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Abstract: The relationship between varicocele and hypogonadism becomes clearer everyday thanks
to the most recent literature, particularly with regards to the impact of varicocele repair on serum
testosterone level improvement in hypogonadal patients. We selected English articles published from
1964 to September 2021. The search terms “varicocele” and “hypogonadism” were used as filters. A
total of 102 studies have been obtained. For the meta-analysis, the pooled mean differences (MDs)
for continuous variables and the ln(OR) were used for data pooling observational studies. A total of
15 articles have been finally included: nine retrospective and six observational. Testosterone levels
pre- and after surgery were reported in four studies. There was statistically significant heterogeneity
in these studies (chi2 = 267.09, I2 = 72%; p = 0.01). Mean differences of total testosterone was
statistically different in men pre- and after-surgery (mean difference = 106.76; p < 0.0001). It is
indeed established that altered environments caused by varicocele cause pantesticular insult, but it
has not been unequivocally determined whether men with varicocele are at increased risk for the
development of clinical hypogonadal symptoms.
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1. Introduction

Varicocele is a highly prevalent problem in reproductive medicine practice [1] defined
as a dilatation of the veins of the pampiniform plexus. Varicocele has an incidence of
approximately 15% among the general population [1,2]; to be more precise, 35% of men
with primary infertility and 70% to 80% of men with secondary infertility suffer from this
condition [3].

Nowadays there is much evidence suggesting a putative and well-established associa-
tion between varicocele and a progressive and duration-dependent decline in testicular
function. The exact process by which varicocele may impair male fertility potential remains
unclear. However, different probable causes have been identified: elevated intrascrotal
temperatures, blood reflux, oxidative stress, backflow of metabolites, seminiferous tubules
hypoxia, sperm nuclear damage [4]. Moreover, several studies claim that varicocele causes
a pantesticular insult that leads to a reduction of Sertoli cells activity and to an impairment
of Leydig cell functions [5]. According to Dabaja et al., this unsuitable environment leads
not only to Leydig cells hyperplasia and consequent apoptosis but causes also cellular dis-
function characterized by reduced conversion of cholesterol precursors to testosterone [6,7].
However, there have been equivocal results concerning possible varicocele-related impaired
testosterone levels, since some studies have found decreased levels, while others have
shown no difference. The study conducted by Tanrikut et al. describing significantly lower
serum testosterone levels in men with varicocele than in a control group of men undergoing
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vasectomy reversal [8] is noteworthy. However, until recently the effects of varicocele repair
on patients who report low serum testosterone levels are still controversial.

It is also interesting to underline that the impact of varicocele on hypogonadism
could be exacerbated by metabolic disorders that may be present during adolescence.
In fact, in abnormal metabolic conditions, there is an increase of adipogenesis. This
process is responsible for the development of insulin resistance, which in turn evolves into
hyperglycemia. On the hypothalamus, hyperglycemia and the consequent high levels of
TNF (tumor necrosis factor)-α are known to promote the decrease of kisspeptin receptor
expression. The lack of activation of this receptor promotes the dysregulation of the
gonadotropin-releasing hormone (GnRH) pulse frequency, leading to luteinizing hormone
(LH) secretion impairment by the pituitary. The absence of steroidogenesis stimulation by
LH on Leydig cells induces testosterone deficiency [9,10].

All these established mechanisms may be of crucial importance for testis function and
fertility, strengthening the importance of a correct evaluation of metabolic and endocrino-
logical function in patients with varicocele.

Thus, the aim of this review is to give a general overview about the relationship
between varicocele and low testosterone levels.

2. Materials and Methods

We selected English articles published from 1964 to September 2021. The search
terms “varicocele” and “hypogonadism” were used as filters. A total of 102 studies have
been obtained.

Statistical Analysis

For the meta-analysis, the pooled mean differences (MDs) for continuous variables
and the ln(OR) were used for data pooling observational studies. Meta-analysis was con-
ducted to determine the MD and confidence intervals (CIs) of total testosterone pre- and
after-surgery. Specifically, statistical heterogeneity was tested using the chi2 test. I2 ≤ 50%,
the variation of the studies was considered to be homogenous, the fixed effect model
was adopted. All p values are 2-tailed and < 0.05 was considered statistically signifi-
cant. The analysis was performed using RevMan software v.5.1 (Cochrane Collaboration,
Oxford, UK).

3. Results

A total of 15 articles [8,11–24] have been finally included: nine retrospective and
six observational.

Even though initial studies exploring the possible impairment of testosterone levels in
patients affected by varicocele were limited by the small cohort and selection bias, most
recent reports offered higher-quality data. Nevertheless, it is difficult to confirm the direct
impact of varicocele on Leydig cell function.

