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Abstract: We sought to determine whether the myopic progression of patients with central precocious
puberty (CPP) who were undergoing treatment differed from that of their healthy peers with normal
pubertal onset and progression. Eighteen girls with CPP and 14 age-matched controls who underwent
regular ophthalmic examinations for at least 1 year were included. All the CPP patients received a
3.75 mg leuprolide acetate depot subcutaneously every 28 days. The spherical equivalent (SE) and
axial length (AL) for myopia progression and the pubertal parameters (height, body weight, body
mass index, Tanner stage, and bone age) were compared between the two groups. Of 32 subjects with
a mean age of 8.6 ± 0.7 years, the SEs and ALs did not differ at baseline between the two groups,
which had similar weight and similar body mass index. After 1 year, both the CPP patients and
controls showed myopic progression, with an average myopic shift of −0.73 ± 0.48 diopters (D)
and AL elongation with a mean change of 0.44 ± 0.61 mm. The SE and AL changes over 1 year
were greater in the controls than those in the CPP patients, which was not statistically significant
(–0.85 ± 0.55 D vs. –0.64 ± 0.41 D and 0.55 ± 0.89 mm vs. 0.35 ± 0.22 mm, respectively). The change
in AL correlated significantly with the change in the height (β = 0.691, p = 0.039). In this 1-year study,
the CPP patients with treatments trended to show less myopic progression than the controls.
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1. Introduction

Myopia is the most common ocular disorder, with increasing prevalence in recent
decades, predominantly in East Asia [1]. Myopia is a refractive condition that is usually
attributed to excessive axial length (AL) elongation and mostly progresses during school
ages, especially during growth spurts [2,3]. Using data from the Korean National Survey,
Lyu et al. [4] reported that a younger age at menarche was associated with an increased risk
of severe myopia. They suggested an increase in female sex hormones, such as estrogen, or
growth spurts during puberty may be associated with the severity of myopia. Furthermore,
the population-based Generation R cohort study in Copenhagen found an association
between body height or pubertal maturation and subfoveal choroidal thickness, which is
known as a biometric parameter of myopic progression [5]. These studies suggested that
puberty may affect the progression of myopia.

Central precocious puberty (CPP) is characterized by early hypothalamic-pituitary-
gonadal axis activation. When girls and boys show signs of puberty and its progression
before the ages of 8 and 9, respectively, it is considered precocious puberty [6]. Clinically,
patients with CPP experience growth spurts, rises in pubertal hormones, and bone age
advancements. Gonadotropin-releasing hormone agonists (GnRHas) are the treatment of
choice for CPP and have been widely used for decades [7]. The primary aim of GnRHa
treatment for patients with CPP is the effective and selective suppression of gonadal sex
steroid secretion to stop premature sexual maturation.
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We postulate that pubertal hormone and growth spurt regulation may contribute to
slower rates of myopic progression during GnRHa treatment. In this study, we aimed
to evaluate myopic progression in the CPP patients who received GnRHa treatment as
denoted by the AL and the spherical equivalent (SE), compared with that of age-matched
controls with normal pubertal onset and progression.

2. Materials and Methods

2.1. Study Population

We reviewed the records of all the girls with CPP who were treated with GnRHas
at Ajou University Hospital between 2010 and 2018. A total of 18 girls with CPP who
had regular ophthalmic examinations for at least 1 year were included in this study. The
inclusion criteria were as follows: (i) objective breast engorgement that appeared before
the age of 8 years, (ii) an advanced bone age more than 1 year over the chronological age,
and (iii) a peak luteinizing hormone (LH) level above 5 IU/L during a GnRH stimulation
test. We excluded subjects who had precocious puberty with an identified etiology, such
as a brain tumor or cranial irradiation. The patients’ plasma thyroxin and thyroid stimu-
lating hormone concentrations were measured to exclude hypothyroidism. Patients with
anisometropia of >1.00 diopters (D), astigmatism of >2.00 D, and hypermetropia of > 0.5 D
were excluded. Patients with ocular diseases other than refractive errors, including am-
blyopia, and intermittent exotropia of >15 prism diopters; those who underwent previous
interventions for myopia control such as atropine treatment or orthokeratology lens use;
and those with systemic diseases other than CPP were also excluded. The age-matched
control group consisted of 14 healthy girls who experienced normal pubertal onset and
progression. The control subjects also had regular ophthalmic examinations, and their
anthropometric measurements were monitored for at least 1 year.

