
ORIGINAL ARTICLE

Boys with constitutional delay of growth and puberty

developed spontaneous puberty and reached standard

adult height without pharmacological therapy
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Abstract

Objectives: To evaluate the patterns of pubertal development, growth, and adult height in

untreated male patients with CDGP.

Methods: A retrospective study was conducted at a tertiary care center from 1984 to 2019. Med-

ical records of 46 boys diagnosed with CDGP (after excluding those with hypogonadism) were

included for further analysis.

Results: Most patients were born at term (78%) and appropriate for gestational age (85%). A fam-

ily history of delayed puberty was noted in 50%. The median age at initial evaluation was

14.3 years (range: 4.8�16.2 years). Short stature before puberty was the main reason for seeking

medical attention (48%). Short stature was common at the first evaluation (93%) but improved

over time; at the final assessment, only 17% of the patients remained short. For those who

reached adult height, the height Z-scores were comparable to target height. Predictions using

the Bayley-Pinneau method often overestimated adult height. Delayed bone age was present in

82% of patients at initial evaluation. The median age of spontaneous pubertal onset was 15 years,

with a median duration of 2.1 years (range: 1.2�4.8 years, n = 33). None of the patients received

pharmacological treatment. The median age at Tanner stage G5 was 17.1 years.

Conclusions: In boys with CDGP, transient short stature improved spontaneously during puberty.

Most achieved their target height without growth-promoting therapy. However, adult height pre-

dictions based on the Bayley-Pinneau method were often overestimated. Spontaneous puberty ini-

tiation and completion occurred at approximately 15 and 17 years of age, respectively.

© 2025 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Pediatria. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1 Introduction

2 Puberty is characterized by a growth spurt, acquisition of sex-
3 ual maturity, and reproductive function [1]. In boys, the initial
4 signs include testicular volume � 4 mLD23X X (ml) and/or Tanner
5 stage G2. Absence of these characteristics at the age of 13.5 -
6 14 years old is called delayed puberty (DP) [2]. Constitutional
7 delay of growth and puberty (CDGP) is the most common cause
8 of DP, diagnosed after excluding pathological etiologies [2�5].
9 CDGP patients are typically healthy, with no history of

10 prenatal or perinatal morbidities, chronic illnesses, and eat-
11 ing disorders [5]. The patient’s characteristics include pre-
12 pubertal short stature, growth below the target height (TH),
13 and reduced growth velocity [4�8]. Low body mass index
14 (BMI), without malnutrition, and delayed adrenarche are
15 also common [4�8]. The spontaneous progression of puberty
16 is often the only way to confirm the diagnosis [8,9]. Family
17 history of DP occurs in 50� D24X X80 % of the cases, often showing
18 an autosomal dominant inheritance pattern [3,4,5,10].
19 Recent studies have explored the genetic basis of CDGP,
20 including potential associations with polymorphisms in the
21 androgen receptor (AR) gene, although these findings
22 require further validation [11].
23 These adolescents usually present with delayed bone age,
24 low gonadotropins, testosterone, and growth factors, such as
25 insulin-like growth factor 1 (IGF-1), levels [8,11]. While sug-
26 gestive, these findings alone do not confirm CDGP [5]. The
27 traditional management involves expectant observation, with
28 interventions reserved for cases of significant psychosocial
29 impairment. For the therapy, low-dose testosterone in boys
30 may be administered for four to six months, and aromatase
31 inhibitors such as letrozole, can also be proposed as an alter-
32 native in selected cases of CDGP [4,5,7,9,12,13].
33 Although CDGP is often considered within the spectrum of
34 normal growth variation, conflicting evidence exists regarding
35 adult height (AH) outcomes. Some studies suggest AH aligns
36 with TH [2]. Nevertheless, due to the frequent presentation
37 with short stature during adolescence, some authors have pro-
38 posed that CDGP may temporarily fit the diagnostic criteria for
39 idiopathic short stature (ISS), despite its benign and self-lim-
40 ited nature [5]. Variability in AH outcomes underscores the
41 need for a deeper understanding of CDGP’s natural history.
42 This study elucidated the clinical features, growth patterns,
43 pubertal development, and AH outcomes of male CDGP
44 patients observed over a 35-year period at a referral center.

