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Abstract
Context: Prevalence of obesity in childhood has increased over the past few decades. The impact of obesity and of obesity-related metabolic 
disorders on testicular growth is unknown.
Objective: To evaluate the impact of obesity, hyperinsulinemia, and insulin resistance on testicular volume (TV) in pre-pubertal (<9 years), peri- 
pubertal (9-14 years), and post-pubertal (14-16 years) periods.
Methods: We collected data on TV, age, standard deviation score (SDS) of the body mass index (BMI), insulin, and fasting glycemia in 268 
children and adolescents followed-up for weight control.
Results: Peri-pubertal boys with normal weight had a significantly higher TV compared to those with overweight or obesity. No difference was 
found in the other age ranges when data were grouped according to BMI. Pre- and post-pubertal children/adolescents with normal insulin levels 
had significantly higher TV compared to those with hyperinsulinemia. Peri-pubertal boys with hyperinsulinemia had significantly higher TV 
compared to those with normal insulin levels. Post-pubertal adolescents with insulin resistance had lower TV and peri-pubertal boys had 
higher TV compared to those without insulin resistance. No difference was found in pre-puberty.
Conclusions: Closer control of the body weight and the associated metabolic alterations in childhood and adolescence may maintain testicular 
function later in life.
Keywords: obesity, insulin, puberty, testicular volume, childhood obesity

Significance

Although the prevalence of childhood obesity is increasing worldwide, the impact of obesity and associated metabolic dis-
orders on testicular growth is unknown. We report here data on testicular volume (TV) in 268 children and adolescents, 206 
of whom were overweight or obese and 62 normal-weight controls. In this study, we found that being overweight or obese 
was associated with a lower peri-pubertal TV. In addition, obesity-related comorbidities, such as hyperinsulinemia and in-
sulin resistance, have been found to influence TV in pre- and post-puberty. Therefore, more careful control of body weight in 
childhood could represent a prevention strategy for maintaining testicular function later in life.

Introduction
Couple infertility represents an important public problem that 
weighs on both the psychological health and the economic and 
social aspects of couples of childbearing age. The global pat-
terns of infertility analysis, shown in the World Health 
Organization (WHO) report conducted by examining 277 
health surveys, revealed that 48 million couples were affected 
by infertility in 2010.1 Although the male infertility factor is 
often overlooked,2 it is implicated as an etiological factor in 
about half of all infertility cases.3,4 Based on a WHO multicen-
ter study published in the 1980s, 20% of infertile couples are 
solely due to the male, 38% to the female, 27% to both 

partners, and 15% are unexplained.5 American epidemio-
logical data indicate a prevalence of isolated male factor of 
17.1% and total male infertility of 34.6%6 although the true 
extent of male infertility is probably underestimated due to 
the lack of evaluation of the male partner.2

Despite a comprehensive diagnostic workup, the diagnosis 
remains elusive in a quarter of infertile patients who are, there-
fore, identified as idiopathic.7–13 According to a monocentric 
German study that evaluated the etiology of infertility in over 
20 000 male patients who were referred to a fertility center, no 
diagnosis could be made in about 70% of them.14 Worryingly, 
a similar percentage was reported in a Dutch single-center 
retrospective study on 1737 patients with reduced sperm 
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counts.15 Therefore, a relevant percentage of infertile patients 
appears to have an unexplained etiology of infertility. 
Meta-regression data also indicate a trend toward decreasing 
sperm concentration and total sperm count over the past 40 
years.16 Specifically, by combining evidence from 185 studies 
including 42 935 men who provided semen samples from 
1973 to 2011, the authors showed an overall decrease of 
52.4% and 59.3% in sperm concentration and total sperm 
count, respectively, in this time interval.16 Again, the causes 
of this decline have not been clearly understood and this re-
quires urgent and careful research.

Italian surveys have shown the presence of testicular hypo-
trophy (<12 mL) in 14%-23% of young men aged 18-19 
whose future fertility is, therefore, at risk.17,18 This indicates 
the susceptibility of the testicular function to undergo damage 
starting from the first years of life.

Undeniably, various environmental conditions (eg, expos-
ure to endocrine-disrupting chemicals [EDCs] and heavy met-
als) and personal habits (eg, sedentary lifestyle and eating 
disorders) have changed dramatically over the past few deca-
des. According to the WHO, the prevalence of childhood obes-
ity has increased worldwide from 32 to 42 million19 in parallel 
with the decline in sperm count. Predictive modeling also indi-
cates that 60% of children will be obese by the age of 35.20

However, it is currently unknown whether childhood obesity 
can affect the testicular function and increase the risk of future 
infertility.

The testis was classically considered quiescent in childhood. 
However, recent studies have shown the presence of testicular 
metabolic activity in the early stages of life.21–25 The pre- 
pubertal testis is made up primarily of Sertoli cells, which are 
immature, actively proliferating, and release anti-Müllerian 
hormone (AMH). When puberty begins, they switch from an 
immature to a mature state, losing their proliferative capacity 
and acquiring the ability to release mitogens that support the 
differentiation of germ cells. Since each Sertoli cell can support 
the differentiation of a finite number of germ cells, their reduced 
proliferation during childhood resulting in a reduced number of 
Sertoli cells at puberty could potentially cause irreversible (and 
defined as unexplained) oligozoospermia in adulthood.25

Sertoli cells are also sensitive to exogenous stimuli, such as 
EDCs26,27 or heavy metals.28,29 They also express the insulin re-
ceptor, and insulin can affect pre-pubertal Sertoli cell prolifer-
ation and their hormonal release.30,31

On this basis, this study aimed to evaluate whether over-
weight, obesity, and their related comorbidities, such as hyper-
insulinemia, insulin resistance, and type 2 diabetes mellitus 
(T2DM), can have an impact on testicular volume (TV) in pre- 
puberty (<9 years), peri-puberty (9-14 years), and post- 
puberty (14-16 years).

