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Abstract: BACKGROUND. Several studies have already investigated the relationship between IGF1
and semen parameters. However, clinical studies rarely concluded on the existence of a relationship
between IGF1 and the sperm number, and whether the IGF1 serum levels have a practical value in the
diagnostic work-up of patients with oligozoospermia is still unclear. OBJECTIVE. Molecular evidence
reported that IGF1 and FSH belongs to the same molecular pathway. The aim of this study is to
assess whether insulin-like growth factor-1 (IGF1)/follicle-stimulating hormone (FSH) ratio has an
impact on testicular function and, specifically, on sperm number and testicular volume in a cohort of
unselected men. METHODS. This is a cross-sectional study on 59 patients who attended the Seminology
laboratory of the Division of Endocrinology of the University of Catania (Catania, Italy) for semen
analysis. Data were analyzed to evaluate the relationships between IGF1 or IGF1/FSH ratio and sperm
concentration, total sperm count (TSC), and testicular volume (TV). We also evaluated the occurrence of
any difference in IGF1 and FSH serum levels and the IGF1/FSH ratio in patients with oligozoospermia
and those with a TSC > 39 million/ejaculate. MAIN RESULTS AND ROLE OF CHANGE. Patients
had a mean age of 31.0 ± 8.5 years. The mean FSH and IGF1 levels were 3.95 ± 2.55 mIU/mL and
232.59 ± 65.13 ng/mL, respectively. IGF1 serum levels did not correlate with sperm concentration,
TSC, and TV. The IGF1/FSH ratio showed a positive correlation with sperm concentration (r = 0.408;
p = 0.004), TSC (r = 0.468; p = 0.001), and TV (0.463; p = 0.002). Patients with oligozoospermia (Group
1, 23.7%, n = 14) had a significant lower IGF1/FSH ratio (57.9 ± 9.5 vs. 94.1 ± 8.7; p = 0.03) compared
to those with TSC > 39 million/ejaculate (Group 2, 76.3%, n = 45). They did not differ significantly
for neither IGF1 nor FSH serum levels. CONCLUSION. We found a positive correlation between the
IGF1/FSH ratio and sperm concentration, TSC and TV. Furthermore, patients with oligozoospermia
showed a significantly lower ratio compared to those with a normal TSC, while neither IGF1 nor FSH
differed significantly in the two groups. Our results may reflect the existence of a molecular pathway to
which IGF1 and FSH belongs. However, further studies are needed.

Keywords: IGF1; FSH; IGF1/FSH ratio; oligozoospermia; infertility

1. Introduction

Spermatogenesis is a complex mechanism that involves several steps and molecular
factors [1], and that is affected by the driving of various hormones. For about 30 years,
the role of the insulin-like growth factor 1 (IGF1) in the sperm physiology and function
has been investigated. A pioneer study published in 1994 on hypophysectomized rats
suggested an effect of this hormone on the last step of spermatogenesis [2]. Accordingly,
the authors reported that both spermatogenesis and the levels of SC-released IGF1 were
restored following the combined administration of both follicle-stimulating hormone (FSH)
and testosterone [2]. At that time, it was unknown that spermatozoa expressed the IGF1
receptor (IGF1R). The latter was identified for the first time only in 1999, and, since IGF1
is present in seminal plasma and the IGF1R has a tyrosine kinase activity, the authors
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speculated its role in sperm capacitation [3]. Later on, the role of the IGF1 in seminal
plasma on sperm motility and viability was confirmed [4].

Over the years, several lines of evidence have accumulated on the influence of IGF1 in
testicular development and function in humans (for review: [5]. Data collected from a co-
hort of 1030 healthy children, adolescents, and adults have shown the presence of a positive
correlation between IGF1 serum levels and testicular volume (TV) [6]. Accordingly, IGF1
administration in male patients with primary GH resistance (Laron syndrome) increases TV
and penis size [7]. Furthermore, low TVs, cryptorchidism, and genital abnormalities have
often been described in patients with 15q chromosome structural abnormalities involving
the IGF1 receptor (IGF1R) locus (15q26.3), suggesting a possible role for the IGF1 signaling
pathway in testicular development, descent, and growth, and in genital differentiation [8].
Supporting these findings, several in vitro studies on both non-mammalian and mam-
malian species demonstrated that IGF1 can stimulate Sertoli cell (SC) proliferation and
differentiation [5].

