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ABSTRACT

To study the associations between pubertal timing and semen quality and
reproductive hormones, 680 volunteers were recruited from universities in Chongqing,
China. Pubertal timing was obtained using a questionnaire. The main measurements
were five routine semen parameters and six reproductive hormones. After adjusting
for potential confounders, we found that early pubertal timing was associated with
lower sperm concentration. An one-year increase in age of peak height velocity was
associated with a 4.7% (95% confidence interval [CI] = 1.0 to 8.6) increase in sperm
concentration. An one-year increase in age of first spermatorrhea was associated with
a 6.4% increase in sperm concentration and a 2.9% decrease in semen volume (95%
CI = 1.7 to 11.3, —5.5 to —0.3; respectively). Regarding reproductive hormones, an
one-year increase in age of height spurt and peak height velocity was associated with
a 6.5% and a 6.7% decrease in estrogen (95% CI = —9.8 to —3.0, —10.4 to —2.8;
respectively). While an one-year increase in age of height spurt was associated with
higher follicle-stimulating hormone (% change = 2.6, 95% CI = 0.2 to 4.7). This
was the first report that has suggested that early pubertal timing is associated with
lower sperm concentration. However, further study is still needed to validate this
association and fully elucidate the mechanism behind it.

INTRODUCTION

Puberty is a critical period as one moves from
childhood to reproductive maturity [1]. During this
period, hypothalamic-pituitary-gonadal (HPG) axis
is triggered, culminating in adult hormonal profiles
and physical changes, including growth spurts, testis
development, and first spermatorrhea in boys [2]. The
onset ages of these pubertal events can vary from 9 to
14 years, and the timing of each event is highly variable
among boys [3]. Some studies have shown that pubertal
timing is associated with later adverse health outcomes,
such as diabetes [3], cardiovascular disease [4, 5],
hormone-related cancer [6—8], testicular cancer [9] and
other conditions. Pubertal timing has been consistently
reported to have become earlier and earlier in recent

decades [10, 11]. Thus, a better understanding of the
association between pubertal timing and health outcome
is of great significance.

A great many studies have reported that human
semen quality has declined over the past decades
[12, 13]. Researchers are now making an earnest effort
to explore the risk factors for male reproductive health.
As well known, puberty is an important process for
reproductive development and reproductive-related-
hormone establishment. Therefore, pubertal timing is
very likely to be associated with male reproductive
health. Semen quality and reproductive hormones
are also well-known predictors for male reproductive
health. Although the power of these parameters to
evaluate a man’s fertility is still limited, they have
been found to be very helpful in diagnosing male
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infertility [14]. Routine semen parameters are widely
used in research and clinical application [15]. Sex
hormones, such as estrogen (E,) and follicle-stimulating
hormone (FSH), were crucial for the development and
maintenance of fertility [16, 17].

The Male Reproductive Health in Chongqing
College Students (MARHCS) study was established to
investigate the effects of environmental and socio-psycho-
behavioral factors on male reproductive health [18-21].
Based on a population of 680 young male college students
in Chongqing China, we explored that whether pubertal
timing was associated with semen quality and reproductive
hormones.

RESULTS

The characteristics of subjects

The demographic characteristics of the study
participants are presented in Table 1. The volunteers were
all young adults with a median (25th to 75th percentile)
age of 20 years (20 to 21). Their abstinence time (median
was 4 days) was kept between 2 to 7 days. In terms of
personal lifestyle factors, most had never smoked before
(75.8%). About half drank alcohol (47.6%). About 35.1%
didn’t drink Coke. Tea and coffee were not popular. The
parameters on semen quality and reproductive hormones
were presented as median (25th to 75th percentile).
Parameters on semen quality were dichotomized
according to the WHO Guideline 2010 [15]. The normal
percentages of semen volume, sperm concentration, total
sperm number, progressive motility, total motility, and
morphological normal spermatozoa were 96.5%, 94.7%,
95.0%, 92.6%, 99.9%, 95.3%, respectively.

Descriptive statistics of onset ages of pubertal
events

A total of 680 volunteers completed the
questionnaire on puberty (Table 2). However, not every
question listed on the questionnaire was answered by
the participants. The most frequently answered question
was age of height spurt (N = 627, 92.2%) (Table 2),
and least frequently answered question was age of first
spermatorrhea (N = 508, 74.7%). All ages regarding
puberty events had a high internal consistency. Overall,
the raw Cronbach’s alpha coefficient was 0.886, and
the practical cutoff was 0.7. The mean ages of pubertal
events in this cohort ranged from 13.0 to 15.4 years. The
order of pubertal events in men was: height spurt, body
hair growth, first spermatorrhea, peak height velocity,
voice deepening, skin changes, and facial hair growth.
In addition, onset ages of these pubertal events were
significantly correlated with each other (Supplementary
Table 2). The correlation coefficients ranged from 0.356
t0 0.738 (P < 0.001).

