slipped capital femoral epiphysis, pediatric
hyperinsulinemia, pediatric obesity, hyperinsulinemia

(J Pediatr Orthop 2020;00:000–000)

S lipped capital femoral epiphysis (SCFE) is an immature
hip disorder characterized by anatomic disruption

through the proximal femoral physis. It is believed to be the
result of mechanical insufficiency of the physeal plate and is
produced by the abnormally high load in a normal physis,
physiological load in an abnormally weak physis, or their
combination. Among the mechanical factors for abnormally
high load are obesity, acetabular or femoral retroversion,
coxa profunda, and increased physeal obliquity.1,2

Prepubescent obesity is directly associated with SCFE.3–6

However, only in 5% to 8% of cases debilitating endocrine
alterations of the physis, such as hypothyroidism, growth
hormone deficiency, hypogonadism, and parathyroid hormone
alterations are found.2,7,8 This inconstancy contributes to obe-
sity being considered a mechanical factor in the pathogenesis of
SCFE. However, the increased burden on the physis due to
overweight or obesity does not completely explain its associa-
tion with SCFE. Children of the same age, without obesity, are
exposed to high mechanical hip demands during recreational
and sports activities without developing the disease. Physeal
weakening during peaks of accelerated growth, associated with
early growth in obese children and adolescents, is probably the
main causal factor of SCFE.9,10

The association between obesity and SCFE is well
known. The relationship between obesity and hyper-
insulinemia during prepubescent and adolescent ages is also
known.10–12 Serum insulin increases in the prepubescent and
adolescence stages to a greater extent in obese patients.11,12

However, no reports have associated hyperinsulinemia and
SCFE. The main objective of this article was to analyze the
relationship between SCFE and hyperinsulinemia.

METHODS
A case-control study, approved by the Research

Committee of our hospital, was conducted. From January
2018 to April 2019, we prospectively included patients
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between 7 and 15 years of age. Two groups were formed:
the study group, comprising patients with SCFE, either
before or after receiving surgical treatment and the control
group, age-matched and sex-matched, comprising patients
from the pediatric obesity clinic of our hospital at their
initial evaluation, before receiving dietary or pharmaco-
logical treatment. The exclusion criteria were being under
treatment to reduce glucose or serum insulin levels, sug-
gestive or confirmative medical history of endocrine dis-
ease, and lacking complete laboratory studies. The parents
were informed about the participation of their children in
the study, and consent was obtained in each case.

We evaluated the following anthropometric parameters:
height, weight, waist circumference, body mass index (BMI),
waist-to-height ratio, and blood pressure (BP). All were mea-
sured with the same instrument and by the same evaluator. BP
was taken with a digital wrist baumanometer. BMI, according
to the World Health Organization (WHO) tables, was con-
sidered normal between the fifth and 85th percentiles, over-
weight between the 85th and 95th percentiles, and obesity as
>95th percentile. BP was classified according to systolic
pressure for height/age: normotensive <90th percentile, pre-
hypertensive between the 90th and 95th percentiles, and hy-
pertensive >95th percentile.13

From a morning blood sample, after at least 8 hours of
fasting, the following were analyzed: glucose, insulin, gly-
cated hemoglobin (HbA1c), lipid profile, and complete blood
count. Blood glucose >125mg/dL was considered diagnostic
for type 2 diabetes mellitus (T2DM).14 Serum insulin was
considered high for an age when it was >13 μU/mL for girls
and >17 μU/mL for boys.11 The Homeostatic Model As-
sessment (HOMA) was obtained by multiplying the fasting
serum glucose (mg/dL) by the serum insulin (μU/mL), divided
by the constant 405. Results >3 were indicative of insulin
resistance (IR).15,16 HbA1c <5.7% was considered normal,
between 5.7% and 6.4% was considered at risk for T2DM,
and >6.5% was indicative of a diagnosis of T2DM.17 Blood
chemistry and the lipid profile were analyzed by chem-
iluminescence with the AU5800 device, Beckman Coulter,
Brea, California, HbA1c was analyzed by chromatography
with a VARIANT II Hemoglobin Testing System, Bio-Rad
Hercules, California, insulin was analyzed using radio-
immunoassay with a UniCel DxI 800 Access Immunoassay
System, Beckman Coulter, Brea, California and total blood
count was determined using flow cytometry on a CELL-
DYN Ruby analyzer Abbott, Abbott Park, Illinois.