45 Methods

46 This retrospective cohort study was conducted at a single
47 tertiary care center, the Ribeir~ao Preto Medical School, Uni-
48 versity of S~ao Paulo (HC-FMRP-USP), located in Ribeir~ao
49 Preto, S~ao Paulo, Brazil.
50 Data were collected from medical records of patients fol-
51 lowed at the general pediatric outpatient clinic for growth
52 and development problems, and at the pediatric endocrinol-
53 ogy outpatient clinics, between January 1984 and December
54 2019. Records were identified using keywords including
55 “delayed puberty,” “pubertal delay,” “constitutional delay of
56 growth and puberty,” “constitutional short stature,” “consti-
57 tutional and familial short stature,” “late maturation,”

58“constitutional pubertal delay,” “hypogonadism,” “infantil-
59ism,” or “poor sexual development.”
60Male patients diagnosed with DP, followed for a minimum
61of one year, were included. Patients with systemic chronic
62diseases, definitive hypogonadism, use of medications, or
63conditions associated with DP were excluded.
64Perinatal data collected included gestational age (classi-
65fied as term or preterm), birth weight, perinatal complica-
66tions, and genitalia abnormalities at birth. Newborns were
67categorized as small for gestational age (SGA), appropriate
68for gestational age (AGA), or large for gestational age (LGA)
69based on weight Z-scores [14].
70The parents' stature was collected and used to calculate
71TH with the formula: TH = [(maternal height + paternal
72height + 13) / 2] § 10 cm [15]. History of parental DP was
73defined by a reported history of delayed pubertal timing in
74either parent and/or mother’s age at menarche �14 years.
75Follow-up data included reason for medical consultation,
76age at referral, height, and body mass index (BMI) at each visit,
77age at puberty onset (testicular volume � 4ml and/or Tanner
78stage G2), and age at puberty end (Tanner G5) [3,5]. In cases
79of lost follow-up, patients were contacted by telephone to
80measure adult height and weight at a primary care unit.
81Bone age, determined according to the Greulich-Pyle
82method [16], was classified as delayed (if less than �2 SD for
83age and sex according to chronological age), concordant
84(between �2 SD and +2 SD), or advanced (greater than +2 SD).
85The interpretation of bone age was performed by two experi-
86enced physicians during patient follow-up. In cases where there
87was disagreement between the two evaluators, a third experi-
88enced physician reviewed the radiograph, and the final bone
89age was determined by consensus among the three evaluators.
90Predicted adult height (PAH) was calculated according to
91bone age � which was compatible (PAHc) or delayed (PAHr) in
92comparison with chronological age � using the Bayley-Pinneau
93method [17]. The last bone age available in the records was
94used for this purpose, as long as it was not greater than
9516 years. The same radiography was used to calculate PAHc
96and PAHr [17]. For the subjects whose AH was known, the dif-
97ferences between the Z-score of AH and TH, and of AH and
98PAH were calculated. Anthropometric data (height and BMI)
99were converted into Z-score by the WHO AnthroPlus 1.0.4 soft-
100ware (available for download at https: // www.who.int/grow
101thref/tools/en/), based on WHO standardized growth charts
102for children and adolescents aged 5� D25X X19 years (2007) [18].
103To assess height and BMI progression according to age, the
104correlation between age and Z-score of these measures was
105analyzed using Bland & Altman correlation coefficients with
106repeated observations. This coefficient is useful to under-
107stand the correlation between multiple observations of the
108same subject at different times, as well as between differ-
109ent subjects [19,20]. This study was approved by the Ethics
110Committee of HC-FMRP-USP (project Number 3.805.964),
111which granted a waiver of informed consent due to the ret-
112rospective nature of the study.