2.2. Ophthalmic Measurements for Myopic Progression

All subjects underwent a complete ophthalmic examination including cycloplegic
refraction and AL measurement at baseline and 1-year follow-up. For the patients with CPP,
the start of the GnRHa treatment and initial ophthalmic examination was within a 6-month
interval (mean interval: 0.2 ± 0.4 years). Cycloplegic refraction was performed one hour
after instillation of three cycles of eye drops. Two separate eye drops, cyclopentolate 1%
(OcuCyclo, Samil, Korea) and tropicamide 1% (Mydrin-P, Santen, Japan), were administered
to both eyes 5 min apart. A second cycle of the same cycloplegic drops were administered
10 min after the first cycle. A third cycle of the same cycloplegic eye drops was administered
30 min after the second cycle if the pupillary light reflex was still present. The cycloplegic
SE was calculated as the spherical power plus half of the cylinder power. The ocular AL
was measured using an IOL Master 500 (Carl Zeiss Meditec AG, Jena, Germany), based on
noncontact partial coherence interferometry. Five readings, with a maximum-minimum
deviation of 0.05 mm or less, were taken and averaged. Myopic progression was defined
as a change in the SE and AL during the study period. The annual myopic progression rate
was calculated as the change in the SE and AL over each year.

2.3. Puberty Parameters Measurements

GnRH stimulation tests were performed to assess the pubertal status in 18 patients.
Basal serum samples were evaluated prior to injecting GnRH (100µg gonadorelin [Relefact®];
Sanofi-Aventis, Frankfurt am Main, Germany). Post-stimulation samples were collected
30, 45, 60, and 90 min after the injection to measure luteinizing hormone (LH), follicle
stimulating hormone (FSH), and estradiol (E2) levels. Serum LH and FSH levels were
measured using immunoradiometric assay (BioSource, Nivelles, Belgium). The LH and
FSH assay detection limits, intra-assay coefficients of variation (CVs), and inter-assay CVs
were 0.1 and 0.2 IU/L, 1.4–3.9% and 1.1–2.0%, and 3.4–8.0% and 2.4–4.4%, respectively. E2
levels were determined on radioimmunoassay with analytical sensitivity of 5 pg/mL, and
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the limit of detection of E2 was 20 pg/mL (RIA; Coat-A-Count, Diagnostic Products, Los
Angeles, CA, USA).

All of the patients received a 3.75 mg leuprolide acetate depot subcutaneously every
28 days for at least 1 year. The patient’s pubertal status (Tanner stage for breast devel-
opment) was assessed and documented by one pediatric endocrinologist. Patients were
categorized according to their pubertal stage (Tanner II-V). The bone age was measured
using the method described by Greulich and Pyle [8]. The body mass index (BMI) was
calculated, and the standard deviation scores (SDSs) of the anthropometric measurements
were determined using the 2017 Korean National Growth Charts [9].

This retrospective study was approved by the institutional review board of Ajou
University Hospital (AJIRB-MED-OBS-15-250). The need for informed consent was waived
due to the retrospective design, and all of the measurements were performed as part of
routine practice. The study adhered to the tenets of the Declaration of Helsinki.

2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 25.0 (IBM Corp.,
Armonk, NY, USA). An independent t-test was used to compare the differences between
the patient and control groups. There was a significant correlation between the SEs for the
right and left eyes in the Pearson’s correlation analysis (r = 0.955, p < 0.001). Thus, this study
used the data from the right eye. For the patients with CPP, univariate regression analysis
between the ophthalmic and anthropometric measurements was performed. In addition,
multiple linear regression was performed with stepwise variable selection, including the
age at first evaluation, change in weight and height over one year, peak LH, FSH, and E2
levels to detect significant associations with the changes in the ALs and SEs during the
GnRHa treatment. A p-value < 0.05 was considered statistically significant.

