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Abstract: Mini-puberty refers to the transient activation of the hypothalamic-pituitary-gonadal
(HPG) axis during early infancy, lasting up to six months in boys and 12-24 months in girls. This
phase represents the second activation of the HPG axis, following its initial activation during the
second half of fetal life. At birth, the removal of the suppressive effect of placental estrogens on the
HPG axis prompts a rise in both gonadotropins and sex steroid hormones, resulting in distinct clinical
and laboratory markers of mini-puberty. While the clinical significance of mini-puberty remains
partially understood, emerging evidence underscores its essential role in several aspects of human
growth and development. In boys, testosterone influences penile growth, increases Sertoli cell
numbers in the testes, and lays the foundation for future spermatogenesis. In girls, the increase in
estradiol levels promote follicular maturation and stimulate breast and uterine growth. Beyond the
gonadal effects, mini-puberty appears to impact body composition, affecting body weight and
promoting accelerated growth. Additionally, it may affect early psychosomatic and neural
maturation, playing a role in several key aspects of the infantile brain. This narrative review examines
recent findings on the physiology of the activation of HPG axis before and after birth along with its
significance in various aspects of human growth and development. In addition, mini-puberty unique
features in specific groups, such as preterm and small-for-gestational-age infants are presented.

Keywords: mini-puberty; hypothalamic-pituitary-gonadal axis; infantcy; preterms; small-
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1. Introduction

Throughout the human lifespan, the hypothalamic-pituitary-gonadal (HPG) axis is activated on
three distinct occasions: first during fetal development, again in the early postnatal months, during
the so-called mini-puberty, and finally at the onset of puberty. The significance of fetal HPG axis
activation is partially understood but seems to play a role in genital development especially in males,
as evidenced by the genital underdevelopment seen at birth in patients with congenital
hypogonadism [1,2].

The second activation of the HPG axis, occurring in the first few months after birth, has attracted
increasing attention in recent years as a focus of scientific research [3]. In males, mini-puberty
involves a surge in luteinizing hormone (LH) and follicle-stimulating hormone (FSH), leading to a
peak in testosterone levels between 1 and 3 months of age. This testosterone surge contributes to
testicular growth, penile development, and the establishment of the Sertoli and Leydig cell
populations, which are vital for future spermatogenesis and fertility. In females, mini-puberty is
marked by fluctuating levels mainly of estradiol, which stimulate transient ovarian activity and the
formation of antral follicles. However, the exact role of these hormonal changes in female infants
remains unclear [4].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202501.0522.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0522.v1

2 of 12

Emerging research suggests that the postnatal HPG axis activation may have broader
implications beyond reproductive development. For example, it has been implicated as an important
factor affecting linear growth and body composition [5]. In both sexes, the hormonal surges during
mini-puberty influence neurodevelopment by shaping sex-specific brain structures and neural
circuits that affect cognitive and behavioral outcomes [6]. Additionally, the mini-puberty phase may
provide a unique window for diagnosing and addressing disorders of sexual development or
hormonal dysfunction, while small-for-gestational age (SGA) and premature infants show some
unique hormonal patterns during their mini-puberty [4].

This review examines the activation of the HPG axis during fetal life, delves into its postnatal
activation, and summarizes the current knowledge of hormonal changes in the pituitary and gonads.
It also highlights the physiological effects of these hormones on target tissues, emphasizing their
importance in early development and potential clinical applications and delineates the unique
features of mini-puberty in SGA and premature infants.

2. Hypothalamic-Pituitary-Gonadal Axis Activation During Fetal Life

As early as 40 days after conception, the 1000-1500 neurons that will be responsible for
Gonadotropin Releasing Hormone (GnRH) production, appear in the olfactory placode of the
developing nose and gradually migrate, along the olfactory nerve, to the hypothalamus. GnRH
production in the fetal hypothalamus is detected at around 15 weeks of gestation [7,8]. By the end of
the first trimester, GnRH neurons have established a complex interconnection both with the
gonadotropin producing neurons of the pituitary, and with a wide range of local neuronal networks.
This enables them to receive various central and peripheral inputs [9]. In addition, recent evidence
suggests that GnRH pulsatile secretion as well as other important functions of GnRH neurons are
under the control of the so-called Kisspeptin-Neurokinin B-Dynorphin (KNDy) neuronal network
[10,11]. The exact time at which the interconnection between GnRH neurons and the KNDy system
is established, remains to be elucidated [12]. It is noteworthy that GnRH neurons themselves lack
estrogen receptors alpha (ER-alpha). The placenta-produced estrogen suppression of GnRH and
gonadotropin production that occurs near birth has been shown to be mediated through the KNDy
system [13].

