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Abstract

Aim: This study aims to assess the final adult height of patients with juvenile myasthenia gravis (JMG) who
received glucocorticoid treatment during childhood.

Methods: A retrospective cohort study was conducted at two neurology centers in Beijing, China, including
patients diagnosed with JMG between March 2006 and April 2022. Participants were stratified into two groups:
those receiving long-term corticosteroid therapy (= 6 months) and those without such treatment. Further subgroup
analysis was performed based on treatment timing (prepubertal vs. postpubertal). Mean differences in adult height
were calculated, and binary logistic regression was used to evaluate associations between treatment variables and
growth outcomes.
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Results: Of 120 diagnosed JMG patients, 47 who reached adult height were analyzed. Adult height in the long-term
steroid group (168.64 £+ 7.58 cm) did not significantly differ from the control group (171.45 £ 9.58 cm) (P = 0.26).
A negative correlation was observed between the age at steroid initiation and the final-predicted height difference
(r=0.23, P = 0.04), and between steroid duration and adult height (r = -3.11, P = 0.04). Prepubertal steroid
initiation was associated with a significant negative final-predicted height difference (Z =-2.12, P = 0.03) and a
higher likelihood of failing to achieve predicted height (x> = 6.18, P = 0.03). Prepubertal steroid use emerged as an
independent risk factor for not attaining predicted height (OR =11.07, 95%Cl: 1.24-99.15, P = 0.03).

Conclusion: In JMG patients, steroid treatment after puberty appears to have a relatively smaller impact on adult
final height compared to treatment before puberty.

Keywords: Myasthenia gravis, juvenile myasthenia gravis (JMG), final adult height, predicted height, retrospective
cohort study

INTRODUCTION

Juvenile myasthenia gravis (JMQG) is clinically defined as autoimmune neuromuscular junction dysfunction
with disease manifestation prior to 18 years of age. This heterogeneous disorder is subclassified into distinct
clinical subtypes based on three principal parameters: (1) phenotypic presentation (ocular vs. generalized);
(2) thymic pathology (thymomatous vs. non-thymomatous); and (3) serological profiles (anti-acetylcholine
receptor antibody [AChR-Ab] seropositive vs. seronegative). Ocular Myasthenia Gravis (OMG) accounts
for 80%-90% of JMG cases, while generalized myasthenia occurs in 10%-20% of patients approximately
2 years after diagnosis"’. Notably, spontaneous remission without therapeutic intervention has been
documented in 5%-25% of JMG patients during longitudinal follow-up"’. The peak onset age of JIMG
ranges between 1 and 7 years old. Current therapeutic algorithms prioritize acetylcholinesterase inhibitors
as first-line symptomatic management, complemented by glucocorticoids (GCs) as the primary
immunomodulatory therapy'. While previous perspectives have identified that positive anti-acetylcholine
receptor antibodies (AChR-ADb) and generalized clinical manifestations as independent prognostic
indicators of unfavorable long-term outcomes"”, GC-based regimens have demonstrated favorable clinical
response rates (50%-70%), including complete pharmacological remission in a substantial subset of
patients”. Notably, the evidence base for alternative oral immunosuppressants (e.g., azathioprine,
mycophenolate mofetil) in pediatric populations remains limited.

Previous cohort studies have consistently shown that early and appropriate use of GC significantly
ameliorates clinical symptoms in JMG cases across China, Europe, and the United States. Specifically, GC
demonstrates a notable improvement effect in ameliorating extraocular muscle dysfunction'”. However, it is
important to consider the potential adverse effects associated with GC use, including obesity, Cushing’s
syndrome, glucose and lipid metabolism abnormalities, and bone metabolism disorders. Cross-sectional
studies on adolescent MG highlight GC-induced side effects such as growth retardation, delayed pubertal
development, and decreased bone mineral density, all of which substantially impact long-term quality of
life”"). The potential sequelae of childhood GC therapy may persist into adulthood, manifesting as reduced
final height, chronic metabolic syndrome, and increased fracture risk. While some studies examining the
impact of inhaled steroids on the growth and development of children with asthma suggest no effect on
final height in adulthood", emerging evidence suggests that systemic corticosteroid exposure during critical
growth periods may result in permanent height deficits compared to untreated controls"”. Despite these
concerns, GC therapy remains the cornerstone of JMG management in China, though rigorous
investigations into its long-term growth effects remain limited. To address this critical knowledge gap, we
conducted a retrospective cohort study evaluating final adult height in northern Chinese JMG patients who

received childhood GC therapy, aiming to evaluate its influence on growth outcomes.
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METHODS