3.1. Observational Studies

According to the current literature concerning varicocele repair and its consequence on
testosterone levels, fifteen out of twenty-eight studies confirm that androgen increases after
surgery had been performed [26]. Three recent articles describe an important improvement
of testosterone levels especially in hypogonadal men rather than in eugonadal ones [27].
Zhody et al. recruited 141 infertile men with varicocele and divided them into two groups:
103 underwent microsurgical varicocelectomy while 38 proceeded with assisted reproduc-
tion procedures. Authors registered substantial testosterone level increases in patients
who belonged to group 1; moreover, the results had been reflected by elevation in IIEF
scores. Therefore, they reported an increase in mean testosterone of 219.3 ± 65.8 ng/dL
preoperatively, to 358.1 ± 94 ng/dL 6 months postoperative while Sathya Srini and Belur
Veerachari registered an increase from 177.2 ± 18.44 ng/dL preoperative to 301 ± 43 ng/dL
postoperatively [20]. Instead, other studies, such as the one conducted by Abdel-Meguid,
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show that testosterone increase in eugonadals was far from as remarkable as in hypogo-
nadal after surgery (mean change = 8.6 ng/dL; 2.01%; p = 0.12) [22]. Another interesting
and recent study conducted by Ji et al. aims to prove the relationship between varicocele
and hypogonadism and impaired erectile function as reflected in IIEF-5 and NPTR. Authors
recruited 130 men with varicocele and 130 men as control with no significative difference in
age, weight, height, smoking and drinking status. By their analysis, the authors were able
to declare that an association between high grade varicocele and hypogonadism, as well as
impaired erectile function and low total testosterone levels, exists [15]. In addition, a very
recent study published in 2019 by Panach-Navarrete et al. aimed to study the relationship
between the presence of varicocele and testosterone serum levels in adulthood but, in the
end, it did not establish any interesting conclusions; in fact, they only observed that factors
such as obesity and age are related to low testosterone levels [23]. In an vitro study from
Weiss et al. enrolled 16 patients with sperm counts <10 million/mL and varying degrees of
unilateral or bilateral varicocele. The authors performed an in vitro technique of incubation
of testicular tissue with radiolabeled precursors for evaluation of Leydig cell androgen
synthesis and demonstrated that a significant suppression of in vitro testosterone formation
was observed in almost 90 per cent of the patients [16].

Table 1 lists the overall characteristics of the study included.

Table 1. Characteristics of included studies.

Authors Year Type of Study N. of Patients Mean Pre-Op TT Mean Post-Op TT

W. Hsiao et al. [11] 2013 Retrospective 78 248 ± 8
350 ± 4

357 ± 25
(unilateral repair)
459 ± 15
(bilateral repair)

C. Tanrikut et al. [8] 2011 Retrospective 325 200 ± 7 454 ± 168

Y. Gat et al. [17] 2004 Retrospective 83 348 497

S. Andò et al. [19] 1984 Retrospective 108 416 ± 13 (no repair)

W. Hsiao et al. [18] 2010 Retrospective 272 309 ± 7 431 ± 170

V. Sathya Srini et al. [20] 2011 Observational 200 177 ± 18 301 ± 43

W. Zohdy et al. [21] 2011 Observational 141 379 ± 205.8 450 ± 170.2

T. Abdel-Meguid et al. [22] 2014 Observational 28 233.8 ± 50.7 327.5 ± 53.2

J. Panach-Navarrete et al. [23] 2019 Case-control 387 379 ± 206 450 ± 170

B. Saylam et al. [25] 2020 Observational 202 255 ± 66 372 ± 134

Case–patients With
varicocele

Control–patients
Without varicocele

Year Type of Study N. of Patients Mean TT Mean TT

Pasqualini et al. [24] 1980 Retrospective 17 582 542

J. I. Gorelick et al. [12] 1993 Retrospective 1999 507 ± 0.5 585 ± 0.8 *

J. Raboch et al. [13] 1971 Retrospective 839 581 1030

F. Freire, C. Nahoum et al. [14] 1981 Retrospective 55 344 ± 25 439 ± 29

B. Ji, X.-b. Jin et al. [15] 2016 Observational-
comparative 260 310 ± 179 669 ± 180

D. B. Weiss et al. [16] 1978 Observational,
in vitro 16 Not reported Not reported

* In the study conducted by Gorelick et al. case group is composed of patients with primary infertility and
hypogonadism and control group by patients with secondary infertility and hypogonadism.
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Zohdy et al. reported that the mean TT level increased significantly post-varicocelectomy
(379.1 to 450.1, p < 0.0001) and that neither operating vein diameter nor testicular size corre-
lated with the mean change in testosterone [21].

