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Abstract

Objective—To further understand the association between semen quality and cancer risk using 

well-defined semen parameters.

Design—Retrospective cohort study.

Setting—Subfertility Heath and Assisted Reproduction (SHARE) study in Utah from 1994 to 

2011.

Patients—20,433 men from that underwent semen analysis (SA) and a sample of 20,433 fertile 

controls matched on age and birth year

Interventions—none.

Main Outcome Measures—Risk of all cancers, as well as site-specific results for prostate, 

testicular, and melanoma.

Results—Relative to fertile men, men with SA have an increased risk of testicular cancer 

(Hazard Rate Ratio (HR) =3.3). When the characterization of infertility is refined using individual 

semen parameters, we find that oligozoospermic men have an increased risk of cancer relative to 
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fertile controls. This association is particularly strong for testicular cancer, with increased risk in 

men with oligozoospermia based on concentration (HR=11.9) and sperm count (HR=10.3). Men in 

the in the lowest quartile of motility (HR=4.1), viability (HR=6.6), morphology (HR=4.2) or total 

motile count (HR=6.9) have higher risk of testicular compared to fertile men. Men with sperm 

concentration and count in the 90th percentile of the distribution (≥178 M/ml and ≥579, 

respectively) and total motile count (TMC) have an increased risk of melanoma 

(HRConcentration=2.1; HRCount=2.7; HRTMC=2.0). We find no differences in cancer risk between 

azoospermic and fertile men.

Conclusions—Men with SA have an increased risk of testicular cancer that varies by semen 

quality. Unlike prior work, we did not find an association between azoospermia and increased 

cancer or testicular cancer risk.

Capsule—Subfertile men have an increased risk of testicular cancer that varies by semen quality. 

We did not find an association between azoospermia and increased cancer or testicular cancer risk.
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Introduction

Male infertility evaluation is common, with an estimated 7.5% of American men reporting at 

least one visit to an assisted reproduction clinic during their lifetime. Multiple cohort studies 

have identified an association between infertility and increased risk of testicular and prostate 

cancer (1-3). There is emerging evidence that multiple mechanisms may be responsible for 

the increased risk of cancer in the subfertile male. In brief, Y-chromosome deletions, 

epigenetic hypermethylation, DNA mismatch repair gene deletions/mutations, and 

aneuploidy are all mechanisms identified in cell culture, animal models, and human tissues, 

which have been shown to contribute to infertility and cancer (4-9). A more complete 

understanding of the association between cancer and infertility will help elucidate the 

underlying mechanisms, and contribute to our understanding of male somatic health.

Previous studies addressing this question have examined cancer risk by broadly categorizing 

men with male factor infertility or azoospermia. Only one study has reported cancer risk 

based on sperm concentration and motility(10) and no studies to date have explored the 

association between viability, morphology and cancer risk. We also improve upon previous 

studies by comparing the risk of cancer in men seen in a fertility clinic, subfertile men, to 

fertile men not seeking care for fertility problems.

The Subfertility Heath and Assisted Reproduction (SHARE) study combines medical, 

genealogical, and administrative data with biospecimen data to create a unique data resource 

that can be used to evaluate the association between fertility and morbidity and mortality. 

SHARE combined the University of Utah and Intermountain Health Care’s semen analysis 

(SA) measures collected from 1996 - 2011 with longitudinal health and cancer information 

in the Utah Population Database (UPDB) and the Utah Cancer Registry to retrospectively 

examine semen characteristics and subsequent risk of cancer. We sought to further 

Hanson et al. Page 2

Fertil Steril. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



understand the risk of cancer in men with SA relative to an age- and birth year-matched 

cohort of fertile men using multiple semen parameters, including sperm concentration, 

count, motility, viability, total motile count (TMC), and morphology. We hypothesize that 

men with SA have an increased risk of all cancers as well as testicular and prostate cancer 

and melanoma. We also hypothesize that variation in risk exists among men with SA that 

can be partially explained by several measures of semen quality.