Associations between pubertal timing and semen
quality and reproductive hormones

We used multivariate regression to assess the
associations between the onset ages of pubertal events,
semen quality (except progressive motility and total motility)
and reproductive hormones (Table 3). After adjusting for
potential confounders, an one-year increase in age of peak
height velocity was associated with a 4.7% increase in sperm
concentration (95% Confidence Interval (CI) = 1.0 to 8.6)
and a 2.1% increase in morphologically normal spermatozoa
(95% CI = 0.3 to 4.0). An one-year increase in age of first
spermatorrhea was also associated with a 6.4% (95% CI=1.7
to 11.3) increase in sperm concentration and a 2.9% decrease
in semen volume (95% CI = —5.5 to —0.3). There was no
such association between total sperm count, progressive
motility, total motility and the onset ages of pubertal events.

Among the six reproductive hormones, we found E,
and FSH to be associated with pubertal timing. An one-
year increase in the onset age of height spurt and peak
height velocity was associated with a 6.5% and 6.7%
decrease in E, (95% CI = -9.8 to 3.0, —10.4 to —2.8;
respectively). Further, an one-year increase in onset age of
height spurt was associated with higher FSH (% change =
2.6, 95% CI=0.2 to 4.7). The other pubertal events were
found to be unrelated to reproductive hormones.

We set focus on the onset ages of pubertal events,
including height spurt, peak height velocity, and first
spermatorrhea. Considering Body Mass Index (BMI) and
testicular volume as potential mediators, we adjusted for
BMI grade and testicular volume separately in further
analyses (Table 4, Models I and II). We found that sperm
concentration was positively associated with the onset
ages of peak height velocity and first spermatorrhea, and
it persisted in all three models. The negative association
between onset age of first spermatorrhea and semen
volume were consistent across three models. E, was
negatively associated with the onset ages of height spurt
and peak height velocity across all three models. Further,
the positive association between onset age of height spurt
and FSH was marginally significant (P = 0.052), after
adjusting for testicular volume.

Pubertal timing variables were classified into four
groups by quartiles. Setting Q1 as the reference, subjects
in the Q4 group had higher sperm concentration (20.8%
(95% CI = 2.1 to 42.9) and 29.7% (95% CI = 5.2 to
60.0) for onset age of peak height velocity and first
spermatorrhea, respectively) (Table 5). Subjects in the Q4
group had lower E, (=22.4% (95% CI = -34.2 to -8.4) and
—22.4% (95% CI=—-34.7 to —7.7) for onset age of height
spurt and peak height velocity, respectively) (Table 5).

DISCUSSION

To the best of our knowledge, this was the first
large-scale designed study to explore the associations
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Table 1: Characteristics of the subjects according to the onset age of peak height velocity

