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Hypogonadism is independently associated with

varicocele repair in a contemporary cohort of men in
the USA

Cailey Guercio, Dattatraya Patil, Akanksha Mehta

We aimed to identify demographic and clinical predictors of varicocele repair in a contemporary cohort of men in the USA. We
queried the 2009-2015 MarketScan Database using relevant ICD9, ICD10, and CPT codes to identify all 18-45 year olds with
varicoceles. Differences in age, area of residence, clinical characteristics, and medical management between men who did and
did not undergo varicocelectomy (open, laparoscopic, or microsurgical) during the study period were compared using unpaired
t-tests and Chi-squared tests for continuous and categorical variables, respectively. Multivariable logistic regression analysis was
used to evaluate age, semen analyses, and serum hormone assessment as predictors of varicocele repair. SAS version 9.4 was
used for all statistical analyses. Significance was set at P < 0.05. Approximately 40% of men with varicoceles underwent repair,
primarily through an open approach. Men who underwent repair were more likely to have a diagnosis of male infertility (15.5% vs
7.9%, P < 0.001) and male hypogonadism (3.4% vs 0.9%) and were more likely to complete semen analyses (36.1% vs 12.2%,
P < 0.001) and serum testosterone evaluation (42.5% vs 18.8%, P < 0.001). In multivariable regression models, the strongest
predictors of varicocele repair were semen analysis (OR = 2.78, 95% Cl: 2.56-3.02), age 18-25 years (OR = 2.66, 95% ClI:
2.36-2.98), and serum testosterone evaluation (OR = 1.67, 95% Cl: 1.51-1.86). Although male infertility remains the most
important indication for varicocele repair, male hypogonadism is emerging as an independent predictor of varicocelectomy, which

may represent a change in the clinical management of varicoceles in the USA.
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INTRODUCTION

Varicoceles affect 15%-20% of the general male population and up
to 40% of infertile men.' Varicoceles have known deleterious effects
on both spermatogenic and steroidogenic functions of the testis and
remain the most common correctable cause of male factor infertility.”
The American Urological Association Best Practice Policy and the
American Society of Reproductive Medicine Practice Committee
Report on Varicocele and Infertility specifically outline indications for
the diagnostic workup and treatment of varicoceles, but variations in
diagnosis and management still exist.?

There is increasing evidence documenting an association
between low serum testosterone levels and the presence of
varicoceles.* Although several analyses have demonstrated an
improvement in serum testosterone levels following varicocele repair,
the majority of these studies have been observational. Conclusive
evidence supporting definitive and long-term improvement
of testosterone levels after varicocelectomy is lacking,”® and
hypogonadism is not considered an indication for varicocele repair
according to the current clinical guidelines.™ Multiple studies show
that microsurgical technique is superior to laparoscopic and open
repairs because of better reproductive outcomes and lower incidence

of postoperative complications and recurrence.’!' Nevertheless,
microsurgical approach to varicocele repair has not been universally
adopted to date.

Our study aimed to investigate contemporary national trends in
the diagnosis and management of varicoceles in order to identify the
most important predictors of varicocele repair.

METHODS

We performed a cross-sectional data analysis of the MarketScan
Commercial Claims and Encounters Database, which contains
information from individual-level health-care claims on more than
13 million insured Americans covered by employer-sponsored,
private health insurance.® Relevant CPT, ICD9, and ICD10 codes were
used to identify all 18-45-year-old men diagnosed with a varicocele
during 2009-2015 (Supplementary Table 1 and 2). Differences in
age, clinical characteristics, and medical management between men
who did and did not undergo varicocele repair during the study
period were compared using unpaired t-tests and Chi-squared
tests for continuous and categorical variables, respectively. Surgical
approach to varicocele repair was stratified by geographic location
inside or outside a metropolitan statistical area. Multivariable logistic
regression analysis was used to evaluate age, semen parameters,
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and serum hormone levels as predictors of varicocele repair, based
on claims associated with semen analyses, blood hormone tests,
prescriptions for hormone therapies, and diagnosis codes for male
infertility and male hypogonadism. Distribution of health insurance
plans between men who did and did not undergo varicocele repair
was also examined. SAS version 9.4 (SAS Institute Incorporated,
Cary, NC, USA) was used for all statistical analyses. Significance
was set at P < 0.05.