3. Results

A total of 32 subjects with a mean age of 8.6 ± 0.7 years (range, 6.7–10.2 years) were
assessed over a 1-year period. Table 1 gives the anthropometric measurements of 18 patients
with CPP and 14 age-matched normal controls. The weight and BMI SDSs did not differ
between the two groups. However, the height SDS and bone age were significantly higher
in patients with CPP compared with the controls. Out of 18 patients with CPP, the majority
of subjects were at Tanner stage 2 (n = 16, 88.8%), and 2 (11.2%) children were at at Tanner
stage 3. All of the control subjects were prepubertal (Tanner stage 1). The mean peak
LH, FSH, and E2 levels in the CPP patients were 12.0 ± 7.2 IU/L, 12.4 ± 3.7 IU/L, and
57.4 ± 11.9 pg/mL, respectively.

Table 1. Anthropometric measurements at baseline and after 1 year.

Precocious Puberty
(n = 18)

Control
(n = 14) p Value

At Baseline

Age (years) 8.7 ± 0.5 8.3 ± 0.9 0.108
Height SDS 0.72 ± 0.68 0.15 ± 0.72 <0.031
Weight SDS 0.63 ± 0.75 0.34 ± 1.15 0.384

BMI SDS 0.40 ± 0.91 0.38 ± 1.26 0.943
Tanner stage

I 0 14
II 16 0
III 2 0

Bone age (years) 10.4 ± 0.9 9.1 ± 1.0 0.002
BA-CA (years) 1.6 ± 0.7 0.8 ± 0.7 0.006
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Table 1. Cont.

Precocious Puberty
(n = 18)

Control
(n = 14) p Value

At 1-Year Follow-Up

Age (years) 9.8 ± 0.4 9.3 ± 1.2 0.263
Height SDS 0.88 ± 1.70 0.11 ± 0.83 0.132
Weight SDS 0.75 ± 1.14 0.19 ± 1.03 0.165

BMI SDS 0.55 ± 1.00 0.21 ± 1.01 0.339
Bone age (years) 11.2 ± 0.6 10.2 ± 0.9 0.001
BA-CA (years) 1.6 ± 1.2 0.8 ± 0.8 0.049

SDS, standard deviation score; BMI, body mass index; BA-CA, the difference between bone age and
chronological age.

Table 2 shows the myopic progression of both the CPP patients and controls. At base
line, there was no significant difference in the SEs and ALs between the two groups. After
1-year, at the mean age of 9.6 ± 0.9 years, both the patients with CPP and controls showed
myopic progression, with an average myopic shift of −0.73 ± 0.48 D, and AL elongation
with a mean change of 0.44 ± 0.61 mm. The annual changes in the SEs and ALs were
greater in the controls than those in the patients with CPP, which was not statistically
significant different.

Table 2. Myopic progression over 1 year.

Precocious Puberty
(n = 18)

Control
(n = 14) p Value

At baseline
Spherical equivalent (D) −1.43 ± 1.40 −1.12 ± 1.44 0.542

Axial length (mm) 23.96 ± 1.12 23.52 ± 1.14 0.280
At 1-year follow-up

Spherical equivalent (D) −2.08 ± 1.52 −1.97 ± 1.52 0.842
Axial length (mm) 24.32 ± 1.13 24.07 ± 1.12 0.544

Annual change of SE (D) −0.64 ± 0.41 −0.85 ± 0.55 0.246
Annual change of AL (mm) 0.35 ± 0.22 0.55 ± 0.89 0.373

D, diopters; SE, spherical equivalent; AL, axial length.

For the patients with CPP, the annual change in AL correlated significantly with the
changes in height and the difference between bone age and chronological age (BA-CA) in
the univariate analysis (Table 3). Moreover, multivariate linear regression analysis showed
that the annual AL change was significantly correlated with the change in height (β = 0.691,
p = 0.039). The annual change in the SEs did not correlate significantly with any puberty
parameters, including the height, weight, and BMI; bone age; and pubertal hormones (data
not shown).

Table 3. Univariate and multivariate analysis of factors associated with annual change of axial length in girls treated with
gonadotropin-releasing hormone agonist (n = 18, r2 = 0.478, p = 0.039).