Methods
Study protocol
This is a retrospective, cross-sectional study conducted on 
children and adolescents aged 2-18 years, who were referred 
to the Unit of Pediatric Endocrinology, University of 
Catania, for the control of body weight. Data on TV, 
Tanner stage, age, body mass index (BMI) standard deviation 
score (SDS), insulin, homeostatic model assessment (HOMA) 
index, fasting glycemia, blood glycemia 2 h after oral glucose 
tolerance test (OGTT), and glycated hemoglobin (HbA1c) of 
children and adolescents were collected retrospectively.

The primary outcome was TV, which was analyzed in age- 
matched subgroups based on (1) SDS BMI and presence of (2) 
hyperinsulinemia, (3) insulin resistance, and (4) T2DM. In 
addition, data on the Tanner stage were collected to assess 
the percentage of children/adolescents in each Tanner stage 
in conditions i-iv.

In detail, normal weight was considered for SDS BMI values 
between −1 and 1, overweight for values between 1 and 2, 
obesity between 2 and 3, and severe obesity ≥3.32,33

Hyperinsulinemia was diagnosed for insulin serum levels 
≥20 µIU/µL, which is the cutoff value of the central hospital 
laboratory where all measurements were made. The HOMA 
index was calculated using the formula: [glycemia (mg/dL) ×  
insulin (µIU/mL)]/405. Insulin resistance was diagnosed for 
HOMA index values ≥2.534 in pre- and post-pubertal periods 
and for values >3.2 in the pubertal period.35 Pre-diabetes was 
diagnosed with fasting glycemia between 100 and 125 mg/dL, 
or HbA1c between 6% and 6.4%, or 2-h post-OGTT gly-
cemia between 145 and 199 mg/dL. Type 2 diabetes mellitus 
was diagnosed when fasting glycemia was ≥26 mg/dL, 
HbA1c ≥6.5%, or 2-h post-OGTT glycemia ≥200 mg/dL.36

Finally, TV was measured using a Prader orchidometer, and 
measurements were made by the same two pediatric endocrin-
ologist experts (M.C. and T.A.T.). They also evaluated the 
Tanner stages of genital and pubic hair.

Patient selection
The inclusion criterion was the presence of information on 
TV, in a cohort of children and adolescents who were referred 
to the Pediatric Endocrinology Unit for the control of body 
weight. A cohort of healthy normal-weight children/adoles-
cents in which TV data were available served as control. The 
following exclusion criteria were used: genetic abnormalities, 
possible drug intake, radiotherapy, chemotherapy, head or 
testicular trauma, systemic diseases (eg, kidney and/or liver 
diseases), endocrine disorders such as hypogonadism, hyper-
prolactinemia, Cushing syndrome, acromegaly, hypopituitar-
ism, hypostaturalism, underweight (SDS BMI ≤−1), and 
female sex. Finally, patients with puberty disorders were ex-
cluded. These included patients with precocious puberty (on-
set of puberty before age 9) or with delayed puberty (onset 
of puberty after age 14).37,38

Hormonal measurements
All patients underwent a 1-day hospitalization for the collec-
tion of study parameters. In particular, the blood tests were 
performed after 12 h of fasting and the samples were analyzed 
at the central laboratory of the University-Teaching Hospital 
Policlinico, University of Catania (Catania, Italy). The hormo-
nal evaluation was performed by electrochemiluminescence 
(Hitachi–Roche equipment, Cobas 6000, Roche Diagnostics, 
Indianapolis, IN, USA). Reference values were as follows: fast-
ing glycemia 55-99 mg/dL, fasting insulin 1.5-20 µIU/µL, and 
HbA1c <6.0%.

Statistical analysis
The patients were classified into three groups based on their 
age: <9 years (a group made of children), 9-14 years (a group 
made of children and adolescents), and 14-16 years (a group 
made of adolescents).37,38 Results are reported as mean ± SD 
throughout the study. For each group, differences in TV and 
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Tanner stage were analyzed based on the SDS BMI (between 
−1 and 1, 1 and 2, 2 and 3, and ≥3), the HOMA index (insulin 
resistance was considered absent for values <2.5 during pre- 
and post-pubertal periods, while it was considered present 
for values ≤3.2 in the peri-pubertal period), the level of insulin 
(<20 µIU/µL or ≥20 µIU/µL), and the presence of T2DM. The 
normality of the variables was evaluated with the Shapiro– 
Wilk test. Testicular volume values were log-transformed be-
fore intergroup differences were evaluated using the two-way 
analysis of variance (ANOVA). Differences in the prevalence 
of each Tanner stage in the various groups were assessed using 
the χ2 test. Finally, a stepwise multiple regression analysis was 
performed to assess the correlation between TV and SDS BMI, 
glucose and insulin levels, HOMA index, HbA1c, and age. 
The regression analysis was performed for the overall sample 
of each age group and each Tanner stage. A P-value ≤.05 was 
accepted as statistically significant. Statistical analysis was 
performed using MedCalc Software Ltd. (Version 19.6—64 
bit). The sample size was estimated at 198 children and adoles-
cents, considering a mean TV of 6.38 mL and a SD of 8.09 re-
ferring to a cohort of healthy boys whose TV was measured 
using the Prader orchidometer,39 a type I error (alpha) of 
0.05, a type II error (beta, 1-power) of 0.20, and a null hypoth-
esis value of 8 mL.