Because we did not expect providers to consistently enter more
than one diagnosis code, we relied on billing codes for semen analyses,
serum testosterone (T), and follicle-stimulating hormone (FSH)
to comprehensively capture the diagnostic workup for men with
varicoceles. Since serum T testing is usually a component of the male
infertility evaluation, we specifically investigated the frequency of
male infertility- and male hypogonadism-related diagnoses in the
study population, as well as the frequency with which FSH levels were
evaluated in this cohort of men. We assumed that men undergoing
concomitant T and FSH testing were likely undergoing evaluation for
male factor infertility. We also assumed that men undergoing T testing
only were being evaluated for hypogonadism, related to varicocele or
otherwise.

This study was approved by the Emory University Institutional
Review Board. This secondary data analysis of a de-identified
population-level dataset did not require informed consent from
individual patients.

RESULTS

Table 1 summarizes the demographic and clinical characteristics of
the 21 195 men diagnosed with varicoceles between 2009 and 2015.
Of these, 8231 men (38.8%) underwent surgical repair. Surgery was
performed using either an open (82.0%), microsurgical (10.9%),

or laparoscopic (7.1%) approach. The use of radiographic
embolization was rare (<0.5%, data not reported). The approach
to surgical repair did not differ between metropolitan statistical
area and rural area.

The mean age (mean + standard deviation [s.d.]) of men who
underwent varicocele repair was similar to those who did not undergo
varicocele repair (30.4 + 7.3 years vs 31.4 + 8.0 years) (Table 1).
Men who underwent varicocele repair were more likely to have a
diagnosis of male infertility (15.5% vs 7.9%, P < 0.001), oligospermia
(4.9% vs 1.2%, P < 0.001), and hypogonadism (3.4% vs 0.9%,
P <0.001) compared to those who did not undergo repair. In terms
of clinical evaluation, men who underwent varicocele repair were
more likely to undergo semen analyses (36.1% vs 12.2%, P < 0.001)
and serum testosterone evaluation (42.5% vs 18.8%, P < 0.001)
compared to those who did not undergo repair. Approximately 5%
of the overall cohort of men used nontestosterone-based hormonal
therapy. Interestingly, the use of gonadotropin therapy (0.49% vs
0.21%, P = 0.002), selective estrogen receptor modulators (7.6% vs
2.3%, P <0.001), and aromatase inhibitors (3.6% vs 0.8%, P < 0.001)
was more common among men who underwent varicocele repair
compared to those who did not.

In multivariable regression models, the strongest predictors of
varicocele repair were semen analysis evaluation (OR = 2.78, 95%
CI: 2.56-3.02), age 18-25 years (OR = 2.66, 95% CI: 2.36-2.98),
hypogonadism diagnosis (OR = 2.00, 95% CI: 1.57-2.55), and serum
testosterone evaluation (OR = 1.67, 95% CI: 1.51-1.86) (Table 2).
Other significant indicators of varicocele repair included the use of
hormone therapies, such as clomiphene citrate, aromatase inhibitors,
and gonadotropins (OR =1.32,95% CI: 1.13-1.55), and male infertility
diagnosis (OR =1.29, 95% CI: 1.16-1.42). These results are summarized
in Table 2.

Table 1: Summary of demographic, geographic, and clinical characteristics of US men diagnosed with varicoceles