Finally, Saylam et al. demonstrated that mean serum total testosterone level signifi-
cantly increased from 2.55 to 3.72 after varicocelectomy (p < 0.0001), and 105 patients (52%)
had a serum total testosterone level of ≥ 3.5 ng/mL after the surgery [25].

3.2. Retrospective Studies

Most of the articles selected belong to the retrospective category. Probably because
initial studies exploring the possible relation between varicocele and impaired testos-
terone level were limited by small samples of patients, retrospective design and selection
bias, the results are equivocal. A small cohort and well-fashioned study conducted by
Pasqualini et al. found normal TT (Testicular Testosterone) and ST (Serum Testosterone)
levels in most of the patients with varicocele involved in the study. In this 17-patient
study, they concluded that even though Leydig cell function may be partially impaired
in varicocele, it seems to be compensated by LH (Luteinizing Hormone) stimulation, as
confirmed by normal ST concentration [24]. Contrarily, several other studies found dis-
tinctly lower plasmatic testosterone levels in all age subgroups of patients who suffer from
venous disturbance than in the control group. However, no correlation between androgen
plasmatic level and spermatogenic impairment or varicocele grade has been identified [13].
Freire and Nahoum confirmed the same relation [14].

Gat et al. performed a study on internal sperm vein embolization in patients with
varicocele and reported that mean serum testosterone concentration rose after embolization
by 43%, from 12.07 to 17.22 (p < 0.001) [17], and similarly Andò et al. [19] reported that
mean plasma T levels were significantly decreased in varicocele patients (416) vs. control
group (487), while the basal 17-OH-P/T ratio was significantly increased (0.38 vs. 0.28).

Gorelick and Golstein conducted an interesting study on a huge patient cross-section
whose aim was to prove that men with varicocele who had already fathered children were
immune to impairment of fertility. However, the review conducted on 1300 men refuted
the authors’ hypothesis. On the contrary, the study suggested that varicocele produces a
progressive, time-dependent testicular injury [12]. This is somehow rejected by Hsiao et al.
who recruited 272 men and divided them into three groups according to their age: younger
than 30 years, between 30–39 years and older than 40 years. The authors concluded that
varicocelectomy resulted in significant improvement in testosterone levels in all age groups
providing that the patient was hypogonadal [11].

Hsiao (2013) et al. showed that the improvement of total testosterone was seen
regardless of the clinical grade of varicocele and it was from 308.4 to 417.5 ng/dL, with a
mean increase of 109.1 ± 12.8 ng/dL (n = 78) [18].

3.3. Meta-Analysis

Testosterone levels pre- and after surgery were reported in four studies [20–22,25].
There was statistically significant heterogeneity in these studies (x2 = 267.09, I2 = 72%;
p = 0.01) (Figure 1).

Endocrines 2022, 3, FOR PEER REVIEW 5 
 

 

 
Figure 1. Total testosterone pre- and after-surgery in patients with varicocele. CI = confidence inter-
val; SD = standard deviation. 

4. Discussion 
Herein we demonstrated that testosterone levels pre- and after surgery were im-

proved in all observational studies (mean difference = 106.76; [95% CI 86.88–126.65]; p < 
0.0001). 

Much controversy still exists regarding the relationship between varicocele and hy-
pogonadism. In fact, some studies reported no benefits in seminal parameters, pregnancy 
rates or testosterone levels in patients who underwent varicocelectomy compared to men 
who did not submit to surgery [26]. Therefore, this result may suggest that these men have 
incidental varicoceles and it is not clear whether the testicular defect is leading to abnor-
mal spermatogenesis in these men [28]. 

On the other side, recent trials support the correlation between varicocelectomy and 
improved seminal parameters [25]. Since appropriate intratesticular testosterone levels 
are necessary to guarantee spermatogenesis, the investigation of Lyedig cell function is 
fundamental to the evaluation of infertile patients [29]. As previously stated, varicocele 
seems to cause pantesticular insults that lead to an impairment of both Sertoli and Leydig 
cell function [5]. The advancing negative repercussion of varicocele on Leydig cell func-
tion has been widely demonstrated by studies conducted on animals. For example, Luo et 
al. evaluated intratesticular testosterone and serum testosterone levels in 40 male Spra-
gue–Dawley rats who had been previously divided into an experimental group, who un-
derwent surgery to create a left varicocele, and a control group. Authors observed a sig-
nificant decrease of intrestesticular testosterone levels 8 weeks after surgery in the exper-
imental group (p < 0.01), albeit serum testosterone levels reduction was not significant (p 
> 0.05). Moreover, they registered a substantially higher mean apoptosis index of Leydig 
cells in the experimental group [30]. Analogously, Zheng et al. created experimental var-
icocele in rats and repaired it 6 weeks after induction performing ALV (artery ligating 
variocelectomy) or APV (artery preserving varicocelectomy). The study registered a 
higher testicular function—according to Johnsen’s score—in the control group compared 
to the EV (experimental varicocele) and EV-ALV group and any significant difference 
compared to EV-APV [31]. 