Ethical approval
This study was conducted at the Division of Endocrinology, 
Metabolic Diseases and Nutrition and Pediatric 
Endocrinology of the University-Teaching Hospital Policlinico 
“G. Rodolico,” University of Catania (Catania, Italy). The 
protocol was approved by the internal Institutional Review 
Board. Informed consent was obtained from parents, tutors, 
or any legal representatives after a full explanation of the pur-
pose and nature of all procedures used. Children and adoles-
cents older than 8 years old gave their assent. The study has 
been conducted according to the principles expressed in the 
Declaration of Helsinki.

Results
Descriptive analysis
The initial cohort for this study consisted of 290 children and 
adolescents. Of these, 22 were excluded because they did not 
meet the inclusion criteria. In the final analysis, 268 children 
and adolescents were included (age range: 1.6-17.6 years). 
The clinical characteristics and hormone values of the enrolled 
cohort by age group and Tanner stage are reported in Tables 1
and 2, respectively. In detail, 62 participants were normal 
weight, 54 overweight, 79 obese, and 73 severely obese. The 
Tanner stage was available for 242 participants; 126 were in 
Tanner stage 1, 49 in Tanner stage 2, 30 in Tanner stage 3, 
23 in Tanner stage 4, and 14 in Tanner stage 5. Regarding hy-
perinsulinemia and insulin resistance, 115 children/adoles-
cents had insulin levels <20 µIU/mL, 45 had insulin levels 
≥20 µIU/mL, 78 had no insulin resistance, and 80 had insulin 
resistance. Finally, 139 had no T2DM, 22 had pre-diabetes, 
and only 3 had T2DM.

Testicular volume analysis based on age group
Testicular volume in the subanalysis based on SDS BMI or the 
presence of hyperinsulinemia, insulin resistance, or T2DM are 
shown in Table S1.

The TV in the group of children younger than 9 years did 
not differ significantly in normal-weight, overweight, obese, 
and severely obese participants. Interestingly, when the 9-14 
age group was considered, the normal-weight participants 
showed significantly higher TV than those who were 
overweight, obese, or severely obese. In contrast, TV did not 
differ significantly in adolescents (group of 14-16 years) 
(Figure 1A).

When the data were analyzed based on hyperinsulinemia 
presence or absence, we found significantly lower TV in the 
hyperinsulinemic subgroup compared to that with normal in-
sulin levels in children <9 years. In contrast, TV resulted high-
er in hyperinsulinemic children/adolescents compared to those 
with normal insulin in the 9-14 age group. Finally, TV was sig-
nificantly lower in the hyperinsulinemic subgroup than in the 
normal-insulinemic one of the 14-16 age group (Figure 1B).

Insulin resistance did not have a significant impact on TV in 
the subgroup of children <9 years. However, at the age range 
9-14, patients with insulin resistance had significantly higher 
TV compared with those with no insulin resistance. 
Furthermore, when the 14-16-year age group was considered, 
TV was significantly lower in adolescents with insulin resist-
ance compared to those without (Figure 1C).

Finally, the analysis of TV based on the presence of T2DM 
did not show any significant difference (Figure 1D).

Analysis of the Tanner stages
We then analyzed the percentages of participants at Tanner 
stages 1-5 according to the SDS BMI or the presence of hyper-
insulinemia, insulin resistance, or T2DM. Since all the chil-
dren aged <9 years were staged as Tanner 1, the analysis 
was restricted to the participants ≥9 years.

The percentage of participants in Tanner stage 1 was signifi-
cantly lower in the normal-weight subgroup (17.7%) com-
pared to overweight (48.5%), obese (41.7%), or severely 
obese (36.6%) subgroups (P = .05). The percentage of partic-
ipants in Tanner stage 2 was similar among the subgroups 
(normal weight: 23.5%, overweight: 33.3%, obese: 25.0%, 
and severely obese: 26.8%). In contrast, the percentage of 
boys on Tanner stage 3 was significantly higher in normal- 
weight adolescents (32.4%) than in overweight (6.1%), obese 
(16.7%), or severely obese (12.20%) ones (P = .02). The per-
centage of participants in Tanner stage 4 did not differ signifi-
cantly among normal-weight (20.6%), overweight (6.1%), 
obese (12.5%), and severely obese (12.2%) adolescents. 
Finally, Tanner stage 5 showed a similar frequency in the 
four subgroups (normal weight: 5.9%, overweight: 6.1%, 
obese: 4.2%, and severely obese: 12.2%) (Figure 2A).

The frequency of each Tanner stage was similar in the sub-
groups with normal or high insulin serum levels (Figure 2B).

The analysis evaluating the frequency of each Tanner stage 
in patients with or without insulin resistance showed an up-
ward trend to a lower frequency of Tanner stage 1 in the 
insulin-resistant subgroup (46.2% vs 29.4%, P = .08). No dif-
ference was found in the frequency of Tanner 2, 3, 4, and 5 in 
the other three subgroups (Figure 2C).

Finally, the percentage of patients on each Tanner stage 
based on the presence of T2DM included only non-diabetic 
patients and those with pre-diabetes, since only three partici-
pants had T2DM. Accordingly, the analysis did not reveal 
any difference in the frequency of each Tanner stage between 
the two subgroups (Figure 2D).
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Testicular volume analysis based on the Tanner 
stages
Testicular volume values were then analyzed for each Tanner 
stage based on the SDS BMI or the presence of hyperinsuline-
mia, insulin resistance, or T2DM (Table S2).