Characteristics Overall cohort Varicocele repair No varicocele repair P
(n=21 195), n (%) (n=8231), n (%) (n=12 964), n (%)
Age (year), meanzs.d. 31.1+7.8 30.4+7.3 31.4+8.0 <0.001
Male infertility diagnosis 2301 (10.9) 1272 (15.5) 1029 (7.9) <0.001
Oligospermia 554 (2.6) 400 (4.9) 154 (1.2) <0.001
Azoospermia 425 (2.0) 172 (2.1) 253 (1.9) 0.485
Male hypogonadism 395 (1.9) 278 (3.4) 117 (0.90)
Semen analysis® 4559 (21.5) 2973 (36.1) 1586 (12.2) <0.001
Serum testosterone® 5938 (28.0) 3498 (42.50) 2440 (18.8) <0.001
FSH 4190 (19.8) 2824 (34.3) 1366 (10.5)
USA Census Bureau Region
Northeast 5258 (24.8) 2230 (27.1) 3028 (23.4) <0.001
Midwest 5283 (24.9) 1842 (22.4) 3441 (26.5)
South 7251 (34.2) 2881 (35.0) 4370 (33.7)
West 2847 (13.4) 1109 (13.5) 1738 (13.4)
Unknown 387 (3.0) 169 (2.1) 556 (2.6)
Metropolitan statistical area 18 087 (85.3) 7113 (86.4) 10 974 (84.6) <0.001
Medication use
Clomiphene citrate 734/16995 (4.3) 496/6522 (7.6) 238/10473 (2.3) <0.001
Aromatase inhibitor 320/16995 (1.9) 234/6522 (3.6) 86/10473 (0.8) <0.001
Human chorionic gonadotropin 54/16995 (0.3) 32/6522 (0.5) 22/10473 (0.2) 0.002
Surgical approach
Open 6724 (31.7) 6724 (82.0) -
Laparoscopic 581 (2.7) 581 (7.1) -
Microsurgical 898 (4.2) 898 (10.9) -

2Semen analyses were performed in 1298 patients before varicocelectomy and 1675 patients pre- and postvaricocelectomy, *Serum testosterone levels were evaluated in 570 before
varicocelectomy and 2928 patients pre- and postvaricocelectomy. s.d.: standard deviation; FSH: follicle-stimulating hormone

Asian Journal of Andrology @



Only 395 patients in the overall cohort of 21 195 men had a
diagnosis of male hypogonadism. Of men who underwent varicocele
repair, 42.5% underwent testosterone evaluation alone, while
33.3% underwent both testosterone and FSH evaluation. Even after
controlling for FSH evaluation in the multivariable regression model,
testosterone evaluation was still a significant predictor of varicocele
repair (OR = 1.67, 95% CI: 1.51-1.86).

The different health plans represented in the study cohort
were grouped based on plan description (Table 3). Men with
high-deductible health plans/consumer-driven health plans
(HDHP/CDHP) were less likely to undergo varicocele repair compared

Table 2: Multivariable regression analysis of predictors of varicocele
repair

Predictor OR (95% ClI) P

Age groups (year)

18-25 2.66 (2.36-2.98) <0.001
25-30 2.32 (2.05-2.61) <0.001
30-35 2.10(1.87-2.35) <0.001
35-40 1.54 (1.37-1.74) <0.001
Year of diagnosis
2010 0.82 (0.73-0.91) <0.001
2011 0.82 (0.73-0.92) <0.001
2012 0.90 (0.80-1.01) 0.069
2013 0.80 (0.71-0.89) <0.001
2014 0.89 (0.79-1.00) 0.046
2015 0.83 (0.73-0.95) 0.007
Health insurance plan
Comprehensive 1.15(0.81-1.63) 0.440
HDHP/CDHP 0.81 (0.74-0.93) 0.002
POS/POS 1.11 (0.96-1.29) 0.162
PPO/EPO 1.10(0.99-1.22) 0.084
Medication use? (yes) 1.32(1.13-1.55) <0.001
Hypogonadism diagnosis (yes) 2.00 (1.567-2.55) <0.001
Semen analysis (yes) 2.78 (2.56-3.02) <0.001
Serum testosterone (yes) 1.67 (1.51-1.86) <0.001
Male infertility (yesino) 1.81 (1.59-2.06) <0.001
Diagnosis | serum FSH
Yes | yes 1.63 (1.38-1.93) <0.001
No | yes 2.56 (2.25-2.90) <0.001

“|" denotes “given” as in: AIB means the probability of A given B. ?clomiphene citrate,
aromatase inhibitors, and human chorionic gonadotropin. FSH: follicle-stimulating hormone;
HDHP: high-deductible health plan; CDHP: consumer-driven health plan; POS: point of
service; PPO: preferred provider organization; EPO: exclusive provider organization; OR: odds
ratio; Cl: confidence interval

Table 3: Summary of comprehensive health plans
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to health maintenance organization (HMO) plans (OR = 0.81,
95% CI: 0.74-0.93), while comprehensive and network plans,
i.e., point of service (POS/POS with cap) and preferred provider
organization/exclusive provider organization (PPO/EPO) plans, had
no significant association with varicocele repair (Table 2).

