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KEYWORDS Abstract

Marfan syndrome; Objective: To evaluate the effects of hormonal treatment with sex steroids on the final height of
Estradiol; patients with tall stature, including those diagnosed with Marfan Syndrome (MS), over 15 years in
Testosterone; an outpatient setting.

Growth; Methods: This retrospective cohort study reviewed the medical records of patients referred for
Stature tall stature. Descriptive statistics characterized the samples, while independent and paired t-

tests assessed changes in final height (FH) and height at the start of treatment (HTS). One-way
analysis of variance (ANOVA) evaluated the impact of chronological age at the initiation of ther-
apy, bone age at the start of treatment, and pubertal stage on FH and HTS.

Results: A total of 55 individuals with tall stature (51 % male) were included, among whom 35
(64 %) had clinically confirmed MS. Of these, 34 (62 %) received low-dose steroid treatment.
Patients treated during pre-puberty exhibited an average height increase of 25.56 cm (95 %Cl
20.40—-30.73; p <0.001; d=2.86), while those treated during puberty showed an average gain
of 11.93cm (95%Cl 8.69—15.18; p <0.001; d=1.72). Early treatment before the age of 10
resulted in height gains of 13.92 cm (95 %Cl 4.90—22.93; p=0.006; d = 1.82) with estrogen and
6.8cm (95%CI 1.71—11.88; p=0.010; d = 0.73) with testosterone.

Conclusions: Early intervention with low doses of steroids significantly reduced final height
in individuals with tall stature, including those with MS, while also minimizing dose-depen-
dent adverse effects.

© 2025 The Authors. Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira
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Introduction

Tall individuals are usually referred to endocrinologists to
exclude hormonal disorders leading to abnormal growth,
even though some require a broad clinical investigation to
be diagnosed. It is necessary to be familiar with many rare
overgrowth syndromes, especially because some may have
severe complications, such as Marfan syndrome (MS)."

MS is a genetic disorder first identified in 1896 by the
French pediatrician Antoine Bernard Marfan. It shows signifi-
cant phenotypic variability, with mild-to-severe and poten-
tially fatal cases.” The estimated prevalence of this
syndrome is 2—3 cases per 10,000 people; however, many
cases remain undiagnosed. Mutations in the FBN1 gene,
located on chromosome 15g21.1, cause the condition by
affecting fibrillin-1, a key component of microfibrils in con-
nective tissue. This glycoprotein is found in the middle layer
of arteries, ligaments, lungs, eye structures, and the dura
mater. As a result, the cardiovascular, ocular, and skeletal
systems are the most affected.?

Although cardiovascular factors are commonly linked to
morbidity and mortality, excessive height is the primary rea-
son for referral to specialists, as it significantly affects
patients' physical and psychological well-being.* Addition-
ally, an overgrowth pattern can worsen aortic dilation and is
strongly associated with a high prevalence of scoliosis.”

Few studies have examined the treatment or manage-
ment of excessive height in patients with tall stature,
including MS, and this topic remains controversial. Most dis-
cussions focus on surgical interventions, such as percutane-
ous epiphysiodesis or the use of supraphysiological doses of
sex steroids; off-label treatment is also used for individuals
with constitutional tall stature.®

This retrospective study evaluated the impact of sex ste-
roid treatment on final height and height gain in patients
with tall stature, including Marfan syndrome, over 15 years
in an outpatient setting.

Material and methods

This retrospective study was conducted at the Pediatric
Endocrinology Unit of the Federal University of Sao Paulo
(UNIFESP/EPM) after being approved by the Research Ethics
Committee under project number 8044/2021.

Study population and sample

The study included 55 participants with tall stature (defined
as height >2.0 standard deviations, SD above the mean for
age and sex),” of whom 35 (64 %) were clinically diagnosed
with MS based on Ghent Il criteria.®

Initially, 97 patients were selected; however, the final
cohort for the primary analysis comprised 55 patients.
Approximately ten patients lacked a confirmed tall stature
diagnosis, 12 did not reach the final height (FH) (defined as a
growth rate of <2 cm/ year or bone age, as estimated by the
Greulich-Pyle (GP) method,’ at least 14 years for girls and
16 years for boys), 11 used medications intermittently, and
nine discontinued follow-ups.