When the data were analyzed according to the SDS BMI, we 
found no significant difference in TV in the normal-weight 
subgroup compared to overweight, obese, or severely obese 
children/adolescents for any of the Tanner stages 
(Figure 3A). Regarding the effects of hyperinsulinemia on 
TV, the analysis showed the presence of significantly lower 
TV in children/adolescents with normal insulin levels than in 
those with hyperinsulinemia in Tanner stage 2. No significant 
differences were found in the other Tanner stages (Figure 3B). 
In contrast, insulin resistance affected TV in both Tanner 

stages 2 and 4. Indeed, TV values were significantly lower in 
children/adolescents without insulin resistance than in those 
with insulin resistance in both Tanner stages 2 and 4 
(Figure 3C). Finally, the results of the TV analysis based on 
the presence of T2DM showed no significant differences in 
any of the Tanner stages (Figure 3D).

Correlation analysis
Testicular volume of the overall cohort was included as an in-
dependent variable in a stepwise regression analysis, using age, 
Tanner stage, SDS BMI, glycemia, serum insulin levels, 
HOMA index, and HbA1c as independent variables. As ex-
pected, TV correlated positively with the Tanner stage 
(Table S3), while other variables were excluded from the 

Table 1. Clinical and hormonal characteristics of the enrolled cohort based on age.

<9 years 9-14 years 14-16 years 16-19 years

Whole cohort
n 72 162 30 4
Age (years) 6.49 ± 1.78 11.52 ± 1.38 14.61 ± 0.68 16.43 ± 0.77
BMI (z score) 1.99 ± 1.85 1.91 ± 1.41 2.08 ± 1.20 2.58 ± 1.66
HOMA index 3.90 ± 4.07 3.74 ± 3.81 3.79 ± 3.04 2.85 ± 0.39
Fasting glycemia (mg/dL) 83.30 ± 9.73 83.96 ± 8.66 83.96 ± 8.66 90.0 ± 1.41
Fasting insulin (µIU/mL) 18.11 ± 17.04 24.35 ± 71.02 17.79 ± 13.54 12.8 ± 1.56
HbA1c (%) 5.45 ± 0.51 5.49 ± 0.40 5.51 ± 0.27 5.20 ± 0.85
WC (z score) 0.64 ± 0.10 0.63 ± 0.12 0.62 ± 0.07 0.63 ± 0.03
Normal weight
n 23 32 6 1
Age (years) 6.29 ± 1.87 11.74 ± 1.49 14.53 ± 0.37 16.12
BMI (z score) −0.15 ± 0.60 0.02 ± 0.70 0.25 ± 0.57 0.190
HOMA index 2.07a 4.62a 1.89 ± 0.88 —
Fasting glycemia (mg/dL) 70.0a 85.5 ± 0.71 84.67 ± 4.73 —
Fasting insulin (µIU/mL) 12.0a 22.0a 9.17 ± 4.68 —
HbA1c (%) — 4.5a — —
WC (z score) — — — —
Overweight
n 12 34 8 0
Age (years) 7.53 ± 0.93 11.47 ± 1.39 14.41 ± 0.83 —
BMI (z score) 1.52 ± 0.42 1.50 ± 0.56 1.67 ± 0.25 —
HOMA index 2.96 ± 2.89 4.20 ± 7.13 3.23 ± 1.71 —
Fasting glycemia (mg/dL) 91.0 ± 1.41 87.71 ± 16.80 86.0 ± 10.50 —
Fasting insulin (µIU/mL) 13.05 ± 12.66 16.69 ± 18.08 15.07 ± 7.21 —
HbA1c (%) 6.0 ± 1.27 5.58 ± 0.54 5.38 ± 0.33 —
WC (z score) 0.59 ± 0.04 0.56 ± 0.07 0.57 ± 0.03 —
Obesity
n 19 52 8 0
Age (years) 6.42 ± 2.07 11.38 ± 1.44 14.53 ± 0.83 —
BMI (z score) 2.53 ± 0.25 2.45 ± 0.29 2.51 ± 0.29 —
HOMA index 4.09 ± 5.22 3.28 ± 2.20 4.77 ± 4.14 —
Fasting glycemia (mg/dL) 81.60 ± 9.75 81.61 ± 8.97 85.75 ± 0.47 —
Fasting insulin (µIU/mL) 18.80 ± 20.79 33.19 ± 13.40 22.36 ± 19.10 —
HbA1c (%) 5.35 ± 0.47 5.50 ± 0.28 5.54 ± 0.10 —
WC (z score) 0.65 ± 0.15 0.65 ± 0.15 0.61 ± 0.03 —
Severe obesity
n 18 44 8 3
Age (years) 6.64 ± 1.56 11.55 ± 1.31 14.91 ± 0.70 16.01 ± 0.01
BMI (z score) 4.44 ± 0.76 3.42 ± 0.28 3.46 ± 0.29 3.70 ± 0.02
HOMA index 3.96 ± 2.76 4.16 ± 2.85 4.32 ± 3.30 2.85 ± 0.08
Fasting glycemia (mg/dL) 84.87 ± 9.72 86.53 ± 8.00 79.33 ± 7.12 90.0 ± 1.41
Fasting insulin (µIU/mL) 18.60 ± 13.83 19.40 ± 12.93 19.72 ± 13.19 12.80 ± 1.56
HbA1c (%) 5.52 ± 0.40 5.48 ± 0.42 5.58 ± 0.43 5.20 ± 0.85
WC (z score) 0.64 ± 0.06 0.65 ± 0.11 0.675 ± 0.08 0.64 ± 0.03

Data are presented as mean ± SD. Normal weight: −1≤ SDS BMI <1; overweight: 1≤ SDS BMI <2; obesity: 2≤ SDS BMI <3; and severe obesity: SDS BMI ≥3. 
Abbreviations: BMI, body mass index; HOMA, Homeostatic Model Assessment; WC, waist circumference. 
aInformation available only in one patient.