At the pituitary level, the gonadotropins LH, and FSH can already be detected at the fetal
developing pituitary at 9 weeks [14] and in the fetal circulation by 12-14 weeks of gestation [15]. At
some point during the intrauterine life, gonadotropin secretion becomes fully regulated by the
hypothalamic GnRH, but when exactly this happens, it is unknown. The portal vascular system is
present by the end of the first trimester but seems to fully mature much later. A study on anencephalic
fetuses that have a functional pituitary but no hypothalamus, showed that gonadotropic cells are
present up to 18 weeks of gestation, and then gradually involute to disappear by the 32nd week [16].
Another study showed that LH and FSH production is independent of GnRH and kisspeptin levels
until midgestation and become GnRH-induced after the 30th-31st week [17]. These observations
suggest that GnRH is essential for gonadotropic cell function from almost midgestation onwards.
Gonadotropin levels in fetal circulation peak around the 30th week of gestation and gradually
decrease until birth, most probably due to the increasing levels of estrogen produced by the placenta
which suppresses the fetal HPG axis [18].

Gonadotropin levels differ between the two sexes. During the first half of intrauterine life, female
fetuses have higher levels of LH and FSH, both if measured as pituitary content or as serum levels.
This difference is mainly attributed to the higher levels of testicular hormones in the male fetal
circulation exerting negative feedback on the hypothalamus and pituitary [19]. Another difference is
the higher concentration of LH compared to FSH in male fetuses, while the opposite is true for female
fetuses [20]. Human chorionic gonadotropin (hCG) which is secreted by the placenta, is also involved
in the fetal HPG axis regulation. hCG is structurally and functionally similar to LH, with which it
shares a common cellular receptor [21]. hCG levels in the fetus rise during the first trimester, peaking
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at 8-12 weeks of gestation, and then decrease at a slow rate, remaining quite high until the end of
gestation [19].

At the gonads level, gonadal sex of the fetus is undifferentiated up to the 6th week of gestation.
In 46,XY fetuses, SRY gene on the Y chromosome interacts with a complex network of other genes to
activate the testis pathway [22,23]. In this case, placental hCG acts on the testicular mesenchymal cells
transforming them into Leydig cells, which secrete testosterone and anti-Mullerian hormone (AMH)
as early as the 8th week of gestation. Testosterone is transformed to its more potent metabolite
dihydrotestosterone via the action of the enzyme 5-a reductase, leading to the formation of prostate,
penis, and scrotum. AMH on the other hand, is important for the regression of mullerian ducts, thus
averting uterus and fallopian tubes formation. Between the 10th and 20th week of gestation,
testosterone levels peak in the male fetal circulation, reaching almost adult values (40-580 ng/dL)
[14]. It should be noted that testosterone production in the fetal testes is regulated initially by the
placental hCG and only after the 9th week of gestation does it come under the control of the fetal
pituitary LH production. After the 20th week of gestation, testosterone gradually decreases toward
term [24]. Regarding pituitary FSH, it seems that it plays a role in Sertoli cell proliferation, since fetal
testes have been shown to express FSH receptors, but relevant literature is scarce [24,25].

In 46,XX fetuses, the absence of the SRY gene, together with the activation of some recently
discovered genes, direct toward female gonadal sex [22,23]. The absence of AMH leads to the
persistence of mullerian ducts and the formation of the uterus, the fallopian tubes, and the upper one
third of the vagina. Primordial follicles in the fetal ovaries first appear around the 14th week of
gestation [26]. Around the 20th week of gestation, the first primary follicles appear which then
gradually progress to the antral stage during the third trimester [26,27]. The number of follicles starts
to increase around the 14th-15th up until the 34th week of gestation and then it remains stable [28].
Concerning folliculogenesis during fetal life, the role of fetal estrogens and gonadotropins is not
completely understood. Fetal estrogen production seems to play little or no role in follicle maturation,
since the largest amount of estrogen during fetal life comes from the placenta. In addition, studies in
anencephalic female fetuses have shown that fetal gonadotropins are important in the development
of growing antral follicles only after the 34th week of gestation and not before [29]. More studies are
needed to identify the importance of fetal LH, FSH, and estrogen production in developing fetal
ovaries.