Parameter
Univariate Multivariate

r p Value β p Value

Annual change of height 0.511 0.030 0.691 0.039
Annual change of weight 0.423 0.080

Annual change of BMI 0.277 0.266
Age at baseline −0.088 0.729

Peak LH −0.060 0.813
Peak FSH 0.010 0.969
Peak E2 −0.508 0.162

SDS, standard deviation score; BMI, body mass index; LH, luteinizing hormone; FSH, follicle stimulating hormone; E2, estradiol. Stepwise
multivariate regression analysis contained the following independent variables entered into the model: age at first evaluation, the change
in weight and height for a year, peak LH, peak FSH, and peak E2.
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4. Discussion

In this study, the patients with CPP who were at the risk of myopic progression
showed a similar myopic progression after receiving GnRHa treatment for 1 year compared
with the normal controls. In addition, we found that there was a trend of less myopic
progression in the CPP patients with treatments than controls, and for the CPP patients,
the annual change in ALs was positively correlated with the annual change in the height.

Once myopia develops, myopia may continue to progress throughout childhood and
adolescence [2]. Particularly, the prevalence of myopia and rate of myopic progression
were higher in girls than in boys. Moreover, myopic progression was faster in girls with
earlier onset puberty than those with later onset puberty [10]. There are several hypotheses
regarding the rapid progression of myopia in girls during puberty. Elevation in the pubertal
hormones such as estrogen may affect myopic progression given that the presence of sex
hormone receptors in human eye tissues [11]. Wang et al. [12] reported that estradiol levels
were significantly correlated with the axial length elongation and myopic shift. Another
possible explanation is that the increase in the height velocity during puberty is associated
with myopia progression. In our study, annual axial elongation was positively correlated
with annual height gain in the CPP patients after adjusting for age; weight; and pubertal
hormones such as LH, FSH, and E2. A study by Wang et al. [13] reported that longitudinal
changes in AL and height occurred concomitantly in Chinese children. In a study of
1779 school children (aged ages 6 to 14 years), Yip et al. [3] assessed the association between
the mean age at the peak height and the AL or SE velocity. They reported that children with
earlier growth spurts experienced earlier peak SE and AL velocities compared to those with
later onset growth spurts. Recently, a negative correlation between height and subfoveal
choroidal thickness in girls aged 11 to 12 years was also reported [14]. These studies
supported the hypothesis that growth spurts during puberty in girls are at higher risk for
faster myopia progression. Therefore, GnRHa treatment, which can suppress pubertal
hormones and growth spurts, may influence the myopic progression of girls with CPP. In
our study, the annual changes in AL and SE were not significantly different between girls
with CPP who were treated with GnRHas and the controls, while the CPP patients with
treatment tended to have less myopic progression than controls. For ethical reasons, we
only included the CPP patients who underwent treatments, so the myopic progression in
the CPP patients without treatments was not able to be shown. However, based on the
studies for myopia controls, the myopia in children with school ages progressed annually
in −0.81 D or −0.60 D, which was greater than or similar to −0.64 ± 41 D of our CPP
patients [15,16]. Therefore, we suggested the possibility that GnRHa treatment may retard
myopic progression in the CPP patients. Long-term follow up and large cohort studies are
required to validate the association between myopic progression and GnRHa treatment.

Several limitations stem from the retrospective case-control study design used here.
First, we did not evaluate the known variables related to myopic progression such as the
time spent participating in outdoor activities, parental myopia history, the children’s edu-
cation, and near work load. Additionally, we did not evaluate estrogen levels after 1 year
of GnRHa treatment. Therefore, it was difficult to determine causality. Second, the sample
size was small and the follow-up period was relatively short. Despite these limitations, to
the best of our knowledge, this is the first study to analyze myopic progression in patients
with CPP who were receiving GnRHa treatment.

In conclusion, the changes in the ALs and SEs in girls with CPP who were receiving
GnRHa treatment were similar with the normal controls. Since puberty is an important
period for myopia progression, a regular ophthalmic evaluation may be necessary particu-
larly in patients with CPP. In addition, we suggest GnRHa treatment may be beneficial in
slowing down myopic progression in girls with CPP.