DISCUSSION

This population-level analysis of trends in the diagnosis and
management of varicoceles demonstrates that open varicocelectomy
remains the most common approach to varicocele repair, despite
considerable evidence identifying microsurgical varicocelectomy as the
safest and most effective method of varicocele repair.** Male infertility
was the most important indication for varicocele repair, which is
consistent with the current American Urological Association (AUA)
practice recommendations. However, male hypogonadism was found to
be an independent predictor of varicocelectomy, which may represent
an emerging and evolving change in the management of varicoceles
in the USA.

Several studies have demonstrated a connection between low
testosterone levels and varicoceles, presumably due to the detrimental
effect of varicoceles on testicular function. Some studies have shown
a mean improvement in serum testosterone levels of approximately
100 ng dI™! after varicocelectomy.”® These studies have largely been
observational in nature, with limited number of patients and limited
follow-up. It is unclear whether improvement in T levels associated
with varicocelectomy is reliable or sustainable over time. It is also
unclear if the magnitude of improvement in T levels following
varicocele repair would be sufficient to prevent patients from requiring
testosterone-replacement therapy in the long term. Finally, there is a
potential for publication bias with respect to this question, as studies
showing no improvement in serum T levels following varicocelectomy
may be less likely to be published. For all these reasons, low serum T
levels are not currently considered a clinical indication for varicocele
repair. While our results demonstrate a trend toward the use of
hypogonadism as a predictor of varicocele repair, the design of this
study does not permit evaluation of the utility of hypogonadism as a
clinical indication for varicocelectomy.

Discrepancies in the association between health insurance plans and
varicocele repair was an interesting finding. One possible explanation
for the significant negative correlation between high-deductible health
plans (HDHP/CDHP) and varicocele repair is the large out-of-pocket
cost for the patient. In contrast, comprehensive and network
plans (POS, EPO, PPO, and HMO) generally have lower deductibles
and less out-of-pocket cost. According to the USA Internal Revenue

Insurance Benefit summary In-network Out-of-network Referral High High monthly
plan coverage coverage required deductible premium
HMO Insurer works with a network of doctors that gives the consumer Yes No Yes Varies Varies
a discount for only seeking care within the network
POS Insurer works with a network of physicians, but consumer can Yes Yes Yes Varies Varies
still seek care with coverage outside of network
PPO Insurer works with a network of physicians, but consumer can Yes Yes No Varies Yes
still seek care with limited coverage outside of network
EPO Insurer works exclusively with a network of doctors and hospitals Yes No No Varies Varies
CDHP Combination of HDHP and a health savings account or health N/A N/A No Yes No
reimbursement account
HDHP Consumer pays more out of pocket before insurance coverage N/A N/A No Yes No

begins in exchange for a lower monthly premium

HMO: health maintenance organization; POS: point of service; PPO: preferred provider organization; EPO: exclusive provider organization; CDHP: consumer-driven health plan;

HDHP: high-deductible health plan; N/A: not available
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Service, a high-deductible health plan is any plan with a deductible
of at least $1300 for an individual or $2600 for a family.”* Patients
with high-deductible plans would likely have to pay for most, if not
all, of the surgery, which has been estimated to cost $2248.21 for a
microsurgical repair and $1617.39 for a nonmicrosurgical repair.” An
association has been demonstrated between low-income families with
HDHPs and a cost-related delay or omission of care, when compared
to high-income patients with similar plans.”® This association could
plausibly explain the trend, as the high out-of-pocket cost may deter a
portion of patients with these health plans from seeking medical care
and opting for surgery.