Onset age of peak height velocity

Characteristicsa

Total <25th percentile 25th—75th percentile >75th percentile P value®
No. of subjects 680 193 291 127
Demographic characteristics
Age, years 20 (20, 21) 20 (20, 21) 20 (20, 21) 20 (20, 21) 0.023
Abstinence period, days 4(3,6) 4(3,6) 4(3,6) 4(3,5) 0.534
Body mass index, kg/m? 0.014
<18.5 68 (10.0%) 15 (7.8%) 29 (10.0%) 13 (10.3%)
18.5-23.9 522 (76.9%) 137 (71.0%) 232 (79.7%) 102 (81.0%)
24-27.9 73 (10.8%) 33 (17.1%) 26 (8.9%) 8(6.3%)
>28 16 (2.4%) 8 (4.1%) 4 (1.4%) 3(2.4%)
Tobacco smoking 0.323
Never 515 (75.8%) 145 (75.5%) 219 (75.3%) 97 (76.4%)
Ever 29 (4.3%) 6(3.1%) 10 (3.4%) 9(7.1%)
Current 135 (19.9%) 41 (21.4%) 62 (21.3%) 21 (16.5%)
Alcohol consumption 0.540
Never 345 (50.9%) 98 (51%) 145 (49.8%) 64 (50.4%)
Ever 10 (1.5%) 2 (1.0%) 6(2.1%) 0(0.0%)
Current 323 (47.6%) 92 (47.9%) 140 (48.1%) 63 (49.6%)
Tea intake 0.128
Never 438 (64.5%) 111 (57.8%) 197 (67.7%) 87 (68.5%)
Ever 112 (16.5%) 39 (20.3%) 38 (13.1%) 19 (15.0%)
Current 129 (19.0%) 42 (21.9%) 56 (19.2%) 21 (16.5%)
Cola intake, bottles/week 0.133
0 238 (35.1%) 54 (28.1%) 109 (37.5%) 51 (40.2%)
<3 343 (50.5%) 109 (56.8%) 144 (49.5%) 53 (41.7%)
3-6 84 (12.4%) 25 (13.0%) 32 (11.0%) 21 (16.5%)
>6 14 (2.1%) 4(2.1%) 6(2.1%) 2 (1.6%)
Coffee intake, cups/week 0.642
0 511 (75.3%) 140 (72.9%) 215 (73.9%) 104 (81.9%)
<3 137 (20.2%) 41 (21.4%) 63 (21.6%) 19 (15.0%)
3-6 18 (2.7%) 6(3.1%) 7 (2.4%) 2 (1.6%)
>6 13 (1.9%) 5(2.6%) 6(2.1%) 2 (1.6%)
Testicular volume, ml 17 (15, 20) 17 (15, 20) 17 (15, 20) 16.8 (15, 20) 0.734
Semen parameters
Sperm volume, ml 3.4(25,4.5) 3.4(23,4.7) 3.5(2.6,4.4) 3.3(2.5,4.6) 0.750
Sperm concentration, millions/ml 54.9 (32.6, 84.8) 51.1(27.3,81.3) 56.3 (35.7, 85.0) 55.5(35.7,88.2) 0.102
Total sperm number, millions 187.0 (102.2, 300.5) 163.1 (91.5, 287.4) 198.3 (105.1,318.9)  184.5(130.3, 302.3) 0.123
Progressive motility,% 56.2 (43.6, 68.6) 58.5 (45.6, 68.9) 54.2 (42.3, 69) 55.2 (43.4, 68.8) 0.330
Total motility, % 89.1(79.9, 94.9) 89.6 (80.9,95.4) 88.3(79.3,94.8) 89.5(80.1, 94.5) 0.478
iﬁ;‘;’ﬁ;‘:gﬁf&mmal 8.3 (6.4, 10.3) 8.0 (6.0,9.9) 8.5 (6.5, 10.5) 8.4(6.5,9.9) 0.179
Reproductive hormones
Estradiol, pg/ml 19 (10, 27) 20 (12, 30) 18 (10, 27) 16 (9, 26) 0.056
Follicle-stimulating hormone
mIU/ml & ’ 3.5(2.6,4.9) 3.4(2.6,4.7) 3.5(2.6,4.6) 3.6(2.9,5.5) 0.108
Luteinizing hormone, mIU/ml 4.1(3.1,5.1) 4.0(3.0,5.2) 39@3.1,5.2) 4.1(3.1,4.9) 0.999
Progesterone, ng/ml 10.0 (8.1, 13.5) 9.9 (8.4, 14.0) 10.3 (8.1, 13.2) 9.8(7.7,13.3) 0.540
Testosterone, ng/ml 0.5(0.3,0.8) 0.5(0.3,0.8) 0.5(0.3,0.8) 0.5(0.3,0.8) 0.973
Prolactin, ng/ml 43(3.6,5.1) 43(3.5,5.1) 4.3(3.6,5.1) 4.3(3.5,5.2) 0.984

“Represented as “median (25th, 75th percentile)” or “number (percentage)”.
°Kruskal-Wallis tests for continuous variables and Chi-square tests for categorical variables.
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Table 2: Descriptive statistics of onset ages of pubertal events

Pubertal events (y) N Mean Standard Deviation =~ Median Percentile 25 Percentile 75
Height spurt 627 13.0 2 13 12 14
Body hair growth 560 13.5 1 13 13 14
First spermatorrhea 508 13.8 1 14 13 15
Peak height velocity 626 14.2 2 14 13 15
Voice deepening 565 14.4 2 14 13 15
Skin changes 580 14.7 2 14 13 16
Facial hair growth 586 15.4 2 15 14 17

Table 3: Associations between onset ages of pubertal events, semen quality and reproductive hormones

Height spurt,
% Change (95%CI)

Peak height velocity,
% Change (95%CI)

Body hair growth,
% Change (95%CI)

Skin changes,
% Change (95%CI)

Voice deepening,
% Change (95%CI)

Facial hair growth,
% Change (95%CI)

First spermatorrhea,

istics®h
Characteristics’ % Change (95%CI)

Semem quality

Sperm concentration,

millions/ml 3.3(-04,7.1) 4.7 (1.0, 8.6) 0.9 (-3.5,5.6)
Semen volume, ml -0.2(-2.5,2.0) 0.0(-2.2,23) 0.0 (-2.7,2.7)
Total sperm count,

23 (-1.7,6.6) 4.2(0.1, 8.6) 0.5(-4.4,5.6)

millions
Progressive motility, %c
Total motility, %d

Morphologically normal

—0.029 (-0.851, 0.792)
—0.007 (-0.097, 0.084)