Author Contributions: Study concept and design (S.A.C., H.S.L.); data collection (S.A.C., H.S.L., and
S.W.K.); analysis and interpretation of data (S.A.C., H.S.L., and S.W.K.); drafting of the manuscript
(S.A.C., H.S.L.); critical revision of the manuscript (S.A.C., H.S.L., and J.S.H.); supervision (H.S.L.).
All authors have read and agreed to the published version of the manuscript.



Children 2021, 8, 171 6 of 6

Funding: This study was supported by grants from the Basic Science Research Program through the
National Research Foundation of Korea funded by the Ministry of Science, ICT, and Future Planning
(2017R1C1B5017453; Seoul, South Korea) (S.A.C.) and by DAEWOONG fund.

Institutional Review Board Statement: This study was conducted in accordance with the tenets of
the Declaration of Helsinki. The study protocol was approved by the Institutional Review Board of
Ajou University School of Medicine, Suwon, South Korea (AJIRB-MED-OBS-15-250).

Informed Consent Statement: Written informed consent by the patients was waived due to a
retrospective nature of our study.

Data Availability Statement: All relevant data are included in the paper and its Supporting Infor-
mation files. Otherwise, the raw data analyzed during the current study are not publicly available as
owners gave their written consent only to use the data for the current study on IRB approve. The
datasets used and/or analyzed in the present study are available from the corresponding author on
reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Grzybowski, A.; Kanclerz, P.; Tsubota, K.; Lanca, C.; Saw, S.M. A review on the epidemiology of myopia in school children

worldwide. BMC Ophthalmol. 2020, 20, 27. [CrossRef] [PubMed]
2. Baird, P.N.; Saw, S.M.; Lanca, C.; Guggenheim, J.A.; Iii, E.L.S.; Zhou, X.; Matsui, K.-O.; Wu, P.-C.; Sankaridurg, P.; Chia, A.; et al.

Myopia. Nat. Rev. Dis. Prim. 2020, 6, 99. [CrossRef] [PubMed]
3. Yip, V.C.; Pan, C.W.; Lin, X.Y.; Lee, Y.S.; Gazzard, G.; Wong, T.Y.; Saw, S.M. The relationship between growth spurts and myopia

in Sin-gapore children. Investig. Opthalmol. Vis. Sci. 2012, 53, 7961–7966. [CrossRef] [PubMed]
4. Lyu, I.J.; Kim, M.H.; Baek, S.-Y.; Kim, J.; Park, K.A.; Oh, S.Y. The Association between Menarche and Myopia: Findings From the

Korean National Health and Nutrition Examination, 2008–2012. Investig. Opthalmol. Vis. Sci. 2015, 56, 4712–4718. [CrossRef]
[PubMed]

5. Biyik, K.Z.; Tideman, J.W.L.; Polling, J.R.; Buitendijk, G.H.S.; Jaddoe, V.V.W.; Larsen, M.; Klver, C.C. Subfoveal choroidal thickness
at age 9 years in relation to clinical and perinatal characteristics in the population-based Generation R Study. Acta Ophthalmol.
2020, 98, 172–176. [CrossRef] [PubMed]

6. Bradley, S.H.; Lawrence, N.; Steele, C.; Mohamed, Z. Precocious puberty. BMJ 2020, 368, l6597. [CrossRef]
7. Carel, J.C.; Eugster, E.A.; Rogol, A.; Ghizzoni, L.; Palmert, M.R. Consensus statement on the use of gonado-tropin-releasing

hormone analogs in children. Pediatrics 2009, 123, e752–e762. [CrossRef] [PubMed]
8. Greulich, W.W.; Pyle, S.I. Radiologic Atlas of Skeletal Development of the Hand and Wrist, 2nd ed.; Stanford University Press: Stanford,

CA, USA, 1959.
9. Kim, J.H.; Yun, S.; Hwang, S.S.; Shim, J.O.; Chae, H.W.; Lee, Y.J.; Lee, J.H.; Kim, S.C.; Lim, D.; Yang, S.W.; et al. The 2017