Selection criteria

This retrospective study examined medical records of JMG patients from two prominent neurology
institutions in Beijing, China, spanning the period from March 2006 to April 2022. Inclusion criteria
comprised patients who met the diagnostic criteria of MG and exhibited the onset of MG symptoms before
the age of 18. Diagnosis of MG was confirmed based on fluctuating muscle weakness, fatigability, and the
fulfillment of neurophysiological and immunological criteria. Exclusion criteria encompassed patients
diagnosed with other neuromuscular disorders such as congenital myasthenic syndrome, chronic
progressive external ophthalmoplegia (CPEO), or muscular dystrophy. Additionally, individuals with
malignant tumors or systemic diseases requiring glucocorticoid (GC) medication were excluded. JMG
patients who had not reached their adult height at the time of the last clinical follow-up were also excluded
from the study. Participants were stratified into two groups based on the duration of GC therapy: (1) the
long-term steroid treatment group (= 6 months); and (2) the control group (< 6 months). Siblings of JIMG
patients without chronic illnesses were included in the control group. Furthermore, JMG patients in the
long-term steroid treatment group were subdivided into prepubertal and postpubertal treatment groups,
based on the age at which GC therapy was initiated. This stratification aimed to evaluate variations in final
adult height across different age groups [Figure 1]. According to recent large-scale epidemiological survey
data in China, the median age for the onset of puberty in girls and boys is 9.65 and 10.65 years,
respectively"'.

Data collection

Demographic characteristics encompassed patients’ sex, age at last follow-up, final adult height (considered
achieved when height increased by less than 0.5 cm for two consecutive years after reaching the age of 15),
weight, parents’ height, and siblings’ height. Predicted height was calculated using the following formula: X1
defined as fathers’ height, X2 defined as mothers’ height, for boys, height = 45.99 + 0.78 x [(X1 + X2)/2], and
for girls, height = 37.85 + 0.75 x [(X1 + X2)/2]"?. Clinical data were collected through chart review by the
research team, including age of GC initiation and maximum daily dose. Disease severity was graded using
the Myasthenia Gravis Foundation of America (MGFA) classification system, with clinical changes assessed
as post-intervention status (PIS)"". Thoracic CT data were gathered and independently reviewed by two
experienced physicians. An abnormal thymus was defined as a space-occupying lesion within the anterior
mediastinum. For patients who had undergone prior thymic surgery, results of histopathological
examination and clinical follow-up data were recorded. Serum samples were analyzed for the presence of
antibodies against the AChR (anti-AChR Ab) and muscle-specific kinase (anti-MuSK Ab). The anti-AChR
Ab radioimmunoassay (RIA) kit was obtained from IBL International (Hamburg, Germany), while the anti-
MuSK Ab RIA kit was sourced from RSR International (Cardiff, UK).

Principle for clinical treatment

All patients diagnosed with JMG received cholinesterase inhibitors (ChEI) as first-line symptomatic
treatment. ChEI was administered orally at 3 mg/kg, divided into three times a day. Oral GCs were added
for patients failing to achieve symptom control with ChEI monotherapy, with the initial dose adjusted to
0.75-1.0 mg/kg (daily or alternate days), and maintained for 4 weeks following clinical remission.
Subsequently, the dose was gradually tapered. In cases that exhibited GC dependency or intolerance,
immunosuppressive (IS) agents were incorporated. Tacrolimus (TAC) and azathioprine (AZA) were the
most frequently utilized IS agents, and accompanied by routine assessments to monitor potential adverse
drug reactions. Patients with a space-occupying lesion revealed by thymic CT underwent thymectomy.
Additionally, for JMG patients with inadequate response to oral medications and tested positive for anti-
AChR Ab, thymectomy should be considered once they reach adulthood (= 18 years of age).
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Figure 1. Flowchart of patient selection for final height assessment in JMGs treated with long-term steroids during childhood.

Statistical analysis

Categorical data, such as gender, were categorized using binary classification, while continuous variables
like age were presented as continuous variables. Final adult height and predicted height followed a normal
distribution and were described using mean + standard deviation (M + SD). Non-normally distributed
quantitative data, including the differences between final and predicted adult heights, accumulation time of
GC, total cumulative dose of GC, and maximum daily dose of GC, were summarized using median with
interquartile ranges (25th percentile, 75th percentile). To compare the mean heights between the long-term
GC treatment group and the control group, an independent samples t-test was employed. The differences
between final-predicted height discrepancies in the two groups were analyzed using the Mann-Whitney U
test. The chi-square test was applied to evaluate the disparity in the proportions of individuals achieving
their predicted height in the two groups. The correlation between final-predicted height discrepancies and
the age of GC initiation, as well as the duration of GC accumulation, was investigated using the Spearman
correlation test. Furthermore, binary logistic regression analysis was conducted to identify potential risk
factors associated with a final adult height below the predicted height. All statistical tests were carried out
using SPSS (IBM SPSS Statistics 20, USA), and a two-sided P-value of < 0.05 was considered statistically
significant.