334                                                                                                                           European Journal of Endocrinology, 2023, Vol. 188, No. 4
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/188/4/331/7106271 by guest on 27 M
ay 2023

http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvad033#supplementary-data
http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvad033#supplementary-data


model. When the analysis was repeated for each age group, we 
found a positive correlation between age in children <9 years 
and serum insulin levels, and the Tanner stages for the 9-14- 
and 14-16-year age groups. The analysis could not be per-
formed for the age group 16-19 years due to the insufficient 
number of observations. Analysis was also performed for 
each Tanner stage. A positive correlation with age was found 
for Tanner stage 1, while, for Tanner stage 2, we found a posi-
tive correlation with the HOMA index. It was not possible to 
run the analysis for Tanner’s stages 3 and 5 due to a lack of 
data. Finally, none of the independent variables correlated 
with TV for Tanner stage 4 (Table S3).

Discussion
Childhood and adolescence represent an important time 
window for testicular development. Therefore, these phases 

should be considered a critical moment for the prevention of 
andrological diseases that may arise later in life. Current litera-
ture indicates that male children and adolescents have great 
exposure to high-risk substances and unhealthy behaviors. 
These include EDCs, cigarette smoking, alcohol, drugs, un-
protected sexual intercourse, and a sedentary lifestyle. The lat-
ter is responsible for the higher prevalence of obesity, insulin 
resistance, and T2DM.40 It is noteworthy that testicular hypo-
trophy (<12 mL) is observed in 14%-23% of male youngsters 
aged 18-19 years17,18 and up to 9.6% of its variance can be ex-
plained by exposure to health risk behaviors that, in turn, can 
predict testicular hypotrophy.18

Overweight and obesity in childhood and adolescence ap-
pear to have significantly increased worldwide, with a preva-
lence of 23.8% in developed countries and 12.9% in 
developing countries in 2013.41 Imperial College of London 
and WHO reported a 10-fold increase in the number of 

Table 2. Clinical and hormonal characteristics of the enrolled cohort, based on the Tanner stages.

Tanner 1 Tanner 2 Tanner 3 Tanner 4 Tanner 5

Whole cohort
n 126 49 30 23 14
Age (years) 8.48 ± 2.56 11.92 ± 1.75 12.34 ± 1.57 13.61 ± 1.10 14.27 ± 1.47
BMI (z score) 2.03 ± 1.56 1.90 ± 1.46 1.38 ± 1.47 1.59 ± 1.67 2.29 ± 1.24
HOMA index 4.04 ± 5.02 3.85 ± 2.42 4.25 ± 2.38 4.16 ± 3.71 2.95 ± 3.20
Fasting glycemia (mg/dL) 84.71 ± 12.58 85.09 ± 8.89 84.87 ± 8.44 84.77 ± 7.35 79.0 ± 6.95
Fasting insulin (µIU/mL) 17.89 ± 16.80 18.27 ± 10.99 20.07 ± 10.27 19.68 ± 17.38 16.37 ± 12.88
HbA1c (%) 5.51 ± 0.46 5.47 ± 0.45 5.49 ± 0.18 5.53 ± 0.34 5.38 ± 0.32
WC (z score) 0.62 ± 0.76 0.63 ± 0.08 0.62 ± 0.05 0.63 ± 0.61 0.61 ± 0.07
Normal weight
n 26 9 13 8 3
Age (years) 4.25 ± 2.46 12.07 ± 1.61 12.22 ± 1.53 13.36 ± 1.58 14.97 ± 1.19
BMI (z score) −0.24 ± 0.67 0.13 ± 0.74 0.09 ± 0.62 −0.21 ± 0.63 0.62 ± 0.37
HOMA index 2.07a 2.88a — 1.20a 1.58a

Fasting glycemia (mg/dL) 70a 81a 86a 90a 83a

Fasting insulin (µIU/mL) 12.0a 14.40a — 5.40a 7.70a

HbA1c (%) — — — — —
WC (z score) — — — — —
Overweight
n 30 13 2 2 3
Age (years) 9.57 ± 1.94 11.66 ± 2.23 12.01 ± 0.42 14.60 ± 0.85 13.50 ± 2.27
BMI (z score) 1.43 ± 0.59 1.67 ± 0.41 1.43 ± 0.22 1.59 ± 0.36 1.61 ± 0.27
HOMA index 4.89 ± 8.55 3.25 ± 0.98 — 1.81 ± 1.52 2.52a

Fasting glycemia (mg/dL) 88.53 ± 19.07 89.29 ± 10.19 — 79.50 ± 13.44 81.0a

Fasting insulin (µIU/mL) 18.56 ± 22.97 14.74 ± 3.79 — 8.65 ± 6.29 12.6a

HbA1c (%) 5.77 ± 0.65 5.30 ± 0.47 — 5.0a 5.30a

WC (z score) 0.57 ± 0.06 0.59 ± 0.05 — — 0.52a

Obesity
n 37 14 9 7 3
Age (years) 8.80 ± 2.55 11.87 ± 1.87 12.64 ± 2.01 13.80 ± 0.72 14.65 ± 1.91
BMI (z score) 2.46 ± 0.29 2.47 ± 0.27 2.42 ± 0.33 2.70 ± 0.29 2.57 ± 0.16
HOMA index 3.83 ± 4.09 4.13 ± 3.62 3.40 ± 1.74 3.99 ± 2.46 1.30 ± 1.83
Fasting glycemia (mg/dL) 82.59 ± 11.0 80.31 ± 7.26 84.0 ± 19.46 85.83 ± 6.08 74.0a

Fasting insulin (µIU/mL) 17.60 ± 16.29 20.35 ± 16.50 15.97 ± 7.25 18.87 ± 12.0 14.2a