The high proportion of open varicocelectomies is significant, given
several studies showing its inferiority to microsurgical technique.
We speculate that this trend could be due to several physician-level
issues. First, physicians may not be adequately trained in microsurgery.
Microsurgical technique was first introduced in 1985 by Marmar et al.™*
and further modified in 1992 by Goldstein et al.”* It was not until
recent years, though, that the substantial advantages of microsurgical
technique in paternity rates, postoperative complications, and
recurrence rates have been studied and confirmed.>'*'® However, it
is a more challenging operation than open repair for several reasons,
including the greater number of vessels confronted at a microsurgical
level and adjusting to the use of the microscope, which may partially
explain the preference for open repair. Second, many facilities may
not have access to operating microscopes. This may be due to the
high upfront cost of a microscope, even though microsurgical repair
has been established as the most cost-effective method for treating
varicocele-associated causes for male infertility.”” Finally, physicians
may prefer open over microsurgical repair due to the shorter operating
times. Given the ever-increasing demands of physicians, the ability
to complete more operations in a shorter amount of time is a notable
advantage that may be driving this trend toward open repair. This
finding could also be due to an error in coding and billing, as an
additional billing code is needed to signify that a microsurgical
approach was used. Notably, the use of radiographic embolization in
this cohort was rare, which likely represents a decline in the use of this
approach in the USA. Indeed, in recent years, publications discussing
the use of radiographic embolization have been primarily based on
non-USA cohorts.

We utilized a large, population-based cohort of patients to evaluate
clinical practice patterns at a national level. This allowed us to make
conclusions that are more generalizable when compared to the
smaller, institutional cohorts that have been studied previously. That
said, our study does have limitations, many of which are inherent to
the retrospective nature of this study. First, we utilized a commercial
claim dataset, which excluded patients without private insurance,
and missed services that were not billed through insurance. Second,
we searched within the dataset using specific CPT, ICD9, and ICD10
codes. Although we attempted to accurately capture each procedure
and laboratory, variations in coding and billing certainly exist
between providers and health-care systems and could affect our
outcomes. A third limitation is that we did not have access to specific
laboratory values and were left to make assumptions about medical
decision-making about why patients did or did not undergo varicocele
repair. Finally, this commercial claims dataset did not provide any
information about varicoceles being unilateral or bilateral, or any
information on varicocele size.

We recognize that for coding and billing purposes, patients with
varicoceles who are being evaluated and treated for male infertility may
be diagnosed with varicocele alone or varicocele and hypogonadism,
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since insurance coverage for male infertility diagnoses is inconsistent.
Therefore, in addition to analysis diagnosis codes, we specifically
evaluated the proportion of patients undergoing serum testosterone
evaluation for T and FSH, in an effort to truly distinguish those
undergoing infertility evaluation from those undergoing evaluation
for hypogonadism. It should be emphasized that although our
analysis demonstrated an independent association between infertility,
hypogonadism, and varicocele repair, our study was retrospective
in nature. A prospective study, which includes a comprehensive
assessment of why men do or do not undergo varicocele repair, is
needed to validate these findings.
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Supplementary Table 1: Summary of Current Procedural Terminology codes used in the analysis

Procedure, laboratory, diagnosis CPT code

Varicocele diagnosis 74440, 55300, 55400

Varicocelectomy 55530, 55535, 55540

Laparoscopic varicocelectomy 55550

Varicocelectomy other procedures 55530, 55535, 55540, 55550

Infertility procedure 69990, 37241, 35476

Subcutaneous pellet TST 11980

Semen analysis 89300, 89310, 89320, 89321

Sperm evaluation 89325, 89329, 89330, 89257, 89260, 89261
Infertility labs 84143, 83001, 83002, 82024, 84402, 84270, 84403, 82670, 82671, 82672, 82677, 82679, 84146
GH treatment for infertility 83003

Scrotal ultrasound 76870

TST levels 84403, 84402

Infertility diagnosis 55870

Infertility procedures 52347, 54500, 54505, 54900, 54901, 55200
Varicocele embolization occlusion 37241

Microsurgical procedure for varicose 69990

Balloon angioplasty 35476

GH: growth hormone; TST: testosterone; CPT: Current Procedural Terminology

Supplementary Table 2: Summary of International Classification of
Diseases 9 and International Classification of Diseases 10 codes used
in the analysis

Diagnosis ICD9 code ICD10 code

Varicocele 4564 1861

Infertility 606, 6060, 6061, 6062, 6063, 6065, N469, N4611,
6064, 6066, 6067, 6068, 6069 N4601, N46029

Oligospermia 6061 N4611

Azoospermia 6060 N4601

Hypogonadism 2572

ICD: International Classification of Diseases





