Pubertal voice break: Temporal relation of
secondary sexual characteristics in healthy boys
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Background

Despite the fact that the attainment of voice break is frequently Table 1 - Timing of puberty events and association with BMI

used in population-based studies as proxy for male puberty (1), Association with BMI
] . ] Timing of events (Cross-sectional &
the temporal relation between timing of male pubertal milestones longitudinal)
and timing of voice-break in combination with sex-hormones Pubertal events Corsitudinal | Ase atevengin | COSST | Ageatevent | effectsize
t | t d d F th th . t- ong|LI| 'na ge(a eve/r;Dl)r:‘ sectional & |(95% Confidence | in yrs (SE) |p
measurements are poorly studied. Further, e association only yrs (range longitudinal | Limits)inyrs® | per zBm1 | VlUezm
between BMI and timing of puberty in boys, particularly in obese  iicaisions
boys, remains debated. We here report the timing as well as Testicular enlargement 62 11.6 (9.9-13.8) | 714/730 |11.6(11.5-11.8)-0.36 (0.06) <0.001
temporal relation of pUbertal events in a mixed cross-sectional and Activation of sweat glands 73 11.8(8.5-14.3) | 726/730 12.4(12.1-12.6)-0.47 (0.09) <0.001
IongltUdmaI cohort of healthy boys mCIUdmg anaIyS|s of dge- Pubic hair growth 63 12.0(9.6-13.8) | 713/730 12.2(12.1-12.4)-0.45 (0.08) <0.001
SpECIfIC BMI and reprOdUCtlve hOrmoneS' Axillary hair growth 57 13.1(11.5-15.4), 727 /730 |13.6(13.5-13.8)-0.36(0.08) <0.001
Voice break 55 13.5(11.9-15.5), 648 /730 |13.6(13.5-13.8)-0.33 (0.08) <0.001
M t - I & M th d Peak height velocity 93 13.7 (0.94) i
a erla S e O S Hormones
Total testosterone above LOD® 63 11.5(10.0-13.8) 662 /730 [11.7 (11.6-11.9) -0.30(0.06) <0.001

/730 healthy Danish boys from the COPENHAGEN Puberty Study areported as median (range) based on interval between events except “peak height velocity“: mean (SD) (based on SITAR (2))
[cross-sectional: n = 637; longitudinal: n = 93, median (range) ;zft‘)c”frasoj“;a;‘/Zt;ffapttlZit/oi‘)e”:e‘:f:)ce Hmits) based on censored data using SAS proc lifereg

number of examinations (every 6 months): 10 (2-13)] underwent  “Limitof betection (LOD) Total testosterone: 0.23 nmol/L

blood sampling including measurement of reproductive hormones

as well as clinical examinations of secondary sexual characteristics.  Figure 1 - Timing of pubertal events across the BMI spectrum (zBMI percentiles)
(Mean) age-specific BMI (BMI z-scores, zBMI) was calculated using  (mixed cross-sectional and longitudinal samples)

the WHO reference. Longitudinal samples were analyzed using the QG eeeneere e | | .

.. . ] Testicular enlargement @® Activation of sweat glands
mean age between pre- and post-event visit, while mixed cross- ) A T above LOD ——
sectional and longitudinal were analysed using probit analysis (SAS iy v Pubarche A Axillary hair development
lifereg) integrating censored data. 111
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Voice break occurs in late puberty (Table 1) at a median of 2 years &
after testicular enlargement (at least one testis 24 mL) (Table 2). At <

—
s

voice break mean, bi-testicular volume was 24mL and total
Testosterone 10.9 nmol/L (Table 2). In the mixed cross-sectional
and longitudinal part, we observed significant associations of BMI

11-
z-score (zBMI) with age at pubertal events (all p < 0.001) (Table 1 &
Figure 1). The association point to a linear relationship between <5th 5th -15th  15th - 50th  50th - 85th  85th - 95th >95th
zBMI and age at event across the entire zZBMI spectrum (Figure 1) zBMI percentiles
with effect sizes ranging from -0.3 to -0.4 years per zBMI (Table 1). Table 2 - Intervals and values at voice break
CO n C I u S i O n Pubertal events Longitudinal only Median (range)? Crc:;;—;; zt;?::ll & Con:‘liiil::c(egf:ﬁ'i its)
Intervals
. . . Testicular enlargement® to 46 2.0 (0.0 - 4.0) yrs
We provide a comprehensive temporal analysis of pubertal events,  voice break 2 8.0-2800y
particularly attainment of voice break, and reproductive hormone Testosterone over LOD® to . 19(0.0- 4.0) yrs
dynamics. Covering the full spectrum of BMI, we observed a linear V'@ Preak
association of pubertal events with zBMI. b B
Bi-testicular volume at
Voice break a7 24 (6 - 44) mL 612 / 730 24 (23 - 25) mL
Total testosterone at Voice 12.0 (0.3 - 25.7) 10.9 (10.0- 11.7)
break 40 nmol/L il Tk nmol/L

‘reported as median (range) in yrs and median (range) in volume/concentration (for pre/post-values between attainment of Voice break)
"Testicular volume >4 mL (at least one testis)

“Limit of Detection (LOD): Total testosterone: 0.23 nmol/L
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