RESULTS

Characteristics of the JMG cohort achieving adult height

A total of 45 JMG patients who received long-term steroid treatment and reached adult height were
included in the study, with a male-to-female ratio of 25:20. Symptom onset occurred during childhood
(age < 14 years) in 24 patients (53.33%), while the remaining 21 patients (46.67%) experienced onset during
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adolescence (age 14-18 years). The median follow-up duration was 11.3 years (interquartile range: 8.35 to
16.57). At disease onset, the majority of JMG (22 out of 31 with complete data, 70.97%) were classified as
having OMG. A smaller proportion of JMG exhibited appendicular muscle involvement at nadir (12,
26.67%).

A total of 39 cases underwent testing for AChR-Ab and MuSK-Ab using RIA, with 28 cases (71.79%) tested
positive for antibodies. Repetitive nerve stimulation (RNS) tests were performed on 38 cases, with 31 cases
(81.58%) demonstrating positive results. For the remaining cases, the diagnosis of MG was confirmed based
on pharmacological response to treatment; among the 42 patients who completed the neostigmine test, 35
cases (83.33%) demonstrated a positive result. Thymectomy was performed in 17 cases (37.78%), none of
whom had thymoma. Additionally, 14 cases (31.11%) were diagnosed with concomitant hyperthyroidism.
In 13 cases (28.88%), spontaneous improvement without any therapeutic intervention was observed. The
median duration of GC treatment was 3 years (1.4, 5.85), with the highest daily oral dose of prednisone
equivalent reaching a median of 55 mg (25, 70). Within this cohort, 38 individuals (84.44%) achieved
minimal manifestation status (MMS) or better at the time of follow-up.

Height discrepancies between long-term steroid-treated JMGs and controls

In the control group, which consisted of non-long-term GC-treated JMG patients and their siblings (# = 20,
male: female = 12:8), 60% of individuals (12/20) achieved their predicted adult height. There were no
significant differences between the two groups in terms of age (P = 0.23) and gender distribution (P = 0.79).
Comparative analysis revealed no significant differences between groups in either predicted adult height
(169.67 + 6.94 v5.170.16 + 6.85 cm, P = 0.79) or final adult height (168.64 + 7.58 vs. 171.45+ 9.58 cm, P =
0.26). The mean discrepancy between final and predicted height was -1.03 cm, 95%CI (-2.13, 0.08) in the GC
treatment group, while it was +1.30 cm, 95%CI (-1.14, 3.74) in the control group [Table 1].

Factors influencing the final height in JMGs undergoing long-term GC treatment

Factors affecting final height and final-predicted height discrepancies

Thirteen individuals began GC treatment before puberty, with 84.6% (11/13) failing to achieve their
predicted adult height. In contrast, among 32 patients who initiated GC after puberty, 43.8% (14/32) did not
reach their predicted height, this difference was statistically significant (y* = 6.18, P = 0.03), with prepubertal
GC initiation associated with a substantially increased risk of failing to achieve predicted height (OR = 0.19,
95%CI: 0.03 to 0.74) [Figure 2]. Patients who initiated glucocorticoid (GC) treatment before puberty
demonstrated a mean final-predicted height discrepancy of -2.55 cm (95%CI: -4.62 to -0.48), significantly
greater than the -0.41 cm (95%CI: -1.72 to 0.91) observed in patients who began treatment after puberty
(median difference: -2.86 vs. 0.19; Z = -2.12, P = 0.03). Correlation analyses identified significant associations
between height discrepancies and treatment parameters. The age at GC initiation showed a positive
correlation with final height outcomes (r = 0.23, P = 0.04), while cumulative GC duration demonstrated a
negative correlation (r = -3.11, P = 0.04) [Figure 3]. Subgroup analyses revealed no statistically significant
differences in baseline characteristics between patients who achieved their predicted height and those who
did not [Supplementary Table 1]; however, non-parametric comparisons revealed significant differences in
maximum daily steroid dosage between groups (50 [37.5-60] vs. 60 [56.25-70] mg; Z = -2.64, P = 0.008).
Notably, total cumulative dosage showed no significant variation (14,227.5 [12,075-17,400] vs. 12,424.38
[7,175-14,910] mg; Z = -1.63, P = 0.10). Among the study cohort, 19.15% (n = 9) received intravenous
methylprednisolone pulse therapy, with no patients requiring multiple treatment courses. Comparative
analysis showed no significant differences in treatment duration (2.5 [1.1-11.1] vs. 3.8 [1.5-5.5] years;
7 =-0.04, P = 0.98) or total cumulative steroid dose (12,575 [4,724.38-14,026.25] vs.14,172.5
[8,223.13-17,900.63] mg; Z = -1.25, P = 0.22) between patients who received pulse therapy and those who
did not.
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Table 1. Demographic and clinical characteristics of two groups