The demographic characteristics are expressed as the
mean and range for continuous variables and for qual-
itative frequencies. The laboratory results are shown as
mean and SD with the 95% confidence interval (CI). The
comparison of the laboratory results between the 2 groups
was performed with the t test for independent samples. For
this, IBM SPSS Statistics 25 for Windows IBM Corp.,
Armonk, New York was used. The odds ratio (OR) was
calculated as a risk estimator for dichotomous variables
between groups, with a 95% CI (Epi Info, version 7.2 for
Windows, Centers for Disease Control and Prevention,
Atlanta, Georgia). In all analyses, a 2-tailed P-value <0.05
was considered significant.

RESULTS
We identified 42 patients with SCFE at the time of the

study; 28 were excluded, 13 for being under treatment for
obesity and 15 for incomplete laboratory studies. No patients
had another endocrine disease identified. A total of 37 patients
were included in the study: 14 with SCFE and 23 in the control
group. Demographics are provided in Table 1. Nine patients
with SCFE had left involvement, 4 right, and 1 bilateral.
Eleven hips were classified as stable and 3 as unstable.18 Five
cases were classified as acute evolution, and 9 as chronic. All
were fixed with cannulated screws. Two patients were studied
in the immediate preoperative period, and 12 in the
postoperative period (mean: 9mo, range: 0.5 to 16mo). All
patients with SCFE had high BMI: 11 with obesity and 3 with
overweight (mean: 29.47; range: 23 to 37.3). All controls were
obese (mean: 29.44; range: 24.67 to 35.34). In the SCFE group,
9 individuals were normotensive, and 5 had elevated BP: 2
with prehypertension and 3 with hypertension. In the control
group, 9 individuals were normotensive, and 14 had elevated
BP: 7 with prehypertension and 7 with hypertension (OR=0.8,
95% CI: 0.21-33.42).

The laboratory results are summarized in Table 2. We
found no significant difference when comparing children under

TABLE 1. Demographics
Groups

SCFE (n= 14) Control (n= 23)

Age (y) 11.2± 1.4 11.3± 2.1
Sex (female:male) 8:6 13:10
Weight (kg) 71.55±16.2 69.38±15.1
Size (m) 1.55±0.1 1.53±0.1
BMI 29.47±4.9 29.44±2.7
BMI per category (n)

Normal 0 0
Overweight 3 0
Obesity 11 23

Waist-stature index 0.58±0.05 0.61±0.05

Values are presented as n or mean± SD.
BMI indicates body mass index; SCFE, slipped capital femoral epiphysis.

TABLE 2. Laboratory Results
SCFE (n= 14) Control (n= 23) P

Glycemia (mg/dL) 85± 5.98 89.5± 9.1 0.09
Insulin (µU/mL) 26.1± 7.7 17.7± 6.6 0.001
HOMA 5.5± 1.7 3.93± 1.46 0.005
HbA1c (%) 5.3 ± 0.33 5.47± 0.47 0.22
Neutrophils (k/µl) 4.83± 1.8 4.89± 1.6 0.92
Triglycerides (mg/dL) 145.5± 68.1 107.1± 40.3 0.037
Cholesterol (mg/dL) 148.1± 22.3 151.7± 32.9 0.722
HDL (mg/dL) 36.7± 7.2 38± 9.1 0.66
VLDL (mg/dL) 34.1± 18.8 21.1± 8.2 0.009
LDL (mg/dL) 77.6± 24.8 89.5± 23.6 0.171

Bold indicate statistically significant P values.
Values are presented as mean± SD.
P-values were calculated with t test for independent samples.
HbA1c indicates glycated hemoglobin; HDL, high-density lipoprotein; HO-