Lately, molecular studies have interestingly reported the existence of a common
molecular pathway involving both FSH and IGF1. Indeed, IGF1 has been shown to be
required for FSH-mediated SC or spermatogonia proliferation in male newts, zebrafish,
and mice [9–11]. Specifically, IRS1 has been proposed as the hub linking between the
FSH and the IGF1 molecular pathways in granulosa cells [12] (Law and Hunzicker-Dunn,
2016). Accordingly, the inibition of the phosphoprotein phosphatase 1 β (PP1 β), which is
activated by the IGF1R-IRS, blocks the ability of FSH to trigger the downstream signaling
pathway [12].

Despite this knowledge, the repercussions of basic information in the clinical practice
are unknown. IGF1 may influence FSH signaling in human SCs, as already suggested [13]
and, therefore, also human sperm output. However, no study so far has attempted to
understand the influence, if any, of the IGF1/FSH ratio (which may be used as a marker to
concomitantly evaluate both IGF1 and FSH levels) on human sperm count. The objective
of the present study was to assess whether IGF1/FSH serum levels may have an impact
on testicular function and, specifically, sperm number and TV in a cohort of unselected
men. To accomplish this, we evaluated whether IGF1 serum levels were related to those of
FSH, sperm concentration, total sperm count (TSC), and TV in the whole cohort. Due to the
evidence pointing to the presence of a common molecular pathway between IGF1 and FSH,
we then analyzed if a correlation between the IGF1/FSH ratio and sperm concentration,
TSC, and TV does exist. Finally, we also evaluated whether any difference in IGF1, FSH,
and IGF1/FSH ratio occurs between men with a total sperm count < 39 million/ejaculate
(Group 1) and men with a total sperm count ≥ 39 million/ejaculate (Group 2).

2. Subjects and Methods
2.1. Patient Selection

This is a cross-sectional study performed on men who were referred to the Division of
Endocrinology, Metabolic Diseases and Nutrition of the University-Teaching Hospital Poli-
clinico “G. Rodolico—San Marco”, University of Catania, for semen analysis. Specifically,
the Center is devoted to the care of patients with infertility, andrology care, and well-being
(including prevention and follow-up of healthy men), and patients with endocrinology
diseases (e.g., patient with thyroid nodules, obesity, etc, which can be fertile). We consecu-
tively recruited 59 Caucasian men older than 18 years (mean ± SD age 30.95 ± 8.4 years) of
which information on semen analysis was available. Participants were divided into two
groups based on the TSC: patients with a TSC < 39 million/ejaculate (Group 1) and controls
with a TSC ≥ 39 million/ejaculate (Group 2).

Selected subjects had no azoospermia, head injury, endocrine disorders (hypogo-
nadism, hyperprolactinemia, Cushing syndrome, acromegaly, hypopituitarism), abnormal
FSH levels, systemic diseases (kidney and/or liver diseases), and genetic disorders.
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2.2. Hormonal Measurements

Each man underwent blood testing for the measurement of LH, FSH, T, GH, and
IGF1 serum levels. The hormone evaluation was performed by electrochemiluminescence
(Hitachi-Roche equipment, Cobas 6000, Roche Diagnostics, Indianapolis, IN, USA). The
reference values were the following: LH 1.14–8.75 mIU/mL, FSH 0.95–11.95 mIU/mL,
total testosterone (TT) 0.478–9.8 ng/mL, and growth hormone (GH) 0.02–1.23 ng/mL. The
reference values of IGF1 are shown in Table 1.

Table 1. Reference values.

IGF1
(Male, Age) Normal Range

16–20 years 119–395 ng/mL

20–25 years 127–298 ng/mL

21–40 years 99–238 ng/mL

41–55 years 82–214 ng/mL

>55 years 61–177 ng/mL

2.3. Semen Analysis

Semen parameters were analyzed in the Seminology Unit of the Division of Endocrinol-
ogy, Metabolic Diseases, and Nutrition, University of Catania. For each patient, semen
samples were collected by masturbation into a sterile container after 2–7 days of sexual
abstinence and were analyzed immediately after liquefaction. According to the 2010 WHO
guidelines, each sample was evaluated for conventional parameters. More in detail, the
outcomes of the study were sperm concentration, total sperm count, sperm progressive
motility, sperm total motility, sperm morphology, and semen leukocyte concentration. For
the assessment of sperm concentration and sperm motility, 10 µL of well-mixed semen
sample was loaded in a clean Makler chamber, maintained at the temperature of 37 ◦C,
gently covered with a glass cover, and examined using an ×200 magnification. Ten of the
100 squares in the microscope field were randomly skimmed. Sperm morphology was
evaluated using the Papanicolaou staining procedure, while the vitality was assessed using
eosin staining. Finally, leukocyte concentration was assessed using the cellular peroxidase
staining by ortho-toluidine, according to the WHO 2010 manual recommendations [14].

