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Material (Cohort study)
• All newborn boys of volunteer mothers 

(born 1.1.1997 -31.12.1999)
– Questionnaire during pregnancy
– Clinical examinations

• All boys: At birth and at 3 months of age
• Cases and controls: Also at 18 months of age

– Biological samples
• Blood sample around 10 - 15 gestational weeks
• Placenta
• Breast milk (4-8 weeks after birth)
• Blood sample at 3 months of age



Case-control -study
• All boys with genital malformations and 

healthy control boys of volunteer mothers    
(born in TUCH 1.1.1997 - 28.2.2002)
– Questionnaire after birth
– Clinical examinations

• At birth, at 3 months of age and at 18 months of age
– Biological samples

• Blood sample around 10 - 15 gestational weeks
• Placenta
• Breast milk (4-8 weeks after birth)
• Blood sample at 3 months of age



Incidence of cryptorchidism

• Congenital cryptorchidism
– Increasing trends in some countries
– Diagnostic controversies

• Acquired cryptorchidism (ascending testis)
• Orchiopexy rate



Prevalence of cryptorchidism
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Boisen et al., Lancet 2004



Incidence of acquired 
cryptorchidism

• 1.1 – 2.2 % between 6-13 years; Hack et al. 
Arch Dis Child 2007; Sijstermans et al. Int J 
Androl 2008

• 0.3 - 0.6 % between ½ - 3 years; Wohlfahrt 
Veje et al. Int J Androl 2009

• Cumulative 7 % at 2 years; Acerini et al. 
Environ Health Perspect 2009
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2 Review of the literature  

2.1 OVERVIEW OF THE HPG AXIS 

The hypothalamus, pituitary, and gonads form a functional unit, the HPG axis, which controls 
the reproductive functions in both sexes. Activity of the HPG axis changes across the life-span: 
robust activity in the mid-gestational fetus is dampened by the time of birth, reactivated for the 
first postnatal months, silenced for the childhood years, and then gradually increased again 
marking the onset of puberty (Figure 1). After the reproductive years, activity decreases again 
during old age. Besides controlling the development and maturation of the gonads, secondary 
sexual characteristics, sex-typed behaviour, and fertility, HPG axis activity is also associated 
with linear growth, body composition, bone mineral density, and metabolism. 

Figure1. Three periods of HPG axis activity: the first during fetal life, the second during the first 
months of life (minipuberty), and the third at the puberty and onwards. 

 
2.1.1 Hypothalamus and pituitary 
The function of the HPG axis is controlled by pulsatile secretion of the gonadotropin-releasing 
hormone (GnRH) from the specific hypothalamic cells, the GnRH neurons. The activity of the 
GnRH neurons is modulated by a complex network of stimulatory and inhibitory cues from the 
brain and periphery (Christian & Moenter 2010, Plant 2008). GnRH is delivered from the 
hypothalamus via the portal circulation to the anterior pituitary where it induces the synthesis 
and release of the gonadotropins, LH, and FSH by specific cells expressing the GnRH receptor, 
the gonadotropes. 

LH and FSH are heterodimeric   glycoproteins   that   consist   of   a   common   α-subunit and a 
hormone   specific   β-subunit. Following the GnRH pulses, they are released in pulses into 
general circulation. The GnRH pulse frequency determines the ratio of the two gonadotropins: 
faster GnRH pulses favour LH synthesis, and slower pulses favour FSH synthesis (Kaiser et al. 
1997) whereas continuous GnRH secretion leads to suppression of gonadotropin levels 
(Belchetz et al. 1978). Because GnRH has a short half-life in circulation (2-4 minutes) and is 
produced and utilized mainly inside the brain, monitoring of its episodic secretion in peripheral 
blood is not practical. Instead, since each GnRH pulse regenerates a pulse of gonadotropins, 
measuring of peripheral blood LH levels in approximately 10-minute intervals has been used to 
monitor GnRH pulse activity. LH is more suitable than FSH for this purpose because of its 
shorter half-life (20 minutes vs. 3-4 hours) (Hayes & Crowley 1998). LH and FSH are secreted in 

Suomi et al. 2006 Sadov, Koskenniemi et al. 2016
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Cryptorchidism: classification

Inguinal

Suprascrotal 

High scrotal
Scrotal



Inhibin and FSH
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LH
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Testosterone
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Androgen bioactivity

Raivio et al., JCEM 2003



Hormone levels in cryptorchidism

• At 3 months, boys with severe 
cryptorchidism have
– elevated LH and FSH levels
– low inhibin B levels
– unmeasurable testosterone bioactivity
– normal testosterone levels
– decreased INSL-3 levels

• These findings point to primary testicular 
failure associated to cryptorchidism 



36 month9 month

Massive loss of germ cells in undescended testes between 9 
and 36 months. Kollin et al., JCEM 2012
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Comparison between retained and scrotal testes
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Turku Puberty follow-up

• Longitudinal case-control
study

• Based on the previous
Finnish birth cohort

• Follow-up of cryptorchid 
boys (& controls) from
8.5 years until adult testis
volume is reached.