3. Mini Puberty in Males

Mini puberty refers to the second activation of the hypothalamic-pituitary-gonadal (HPG) axis
that in males, occurs during the first six months of life. It is characterized by increased secretion of
gonadotropins leading to increased sex hormone production [30]. Mini-puberty was initially
described in boys by Forest et al. in 1973 [31]. It begins immediately after birth with the cessation of
placental estrogens’ inhibitory effect on fetal pituitary secretion of FSH and LH (Figure 1). This
triggers a rapid rise in testosterone within minutes, peaking at 2 to 3 hours after delivery, followed
by a decrease within the next 6 to 12 hours [32]. Subsequently, all hormones in the HPG axis decline
in both sexes for approximately one week and then they start increasing again [33,34]. More
specifically, LH levels rise during the second week of life, peaking between weeks 2 and 10, leading
to increased testosterone production by Leydig cells [35]. Testosterone levels reach concentrations
similar to those in adults at 2 to 3 months, then decrease, returning to low levels by 6 months of age
[36]. Notably, testosterone levels during mini-puberty exhibit significant variability [34] but, in any
case, seem to play an important role in the continued development of the male external genitalia,
particularly of the penis [37]. Furthermore, it has been shown that androgen synthesis during this
phase is mainly the result of the backdoor pathway, as metabolites of the A4 rather than the A5 lyase
pathway of steroidogenesis are mainly found in the urine of male infants [38]. As a response to LH
surge, Leydig cells produce Insulin-like factor 3 (INSL3) with concentrations peaking around one
month of age. It has been shown that this peptide is important for testicular descent and for the final
placement of the testicles in the scrotum [39].
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On the other hand, FSH starts rising after the first week of life, peaks at 10 to 15 days, and
gradually declines after three months of life variability [34]. This FSH surge acts upon immature
Sertoli cells and germ cells driving their mitotic proliferation and the development of seminiferous
tubules [40,41]. In addition to increasing in number, Sertoli cells support the maturation of gonocytes
into spermatogonial stem cells. This increase in cellular proliferation leads to a transient increase of
testicular volume, peaking around 4 to 6 months of age, and reaching up to 40% increase compared
to birth size [34]. This whole activation of the testes seems to be important for future reproductive
capacity of the individuals since Sertoli and germ cells play a crucial role in postpubertal
spermatogenesis [34]. Nevertheless, androgen receptors in Sertoli cells start being expressed after one
year of age with a gradual increase up to 4 to 5 years of age [42]. This precludes meiotic activity and
therefore spermatogenesis in Sertoli cells during mini-puberty, despite the intratesticular testosterone
rise [43]. Sertoli cell stimulation by FSH leads to the production of increasing amounts of AMH and
inhibin B, with serum concentrations of these peptides peaking around four months and remaining
elevated during the early childhood years [33,44].

Testosterone
IH =====--

Figure 1. Schematic representation of LH, FSH, and testosterone changes during fetal and early infantile life in

healthy boys. FSH: follicle-stimulating hormone, LH: luteinizing hormone.

4. Mini Puberty in Females

Similarly to males, in females, estradiol levels are elevated in the cord blood at birth but drop
rapidly during the first days of life [45]. After the first week of life, estradiol levels begin to rise in
girls and remain higher than in boys over the following months (46). This increase is the result of
ovarian stimulation by pituitary gonadotropins and coincides with ovarian follicular development
[46,47]. Indeed, it has been shown that estradiol intraovarian concentration is higher during the first
six months of life [48], and large ovarian follicles are more common during the first 6 to 12 months of
life [49]. Parallel to estrogen increase, peptides produced by the granulosa cells, such as AMH and
inhibin B, also increase during the mini puberty gonadotropin surge [36,47]. In contrast to
testosterone levels in boys which peak between 1 and 3 months and gradually decline by six months,
estradiol levels in girls fluctuate, likely due to the cyclic maturation and regression of ovarian follicles
[47] (Figure 2). After the first year, estradiol levels start to decline but they never reach the nadir that
is observed in boys during childhood, when measured with ultrasensitive methods [50].