HbA1c (%) 5.41 ± 0.40 5.53 ± 0.24 5.47 ± 0.18 5.62 ± 0.24 5.60a

WC (z score) 0.61 ± 0.09 0.64 ± 0.07 0.61 ± 0.03 0.60 ± 0.02 0.60 ± 0.02
Severe obesity
n 33 13 6 6 5
Age (years) 8.87 ± 2.49 12.22 ± 1.62 11.72 ± 1.23 13.29 ± 0.82 14.56 ± 1.34
BMI (z score) 3.90 ± 0.74 3.49 ± 0.35 3.36 ± 0.25 3.34 ± 0.15 3.46 ± 0.23
HOMA index 3.96 ± 2.96 3.98 ± 1.30 5.81 ± 2.30 6.35 ± 5.59 4.66 ± 4.56
Fasting glycemia (mg/dL) 85.67 ± 8.64 88.17v8.10 86.80 ± 9.09 84.5 ± 8.02 78.75 ± 9.03
Fasting insulin (µIU/mL) 18.62 ± 13.85 18.40 ± 5.69 27.42 ± 11.15 29.98 ± 25.03 20.03 ± 16.81
HbA1c (%) 5.52 ± 0.40 5.54 ± 0.57 5.50 ± 0.28 5.55 ± 0.42 5.33 ± 0.42
WC (m) 0.64 ± 0.06 0.65 ± 0.11 0.66 ± 0.03 0.67 ± 0.07 0.64 ± 0.07

Data are presented as mean ± SD. Normal weight: −1≤ SDS BMI <1; overweight: 1≤ SDS BMI <2; obesity: 2≤ SDS BMI <3; severe obesity: SDS BMI ≥3. 
Abbreviations: BMI, body mass index; HOMA, Homeostatic Model Assessment; WC, waist circumference. 
aInformation available only in one patient.
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children and adolescents with obesity between the ages of 5 
and 19.42 Therefore, it is crucial to question the impact of 
obesity and related metabolic diseases on TV in childhood 
and adolescents. Analyzing the TV of 264 children and 
adolescents followed for weight control, we found that 
9-14-year-old boys with normal weight had significantly high-
er TVs than those who were overweight or obese. 
Furthermore, children/adolescents with normal insulin levels 
in both pre- and post-pubertal phases had significantly higher 
TVs than those with hyperinsulinemia. In contrast, peri- 
pubertal boys with hyperinsulinemia had significantly higher 
TV compared to those with normal insulin levels. In post- 
puberty, adolescents with insulin resistance had lower TV 
than those without insulin resistance, while no differences 
were found in the other age ranges. Therefore, children/ado-
lescents with metabolic disorders, characterized by over-
weight/obesity, hyperinsulinemia, and insulin resistance, 
appear to have lower TV than normal-weight peers. When 
the data were analyzed by Tanner stages, the difference did 
not reach the statistical significance although the CI of the 
TVs was higher in the normal-weight subgroup than in the 
overweight, obese, or severely obese for Tanner stages 2-5. 
These results could be due to the sample size, which, with 
this analysis, was significantly reduced for each group. On 

the other hand, boys with normal insulin levels at Tanner stage 
2 had significantly lower TV than those with hyperinsuline-
mia. Similarly, TVs were significantly lower in patients with-
out insulin resistance compared to those with insulin 
resistance at Tanner stage 2. However, at Tanner stage 5, pa-
tients without insulin resistance showed a significantly higher 
TV than those with insulin resistance.

A limited number of studies have so far focused on the effect 
of overweight and obesity on testicular function (Table 3). 
Particularly, a longitudinal study carried out on boys born 
in 1989-1991 followed up to the age of 17 and 20 years found 
that non-alcoholic fatty liver disease (NAFLD), a trait of meta-
bolic syndrome, was associated with a 50% reduction in 
sperm count. Furthermore, the presence of insulin resistance 
was associated with a 20% reduction in TVs at 20 compared 
to 17 years.43 However, this study did not provide data on pa-
tients younger than 17 years. In contrast, a recent study on 351 
overweight/obese boys of 5-19 years has evaluated inhibin B 
and testosterone serum levels with those of healthy normal- 
weight controls of similar Tanner stage. The authors docu-
mented a reduction in inhibin B levels starting from the age 
of 12 and testosterone levels starting from the age of 14 in 
overweight and obese boys compared to controls.44

Similarly, another study on 121 obese and 38 normal-weight 

Figure 1. Testicular volume in each age range, according to the standard deviation score (SDS) body mass index (BMI) and the presence of 
hyperinsulinemia, insulin resistance, and type 2 diabetes mellitus (T2DM). (A) shows the analysis of logarithm (Log)-transformed testicular volume (TV) 
based on SDS BMI. Significant differences of Log TV were found in the 9-14-year age group, where normal-weight participants (−1≤ SDS <1) showed 
significantly higher values compared to those overweight (1≤ SDS <2), obese (2≤ SDS <3), or severely obese (SDS ≥3). No difference was found in the 
other age groups. (B) shows the analysis of Log TV based on the presence of hyperinsulinemia (insulin ≥20 µIU/mL) or normal insulin serum levels 
(<20 µIU/mL). Log TV was significantly higher in the participants with normal insulin levels than those with hyperinsulinemia in <9-year age group and in 
that of 14-16 years. In the group 9-14 years, the Log TV was significantly lower in participants with normal insulin levels compared to those with 
hyperinsulinemia. (C) shows the analysis of Log TV based on the presence of insulin resistance (IR) (homeostatic model assessment [HOMA] index ≥2.5 
for age <9 years and 14-16 years, >3.2 for age 9-14 years) or its absence (HOMA index <2.5 for age <9 years and 14-16 years, ≤3.2 for age 9-14 years). 
Differences in Log TV were found in the 14-16 age group whose participants without insulin resistance had significantly higher Log TV compared to those 
with insulin resistance. In the 14-16 age group, a significantly lower Log TV was found in participants without insulin resistance. No difference was found 
in the <9 age group. (D) shows the Log TV based on the absence of T2DM, the presence of pre-diabetes, or the presence of T2DM. No difference in Log 
TV was found in the subgroups analyzed.
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adolescents reported a significant decrease in AMH, inhibin B, 
and total testosterone serum levels in obese boys vs controls.45