113Results

114The medical records of 92 male patients with DP were
115reviewed. Forty-six patients were diagnosed with CDGP and
116were eligible for the study. Figure 1 shows the composition
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117 of the study sample. It should be noted that the high number
118 of cases with hypogonadotropic hypogonadism likely reflects
119 the tertiary referral profile of the center, which manages
120 complex endocrine disorders such as congenital or acquired
121 panhypopituitarism
122 At the first appointment, the median age was 14.3 years
123 (range: 4.8 to 16.2), with 65 % of patients aged over 14 years.
124 The most common reasons for seeking medical care were
125 poor gain of weight and stature (48 %), absence of growth
126 spurt (24 %), and lack of sexual characteristics development
127 (22 %). In 6 % of the cases, DP was noted by the pediatrician
128 but not by the patient or the family. At the last visit, the
129 median age was 17.7 years (range: 15 to 20.7), with a
130 median follow-up duration of 2.9 years (range: 1.1 to 13).
131 Most patients were born at term (78 %), and 17 % were
132 preterm. Most patients were AGA (85 %), 2 % were LGA, and
133 none were SGA. However, gestational age and birth weight
134 information were not available in 5 % and 13 % of the medical
135 records, respectively. At birth, no abnormalities in the geni-
136 tal exam were noted, except for unilateral cryptorchidism
137 in one patient. In two patients, information on the external
138 genitalia was missing. Except for prematurity in some cases,
139 no patient had other neonatal complications or malforma-
140 tions.
141 A family history of CDGP was positive in 50 % of cases,
142 negative in 41 %, and unavailable in 9 % of the medical
143 records. Information about maternal age at menarche was
144 available in only 14 cases; in nearly 70 % of the records, this
145 information was not documented. Among the records where
146 maternal menarche was reported, menarche was typically
147 timed in 4 cases and delayed in 10 cases. Data regarding
148 paternal puberty were available for only 5 of the 46
149 patients. In two cases, the reported pubertal milestone was
150 the growth spurt, which occurred at ages 13 and 14 years. In
151 the remaining three cases, the milestone reported was the
152 onset of shaving, which occurred at age 16 in one case and
153 at age 22 in two cases.
154 The first visit to the specialist occurred at varying ages
155 between 11 and 15 years. At that time, 93 % of the patients

156indeed presented with short stature, with a median height
157Z-score of �2.4 SD, ranging from �3.4 to 0.8 SD. At the last
158visit, which occurred on average between ages 16 and 18,
159even when growth velocity indicated that final height had
160not yet been reached, only 17 % of the patients remained
161with short stature. The median height Z-score had increased
162to �1.3 SD, ranging from �2.8 to 0.8 SD. Maternal and pater-
163nal Height and height Z-Score, as well as TH and AH, are
164summarized in Table 1.
165Follow-up until adult height was available for only 23
166patients, as half of the cohort discontinued follow-up before
167reaching adulthood. Figures 2 and 3 illustrate the evolution
168and correlation coefficients of serial height and BMI observa-
169tions, respectively.
170In the first assessment of bone age, median chronological
171age was 14.9 (10.7 to 16.8), and median bone age delay was
172�2.5 SD (�5.6 to 0). In 82 % of cases, bone age was delayed.
173More than one evaluation of bone age was performed in 27
174patients. In these cases, the last evaluation of 63 % of the
175patients still showed bone age delay. Median age was 17.4
176(14.4 to 20), and median bone age delay was �2.2 (�2.3 to
177�0.6) SD.
178The concordance between AH and PAH is shown in
179Figure 4. Considering bone age without delay, height was
180overestimated in 82 % of cases, with a median error of �4.3
181(�10.1 to 10.9) centimeters. Considering the delayed bone
182age, height was overestimated in 80 % of cases, with a
183median error of �5 (�8 to 0.9) centimeters.
184All patients experienced spontaneous puberty, with a
185median age of onset at 15 years (range: 14.5 to 16.7), and
186the median age at the end of puberty, available in 33 cases,
187was 17.2 years (range: 16 to 20). The median duration of
188puberty was 2.1 years (range: 1.2 to 4.8).

189Discussion

190CDGP is the most common cause of DP in males, although it is
191a diagnosis of exclusion, necessitating vigilant monitoring
192during pediatric visits to discern and exclude pathological
193etiologies [4]. Once diagnosed, this condition is usually tran-
194sient and has a benign evolution, with resolution of short
195stature, spontaneous pubertal development, and adaptation
196to the genetic height potential in most cases [2,3,5,6].
197In this study, in D26X X>90 % of the patients, the complaint of
198delayed pubertal development was noticed by the family

Figure. 1 Composition of the sample. Obs: The high number

of cases with hypogonadotropic hypogonadism reflects the ter-

tiary referral profile of our center, which manages complex

endocrine disorders such as congenital or acquired panhypopi-

tuitarism.