—0.293 (-1.132, 0.547)
—0.042 (-0.134, 0.051)

-0.03 (-0.991, 0.932)
0.003 (-0.104, 0.110)

spermatozoa, % 1.2 (-0.7,3.0) 2.1(0.3,4.0) -0.2(-2.5,2.0)
Reproductive hormones

E2 (pg/ml) ~6.5(-9.8,-3.0)" ~6.7(-10.4, -2.8)" 1.2(-33,5.8)
FSH (mIU/ml) 2.6 (0.2,4.7) 1.9(-0.5,4.2) 0.5(-2.3,3.3)
LH(mIU/ml) 0.5 (-14,2.6) ~1.1(-3.2,0.9) ~0.5(-2.7,1.9)
PRL (ng/ml) 0.5 (-1.6,2.8) ~1.4(-3.6,0.9) ~0.2(-2.9,2.6)
P (ng/ml) 0.2 (-3.6,4.2) 2.3 (=58, 1.6) ~0.9(-5.2,3.5)
T (ng/ml) ~0.5 (1.8, 0.9) 0.2 (1.4, 1.6) 14 (-0.5,3.3)

23(-1.3,6.1) 23(-1.7,6.6) 1.9 (-1.8,5.6) 6.4(1.7,11.3)"
12(-1.1,3.5) 0.0(-2.2,2.3) ~02(-2.0,1.6) ~2.9(-5.5,-0.3)"
28(-1.3,7.1) 1.9 (-2.6, 6.6) 14(-22,5.1) 35(-1.5,8.8)

—0.356 (-1.127,0.414)
—0.018 (-0.104, 0.067)

0.128 (-0.745, 1.002)
0.010 (-0.085, 0.105)

0.136 (-0.612, 0.884)
0.009 (-0.072, 0.091)

0.542 (-0.445, 1.529)
0.050 (-0.060, 0.160)

1.6(-02,3.5) 1.6(-02,3.5) 0.5(-1.3,23) 1.4(-0.9,3.7)
~2.1(-5.5,1.6) ~1.6(-5.5,2.5) ~1.8(-5.3,18) 0.5(-4.0,5.1)
14(-0.7,3.5) 2.1(-0.2,4.7) 0.0 (-1.8,2.1) 02(-2.5,3.0)
~0.5(-2.3,1.4) 0.0 (-2.1,2.1) 0.9 (-0.9,2.6) 0.9 (-3.4,1.4)
~1.4(-34,0.7) “1.1(-34,12) 0.7 (-2.7,1.4) 0.0(-2.9,2.8)
0.7 (-2.9,4.2) 0.9 (-3.2,5.0) ~1.6 (4.9, 1.6) 0.7 (-3.8,5.4)
0.7 (-0.7,2.1) 0.5(-1.1,2.1) 0.0 (~1.4, 1.4) 02(-1.6,2.3)

“Because semen parameters (except progressive motility and total motility) and reproductive hormones were in right-skewed distribution, they were analyzed on a logarithmic scale and back-transformed to

obtain the percent change (with 95% Confidence Interval (CI) given in the brackets) for each parameter.

*Adjusted for age, abstinence time, smoke, alcohol and intake of tea, coffee and cola.
“Beta coefficient (95% CI) for progressive motility.

“Total motility was classified into four groups based on its quartiles. We performed multiple ordinal logistic regression analysis. Estimates and 95% CI were given.

"P<0.05,"P<0.0l.

between pubertal timing, semen quality and reproductive
hormones. In this population of 680 male college students,
we found that early pubertal timing was associated with
lower sperm concentration. Pubertal timing was also
associated with alterations in E, and FSH. These results
were independent of several potential confounders that
included age, abstinence time, smoke, etc.

There are several explanations for these
observed associations between pubertal timing and
semen parameters. First, some studies have shown an
association between early pubertal timing and higher
BMI in adulthood [4]. The negative association between
semen quality and BMI has been well characterized
[22, 23], total sperm number and sperm concentration
were the two parameters found to be more strongly
related to obesity [24]. We then hypothesized whether
the observed associations between pubertal timing and
semen parameters were mediated by BMI. To verify
this hypothesis, we additionally adjusted for BMI in the