Regarding estrogen-sensitive tissues, placental estrogens stimulate breast tissue leading to its
presence in most full-term infants [51]. At birth, mammary gland size does not differ between the
two sexes but during infancy, girls display larger mammary glands than boys, probably due to
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endogenous estrogen stimulation of the breast tissue [51,52]. Regarding uterus, its growth is
stimulated prenatally, with rapid size reduction occurring in the months following birth due to the
withdrawal of high placental estrogen effect [47,53]. As explained in more detail in the following
chapter, premature girls show reduced size of mammary glands and uterus at birth compared to full-
term girls because they miss the peak late intrauterine estrogen exposure [47]. After birth,
endogenous estrogen production leads to a more pronounced effect on breast and uterine growth in
such girls [47].

The significance of increased reproductive hormones during mini-puberty is well established
for male genital development and future fertility. In females, the primordial follicular pool formation
occurs before birth and is not affected throughout much of mini-puberty [28]. Estrogen-sensitive
organs such as the mammary glands and the uterus increase in size during mini-puberty in female
infants as a response to the activation of the HPG axis and estrogen production by the developing
ovarian follicles [47,54]. Further, studies on female mouse models suggest that during mini-puberty,
gonadotropins are critical for early follicular development and may play additional roles, such as
influencing sexual and maternal behaviors, and establishing coordinated GnRH pulsatility [54].
Despite these data, mini-puberty impact on female gonadal function and fertility remains
incompletely understood.

Estradiol

11 14 20 0 1 2 3 4 5 6

Figure 2. Schematic representation of LH, FSH, and estradiol changes during fetal and early infantile life in

healthy girls. FSH: follicle-stimulating hormone, LH: luteinizing hormone.

5. Mini Puberty in Premature and Small-for-Gestational Age Infants

Mini puberty is slightly different in preterm infants compared to the one in full-term infants.
Several studies have shown that premature boys and girls born between 28 and 42 weeks of gestation
experience a higher and more prolonged postnatal LH and FSH increase [55,56]. More specifically, in
preterm boys LH, FSH, and testosterone levels reach significantly higher concentrations than those
observed in full-term boys at 1 to 3 months of age [55,57]. This exaggerated mini-puberty results in
faster testicular and penile growth in preterm boys compared to their full-term counterparts.
Regarding preterm girls, they also display an accentuated HPG axis activity, with FSH levels rising
more sharply, peaking at approximately 32 weeks of corrected age and persisting for a longer
duration compared to full-term girls [46,55]. Early FSH increase leads to a transient ovarian
stimulation, with several follicles progressing to the antral phase and producing increased amounts
of AMH [46]. Similar patterns of exaggerated mini-puberty have also been identified in infants born
SGA, but relevant literature is scarce [58,59]. Overall, data on the long-term complications of being
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born SGA or premature on gonadal function and fertility are scarce but they mostly show no
association [60-62].

When the infant is extremely premature, the normal prenatal and postnatal regulation of the
HPG axis can be significantly affected and the normal negative feedback loops are very immature.
Several cases of extremely premature girls born between 25 and 30 weeks of gestation have been
described with the so-called preterm ovarian hyperstimulation syndrome. First described in 1985 by
Sedin et al. [63], this condition is characterized by breast enlargement, swelling of the external
genitalia (clitoris, and both labia majora and minora), and vaginal bleeding along with increased
levels of gonadotropins and estradiol and the presence of ovarian cysts [64-66]. Interestingly, this
syndrome usually self-resolves while data on its long-term effects on reproductive function are scarce
and inconsistent [67].

6. Mini-Puberty, Linear Growth and Body Composition

Linear growth has been shown to differ between boys and girls during the first year of life.
Indeed, male infants grow in length more rapidly than girls, especially during the first 6 months of
life, leading to an average difference of 2,6 cm per year. A study by Kiviranta et al [5], compared the
linear growth of 18,570 healthy boys and girls during their first year of life. In 84 of them, growth
velocity was compared with repeated measurements of urinary testosterone, estradiol, and serum
IGF-I during the first 6 months. Growth velocity showed a strong positive correlation with
testosterone levels in both sexes. Testosterone was higher in boys compared to girls between 7 days
and 6 months of age, coinciding with the higher growth velocity in boys observed from birth to 6
months. Further, the highest difference in growth velocity between boys and girls was observed
during the first month of life (corresponding to 4.1 cm per year), coinciding with the postnatal
testosterone surge in boys. Interestingly, no significant differences in IGF-I levels between the two
sexes and no association between IGF-I levels and growth velocity were identified.