2.4. Scrotal Ultrasound Evaluation

The ultrasound examination was performed with a GX Megas Esaote (Esaote SpA, Genoa,
Italy) device, equipped with linear, high-resolution, and high-frequency (7.5 to 14 MHz) probes
dedicated to the study of soft body areas, with color Doppler for detecting slow flow and
a scanning surface of at least 5 cm. The TV was calculated using the ellipsoid formula
(length × width × thickness × 0.52). The testis was considered normal in size when it had a
volume between 15 and 25 cm3, low normal when it had a volume between 10 and 12 cm3, and
hypotrophic when it had a volume lower than 10 cm3 [15,16]. TV was evaluated by adding the
volumes of the right and left testes.

2.5. Statistical Analysis

Results are reported as mean ± SD throughout the study.
TSC was chosen for power calculation. The study required a total of 28 participants

(14 per group) to preserve a 90% power to detect a 5% absolute difference for a 5% two-sided
test while accounting for a 5% dropout rate.

The normality of the variables was evaluated with the Shapiro–Wilks test. The associa-
tion of IGF1 and IGF/FSH ratio with sperm concentration, TSC, and TV was analyzed with
Pearson’s correlation or Spearman rank correlation according to the normal distribution of
the variables, and the results are reported as correlation coefficient (r) and p-value. Data
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collected from Groups 1 and 2 were analyzed by Student t-test. Statistical analysis was
performed using SPSS 22.0 for Windows (SPSS Inc., Chicago, IL, USA). A p-value lower
than 0.05 was accepted as statistically significant. A trend was assumed for p values ranging
from 0.05 to 0.099.

2.6. Ethical Approval

This study was conducted at the Division of Endocrinology, Metabolic Diseases and
Nutrition of the University-Teaching Hospital Policlinico “G. Rodolico—San Marco”, Uni-
versity of Catania (Catania, Italy). The protocol was approved by the internal Institutional
Review Board. Informed written consent was obtained from each participant after a full ex-
planation of the purpose and nature of all procedures used. The study has been conducted
following the principles expressed in the Declaration of Helsinki.

3. Results

Table 2 shows age, hormone values, TV, and conventional sperm parameters of the
entire cohort.

Table 2. Range and baseline values of the entire cohort.

Parameters Baseline Value
(Mean ± SD)

Range of Values
(Min-max)

Age (year) 30.95 ± 8.4 17–54

GH (ng/mL) 0.32 ± 0.43 0.05–1.42

IGF1 (ng/mL) 232.59 ± 65.13 125.6–401

FSH (mIU/mL) 3.95 ± 2.55 0.15–15.34

LH (mIU/mL) 3.36 ± 1.82 0.15–11

TT (ng/mL) 5.54 ± 2.15 0.22–11.81

Total TV (mL) 27.72 ± 7.89 6.6–47.5

Sperm concentration (million/mL) 40.94 ± 34.06 1–150

Total sperm count (million/ejaculate) 107.54 ± 84.49 0.2–380

Sperm progressive motility (%) 21.92 ± 8.72 3–41

Sperm total motility (%) 57 ± 10.52 10–74

Sperm normal morphology (%) 7.34 ± 4.61 1–21
Abbreviations: FSH = follicle-stimulating hormone; LH = luteinizing hormone; TT = total testosterone;
TV = testicular volume.

We did not find any correlation between IGF1 and FSH serum values, nor between
IGF1 and sperm concentration, TSC, or TV. Interestingly, the IGF1/FSH ratio showed a
positive correlation with sperm concentration (r = 0.408; p = 0.004) (Figure 1, panel A), TSC
(r = 0.468; p = 0.001) (Figure 1, panel B), and TV (0.463; p = 0.002) (Figure 1, panel C).

We then analyzed data from Group 1 (n = 14) and Group 2 (n = 45). Their baseline
values are reported in Table 3. Group 1 showed a mean IGF1 value of 217.48 ± 11.01 ng/mL,
while Group 2 presented a mean IGF1 value of 237.72 ± 11.13 ng/mL. These values did
not significantly differ. These groups did not differ either for FSH levels (Table 3).
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Figure 1. Correlation of IGF1/FSH ratio and sperm concentration, total sperm count, and testicular
volume. IGF1/FSH positively correlate with sperm concentration (panel A), total sperm count
(panel B), and testicular volume (panel C) in the entire cohort (n = 59).