regression analyses. The results were consistent. Besides,
the median of BMI in our study was 20.9 kg/m? (percentile
25th to percentile 75th = 19.6 to 22.7), and only 2.6% of
the subjects were defined as obese, which is to say this
conclusion was drawn from a population of lean men. The
possibility of BMI as a mediator between pubertal timing
and semen quality, therefore, still exists. Further studies
were needed to demonstrate the role of BMI. Secondly,
our findings may reflect the physiologic effect of pubertal
timing. Puberty is an important transformation period, as
one moves from childhood to adulthood and reproductive
maturity. During this period, the HPG axis was triggered
for sexual maturation leading to culminations in adult
hormonal profiles and physical changes like secondary
sexual characteristics [2]. In terms of testis development,
the growth of testicular volume during puberty is a
marker for spermatogenesis. Stimulation of leydig cells
by LH will lead to an increase of testosterone. The level
of testosterone will influence the growth of penis in
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Table 4: Further analyses on the associations between onset ages of pubertal events, semen quality and reproductive

hormones

Height spurt, % Change (95% CT) Peak height velocity, % Change (95% Cry  Tirstspermatorrhea, % Change (95%
Characteristics™® Ch

model I model II¢ model I model II° model I model II¢

Semem quality
rsn';lel?:n‘;fr‘;lce“"aﬁ"“’ 3.3(-04,7.1) 2.8 (0.8, 6.6) 4.7(1.0,8.6)° 4.7(0.5,9.1) 6.4 (1.7, 11.3)" 72(2.4,12.1)"
Semen volume, ml ~0.2 (2.5, 2.0) ~0.5(-2.7,1.8) 0.0 (-2.2,2.3) 02 (-2.0,2.5) 29(-55,-03)"  -3.6(-6.2,-1.0
Total sperm count, millions 23 (-17,6.6) 1.6(-2.4,5.8) 42(0.1,8.6) 42(0.1,8.6) 35(-15,8.8) 3.5(-1.9,9.3)
Progressive motility, % ~0.046 (-0.868, 0.777) ~0.222 (-1.056, 0.613) —0.308 (~1.149, 0.533) 0339 (~1.189,0.511) 0.542 (~0.445, 1.529) 0.6 (-0.434, 1.633)
Total motility, % 0.0 (-0.5, 0.5) 0.0 (-0.5,0.5) 0.0 (-0.5,0.4) 0.0 (-0.9,0.9) 0.5(-04, 1.4) 0.7 (-02, 1.6)
Eﬁzﬁﬁq };?i(;i':anl/ty normal 0.7 (-1.1,2.5) 1.2(<0.7, 3.0) 1.4 (-0.4,3.2) 1.9(0.0,3.7) 1.4 (<0.9,3.7) 12 (-1.1,3.5)
Reproductive hormones
E, (pg/ml) ~6.5(-9.8,-2.9)" “73(-10.7,-3.6)" —6.7(-10.1,-2.9)" 7.7 (-11.3,-4.1)" 0.5 (4.1, 5.0) ~1.8(-6.2,2.8)
FSH (mIU/ml) 2.6(0.2,5.0) 23 (0.0, 4.5) 1.9(-0.5,4.2) 1.6 (<0.7, 4.0) 02 (-2.5,3.0) 02(-2.5,33)
LH (mIU/ml) 0.7 (~1.4, 2.6) 02 (-1.6,2.3) ~0.7 (-2.7,1.4) ~1.4(-3.4,0.7) ~0.9 (=34, 1.4) “14(-4.1,12)
PRL (ng/ml) 0.5 (1.6, 2.8) 02 (-2.5,2.1) “1.1(-3.6,12) ~1.6 (-4.1,0.7) 0.0 (-2.9,2.8) ~0.7 (-3.6,2.3)
P (ng/ml) 0.2 (-3.6,4.2) 0.2 (-4.1,4.0) ~2.9(=6.7,0.9) 2.7(=6.7,12) 0.5(-4.1,5.2) 12 (-3.8,6.4)
T (ng/ml) ~0.7(-2.3,0.7) ~0.7(-2.3,0.9) ~02(-1.8,1.2) 0.0 (-1.4, 1.6) 02 (-1.6,2.1) 02 (-1.8,2.1)

“Because semen parameters (except progressive motility) and reproductive hormones were in skewed distribution, they were analyzed on a logarithmic scale and back-
transformed to obtain the percent change (with 95% Confidence Interval (CI) given in the brackets) for each parameter. Beta coefficient (95% CI) for progressive motility.
"Adjusted for age, abstinence time, smoke, alcohol and intake of tea, coffee and cola.

“Model I: additionally adjusted for BMI grade. Model II: additionally adjusted for testicular volume.

"P<0.05,"P<0.01.