• Examination twice a year
including orchidometry, 
testicular ultrasound, 
Tanner staging, and 
anthropometric
measures.

Sadov et al. JCEM 2016
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Predicted adult testis volume:
Bilaterally cryptorchid: -3.6 mL (p<.001)
Unilat (undescended): -2.4 mL (p=.01)
Monorchid: +0.14 mL (p=.002)

Prepubertal volume:
Monorchid:  +0.05 mL (p=.008)



J Clin Endocrinol Metab, dgac520, https://doi.org/10.1210/clinem/dgac520
The content of this slide may be subject to copyright: please see the slide notes for details.

Figure 4. Combined testicular volume (in ultrasonography) of boys 
in study groups based on age standardized to the ...

Rodprasert et al. 2022

https://doi.org/10.1210/clinem/dgac520


J Clin Endocrinol Metab, dgac520, https://doi.org/10.1210/clinem/dgac520
The content of this slide may be subject to copyright: please see the slide notes for details.

Figure 1. FSH and inhibin B levels in study groups based on age 
standardized to the onset of puberty (denoted by 0). ...

Rodprasert et al. 2022

https://doi.org/10.1210/clinem/dgac520


J Clin Endocrinol Metab, dgac520, https://doi.org/10.1210/clinem/dgac520
The content of this slide may be subject to copyright: please see the slide notes for details.

Figure 2. Luteinizing hormone (LH), total testosterone, and SHBG 
levels in study groups based on age standardized to ...

Rodprasert et al. 2022

https://doi.org/10.1210/clinem/dgac520


J Clin Endocrinol Metab, dgac520, https://doi.org/10.1210/clinem/dgac520
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Figure 3. Insulin-like growth factor I (IGF-I) and insulin-like growth 
factor-binding protein 3 (IGFBP-3) levels in ...

Rodprasert et al. 2022

https://doi.org/10.1210/clinem/dgac520
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2.1 OVERVIEW OF THE HPG AXIS 

The hypothalamus, pituitary, and gonads form a functional unit, the HPG axis, which controls 
the reproductive functions in both sexes. Activity of the HPG axis changes across the life-span: 
robust activity in the mid-gestational fetus is dampened by the time of birth, reactivated for the 
first postnatal months, silenced for the childhood years, and then gradually increased again 
marking the onset of puberty (Figure 1). After the reproductive years, activity decreases again 
during old age. Besides controlling the development and maturation of the gonads, secondary 
sexual characteristics, sex-typed behaviour, and fertility, HPG axis activity is also associated 
with linear growth, body composition, bone mineral density, and metabolism. 

Figure1. Three periods of HPG axis activity: the first during fetal life, the second during the first 
months of life (minipuberty), and the third at the puberty and onwards. 

 
2.1.1 Hypothalamus and pituitary 
The function of the HPG axis is controlled by pulsatile secretion of the gonadotropin-releasing 
hormone (GnRH) from the specific hypothalamic cells, the GnRH neurons. The activity of the 
GnRH neurons is modulated by a complex network of stimulatory and inhibitory cues from the 
brain and periphery (Christian & Moenter 2010, Plant 2008). GnRH is delivered from the 
hypothalamus via the portal circulation to the anterior pituitary where it induces the synthesis 
and release of the gonadotropins, LH, and FSH by specific cells expressing the GnRH receptor, 
the gonadotropes. 

LH and FSH are heterodimeric   glycoproteins   that   consist   of   a   common   α-subunit and a 
hormone   specific   β-subunit. Following the GnRH pulses, they are released in pulses into 
general circulation. The GnRH pulse frequency determines the ratio of the two gonadotropins: 
faster GnRH pulses favour LH synthesis, and slower pulses favour FSH synthesis (Kaiser et al. 
1997) whereas continuous GnRH secretion leads to suppression of gonadotropin levels 
(Belchetz et al. 1978). Because GnRH has a short half-life in circulation (2-4 minutes) and is 
produced and utilized mainly inside the brain, monitoring of its episodic secretion in peripheral 
blood is not practical. Instead, since each GnRH pulse regenerates a pulse of gonadotropins, 
measuring of peripheral blood LH levels in approximately 10-minute intervals has been used to 
monitor GnRH pulse activity. LH is more suitable than FSH for this purpose because of its 
shorter half-life (20 minutes vs. 3-4 hours) (Hayes & Crowley 1998). LH and FSH are secreted in 

Modified from Kuiri-Hänninen 2015 (PhD thesis)

Activity of Hypothalamus-pituitary-testis-axis

Suomi et al. 2006
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Conclusions

• Testicular growth is compromised in 
puberty, particularly when orchiopexy has 
been necessary

• High FSH and low inhibin-B levels through 
puberty in the boys with past 
cryptorchidism

• LH and testosterone levels similar
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