MA, Homeostatic Model Assessment; LDL, low-density lipoprotein; SCFE, slip-
ped femoral capital epiphysis; VLDL, very-low-density lipoprotein.
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10 years of age with older children with regard to glycemia,
serum insulin, HOMA, and lipid profile. There was also no
significant difference when comparing the 2 patients studied
before surgery with the postoperative group. Twelve of the 13
patients in the SCFE group had high serum insulin for their
age, while in the control group, 13 of 23 had high serum insulin
for their age (OR=10.0, 95% CI: 1.11-89.77). Quantitatively,
the SCFE group showed a higher elevation of serum insulin
(26.1 vs. 17.7 μU/mL in the control group; P=0.001). HOMA
was significantly higher in the SCFE group, indicating IR in 13
of the 14 cases and in 19 of the 23 controls (OR=2.7; 95% CI:
0.27-27.35). No patient had blood glucose levels >125mg/dL.
According to HbA1c, 3 patients with SCFE and 8 in the
control group were considered at risk for T2DM, and none
were diagnosed with T2DM (OR=0.5; 95% CI: 0.11-2.5).
Triglycerides increased more in the SCFE group than in the
control group (mean 145.5 vs. 107.1; P=0.037). Very-low-
density lipoprotein (VLDL) was significantly higher in the
SCFE group (34.1 vs. 21.1; P=0.009). Glycemia, HbA1c, total
cholesterol, high-density lipoprotein, low-density lipoprotein,
and neutrophils were not significantly different between groups.

DISCUSSION
Our study showed a significant association between IR

and SCFE. To our knowledge, this is the first study that
associates abnormally high insulin levels with SCFE. All of
our patients with SCFE had alterations in BMI for their age.
To achieve a control group similar to the one studied, we
recruited patients from the obesity clinic before they received
treatment. Hyperinsulinemia was more prevalent in the SCFE
group (OR=10.0). Quantitatively, children with SCFE
showed significantly higher levels of serum insulin and
HOMA. Despite the solid relationship between SCFE and
obesity, the mechanism by which obesity contributes to SCFE
remains unclear, and thus obesity is usually considered a
mechanical factor.1–3 In contrast, prepubescents and adoles-
cents have higher serum insulin levels than those younger than
7 years, more so if they are obese.11,12 The etiology of SCFE is
still not well-defined and is considered multifactorial; however,
our patients often have a phenotype characteristic of obesity
and signs of IR, such as acanthosis nigricans, with the hy-
perinsulinemia shown in this study. Considering that insulin
can affect growth in the physis, particularly in the hyper-
trophic layer where the slip occurs,19–21 the implications of
hyperinsulinemia in the etiology of SCFE can be considerable.

Obesity is a risk factor for T2DM. Approximately
80% of patients with SCFE are obese.3–5 To associate
SCFE with the risk of T2DM, Ucpunar and colleagues
compared HbA1c in patients with SCFE and obese pa-
tients of the same age. Of 51 patients with SCFE, 43 were
not at risk of T2DM, 7 were at risk, and 1 was diagnosed
with T2DM. In the control group, only 2 of 62 were at
risk. They concluded that patients with SCFE have a
significant risk of developing T2DM.22 Although our pa-
tients showed a high prevalence of alterations in HbA1c,
we found no difference between groups (OR= 0.54,
P= 0.43). Because IR usually occurs before hyperglycemia
in the course of T2DM, we believe that hyperinsulinemia

and elevated HOMA are more objective parameters for
defining the risk of T2DM.16 Moreira and colleagues re-
ported 4 cases of SCFE in one family: a father and 3 obese
children aged 11, 12, and 16 years. The 3 adolescents had
hyperinsulinemia, which was not directly associated with
SCFE and was only attributed to obesity. The family
presentation of the disease was attributed to genetic
causes.23 Hyperinsulinemia in these cases probably had a
direct role in the etiology of SCFE. In contrast, obesity
and hyperinsulinemia are related to diet, which is usually
uniform for members of each family.