Characteristics Long-term steroid treatment JMGs Control Comparison
n=45 n=20 0P

Gender, [female, (n, 9%)] 20 (44.44) 8 (40) xz =993 0.79

Age, [years, M (P25, P75)] 22.19 (19, 25.5) 20 (19.25, 23.75) Z=-1.04 0.23

Duration of GC therapy, [year, M (P25, P75)] 3(1.4,5.85) NA NA NA

Target adult height, [M + SD, cm] 169.67 £ 6.94 170.16 £ 6.85 t=0.26 0.79

Final height, [M £ SD, cm] 168.64 +7.58 171.45 +9.58 t=127 0.26

AFinal height-target height, [Mean, 95%Cl] -1.03 (-2.13, 0.08) 130 (-1.14,3.74) Z=-1.84 0.06

PIS, n (%) NA

MMS or better 38 (84.44) 2 (100)

Improved 6 (13.33) 0

Unchanged or worse 1(2.22) 0

Muscle involvement at onset”, n (%) NA

Extraocular muscle 22 (70.97) 2 (100)

Appendicular muscle 9(29.03) 0

MG type at nadir, n (%) NA

OMG 33(73.33) 2 (100)

GMG 12 (26.67) 0

Age at prednisone initiation, n (%) NA

Prepuberty 32 (711

After puberty 13 (28.89) 0

14 missing data; GC: Glucocorticosteroid; M: median; SD: standard deviation; P25: 25th percentile; P75: 75th percentile; OMG: ocular
myasthenia gravis; GMG: generalized myasthenia gravis; PIS: post-intervention status; MMS: minimal manifestation status.

X2=6.18, P =0.03
OR=0.19(95%C/ 0.03-074 )
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Figure 2. Proportions of individuals reaching predicted height in two groups (GC initiation before puberty vs.after puberty). A: IMG
started corticosteroid therapy before puberty, contained a higher proportion of individuals not reaching predicted height; B: JMGs
started corticosteroid therapy after puberty.

Factors associated with failure to achieve predicted final height

The risk factors associated with a final height below the predicted value were analyzed using univariate
logistic regression, as illustrated in Figure 4. Multivariate logistic regression was subsequently performed to
identify independent predictors, incorporating the following variables: initiation of GC treatment before
puberty, cumulative duration of GC treatment and positive anti-AChR or anti-MuSK antibodies. After
adjustment for age and gender, initiation of GC treatment before puberty was identified as an independent
risk factor for failure to achieve predicted height (OR = 11.07, 95%CI: 1.24-99.15, P = 0.03).
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Gender=male 1.04(0.32-3.39) 0.44

Figure 4. Factors affecting lower final height than predicted. **Adult final-predicted height discrepancies was significantly correlated
with the duration of steroid treatment accumulation.

DISCUSSION

This study provides valuable insights into the long-term impacts of GC treatment on growth outcomes in
patients with JMG. In this retrospective analysis, participants were stratified into two groups based on long-
term GC treatment exposure: a long-term GC treatment group and a control group consisting of JMG
patients without long-term GC treatment and their siblings. The two groups were well-matched in terms of

age, gender distribution, and predicted height.
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Upon comparing the GC treatment JMG group with the control group, no significant statistical differences
were found in key growth parameters, including final adult height, the proportion of individuals achieving
predicted height, or the discrepancies between final and predicted height. Thus, based on the existing data,
long-term GC treatment does not appear to adversely affect final adult height in JMG patients. This
conclusion aligns with previous research, notably a study involving asthmatic children, which demonstrated
that steroid-treated individuals could attain their expected height, highlighting new theoretical evidence to
the understanding of long-term growth outcomes in JMG patients undergoing GC treatment.