Table 5: Associations between onset ages of pubertal events, semen quality and reproductive hormones (categorical

variables)
b,c 0 b,e b,c
Onset ages of pubertal Sperm concentration®, Sen;en volume?, Morphologically be o E2°, (,FSH y
events® N % change (95% CI) "0 change normal spermatozoa®, %0 change %o change
(95% CI) % change (95% CI) (95% CI) (95% CI)
Ql 275 Reference Reference Reference Reference Reference
Q2 101 11.7 (6.0, 32.7) 3.8(-6.2,14.8) 6.9 (-2.1,16.7) 6.9 (-21.7, 10.9) —0.5(-10.5, 10.4)
Height spurt
Q3 120 3.5(-11.9,21.9) 2.3(-7.1,12.5) 4.7 (-3.6, 13.5) -10.7 (-23.8, 5.0) 4.2 (-5.4,14.8)
Q4 114 10.2 (6.7, 30.0) —2.1(-11.3,7.9) —0.9 (-8.8,7.6) -22.4(-34.2,-8.4)" 14.0 (3.3,25.9)"
Ql 193 Reference Reference Reference Reference Reference
Q2 154 15.1 (-1.8,34.9) 6.2 (-3.4,16.4) 10.9 (2.1,20.2)" -5.8 (-20.0, 10.9) —2.3(-11.3,7.6)
Peak height velocity
Q3 137 13.5(-3.8,33.7) —4.7(-13.5,4.7) 5.2(-3.2,14.3) -17.0 (-29.9, -1.6)" -0.2 (9.6, 10.4)
Q4 127 20.8 (2.1,42.9)" 3.3 (-6.5, 14.0) 6.4 (2.3, 15.6) -22.4 (-34.7,-7.7)" 7.9 (2.7, 19.7)
Ql 198 Reference Reference Reference Reference Reference
Q2 143 3.8(-11.7,22.2) 0.5 (-8.6,10.4) -1.4(-9.2,7.2) -3.8(-17.8,12.2) 4.0 (-5.8,14.8)
First spermatorrhea
Q3 91 4.5(-13.3,25.9) -7.7(-17.2,3.0) 0.0 (-9.0,9.9) —-1.1(-17.6, 18.6) -1.6 (-12.3,10.2)
Q4 65 29.7 (5.2, 60.0)" -8.8(-19.5,3.3) 4.7(-5.8,16.4) 0.7 (-18.2,24.2) 8.6 (—4.7,23.6)

“Pubertal timing variables were classified into quartiles (Q1-Q4, from the lowest group to the highest group).
"Because semen parameters and reproductive hormones were in right-skewed distribution, they were analyzed on a logarithmic scale and back-transformed to
obtain the percent change (with 95% confidence interval given in the brackets) for each parameter.

°Adjusted for age, abstinence time, smoke, alcohol and intake of tea, coffee and cola.
"P<0.05,"P<0.01.

terms of its width and length. The most important change
in the end is the achievement of fertility. One possible
mechanism is that pubertal timing is an indicative marker
for the neuroendocrine system, which regulates the
development of reproductive system. Lastly, pubertal

timing in this study was negatively associated with E, and
positively associated with FSH. E, plays a pivotal role
in male reproductive health. It has been confirmed that
both testicular somatic cells and germ cells are sources of
estrogen in mammals including men [17]. So the level of
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E, does reflect the general functionality of these two cell
types. Exposure of the testis to extra estrogen contributes
to the decline of sperm concentration [25, 26]. Pubertal
timing can thus be regarded as an indicative marker for
hormone levels in men in the future.

Although some important discoveries were revealed
in this study, there were also certain limitations. First,
only a single semen sample was obtained from each
volunteer. Using only a single semen sample to predict
male reproductive health over a long period is not
accurate, even though collecting only one semen sample
is acceptable in population-based epidemiological studies.
Another limitation was the data collecting. Studies on
the pubertal timing of girls are much more than that of
boys. In common practice, menarche is considered as a
gold standard for the measurement of pubertal timing
in girls. However, it is still debated how to measure
pubertal development more accurately in boys and how to
incorporate it among different researches.

To deal with this methodological shortage, we used
several methods to reduce the retrospective bias as follows:
1. The questionnaire was modified from those used in
others’ studies. The Pubertal Development Scale (PDS)
uses self-reports on volunteers’ development [27, 28].
It is a practical questionnaire to use in retrospective
epidemiological studies. In addition, Felix R. Day [3] and
Anders Juul [29] used the age of voice breaking as a single
marker of pubertal timing. Additionally, the age of first
spermarche was also regarded as a convenient marker in
population-based studies [30]. We integrated these items
to form our modified questionnaire. 2. High education
background and young age were sufficient enough for the
volunteers to give answers close to the reality. The options
of “not clear” and “reject to answer” were both alternatives
for the participants. 3. Volunteers were not informed about
their test results before responding to the questionnaire,
so it would not affect their responses. 4. We created a
grade-age look-up table to help the volunteers answer their
corresponding age more precisely. In a pilot investigation,
we found that some volunteers were more sensitive to
their grades than ages when recalling a specific pubertal
event. The grade-age look-up table was listed on the same
page with the questionnaire, as that made it convenient for
volunteers to use this table as a reference.