The longitudinal growth of long bones occurs through
the physis, which is composed of 3 layers: rest, proliferation,
and hypertrophy, each with particular features. The equili-
brium between different paracrine and endocrine signaling
pathways is vital for the proper functioning of the physis.
Obese children and adolescents present accelerated growth
earlier in the prepubescent stage, presumably due to hor-
monal variations.9 In 1985, Green et al24 suggested the
theory of a dual effect between growth hormone and insulin-
like growth factor 1 (IGF-1) in the physis: growth hormone
acts on resting and perichondrium cells, producing cell dif-
ferentiation, while IGF-1 facilitates the proliferation and
hypertrophy of differentiated chondrocytes. Wang and col-
leagues studied the growth plate of IGF-1 null mice. They
found decreased longitudinal growth despite preserving the
proliferation and number of cells. The growth defect was
attributed to a decrease in chondrocyte hypertrophy, which
suggests an important role of IGF-1 in physis cellular
hypertrophy.25

Insulin has also been identified as a direct stimulant of
growth with effects on the differentiation and proliferation of
physeal chondrocytes.19,26,27 These effects are produced by
direct stimulation of insulin receptors or by stimulation of
IGF-1 production.2,28 Wu and colleagues showed higher
growth in mice with a hyperinsulinemia-producing diet. By
correcting insulin levels, growth was normalized. In addition,
when insulin was added to physeal chondrocyte cultures, in-
creased proliferation and differentiation were observed. This
outcome suggests a direct relationship between IR and accel-
erated growth.29 In a more recent report, when comparing the
tibial physis of 2 groups of mice, 1 fed a normal diet and the
other fed hyperinsulinemia-producing diet, significantly higher
height in the physeal plate was found in the second group.
Furthermore, the height of the hypertrophic zone (dependent
on the size of the hypertrophic chondrocytes) was compared
between 2 other groups: one with normal mice and the other
with mice in which the cartilage-specific insulin receptor gene
was disrupted; the height of the hypertrophic zone was sig-
nificantly lower in the latter. The same study showed that
hyperinsulinemia caused activation of the insulin receptor in
the physis, enough to induce skeletal growth and chondro-
genesis without the apparent participation of other hormones.
The authors proposed that insulin was the “principal mediator
of the obesity-related accelerated statural growth and skeletal
maturation in mammals, including humans.”19 Apoptosis is a
crucial event in the transition from physis to bone. Hyper-
insulinemia has been identified as an antiapoptotic factor in
physeal chondrocytes.19,26 This could contribute to the
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broadening and eventual weakening of the physis. These ef-
fects of hyperinsulinism are consistent with findings described
by Tresoldi and colleagues, who analyzed the histology of
a subgroup of patients with preslip (which by definition
disregards alterations caused by the mechanical effect of the
slip); they found areas of normal physis alternating with zones
of intense changes: thinning of the resting zone, chondrocytes
grouped in hypercellular nests, and enlarged proliferative and
hypertrophic zones (occupying 60% to 80% of the total physeal
height), with chondrocytes grouped in clusters instead of col-
umns. In addition, they described histochemical and ultra-
structural alterations that together can contribute to reducing
the mechanical resistance of the proximal femoral physis.21

The effects of insulin found in animal and in vitro studies can
be related to the histologic findings of SCFE, reinforcing the
theory that physeal weakening is necessary for a slip to occur.

Our patients had a high prevalence of dyslipidemia, with
triglycerides and VLDL significantly higher in the SCFE
group. The association of IR with this combination of ab-
normalities (high triglycerides and VLDL, low high-density
lipoprotein and normal low-density lipoprotein) is known as
diabetic dyslipidemia. Cardiometabolic risk factors, defined by
the American Academy of Pediatrics, include triglycerides
>110mg/dL.30 The average triglycerides were clearly higher in
the SCFE group (145.5mg/dL) and slightly lower in the con-
trol group (107.1mg/dL). Arterial hypertension has also been
associated with skeletal diseases typical of adolescents with
obesity, such as tibia vara and SCFE. This outcome suggests
more intense metabolic abnormalities or of a different nature
in patients with growth plate diseases.13 Our patients have
increased cardiometabolic risk, which makes them more likely
to develop hypertension. Although 51% of our patients had
alterations in BP, unlike what was found by Taussig and
colleagues, our study showed no significant difference between
groups (OR=0.8).