Table 1 Parental height, target height, and patient’s adult

height.

Height Height Z-score

Median (range)

Height cm Median

(range)

Maternal

( D9X Xn D10X X= 45)

�0.9 (�2.8 to 0.8) 157.2 (154 to 168)

Paternal

( D11X Xn D12X X= 44)

�0.9 (�2.3 to 1.4) 169.9 (160 to 187)

Target height

( D13X Xn D14X X= 43)

�1 (�2 to 0.8) 170.4 (162 to

182.5)

Adult height

( D15X Xn D16X X= 23)

�0.9 (�2 to 0.8) 170.1 (162 to 182)
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199 and confirmed by the physician. Vigilant anamnesis and
200 physical examinations during pediatric consultations are
201 imperative for timely detection. The favorable perinatal
202 profiles of these patients, including term births and AGA,

203suggest a generally healthy variant of normal growth and
204development. Notably, congenital abnormalities such as
205bilateral cryptorchidism, micropenis, and hypospadias were
206absent, further supporting the benign nature of CDGP [5].

Figure. 2 (a) Representation of height Z-score versus chronological age for all subjects. Each solid line represents the longitudinal

growth trajectory of an individual patient (spaghetti plot). The dashed line represents the median Z-score at each age. Correlation

coefficient of serial observations (95 % CI) = 0.74 (0.66; 0.80); D1X Xp D2X X< 0.01. (b) Representation of height Z-score versus chronological age

for the subgroup of subjects whose adult height is known. Each solid line represents an individual patient. The dashed line represents

the median Z-score at each age. Correlation coefficient of serial observations (95 % CI) = 0.72 (0.61; 0.80); D3X Xp D4X X< 0.01. (c) Box plot

showing the evolution of height Z-score versus age, compared to the reference for Brazilian males at age 19 years. The leftmost box

represents the reference value for the general population at adult height.
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207 Family history of pubertal delay was present in 50 % of the
208 cases � less than in studies with similar designs [5,6], but
209 still relevant. It is important to note that, unfortunately,
210 data on maternal menarche and paternal puberty were not
211 found in most medical records. Although the cause of CDGP
212 is unknown, it is known that there is a strong genetic influ-
213 ence, probably with an autosomal dominant pattern, with or
214 without complete penetrance [5,10].

215Delayed bone age, a hallmark of CDGP, was observed in
216the majority of cases, though its occurrence diminished with
217age progression.
218Short stature resolved or became less important with age
219progression, and there was a good correlation between the
220increase in the height Z-score and time. The height of the
221patients whose AH is known is very close to the median
222height of the Brazilian man at age 19 years, according to

Figure. 3 (a) Representation of BMI Z-score versus chronological age for all subjects. Each solid line represents the longitudinal tra-

jectory of an individual patient (spaghetti plot). The dashed line represents the median Z-score at each age. Correlation coefficient

of serial observations (95 % CI) = 0.11 (�0.05; 0.26); D5X Xp D6X X= 0.18. (b) Representation of BMI Z-score versus chronological age for the sub-

group of subjects whose adult height is known. Each solid line represents an individual patient. The dashed line represents the

median Z-score at each age. Correlation coefficient of serial observations (95 % CI) = 0.08 (�0.11; 0.28); D7X Xp D8X X= 0.40. (c) Box plot showing

the evolution of BMI Z-score versus age, compared to the reference for Brazilian males at adult age. The leftmost box represents the