The questionnaire for the data collection was
validated by several methods. First, we compared the data
on pubertal timing to those of healthy Chinese children.
Fang et al. [31] reported that the mean onset ages of body
hair growth and first spermatorrhea were 13.6 years in
Chongqing, China. Similarly, our results were 13.5 years
and 13.8 years, respectively. In a cross-sectional study
of 18, 807 urban Chinese boys [32], the median onset
ages of body hair growth and first spermatorrhea were
12.8 years and 14.0 years. Similarly, our results were
13.0 years and 14.0 years. In addition, the age of first
spermatorrhea in our study was consistent with the result

of Chinese National Surveys on Students Constitution
and Health (14.0 years). Second, we analyzed the inter-
correlations between these pubertal timing markers. The
Spearman correlation coefficients ranged from 0.356 to
0.738, indicating that the onset ages of pubertal events did
significantly correlate with each other. Third, the overall
raw Cronbach’s alpha coefficient was 0.886, indicating
that the data on pubertal timing was of high consistency.

The article by Jensen et al. [33] provided an
opportunity for comparison between different studies.
Theirs was a cross-sectional study that investigated the
association between pubertal timing and subsequent
reproductive health among 1068 young Danish men. The
study reported that later onset of puberty was associated
with declined semen quality, a finding different from
our results. While we found similarities for reproductive
hormones. FSH was positively associated with pubertal
timing. The difference between these two studies may have
been due to the different methods used for data collecting.
The subjects of their study were divided into three groups,
defined as earlier, the same as, and later than peers. On the
other hand, the differences between the studies indicated a
necessity to validate the association between pubertal timing
and reproductive health. Prospective study was a better way
to solve the methodological shortage in the present study.

In conclusion, for the first time, we found that
early pubertal timing was associated with lower semen
concentration. In addition, pubertal timing was associated
with alterations in reproductive hormones. The result
should be interpreted with cautious. Pubertal timing may
be a potential marker of semen quality in adulthood.
Larger and more diverse populations are still needed to
draw and confirm a solid conclusion.

MATERIALS AND METHODS

Study population

This survey was conducted in June of 2013.
Young male volunteers were recruited from colleges in
Chongqing China. Individuals were excluded if they
met any of the following criteria: <18 years old; <2 or
>7 days of abstinence time; a history of inflammation of
the urogenital system, epididymitis or testicular injury; a
history of undescended testis; or a history of varicocele
treatment; or if any of the following were detected by
an urologist at the physical examination stage of the
investigation: an absence of prominentia laryngea, pubis
or testis; abnormal breasts or penis; epididymal knob; or
varicocele. Both semen and reproductive hormones were
analyzed for the remaining participants. The participants
completed a questionnaire and also underwent a physical
examination. All detailed data regarding study design, data
acquisition, etc., were published previously [18].

According to the above criteria, 796 volunteers were
eligible for this survey, and 116 volunteers were excluded
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because of their refusal to answer questions on puberty. In
the end, therefore, a total of 680 volunteers were include
in our study.

This study was approved by the Ethics Committees
of Third Military Medical University. The experiment
methods were carried out in accordance with the approved
guidelines. Informed consent was also obtained from each
subject.

Questionnaire

Upon entry, all subjects completed a questionnaire
consisting of medical history, lifestyle, mental stress, and
so on. Information on potential confounders including
age, abstinence time, BMI, smoke, alcohol, intake of tea,
Coke and coffee was also collected on the questionnaire.
To improve the reliability and validity of the data on
pubertal timing, we developed a questionnaire based on
PDS [28, 34] and Sexual Maturation Scale (SMS) [35].
The participants were asked to identify pubertal events and
then answer the age of first onset. The questions included
in our questionnaire were the following: 1. Was your own
pubertal timing early, average, or late compared to your
peers? 2. How old were you when your height started to
spurt? 3. How old were you when your growth velocity
was the highest? 4. How old were you when you noticed
that your body hair started to grow? 5. How old were you
when you noticed changes in your skin (such as acne, oily
skin, rough pore and rough skin) ? 6. How old were you
when you noticed your voice deepening? 7. How old were
you when you noticed your facial hair started to grow? 8.
What was the age of your first spermatorrhea? A grade-
age look-up table (Supplementary Table 1) was supplied to
help volunteers to answer the ages of these pubertal related
events more precisely.

Physical examination

Height and weight were measured, and BMI was
calculated as weight in kilograms divided by height
squared in meters. Additionally, an experienced urologist
will test the presence of varicocele and measure testicular
volume by Prader’s orchidometer (FUAN enterprise,
Shanghai, China).