The association among obesity, hyperinsulinemia, and
SCFE is obvious in our study. The known effects of insulin on
growth cartilage may explain the physeal mechanical in-
sufficiency to support the abnormally high or repetitive loads
in accelerated growth stages that lead to SCFE. However,
there is a lack of studies that demonstrate these alterations
directly in the physeal plates of individuals with hyper-
insulinemia. The prevalence of diabetes and obesity in our
environment is very high. We do not know whether our results
are reproducible in other ethnic groups. This study has limi-
tations. Although the recruitment of patients was consecutive
and without apparent selection bias, we had difficulty com-
pleting the laboratory analysis of all patients with SCFE at the
time of the study, which resulted in a small sample, and we do
not know whether our findings apply to excluded patients.
Patients in the control group were asymptomatic, but we did
not take x-rays to rule out subclinical SCFE. The role of diet in
IR and the metabolic profile was not analyzed. Family history
was not studied for T2DM and IR.

In conclusion, abnormally high serum insulin levels were
significantly associated with SCFEwith likely strong etiological
implications. SCFE patients consistently showed elevated levels
of insulin, HOMA, triglycerides, and VLDL, even higher than
the group of children with obesity. Clinical suspicion, family

environment, genetic burden for T2DM, obesity, and the so-
called diabetic dyslipidemia should alert clinicians to the risk of
IR and T2DM. On the basis of this finding, strategies can be
developed to detect patients at risk for SCFE in a timely
manner. We suggest orthopaedic evaluation, complemented
with radiographic studies at the discretion of the evaluating
physician, for all children with obesity and IR.

REFERENCES
1. Novais EN, Millis MB. Slipped capital femoral epiphysis: preva-

lence, pathogenesis, and natural history. Clin Orthop Relat Res.
2012;470:3432–3438.

2. Witbreuk M, Van Kemenade FJ, Van Der Sluijs JA, et al. Slipped
capital femoral epiphysis and its association with endocrine,
metabolic and chronic diseases: a systematic review of the literature.
J Child Orthop. 2013;7:213–223.

3. Aversano MW, Moazzaz P, Scaduto AA, et al. Association between
body mass index-for-age and slipped capital femoral epiphysis: the
long-term risk for subsequent slip in patients followed until physeal
closure. J Child Orthop. 2016;10:209–213.

4. Manoff EM, Banffy MB, Winell JJ. Relationship between body mass
index and slipped capital femoral epiphysis. J Pediatr Orthop. 2005;25:
744–746.

5. Nasreddine AY, Heyworth BE, Zurakowski D, et al. A reduction in
body mass index lowers risk for bilateral slipped capital femoral
epiphysis. Clin Orthop Relat Res. 2013;471:2137–2144.

6. Wabitsch M, Horn M, Esch U, et al. Silent slipped capital femoral
epiphysis in overweight and obese children and adolescents. Eur J
Pediatr. 2012;171:1461–1465.

7. Papavasiliou KA, Kirkos JM, Kapetanos GA, et al. Potential
influence of hormones in the development of slipped capital femoral
epiphysis: a preliminary study. J Pediatr Orthop B. 2007;16:1–5.

8. Bowen JR, Assis M, Sinha K, et al. Associations among slipped
capital femoral epiphysis, tibia vara, and type 2 juvenile diabetes.
J Pediatr Orthop. 2009;29:341–344.

9. Dunger DB, Ahmed ML, Ong KK. Effects of obesity on growth and
puberty. Best Pract Res Clin Endocrinol Metab. 2005;19:375–390.

10. Shalitin S, Kiess W. Putative effects of obesity on linear growth and
puberty. Horm Res Paediatr. 2017;88:101–110.

11. Ballerini MG, Bergadá I, Rodríguez ME, et al. Insulin level and
insulin sensitivity among healthy children and adolescents. Arch
Argent Pediatr. 2016;114:329–336.