The patients were those diagnosed with tall stature, hav-
ing reached FH, assessed for bone age via the GP method,’

and with at least one clinical or anthropometric data point.
Exclusion criteria were incomplete medical records (lacking
clinical or anthropometric data), concurrent endocrine dis-
orders, and prior growth-altering therapies unrelated to MS.

Procedures

Clinical data from 2004 to 2021 were obtained from the
medical records of patients referred to the outpatient clinic
for assessment of tall stature. Key variables included:

e Clinical features: if MS diagnosis (yes or no), Tanner
pubertal stage (prepubertal or pubertal),'®'" chronologi-
cal age at the start of treatment (months), and bone age
at the start of treatment (months);

e Anthropometric measures: Height at the start of therapy
(HST) and FH, all in cm and Z-scores;

e Treatment characteristics: treated and untreated, and
if treated: type of sex steroid (estradiol, testosterone,
or combined), dosage, and treatment duration
(months).

The untreated group (n=21) did not receive sex steroids
due to advanced bone age at the first consultation [greater
than 13 years in girls (n=7) and 15 years in boys (n=6)]; tall
stature complaints but with a height Z-score of < 2.0 (n=5);
or loss of follow-up during the appropriate treatment period
(n=3).

To standardize sex steroid use in this study, dosages were
converted as follows: females were placed on estrogens,
and boys were treated with testosterone alone or combined
with estrogens to expedite epiphyseal closure because of
poor FH prognosis. The total sex steroid dose was the aver-
age given during treatment, excluding the non-compliance
periods. For boys, the monthly testosterone dose (mg) was
recorded, consisting of either testosterone cypionate (Depo-
Testosterone) or a combination of testosterone salts (propio-
nate 30mg, phenylpropionate 60mg, isocaproate 60mg,
and decanoate 100mg). For patients taking conjugated
estrogens (girls or boys), the dose was expressed as the
equivalent daily dose of estradiol valerate (0.625 mg of con-
jugated estrogens equals 1 mg of estradiol valerate). For
female participants, progesterone was added if vaginal
bleeding occurred or after two years of starting estrogen
therapy (whichever came first)."?

Outcome measures

FH and height gain during treatment (HGT), calculated by
subtracting the HST from the FH in cm and Z-scores.

Data analysis

A missing data analysis was conducted to ensure the integ-
rity and reliability of the results. Little’s MCAR Test
(X2(2374) =17,287, p=1000) indicated that the missing values
were random and substitutable. The expected maximization
method estimates missing values based on participants’
responses, avoids sample mean use, reduces bias, and
enhances robustness. Consequently, all participants had
complete data for all the variables analyzed.

57
58
59
60

61

62
63
64

65
66
67
68
69
70
71
72
73
74

75

77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

95
96
97

98

100

101

102
103
104
105
106
107
108
109



110
111
112
113
114
115
116
117

118
119
120
121
122
123
124
125
126
127
128

129
130
131
132
133
134
135
136

JID: JPED

[mSP6P;March 3, 2025;15:54]

Jornal de Pediatria xxxx;XXX(XXX): XXX-XXX

Table 1 Descriptive statistics of leading MS characteristics of the sample.
Sex MS clinical Total Lens dislocation Aortic Positive family Systemic score
diagnosis dissection or history > 7 points
dilation (z-
score > 2)
n n n n n
Female Yes 16 11 13 12 3
No 11 2 2 6 1
Male Yes 19 12 18 10 9
No 9 3 2 0 1

Descriptive statistics were used to characterize the sam-
ple and report the continuous variables' mean and standard
deviation (SD). Sample characteristics were analyzed by
diagnosis (MS: yes or no), Tanner pubertal stage (pre-puber-
tal or pubertal), sex (female or male), and treatment type
(estrogen, testosterone, or combined), and visualized using
boxplots. The total dose data showed skewness; however,
the parametric analysis was justified based on the following:

1. Robustness of parametric tests: Parametric tests (e.g., t-
tests, ANOVA) were robust to moderate normality viola-
tions, particularly with 55 participants. '

2. Central Limit Theorem: A large sample size ensures that
the sampling distribution of the mean approaches’ nor-
mality even with skewed raw data.’*

3. Clinical relevance: The total dose variable could not be
transformed because of its clinical importance.

4. Methodological consistency: Consistency was maintained
across all continuous variables, including the normally
distributed final height in cm and Z-score.

For a sample size of 55, approximate normality was
assumed for the height Z-score data, FH (cm), and HST (cm).
Groups were split into treated and untreated. Independent
and paired t-tests checked changes in FH and HST by chrono-
logical age (up to 120 months or over 121 months) and Tan-
ner stage (pre-pubertal or pubertal). One-way ANOVA was
used to assess the impact of chronological age, Tanner stage,
and bone age on FH and HGT at the start of treatment.

Table 2

Analyses were performed using IBM SPSS Statistics version 30
with two-sided tests, and data are presented as mean =+ SD,
significance at p <0.05, 95% confidence intervals, and
effect size (Cohen’s d and other relevant measures).

Results

The study included a sample of 55 tall individuals of both
sexes (51 % male), of whom 35/55 patients (64 %) had a con-
firmed clinical diagnosis of MS. Table 1 presents the main
characteristics of the MS samples.

Regarding treatment, 34/55 patients (61.8%) (17 boys
and 17 girls) received sex steroids to lower their FH,
including testosterone or estrogen. Ten boys were admin-
istered both testosterone and estrogen due to inadequate
FH.

Twenty-one patients out of 55 (38.2%) (11 boys and 10
girls) did not receive any treatment, and 7 (3 boys and four
girls) did not fully meet the Ghent Il diagnostic criteria.

Four distinct treatment groups were described consider-
ing sex and therapy type: girls treated exclusively with oral
estrogen (GTE) (n=16, 29.1%), boys treated exclusively
with intramuscular testosterone (GTT) (n=8, 14.5%), boys
treated with sequential therapy starting with testosterone
followed by estrogen (GTET) (n=10, 18.2%), and untreated
group (GNT) despite sex (n=21, 38.2%).

Among the 34 patients treated, 14/34 (41.2 %) were Tan-
ner 1 at the beginning of treatment. Table 2 details the

Sample distribution was based on diagnosis, Tanner stage, sex, and treatment group.

Marfan Syndrome

No Yes
Female Male Female Male Tanner at treatment
n n n N
Treatment exclusively with estrogen (GTE) 7 0 9 0 Tanner 1: 14
Treatment exclusively with testosterone (GTT) 0 0 0 8 Tanner 2: 6
Treatment with both testosterone and estrogen (GTET) 0 6 0 4 Tanner 3: 6
Tanner 4: 5
Tanner 5: 3
No treatment (GNT) 4 3 7 7 —
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sample distribution by diagnosis, Tanner stage, sex, and
treatment group.

The GTE received a daily dose of 1.7 mg of estradiol val-
erate, the GTT received a monthly dose of 214 mg of testos-
terone, and the GTET received 228 mg of testosterone
monthly along with a daily dose of 1.5 mg of estradiol valer-
ate. No adverse events due to sex steroid therapy were
reported. Table 3 shows the details of sex steroid treatment
for each treatment group.

The boxplot graphs (Figure 1A and B) visually analyze FH
and HTS in cm and Z-scores for different treatment groups.
The GNT had a mean HST of 168 cm (SD = 15.5; 95 %Cl = 161.1
— 175.2) and 2.21 z-score (SD =1.35; 95%Cl=1.59 — 2.82);
GTE had 158.2cm (SD=11.99; 95 %Cl =151.8 — 164.59) and
2.62 z-score (SD=1.11; 95%Cl=2.02 — 3.21); GTET had
172.37 cm (SD =13.30; 95 %Cl =162.85 — 181.89) and 3.17 z-
score (SD=1.25; 95%Cl=2.27 — 4.02); and the GTT had
173.94 (SD=15.61; 95%Cl= 160.89 — 186.99) and 2.74 z-
score (SD=0.93; 95 %Cl=1.96 — 3.53).