Korean National Growth Charts for children and adolescents: Development, improvement, and prospects. Korean J. Pediatr.
2018, 61, 135–149. [CrossRef] [PubMed]

10. Wong, K.; Dahlmann-Noor, A. Myopia and its progression in children in London, UK: A retrospective evaluation. J. Optom.
2020, 13, 146–154. [CrossRef] [PubMed]

11. Gupta, P.; Johar, K.; Nagpal, K.; Vasavada, A. Sex Hormone Receptors in the Human Eye. Surv. Ophthalmol. 2005, 50, 274–284.
[CrossRef]

12. Wang, J.; Cheng, T.; Zhang, B.; Xiong, S.; Zhao, H.; Li, Q.; He, X. Puberty could regulate the effects of outdoor time on refractive
development in Chinese children and adolescents. Br. J. Ophthalmol. 2021, 105, 191–197. [CrossRef] [PubMed]

13. Wang, D.; Ding, X.; Liu, B.; Zhang, J.; He, M. Longitudinal Changes of Axial Length and Height Are Associated and Concomitant
in Children. Investig. Opthalmol. Vis. Sci. 2011, 52, 7949–7953. [CrossRef]

14. Li, X.Q.; Jeppesen, P.; Larsen, M.; Munch, I.C. Subfoveal Choroidal Thickness in 1323 Children Aged 11 to 12 Years and Association
With Puberty: The Copenhagen Child Cohort 2000 Eye Study. Investig. Opthalmol. Vis. Sci. 2014, 55, 550–555. [CrossRef] [PubMed]

15. Yam, J.C.; Jiang, Y.; Tang, S.M.; Law, A.K.P.; Chan, J.J.; Wong, E.; Simon, T.; Young, A.L.; Tham, C.C.; Chen, J.L.; et al. Low-
Concentration Atropine for Myopia Progression (LAMP) Study: A Randomized, Double-Blinded, Placebo-Controlled Trial of
0.05%, 0.025%, and 0.01% Atropine Eye Drops in Myopia Control. Ophthalmology 2019, 126, 113–124. [CrossRef]

16. Chua, W.H.; Balakrishnan, V.; Chan, Y.H.; Tong, L.; Ling, Y.; Quah, B.L.; Tan, D. Atropine for the Treatment of Childhood Myopia.
Ophthalmology 2006, 113, 2285–2291. [CrossRef] [PubMed]

http://doi.org/10.1186/s12886-019-1220-0
http://www.ncbi.nlm.nih.gov/pubmed/31937276
http://doi.org/10.1038/s41572-020-00231-4
http://www.ncbi.nlm.nih.gov/pubmed/33328468
http://doi.org/10.1167/iovs.12-10402
http://www.ncbi.nlm.nih.gov/pubmed/23150611
http://doi.org/10.1167/iovs.14-16262
http://www.ncbi.nlm.nih.gov/pubmed/26207307
http://doi.org/10.1111/aos.14178
http://www.ncbi.nlm.nih.gov/pubmed/31386803
http://doi.org/10.1136/bmj.l6597
http://doi.org/10.1542/peds.2008-1783
http://www.ncbi.nlm.nih.gov/pubmed/19332438
http://doi.org/10.3345/kjp.2018.61.5.135
http://www.ncbi.nlm.nih.gov/pubmed/29853938
http://doi.org/10.1016/j.optom.2019.06.002
http://www.ncbi.nlm.nih.gov/pubmed/31992534
http://doi.org/10.1016/j.survophthal.2005.02.005
http://doi.org/10.1136/bjophthalmol-2019-315636
http://www.ncbi.nlm.nih.gov/pubmed/32299828
http://doi.org/10.1167/iovs.11-7684
http://doi.org/10.1167/iovs.13-13476
http://www.ncbi.nlm.nih.gov/pubmed/24398094
http://doi.org/10.1016/j.ophtha.2018.05.029
http://doi.org/10.1016/j.ophtha.2006.05.062
http://www.ncbi.nlm.nih.gov/pubmed/16996612

	Introduction 
	Materials and Methods 
	Study Population 
	Ophthalmic Measurements for Myopic Progression 
	Puberty Parameters Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	References