Notwithstanding the undeniable evidence of the trials, it is important to consider the 
acute surgical onset of varicocele in animal studies; it is therefore uncertain if the results 
are translatable in human patients [32]. 

In conclusion, our study is not devoid of limitations. First, we predominantly ana-
lyzed retrospective, non-randomized studies that were sometimes conducted on small co-
horts of patients. Second, after procedures patients were often followed up for a few 
months and any long-term follow up had been performed. Finally, since in some patients 
affected by varicocele low testosterone values were not registered, it was not possible to 
evaluate an effective testosterone rising after surgery had been performed. 

5. Conclusions 
The relationship between varicocele and hypogonadism becomes clearer everyday 

thanks to the most recent literature, particularly with regards to the impact of varicocele 
repair on serum testosterone levels improvement in hypogonadal patients. We reported 

Figure 1. Total testosterone pre- and after-surgery in patients with varicocele. CI = confidence
interval; SD = standard deviation.



Endocrines 2022, 3 104

Mean differences of total testosterone were statistically different in men pre- and
after-surgery (mean difference = 106.76; [95% CI 86.88–126.65]; p < 0.0001).

4. Discussion

Herein we demonstrated that testosterone levels pre- and after surgery were improved
in all observational studies (mean difference = 106.76; [95% CI 86.88–126.65]; p < 0.0001).

Much controversy still exists regarding the relationship between varicocele and hy-
pogonadism. In fact, some studies reported no benefits in seminal parameters, pregnancy
rates or testosterone levels in patients who underwent varicocelectomy compared to men
who did not submit to surgery [26]. Therefore, this result may suggest that these men have
incidental varicoceles and it is not clear whether the testicular defect is leading to abnormal
spermatogenesis in these men [28].

On the other side, recent trials support the correlation between varicocelectomy and
improved seminal parameters [25]. Since appropriate intratesticular testosterone levels
are necessary to guarantee spermatogenesis, the investigation of Lyedig cell function is
fundamental to the evaluation of infertile patients [29]. As previously stated, varicocele
seems to cause pantesticular insults that lead to an impairment of both Sertoli and Leydig
cell function [5]. The advancing negative repercussion of varicocele on Leydig cell function
has been widely demonstrated by studies conducted on animals. For example, Luo et al.
evaluated intratesticular testosterone and serum testosterone levels in 40 male Sprague–
Dawley rats who had been previously divided into an experimental group, who underwent
surgery to create a left varicocele, and a control group. Authors observed a significant
decrease of intrestesticular testosterone levels 8 weeks after surgery in the experimental
group (p < 0.01), albeit serum testosterone levels reduction was not significant (p > 0.05).
Moreover, they registered a substantially higher mean apoptosis index of Leydig cells in the
experimental group [30]. Analogously, Zheng et al. created experimental varicocele in rats
and repaired it 6 weeks after induction performing ALV (artery ligating variocelectomy) or
APV (artery preserving varicocelectomy). The study registered a higher testicular function—
according to Johnsen’s score—in the control group compared to the EV (experimental
varicocele) and EV-ALV group and any significant difference compared to EV-APV [31].

Notwithstanding the undeniable evidence of the trials, it is important to consider the
acute surgical onset of varicocele in animal studies; it is therefore uncertain if the results
are translatable in human patients [32].

In conclusion, our study is not devoid of limitations. First, we predominantly analyzed
retrospective, non-randomized studies that were sometimes conducted on small cohorts of
patients. Second, after procedures patients were often followed up for a few months and
any long-term follow up had been performed. Finally, since in some patients affected by
varicocele low testosterone values were not registered, it was not possible to evaluate an
effective testosterone rising after surgery had been performed.

5. Conclusions

The relationship between varicocele and hypogonadism becomes clearer everyday
thanks to the most recent literature, particularly with regards to the impact of varicocele
repair on serum testosterone levels improvement in hypogonadal patients. We reported in
observational studies that testosterone levels pre- and after surgery were improved and
these findings offer a new insight in this field.

It is indeed established that altered environment caused by varicocele causes pantestic-
ular insult, but it has not been unequivocally determined whether men with varicocele are
at increased risk for the development of clinical hypogonadal symptoms [33]. Moreover,
since varicocele causes progressive and time-dependent testicular damage, we believe
more studies should focus on pediatric population. Clearly, additional studies in larger
multi-institutional cross-sections are needed to unequivocally confirm these results and to
define the role of varicocelectomy.
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