Table 3. Range and baseline values of Groups 1 and 2.

Parameters Group 1
(TSC < 39 Million/Ejaculate)

Group 2
(TSC ≥ 39 Million/Ejaculate)

Age (year) 29.13 ± 8.44 31.43 ± 8.57

FSH (mIU/mL) 4.80 ± 2 3.78 ± 2.61

LH (mIU/mL) 3.46 ± 1.83 3.39 ± 1.77

TT (ng/mL) 4.87 ± 2.21 5.84 ± 1.95

Total TV (mL) 24.45 ± 10.06 28.84 ± 6.81

Sperm concentration (million/mL) 8.59 ± 7.99 * 51.01 ± 32.76

Total sperm count (million/ejaculate) 17.92 ± 10.55 * 135.42 ± 77.64

Sperm progressive motility (%) 19.63 ± 12.08 22.53 ± 7.74

Sperm total motility (%) 50.25 ± 17.82 * 58.8 ± 6.98

Sperm morphology (%) 6.13 ± 3.98 7.67 ± 4.77
Abbreviations: FSH = follicle-stimulating hormone; LH = luteinizing hormone; TSC = total sperm count;
TT = total testosterone; TV = testicular volume. Results are expressed as mean value ± standard deviation.
* p < 0.05.

The IGF1/FSH ratio was significantly lower in Group 1 compared to Group 2 (57.9 ± 9.5
vs. 94.1 ± 8.7; p = 0.03) (Figure 2).
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4. Discussion

The present study aimed at assessing the influence of IGF1 and of the IGF1/FSH ratio
on sperm count and TV. The rational for the study lies in the emerging evidence coming
from both granulosa and SCs and linking the IGF1 and FSH pathways together [12]. In
greater detail, IGF1 seems to be required for FSH-mediated SC or spermatogonia prolif-
eration in male newts, zebrafish, and mice [9–11]. Additionally, inhibition of IGF1R or
of the INS1,which is linked to the IGF1R, has been found to reduce the FSH-signaling
cascade [12,13]. In addition, while incubation of SCs with FSH only did not increase cell
proliferation, incubation with IGF1 showed an increase in it. Interestingly, the extent of
proliferation was even greater when both FSH and IGF1 were added to the culture, thus
suggesting a synergic effect resulting from co-incubation with both hormones [17]. So far,
no direct repercussion of these basic findings was reported in the clinical practice. For
the first time in the literature, our study uses the IGF1/FSH ratio as an indicator of the
level of both hormones. We found a positive correlation between the IGF1/FSH ratio and
sperm concentration, TSC, and TV. Furthermore, patients with oligozoospermia showed a
significantly lower ratio compared to those with a normal TSC, while neither IGF1 nor FSH
differed significantly in the two groups. This may indicate that, in adulthood, IGF1 may
influence spermatogenesis through a modulation of FSH signaling and effect in SCs.

The role of IGF1 in testicular function has been deeply investigated over the years,
as supported by the huge amount of in vitro data showing the involvement of IGF1 in
testicular development and function [5]. However, whether the IGF1 serum levels have a
practical value in the diagnostic work-up of patients with oligozoospermia is still unclear.
Clinical studies rarely concluded on the existence of a relationship between IGF1 and the
sperm number. In a cohort of 202 Polish men, IGF1 has been reported to positively correlate
with the sperm morphology, but, in agreement with our findings, no relationship with
the sperm number was found [18]. In addition, a study carried out in 15 oligozoospermic
patients and 15 normozoospermic controls found the presence of an altered responsiveness
of the pituitary gland to the administration of the growth hormone-releasing hormone in
patients than controls [19], suggesting the presence of a dysfunction of the GH-IGF1 axis
in the oligozoospermic group. Futhermore, a study on 28 infertile patients and 20 fertile
controls found an association between decreased sperm motility (but not sperm count) in
asthenozoospermic group and levels of IGF1 in the seminal fluid [20].