Regarding body composition, females typically exhibit a lower proportion of lean mass (muscle)
and a higher proportion of fat mass compared to males, with gonadal steroids believed to play a
central role in this difference. It is not totally clear if this sexual dimorphism in body composition is
already present at birth, since relevant data are conflicting. Some studies suggest that such differences
between sexes are already observable at birth with variations in HPG axis activation during mid-
gestation being responsible [68,69]. On the contrary, other studies have identified no such differences
[70,71]. During the first months after birth, it is possible that testosterone level variations play a role
in further shaping sex-related body composition differences. For example, in a recent study by Davis
et al [72], total mass, fat-free mass, and percent fat mass were measured by air displacement
plethysmography in a large, diverse group of healthy term infants from various ethnic backgrounds.
Measurements were performed once between the first and the third days of life and again at five
months, and differences between the two sexes were recorded at both time points. Males were found
to have greater total mass and fat free mass, but lower percent fat mass compared to females. Between
the two time points, fat free mass increased more in males, with a resultant average difference of 410
grams at 5 months of age. On the opposite, females showed a relatively higher increase in percent fat
mass.

7. Mini-Puberty and Neurodevelopment

Mini-puberty has been shown to influence the organization and function of the brain in a sex-
specific manner. First, testosterone surge in male infants is critical for the masculinization of the brain.
More specifically, it shapes the hypothalamic structures involved in regulating reproductive
behaviors, including the establishment of GnRH pulsatility [3,73]. In addition, it contributes to
differences in gray and white matter distribution, and cortical thickness which are later reflected in
specifically male or female cognitive and behavioral patterns [6,74]. Further, sex steroid hormones
during mini-puberty influence cognitive and behavioral outcomes by shaping neural circuits


https://doi.org/10.20944/preprints202501.0522.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 January 2025 d0i:10.20944/preprints202501.0522.v1

7 of 12

involved in learning, memory, and social behaviors. For example, testosterone levels have been
linked to social cognitive abilities, such as face processing and empathy, particularly in boys [75]. In
girls, estradiol fluctuations during mini-puberty may influence the early development of emotional
regulation and social bonding circuits [76]. Another important role of sex hormones during mini-
puberty is the facilitation of neural networks organization in a period coinciding of heightened brain
plasticity. Indeed, it has been shown that testosterone and estradiol enhance synaptogenesis,
dendritic growth, and myelination during mini-puberty, processes critical for efficient neural
communication [54,73].

8. Conclusions

It is well established that during mid-gestation, the HPG axis of the fetus becomes increasingly
active but is gradually suppressed as birth approaches due to the inhibitory effects of placental
hormones on the fetal hypothalamus. At birth, with the removal of this suppression, the HPG axis is
reactivated. This reactivation leads to a testosterone surge in males, peaking between 1 and 3 months
of age, while in females, estradiol levels show fluctuations until around 6 months, with gradual
decrease afterwards. Mini-puberty plays a vital role in the maturation of the genital organs and seems
to create the conditions needed for future fertility. However, its precise significance, particularly in
females, remains unclear and requires further investigation. Similarly, the mechanisms through
which the HPG axis becomes quiescent after mini-puberty and remains inactive until puberty, are
not yet fully understood. Finally, mini-puberty offers a critical window to explore potential clinical
implications, particularly for specific patient groups such as preterm or small-for-gestational-age
infants. Further studies are needed to clarify the clinical significance and the potential implications
of mini-puberty alterations in such specific populations.
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The following abbreviations are used in this manuscript:

AMH anti-Mullerian hormone

HPG hypothalamic-pituitary-gonadal
FSH follicle-stimulating hormone

LH luteinizing hormone

SGA small-for-gestational age

GnRH gonadotropin releasing hormone
KNDy Kisspeptin-Neurokinin B-Dynorphin
hCG Human chorionic gonadotropin
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