In previous research on JMG, the majority of investigations have adopted a cross-sectional approach. A
study revealed lower bone density in JMG patients compared to their healthy counterparts, alongside
decreased bone age and reduced vitamin D activity!"”. In the present study, a detailed analysis of growth
outcomes revealed that 60% (12/20) of individuals in the control group achieved their predicted height,
whereas only 44.4% (20/45) of GC-treated JMG patients attained their predicted height. Although this
difference did not reach statistical significance, a crucial finding emerged: the mean discrepancies between
final and predicted height were negative in the GC treatment group, contrasting with a positive mean
discrepancy in the control group. This finding suggests the potential intricacies in the relationship between
GC treatment and height outcomes, especially in chronic conditions like JMG.

To elucidate the determinants of final height outcomes, this study conducted comprehensive correlation
analyses. The results unveiled linear correlations between the age of initiating GC treatment and the
discrepancies between final and predicted height (r = 0.23, P = 0.04). Additionally, the duration of GC
treatment accumulation was correlated with final adult height discrepancy (r = -3.1, P = 0.04). These
findings highlight the critical importance of optimizing the duration of GC treatment, particularly in
prepubertal children, to mitigate potential adverse effects on growth outcomes. Subgroup analyses stratified
by gender, antibody type (AChR vs. MuSK), and thymectomy status demonstrated no significant differences
in the proportion of individuals failing to achieve their predicted height (P > 0.05 for all comparisons).

Our analysis revealed that individuals who initiated GC before puberty exhibited a propensity for negative
discrepancies between final and predicted height, with a significantly higher proportion failing to achieve
their predicted height. Binary logistic regression analysis identified prepubertal initiation of GC treatment as
the sole independent risk factor for failing to attain predicted height (OR = 8.31, 95%CI: 1.58-43.61,
P =0.02). To mitigate the potential confounding effects, adjustments were made for age of onset and gender
in the regression model. Initiating GC treatment after puberty was associated with a reduced risk of not
attaining the expected adult height by a factor of 11.07. Despite the statistically significant correlation
between the age of GC initiation and final predicted height discrepancies (r = 0.23, P = 0.04), the relatively
modest strength of this association prompted further investigation. Subsequent subgroup analysis and
regression analysis consistently reinforced the finding that prepubertal GC use represents a significant
negative predictor for achieving predicted height. These results underscore the importance of carefully
considering pubertal status when initiating GC therapy in pediatric JMG patients, particularly to minimize
potential long-term impacts on growth.

The study cohort exhibited a balanced gender distribution, with the majority of JMG cases (53.33%, 24/45)
presenting during childhood (< 14 years of age). Ocular myasthenia constituted 73.33% of cases at nadir,
while generalized myasthenia accounted for 26.67%. The conversion rate from ocular to generalized
myasthenia was 25.53%. Throughout adolescence, ocular symptoms remained the predominant
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manifestation in most JMG cases, often inadequately controlled by acetylcholinesterase inhibitors alone.
This highlights the critical need to explore safe and effective non-GC therapeutic options, particularly for
prepubertal patients, to manage MG-related ocular symptoms. At the final follow-up, 20 cases achieved
Status-Minimal Manifestation (PIS-MM), 12 cases reached Pharmacologic Remission (PR), and 6 cases
achieved Complete Stable Remission (CSR). The combined proportion of patients achieving PIS-MM or
better outcomes was (38/45, 84.44%). This percentage exceeded those reported in prior related studies, likely
attributable to the early initiation and appropriate dosage of GC treatment in this cohort. Notably, 28.88% of
patients experienced spontaneous symptom remission without the need for pharmacological interventions
after disease onset, further underscoring the heterogeneous nature of JMG progression and treatment
response.

Certainly, there are several limitations to acknowledge in this study. Firstly, the retrospective study design
introduces inherent biases that cannot be overlooked. Secondly, disparities emerge in age at onset and age at
GC initiation between JMG patients who have reached adult height and those who have not. This imbalance
is attributed to challenges in follow-up, with a notable number of participants lost to follow-up, which is
inevitable in retrospective studies. Thirdly, this article lacks continuous records of patients’ weight and
height, as well as standardized measurement tools for adult height. This issue warrants careful consideration
in actual clinical practice, emphasizing the need for prospective studies to offer more objective conclusions
regarding JMG patients from China.

In recent years, non-corticosteroid immunosuppressive agents, such as tacrolimus, have gained increasing
utilization among Chinese JMG patients. Furthermore, the potential application of biological targeted drugs
like eculizumab and rituximab in adolescent populations represents a promising avenue for future
treatment strategies. These advancements in immunotherapy underscore the need for continued
investigation into the long-term effects of GC on adult height in JMG patients within the context of
evolving therapeutic landscapes.
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