reference value for the general population at adult BMI.
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223 Brazilian Institute of Geographics and Statistics (Instituto
224 Brasileiro de Geografia e Estatística IBGE) data [21].
225 All patients whose AH was known reached their family
226 channel, half of which was above and half below the target
227 height. Approximately 82 % of the cases had a difference of
228 up to five centimeters between the target height and the
229 adult height. The prediction of AH using the Bayley-Pinneau
230 method was less accurate and overestimated the adult
231 height more frequently. Previous reviews comparing AH and
232 PAH also found that PAH is overestimated by about 4 cm,
233 very similar to this study. Another recent study that com-
234 pared methods for adult height prediction suggests that the
235 Roche-Wainer-Thissen (RWT) method may provide more
236 accurate predictions in this population, particularly because
237 it incorporates multiple variables beyond bone age alone,
238 reducing the tendency to overestimate adult height in
239 patients with significant bone age delay [6,22].
240 There was no correlation between the increase in the Z-
241 score of BMI and the progression of chronological age in the
242 population studied. In addition, classification of patients
243 according to BMI was varied: most patients were eutrophic
244 during the observations, but about one-third of them had a
245 low BMI, without associated pathologies; few patients were
246 overweight. These findings are compatible with the litera-
247 ture. Low weight and eutrophy predominate in cases of
248 CDGP, although there is a portion of this population that may
249 be overweight [8,9]. Interestingly, even as bone age delay
250 and short stature tend to resolve over time, BMI remains rel-
251 atively stable, with most patients maintaining a BMI within
252 the eutrophic range throughout follow-up.
253 Puberty spontaneously started at around age 15 years �
254 one year after the maximum limit adopted for the beginning
255 of normal puberty, and ended at around age 17 years. There-
256 fore, it had a duration close to puberty which develops in the
257 usual period. This finding was expected and compatible with
258 what has been found in previous studies [9]. Despite the
259 benign and self-limited nature of CDGP, the psychological
260 burden associated with delayed puberty, including low self-
261 esteem and risk of bullying, is well recognized, particularly

262among boys. In such situations, short-term treatment with
263low doses of testosterone has traditionally been offered to
264accelerate the onset of pubertal changes and alleviate psy-
265chosocial distress. More recently, aromatase inhibitors,
266especially letrozole, have been investigated as alternative
267approaches, with the potential advantage of stimulating
268endogenous puberty while delaying epiphyseal maturation
269[12,13]. However, both therapeutic strategies should be
270reserved for carefully selected cases in which the psychoso-
271cial impact is significant.
272The rate of abandonment of follow-up before the AH
273measurement was high: half of the cases. This observation
274may reinforce the hypothesis that CDGP is a variant of nor-
275mality and has a good evolution, as described in other stud-
276ies [6].
277Limitations of the present study include its retrospective
278nature and reliance on incomplete medical records. The
279fact that CDGP is an extreme of normality and not a disease
280may have interfered with the low adherence to follow-up.
281Additionally, this sample represents a population referred to
282a tertiary center, which may differ from the general popula-
283tion of individuals with CDGP, as many of them do not
284require specialized care. Nevertheless, a key strength of
285this study is its real-world setting, reflecting a historical
286cohort of patients who were managed without testosterone
287or somatropin treatment. Furthermore, all patients were
288followed in the same center and evaluated by the same
289group of physicians, ensuring consistency in clinical assess-
290ment.
291In conclusion, the evolution of height and pubertal devel-
292opment in patients with CDPG is good. Their height develop-
293ment occurs within their genetic potential, despite the fact
294that puberty onset and attainment of AH occur later in com-
295parison to the population average. AH prediction according
296to the Bayley-Pinneau method overestimated AH, while their
297AH was closely related to TH.
298The present findings highlight the benign course of CDGP,
299characterized by spontaneous pubertal progression and
300attainment of adult height generally consistent with genetic

Figure. 4 (a) Concordance between adult height (AH) and target height (TH). (b) Concordance between AH and predicted adult

height (PAH) calculated using the Bayley-Pinneau table for delayed bone age. (c) Concordance between AH and PAH was calculated

using the Bayley-Pinneau table for bone age within the expected range for puberty (concordant bone age). Each dot represents an

individual patient. In all three panels, the central dashed horizontal line represents the median difference, and the outer dashed

lines represent §2 standard deviations from the median. The values on the vertical axis represent the difference in centimeters

between the adult height and the predicted adult height according to each method.
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301 potential, without the need for growth-promoting therapies.
302 This reinforces that CDGP is a normal variant of pubertal
303 timing rather than a pathological condition. Continued phy-
304 sician awareness is essential to differentiate CDGP from
305 pathological causes of pubertal delay and to avoid unneces-
306 sary treatments. Further research is needed to improve the
307 understanding and management of CDGP and other growth
308 variations.
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