Regarding FH, the GNT had 179.29cm (
95%Cl=175.11 — 183.46) and 1.56 z-score (
95%Cl=1.05 — 2.07); GTE had 175.06 (SD=4.64;
95%Cl=172.59 — 177.53) and 1.87 z-score (
95%Cl=1.50 — 2.23), GTET had 192.5 (SD=4.35;
95%Cl=189.39 — 195.61) and 2.76 z-score (SD=1.00;
95 %Cl=2.04 — 3.48); and GTT had 189.63cm (SD =8.28;
182.7 — 196.55) and 1.88 z-score (SD=1.17; 95%Cl=0.90
— 2.86).

Figure 1A and 1B indicate that treatments, especially in
the GTET and GTT groups, reduced the gap between FH and
HST during the evaluated period. In the untreated group
(GNT), there was more variation and heterogeneity, showing
less controlled growth.

There was no effect of treatment duration or sex steroid
dosage on FH among different treated groups.

In prepubertal individuals, there was a significant differ-
ence in HST and FH with a mean of 25.56cm (SD =8.94;
95 %Cl 20.40 - 30.73; p <0.001, Cohen’s d=2.86) and a z-
score of —0.91 (SD=1.02; 95%Cl —1.50 - —0.32; p=0.005,
Cohen’s d=-0.89). In pubertal subjects, the mean differ-
ence was 11.93 cm (SD =6.93; 95 %Cl 8.69 - 15.18; p < 0.001,
Cohen’s d=1.72) and a z-score of —0.51 (SD=0.82; 95 %Cl
—0.90- —-0.12; p=0.012, Cohen’s d =0.62).

Among prepubertal patients, those who started estrogen
treatment before 120 months (10 years) had a mean FH dif-
ference of —13.92cm (95% Cl: —22.93 to —4.90; p=0.004;
Cohen’s d = 1.82). Similarly, patients treated with testoster-
one before 10 years had a mean FH difference of —10.55cm
(95% Cl: —17.50 to —3.59; p=0.008; Cohen’s d = 1.18).

There was no significant difference in FH and HGT (cm
and z-score) based on bone age at treatment start in prepu-
bertal patients treated up to 120 months (p-values ranged
from 0.188 to 0.913).

Discussion

In this retrospective study, the authors aimed to evaluate
the impact of sex steroids on FH in tall individuals using real-
world data, starting treatment upon referral to a pediatric
endocrine clinic. Referrals were based on the clinical judg-
ment of the primary care physicians.

Details of treatment with sex steroids and changes in height Z-scores.

Table 3

Final height Z
score + SD

The mean dose
of sex steroid

Treatment
duration

Height Z score

Bone age at the

start of

Chronological

Height Z score

at first

Group (n)

at the start of

age at the start

of treatment
(years =+ SD)

(mg/day or mg/

month)
1.7
214

(months =+ SD)

treatment &+ SD

treatment

consultation £

SD

(years + SD)
11+£2.75

1.87 +£0.68
1.88+1.17

2.76 £1.0

26 + 14

2.62 +1.11
2.74+0.93

T
E

10.58 +2.30
12 +1,80

T
E

2.39+1.09
2.86 +£0.95
2.98 +1.09

GTE (n=16)
GTT (n

30+20

T
E

12.92 +3.9

T
E

=8)

T=228
E=1.5

32+13
20+ 15

3.17+£1.25
3.71+£1.52

12+2.5

12+2.5

GTET (n=10)

13.58 +1.2

13.08 +£2.6

1.56 +£1.13

1.94+1.12

GNT (n=21)

GTE, girls treated solely with oral estrogen; GTT, boys treated exclusively with intramuscular testosterone; GTET, boys treated with sequential therapy starting with testosterone followed by

estrogen; GNT, untreated group. Data in mean =+ SD.
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Figure 1 A and B. Boxplot of height evolution according to treatment.