Evidence for the involvement of IGF1 in the determination of the final TV is greater. In-
deed, IGF1 serum levels positively correlate with TV in healthy men [6]. Furthermore, IGF1
administration in patients with Laron syndrome increases TV, penile size, gonadotropin,
and testosterone serum levels [7]. IGF1 has also been related with testicular distance to pu-
bic bone, which has been proposed as a marker of postnatal testicular function reflecting SC
and Leydig cell health [21]. Moreover, an observational study found statistically different
levels in IGF1/body mass index ratio among patients with congenital hypogonadotropic
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hypogonadism and constitutional delay of puberty [22], suggesting a role for IGF1 in
human testicular function.

IGF1 seems to facilitate the onset of puberty, thus leading to an increase in TV. This
is supported by the observation that normal children show physiologically high levels of
IGF1—defined by the authors as “acromegalic” [23]. A retrospective analysis carried out
in 93 patients with GH deficiency was performed to analyze whether treatment with GH
could influence puberty onset and testicular growth in these patients. The authors found
a significant TV growth over time, though no growth was observed in the age-matched
and not yet treated controls, even when the age was compatible with a spontaneous start of
puberty. Additionally, the duration of treatment and the mean dose of GH predicted the
percentage of TV increase over time [24]. Likewise, patients with Laron syndrome (which
are resistant to IGF1) show puberty delay and lower TV [25]. In vitro data on gonadotropin
hormone-releasing hormone (GnRH) neurons found that incubation with IGF1 is capable
of inducing both migration and GnRH secretion [26]. Therefore, the mechanisms by which
IGF1 can induce TV growth during adolescence could be the following: (1) the induction
of SC proliferation by a direct interaction with the FSH signaling [13,17]; the induction of
GnRH neuron firing, which leads to the release of GnRH and gonadotropins [25,26].

The relevance of IGF1 in human fertility has been investigated also in women. IGF1,
which is present in the follicular fluid, acts in combination with FSH [27], enhancing
granulosa cell proliferation and aromatase activity and inhibiting follicle apoptosis [28].
Follicular development seems to be, at least partially, regulated by the IGF system. Indeed,
IGF1 acts as a local amplifier of FSH action in the follicular fluid. Additionally, poor FSH
responders have lower intra-follicular IGF1 concentrations [29], which might influence
the ability of the follicles to respond to FSH. Treatment with IGF1 is costly. Therefore, GH
administration has been alternately used to induce an increase in IGF1 levels in patients
with poor ovarian response. Summarizing the evidence coming from meta-analysis of
randomized controlled trials (RCTs), the probability of clinical pregnancy is increased with
the addition of GH to FSH in poor ovarian responders [30,31]. Furthermore, the beneficial
effects of GH on oocyte competence and embryo quality may be applied also to normal
ovarian responder women [32].

In men, the effectiveness of GH administration in sperm output has been investi-
gated, but its inefficacy has been documented most times. Only one study reported a
normalization of conventional sperm parameters after GH therapy in boys with non-GH
deficient short stature and constitutional delay of puberty [33]. Furthermore, combined
treatment with gonadotropins and GH increased TV in four azoospermic patients with
hypogonadotropic hypogonadism, but no result on azoospermia was achieved [34].

Study limitations include the relatively small cohort, although power analysis supports
that the sample size is large enough to allow statistically significant conclusions. In addition,
IGF1 isoforms could not be measured, thus adding another limitation to the interpretation
of our data. Lastly, we did not assess IGF1 levels in the seminal fluid. Although this may
be considered a limitation, IGF1 may influence the sperm counts likely acting on SCs. The
latter are not exposed to the IGF1 levels in the seminal fluid due to the testis–blood barrier,
but to the levels in the bloodstream. Further studies on larger cohorts and intervention
studies should be encouraged to confirm our findings. In addition, our results may not
be generalizable to men from the general population. Cross-sectional study design limits
causal inference.

5. Conclusions

In conclusion, several studies have already investigated the relationship between IGF1
and semen parameters. However, clinical studies rarely concluded on the existence of a
relationship between IGF1 and the sperm number, and whether the IGF1 serum levels have
a practical value in the diagnostic work-up of patients with oligozoospermia is still unclear.
For the first time in the literature, our study uses the IGF1/FSH ratio as an indicator of the
level of both hormones. We found a positive correlation between the IGF1/FSH ratio and
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sperm concentration, TSC, and TV. Furthermore, patients with oligozoospermia showed a
significantly lower ratio compared to those with a normal TSC, while neither IGF1 nor FSH
differed significantly in the two groups. Our results may reflect the existence of a molecular
pathway to which IGF1 and FSH belong and through which IGF1 might exert its influence
on spermatogenesis. However, further studies are needed.
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