Decreased levels of inhibin B and testosterone were also re-
ported in NAFLD–obese vs non-NAFLD–obese and control 
adolescents, though TVs did not show significant differences 
in obese and non-obese boys.46 These findings indicate a nega-
tive influence of higher body weight on both Sertoli and Leydig 
cell function in adolescence. Unfortunately, data on TV were 
not reported in these studies.44,45

Another study, conducted on 80 male boys (20 with obesity 
and 20 with normal weight in Tanner stage 2 and 20 with 
obesity and 20 with normal weight in Tanner stage 4), did 
not find significant differences in TVs between obese and con-
trols in both Tanner stages (Tanner 2: group 1 [obese] 5.3 ±  
1.3 mL, group 2 [non-obese] 5.5 ± 2.0 mL; Tanner 4: group 
1 [obese] 17.0 ± 3.0 mL, group 2 [non-obese] 17.1 ±  
4.5 mL). However, the same authors reported significantly 
lower insulin-like peptide 3 (INSL3) levels in the obese group. 
The levels of this hormone negatively correlated with serum 
leptin, thus supporting the deleterious influence of obesity 
on Leydig cell function.47 The apparent discrepancy in the 

results of this study could be reasonably explained considering 
the low sample size of the groups compared.

Regarding the age of puberty onset, the percentage of Tanner 
stage 1 children we enrolled in the present study was significant-
ly lower in the normal-weight subgroup than in the overweight, 
obese, or severely obese subgroups. In contrast, the prevalence 
of adolescents in pubertal Tanner stage 3 was significantly high-
er in the normal-weight subgroup than in those who were over-
weight, obese, or severely obese. These data suggest that obesity 
delays the onset of puberty. However, the evidence on this point 
is still unclear as some studies support a delaying effect of obes-
ity on the timing of puberty onset,49,50 while others suggest an 
anticipatory effect50 and others found no effect of obesity on 
the age of puberty onset.48 Speculatively, the diverging results 
may be due to the differences between the populations studied 
and/or to the different definitions of obesity used in the various 
studies (Table 3).

Interestingly, regardless of BMI, we found a significant dif-
ference in TV across all subgroups based on the presence or 
absence of hyperinsulinemia. Indeed, hyperinsulinemia is as-
sociated with higher TVs in pre-pubertal (<9 years) and post- 

Figure 2. Percentage of participants on Tanner stages 1-5 based on standard deviation score (SDS) body mass index (BMI) and the presence of 
hyperinsulinemia, insulin resistance, or type 2 diabetes mellitus (T2DM) in <9-year children. (A) shows the percentage of participants in each Tanner stage 
based on SDS BMI. The percentage of normal-weight (−1≤ SDS <1) participants on Tanner stage 1 was significantly lower in the normal-weight group 
than in overweight (1≤ SDS <2), obese (2≤ SDS <3), and severely obese (SDS ≥3) groups. The frequency of Tanner stage 3 was significantly higher in 
normal weight than in the other groups. No difference was found for the other Tanner stages. (B) shows the percentage of participants in each Tanner 
stage based on the presence of hyperinsulinemia (insulin ≥20 µIU/mL) or normal insulin serum levels (<20 µIU/mL). The frequency of each Tanner stage 
was similar between the two subgroups. (C) shows the percentage of participants in each Tanner stage based on the presence of insulin resistance (IR) 
(homeostatic model assessment [HOMA] index ≥2.5 for age <9 years and 14-16 years, >3.2 for age 9-14 years) or its absence (HOMA index <2.5 for age 
<9 years and 14-16 years, ≤3.2 for age 9-14 years). Compared to the insulin-resistant group, a trend toward a higher percentage of patients on Tanner 
stage 1 was found in the HOMA index <2.5 group. A significantly higher frequency of Tanner stage 2 was found in the group with insulin resistance than in 
that without. No difference in the frequency of the other Tanner stages was found between the two groups. (D) shows the percentage of participants in 
each Tanner stage based on the absence of T2DM or the presence of pre-diabetes. No difference in the percentage of each Tanner stage was found.
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pubertal (14-16 years) boys, but not in peri-pubertal boys 
(9-14 years), where it is associated with elevated TVs com-
pared to matched controls. Interestingly, insulin did not affect 
the Tanner stage, as the prevalence of boys in Tanner stages 
1-5 did not differ significantly between children/adolescents 
with hyperinsulinemia and those with normal insulin serum 
levels. To the best of our knowledge, this is the first study to 
provide such evidence, as no studies have evaluated whether 
insulin levels may affect TV in childhood and adolescence. 
This finding is important, as we have reported that insulin 
can impair the function of porcine pre-pubertal Sertoli cells 
in terms of AMH and inhibin B release and cell proliferation.31

These results obtained in the experimental animal suggest an 
influence of hyperinsulinemia on the function of Sertoli cells 
in obese children. The family of insulin-like growth factors 
(IGF) (to whom insulin belongs) is able to influence testicular 
development and function,30 as well as the follicle-stimulating 
hormone (FSH) signaling pathways.51 Indeed, the signaling 
pathways of FSH and those of the family of tyrosine kinase re-
ceptors to which the receptor for insulin and that for IGF1 be-
long are linked.52 In this regard, evidence in humans suggests 
that the treatment of insulin resistance improves response to 
exogenous FSH administration in infertile male patients.53

Therefore, insulin resistance can adversely affect the testicular 
responsiveness to FSH, even in peri-puberty.