GNT, untreated group; GTE, treated with estrogen; GTET, treated with estrogen and testosterone; GTT, treated with testosterone.

In contemporary times, studying tall children or teen-
agers is challenging. Height is often seen positively, so
fewer parents seek medical advice for taller kids. Conse-
quently, syndromes affecting height may be undiagnosed
until other health issues, like scoliosis or aortic dilation,
emerge.'

It is essential to clarify that the primary purpose of start-
ing treatment for all male or female patients was height
prognosis (> 2.0 SD), which was also the main reason they
were referred to the endocrine clinic. The treatment for
patients diagnosed with MS is straightforward. Those not
meeting the full clinical criteria were also treated for simi-
larly poor height prognosis. While all had some critical MS
features, without molecular confirmation, the authors can-
not rule out MS. Patients with MS experience delayed growth
plate closure due to fibrillin disorder, which extends their
growth period.?

This study revealed significant differences in the growth
patterns and FH outcomes between treated and untreated
groups, especially in the GTETand GTT groups. Interestingly,
these effects did not correlate with treatment duration or
sex steroid dosage, suggesting complex growth regulation
mechanisms.

Studies on high-dose estrogen for treating MS and tall
stature are limited. Estrogen types and doses vary from 50
to 300 mg/day of ethinyl estradiol (5—30 mg/day of estradiol
valerate). It remains the most common treatment for con-
trolling tall stature."

Table 1 located in the supplementary material, provides a
summary of key studies on the treatment of tall stature in
patients with MS. Given the rarity of the syndrome, all stud-
ies were conducted with small sample sizes.* 118

In this study, the average estrogen dose was 1.5—1.7 mg/
day of estradiol valerate, lower than the average reported
in the literature. Lower estrogen doses were used because
of uncertainty concerning long-term adverse effects and the
safety of high doses of sex steroids. "’

Initiating sex steroid therapy at a lower age in prepuber-
tal tall patients (< 10 years) had the most positive effect on
FH. Surprisingly, bone age at the beginning of sex steroid
therapy did not affect FH.*

By the present data, Lee et al. also found a significant
reduction in FH in girls with MS who began treatment before
11 years of age.” Similarly, Kim et al. demonstrated that hor-
monal therapy with estradiol valerate, when initiated
before 10.5 years of age, effectively reduced the final height
by approximately 10 cm in girls with MS.'® Nonetheless, both
studies used high doses of sex steroids.

This study is the first to utilize combined testosterone
and estrogen treatment in a subgroup of male patients with
a poorer prognosis (GTET), acknowledging the significance
of estrogen in epiphyseal closure.®?° Although the GTET
group achieved a final height (FH) of 2.76 z-score, their
height decreased from the initiation of therapy.

The retrospective nature of this study had several limita-
tions. The severity of scoliosis, assessed using Cobb angles,
was not evaluated, and no adjustments were made for the
correction formulas suggested by some authors. Children
with scoliosis were included in the height analysis without
accounting for potential biases from conditions such as
kyphosis or lower limb length discrepancies, which can
affect stature.?’?? In addition, multiple professionals con-
ducted bone age assessments, increasing the risk of inter-
observer variability.

The medication regimen lacked standardization, with
variations in dose, type of sex steroids, and treatment dura-
tion of > 15 years of follow-up. A more robust study design -
prospective, longitudinal, multicenter, with a larger sample
and standardized drug protocols - would be ideal for assess-
ing different sex steroid doses and long-term side effects.
Such a study has yet to be published.

This retrospective study evaluated the impact of hor-
monal treatment with sex steroids on the FH of patients
with tall stature, including those with MS, monitored over
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15 years in an outpatient setting. The results showed that
early intervention with low doses of steroids significantly
reduced FH in tall populations, including those with MS,
while also reducing dose-dependent adverse events.
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