Semen collection and analysis

The volunteers had been instructed to keep
abstinence time between 2 to 7 days, and their abstinence
time was recorded on the questionnaire. Semen samples
were collected by masturbation into a wide-mouth plastic
container at a private room. Then it was incubated at 37° C
for liquefaction. An experienced technician performed
semen analysis in accordance with the World Health
Organization 2010 guideline [15]. Semen volume was
assessed by weighing semen sample assuming 1g = 1ml.
Sperm morphology was identified by sperm smears using

Diff-Quick staining (Bred life science, Product code:
BRED-015). Sperm concentration and motility were
assessed by computer-aided sperm analysis (SCA CASA
System; Microptic S.L., Barcelona, Spain). Sperm motility
was classified as progressive motility and total motility.

Hormone analysis

Blood sample was withdrawn from an antecubital
vein. Serum was separated and frozen at —80° C until
assay. Reproductive hormones including testosterone
(T), estrogen (E,), progesterone (P), follicle-stimulating
hormone (FSH), luteinizing hormone (LH), and prolactin
(PRL) were determined at the clinical laboratory of
Southwest Hospital (Chongqing, China) by Beckman
Unicel DXI 800 Immunoassay System (Beckman Coulter
Inc., California, US). The detection range was 1.2—187.1
mlIU/mL, 0.7-85.9 mIU/mL, 0.4-30.4 ng/mL, 0.6-75.7
ng/mL, 204233 pg/mL and 0.1-14.8 ng/mL for FSH, LH,
P, PRL, E, and T, respectively. The intra-assay coefficient
of variation was 3.5%, 3.8%, 6.1%, 1.6%, 12% and 3.9%
for FSH, LH, P, PRL, E, and T, respectively.

Statistical analysis

Volunteers were classified according to the
percentile of onset age of peak height velocity. There were
four groups: total, <25th percentile, 25th-75th percentile
and >75th percentile. The Kruskal-Wallis tests and Chi-
square tests were used to evaluate differences in basic
characteristics between the groups (kruskal-Wallis tests for
continuous variables and Chi-square tests for categorical
variables). Parameters were presented as median (25th
to 75th percentile) or numbers (percentages). Several
descriptive variables (mean, standard deviation, median,
percentile 25 and percentile 75) were calculated for the
pubertal variables. The inter-correlations between these
variables were analyzed using the Spearman correlation.
Cronbach’s alpha was used to quantify the internal
consistency of the pubertal variables in this survey.

Most of the data on semen parameters and
reproductive hormones were right-skewed (except
progressive motility in normal distribution). We transformed
these data into a logarithmic scale before analysis. We
used multivariate linear regression models to explore the
associations between pubertal timing, semen quality and
reproductive hormones. To facilitate the interpretation of
the data, the results were back transformed and quantified
as a percent change (95% confidence interval (CI)). Percent
change = (10f-1)*100%. Total motility (left-skewed)
was classified into four groups based on its quartiles. We
performed multiple ordinal logistic regression analysis.
Total motility were recoded into 1 to 4 from Q1 to Q4.

The factors that were possibly associated with semen
quality and pubertal timing were selected as potential
confounders: Age, abstinence time, smoke (never, ever,
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current), alcohol (never, ever, current), intake of tea (never,
ever, current), Coke (0 cups/week, <3 cups/week, 3—6 cups/
week, >6 cups/week) and coffee (0 cups/week, <3 cups/week,
3—6 cups/week, >6 cups/week). Tea intake was categorized
differently than Coke and coffee, because the percentage of
people who chose “ever” and “current” for tea intake were
similar (16.5% and 19.0%, respectively). These were adjusted
for in the regression model by stepwise method. In addition,
BMI in adulthood was reported to be associated with pubertal
timing [4] and semen quality [22, 23]. In biology, BMI
may be in the causal pathway between pubertal timing and
reproductive outcomes. As a result, BMI (< 18.5 kg/m?, 18.5—
23.9 kg/m?, 24-27.9 kg/m?, >28 kg/m?) was regarded as a
potential mediator and adjusted for along with other potential
confounders. Adult testicular volume is achieved at the end of
puberty. It occurs temporally after the onset of puberty and is
a well-known predictor for reproductive outcomes [36]. Thus,
it was considered as a mediator and adjusted for along with
other potential confounders. It should be noted as well that
season and temperature were not adjusted for, because this
survey was conducted during a short period in the summer. In
addition, three pubertal timing variables were classified into
quartiles based on its distribution in the subjects. Regression
coefficients of Q2, Q3 and Q4 were calculated, with Q1 as
the reference level.

The P value <0.05 was considered significant. All
the statistical analyses were performed using SPSS 18.0
(IBM).
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