12. Kelly LA, Lane CJ, Weigensberg MJ, et al. Pubertal changes of
insulin sensitivity, acute insulin response, and β-cell function in
overweight Latino youth. J Pediatr. 2011;158:442–446.

13. Taussig MD, Powell KP, Cole HA, et al. Prevalence of hypertension
in pediatric tibia vara and slipped capital femoral epiphysis. J Pediatr
Orthop. 2016;36:877–883.

14. American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care. 2010;33(suppl 1):S62–S69.

15. Tresaco B, Bueno G, Pineda I, et al. Homeostatic Model Assessment
(HOMA) index cut-off values to identify the metabolic syndrome in
children. J Physiol Biochem. 2005;61:381–388.

16. Keskin M, Kurtoglu S, Kendirci M. HOMA is more reliable than the
fasting glucose/insulin ratio and quantitative insulin sensitivity check
index for assessing insulin resistance among obese children and
adolescents. Pediatrics. 2005;115:500–503.

17. Nowicka P, Santoro N, Liu H, et al. Utility of hemoglobin A1c for
diagnosing prediabetes and diabetes in obese children and adoles-
cents. Diabetes Care. 2011;34:1306–1311.

18. Loder RT, Richards BS, Shapiro PS, et al. Acute slipped capital
femoral epiphysis: the importance of physeal stability. J Bone Joint
Surg Am. 1993;75-A:1134–1140.

19. Wu S, Zhang Y, De Luca F. The effect of a high-calorie diet on
bone growth is mediated by the insulin receptor. Bone. 2019;122:
166–175.

20. Agamanolis DP, Weiner DS, Lloyd JK. Slipped capital femoral
epiphysis: a pathological study. I. A light microscopic and
histochemical study of 21 cases. J Pediatr Orthop. 1985;5:40–46.

Montañez-Alvarez et al J Pediatr Orthop � Volume 00, Number 00, ’’ 2020

4 | www.pedorthopaedics.com Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



21. Tresoldi I, Modesti A, Dragoni M, et al. Histological, histochemical
and ultrastructural study of slipped capital femoral epiphysis. J Child
Orthop. 2017;11:87–92.

22. Ucpunar H, Camurcu IY, Duman S, et al. Obesity-related metabolic
and endocrine disorders diagnosed during postoperative follow-up of
slipped capital femoral epiphysis. Acta Orthop. 2018;89:314–319.

23. Moreira JF, Neves MC, Lopes G, et al. Slipped capital femoral epiphysis:
a report of 4 cases occurring in one family. Int Orthop. 1998;22:193–196.

24. Green H, Morikawa M, Mxon T. A dual effector theory of growth-
hormone action. Differentiation. 1985;29:195–198.

25. Wang J, Zhou J, Bondy CA. Igf1 promotes longitudinal bone growth
by insulin-like actions augmenting chondrocyte hypertrophy. FASEB
J. 1999;13:1985–1990.

26. Torres ES, Andrade CV, Fonseca EC, et al. Insulin impairs the
maturation of chondrocytes in vitro. Braz J Med Biol Res. 2003;36:
1185–1192.

27. Zhang F, He Q, TsangWP, et al. Insulin exerts direct, IGF-1 independent
actions in growth plate chondrocytes. Bone Res. 2014;2:14012.

28. Wu S, Yang W, De Luca F. Insulin-like growth factor-independent
effects of growth hormone on growth plate chondrogenesis and
longitudinal bone growth. Endocrinology. 2015;156:2541–2551.

29. Wu S, Aguilar AL, Ostrow V, et al. Insulin resistance secondary to a
high-fat diet stimulates longitudinal bone growth and growth plate
chondrogenesis in mice. Endocrinology. 2010;152:468–475.

30. Pollock NK. Childhood obesity, bone development, and cardiome-
tabolic risk factors. Mol Cell Endocrinol. 2015;410:52–63.

J Pediatr Orthop � Volume 00, Number 00, ’’ 2020 The Role of Hyperinsulinemia in SCFE

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved. www.pedorthopaedics.com | 5

Copyright r 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