In this study, we chose an insulin value above 20 µIU/µL to 
identify children/adolescents with hyperinsulinemia. To the 

best of our knowledge, there is no clear agreement on what 
the cutoff for insulin serum should be during childhood and 
puberty, especially considering the physiological rise in insulin 
during the pubertal period. Ballerini et al.34 have suggested a 
fasting blood insulin level of 10 µIU/mL in pre-pubertal chil-
dren and of 17 and 13 µIU/mL in pubertal girls and boys, re-
spectively, as cutoff values in healthy children. Peplies 
et al.54 reported a median value of 43.0 pmol/L (6.192 µIU/ 
mL) in normal-weight boys aged 10.5-11 years. However, 
the 99th percentile was 123.97 pmol/L in the same age range, 
corresponding to 17.9 µIU/mL, suggesting a broad distribu-
tion of values in this population. Similarly, Moran et al.55 re-
ported a mean of 84 pmol/L (12.1 µIU/mL) in Tanner 1-5 boys 
of normal weight. However, also in this study, the SD indi-
cated a broad distribution of values, especially as the Tanner 
stage increased. With these premises, since there is no solid 
agreement in the literature and considered the wide distribu-
tion of the values in normal-weight children and pubertal 
boys, we have chosen the value of 20 µIU/µL to identify the 
truly hyperinsulinemic subjects. In fact, no study has reported 
mean or median insulin levels equal to 20 µIU/µL in healthy 
and normal-weight children/adolescents. Choosing this cutoff 
prevented us from overestimating the results. Interestingly, 
even after choosing this value, we found a clear relationship 
between high serum insulin levels and TVs.

Among the reasons for taking the results of this study with 
caution is the retrospective design, which does not allow for 

Figure 3. Testicular volume of the participants at Tanner stages 1-5 based on standard deviation score (SDS) body mass index (BMI) and the presence of 
hyperinsulinemia, insulin resistance, or type 2 diabetes mellitus (T2DM). (A) shows the difference of logarithm (Log)-transformed testicular volume (TV) 
based on SDSBMI. Although the Log TV of normal-weight (−1≤ SDS <1) participants appear higher than that of overweight (1≤ SDS <2), obese (2≤ SDS 
<3), or severely obese (SDS ≥3) participants in Tanner stages 2-5, the statistical significance was not reached. (B) shows the analysis of the Log TV based 
on the presence of hyperinsulinemia (insulin ≥20 µIU/mL) or normal insulin serum levels (<20 µIU/mL). In the participants at Tanner stage 2, Log TV was 
significantly lower in the participants with normal insulin levels than in those with hyperinsulinemia. (C) shows the analysis of the Log TV based on the 
presence of insulin resistance (IR) (homeostatic model assessment [HOMA] index ≥2.5 for age <9 years and 14-16 years, >3.2 for age 9-14 years) or its 
absence (HOMA index <2.5 for age <9 years and 14-16 years, ≤3.2 for age 9-14 years). Differences in the values of Log TV occurred in the participants at 
Tanner stage 2 where the patients without insulin resistance had significantly lower Log TV compared to those with insulin resistance and in participants 
at Tanner stage 5 where the patients without insulin resistance had a significantly higher Log TV compared to those with insulin resistance. No differences 
were found in the other Tanner stages. (D) shows the analysis of the Log TV based on the absence of T2DM and the presence of pre-diabetes or T2DM. No 
difference was found in any of the subgroups analyzed.
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any causal relationship. In particular, the cross-sectional de-
sign does not allow us to exclude that the results during the 
various pubertal periods are due to a temporal difference in 
pubertal maturation. However, as mentioned before, obesity 
appears to affect the timing of puberty onset, but the evidence 
on this is still contradictory. Indeed, some authors reported a 
delaying effect,49,50 others an anticipatory effect,48 and some 
no effect.56 Other limitations of the study are the small num-
ber of post-pubescent boys (14-16 years), as well as that of 
the overall cohort, and the absence of data on serum gonado-
tropin, testosterone, AMH, and inhibin B levels. Furthermore, 
as reported in “Methods,” TV was measured using the Prader 
orchidometer. However, the gold standard for measuring TV 
is the ultrasound scan. In fact, the orchidometer also measures 
the epididymis as well as the scrotal skin and, consequently, 
overestimates TV, especially when the testis is small and the 
epididymis is relatively larger than the total TV.38 On the oth-
er hand, the same two expert pediatric endocrinologists made 
the orchidometer measurements, and this helped in minimiz-
ing the error. Further prospective studies in obese children 
and adolescents are needed to confirm our findings. In add-
ition, it will be important to extend the follow-up to adult-
hood to acquire data of semen analysis in men who had an 
increased body weight and its related comorbidities during 
childhood and/or adolescence.

Conclusion
Children and adolescents with overweight/obesity, hyperinsu-
linemia, and insulin resistance have lower TVs than their age- 
matched controls. Since a lower TV is predictive of worse 
sperm production, these results help to understand the reason 
for the high prevalence of testicular hypotrophy in young men. 
We speculate that more careful control of body weight in this 
time window could represent a prevention strategy to pursue 
the maintenance of testicular function later in life. If further 
studies will confirm our findings, there will be room for pri-
mary prevention of male infertility in pediatric clinics (pediat-
ric andrology). Indeed, an accurate assessment of TV at each 
visit and the construction of TV growth curves would help 
identify early deviations in TV growth in children and 
adolescents.
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