Materials and Methods

Data

Measures of semen quality were extracted from two healthcare systems in Utah that when 

combined capture an estimated 90% of all semen analyses performed in the state since 2004. 

The data were used to perform a retrospective cohort analysis of cancer risk in men with SA 

relative to an age-matched fertile male cohort for those age 18 or older. First, all men 

presenting for infertility at the University of Utah Andrology Clinic from 1996 – 2011 with 

semen samples were selected for the analysis. Due to a change in database systems, data 

from August of 2001 to September of 2002 were not available; however, this omission is a 

random event and unrelated to individual characteristics, cancer incidence, or technologies 

designed to measure semen quality, and therefore does not introduce any systematic bias 

into our analysis. Second, we selected men with SA parameters stored in Intermountain 

Healthcare’s Sunquest system from 2002 to 2011. The Sunquest Lab database is part of 

Intermountain Healthcare Analytic Health Repository and stores all lab data from 

Intermountain Healthcare facilities in the state of Utah.

This study required the integration of demographic and follow-up information within the 

Utah Population Database (UPDB). The UPDB has supported numerous biodemographic, 

epidemiological, and genetic studies in large part because of its sample size, pedigree 

complexity, and linkages across data sources, including statewide birth certificate records 

and cancer diagnoses.(11, 12) Due to longstanding and ongoing efforts to add new sources 

of data and update records as they become available, the full UPDB contains data on nearly 

8 million individuals.(13, 14) Of the 22,456 men with semen samples collected during this 

period, 94% (N=21,214) were linked to the UPDB. We excluded men who were not Utah 

residents or were lacking adequate follow-up information (N=370). Men with any cancer 

diagnosis prior to the semen analyses were excluded (N=389) and men with poor data 

quality in the UPDB were also excluded (N=25). This yielded a final sample of 20,433 men 

with measured semen parameters; 8,186 men with samples from the Intermountain 

Healthcare clinics from 2002 – 2011 and 12,247 men with samples from the University of 

Utah clinic from 1996 - 2011.

Fertile men were selected from the UPDB by matching men by age at time of semen 

analysis and birth year using a 1:1 matching ratio. Fertile men were those that had at least 

one naturally conceived child and were cancer free prior to the time of semen analysis of 

their matched counterpart, and did not have semen analysis data. They were also required to 

have adequate follow-up information within the UPDB and a Utah resident. Our final 

sample comprised 40,866 men allowing us to compare men with SA, i.e. partners in a 

subfertile couple, to a cohort of fertile men.
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Semen analyses were performed in accordance with the WHO manual for examination and 

processing of human semen. Figure 1 details the cut-points used for each semen parameter 

used in the analysis. We analyzed sperm concentration (millions per mL), sperm count 

(million), and sperm motility (percent of sperm with progressive forward motility). 

Approximately 17% of men in our final sample had more than one semen sample (range 1 to 

10), in which case the average concentration, count, and motility across measures was used. 

Sensitivity analyses using the minimum and maximum values were also performed. The cut-

points for the concentration and count categories are displayed in Figure 1. Measures of 

viability, TMC and morphology were only available for the samples collected at the 

University of Utah (n=12,247). Sperm viability and TMC categories were defined either as 

azoospermia or by quartile defined by the distribution of the measures over the full 16-year 

period. WHO guidelines and thresholds for morphologically normal spermatozoa have 

changed over the 16-year span of data (15, 16). To account for this change over time, we 

classified percent normal heads and tails into quartiles using the distribution for each year of 

measurement rather than the overall distribution. Like the other measures, this resulted in 

five categories; azoospermia and Q1 through Q4. This, coupled with our analytic strategy, 

allowed us to account for the change over time in the measures. Sperm morphology is 

measured using the percent normal for heads and tails separately. Parity was considered as a 

possible effect modifier, however, due to the relatively rare event of testicular cancer, 

distributing the data into smaller categories of risk led to unstable estimates and the results 

are not reported here.

Cancer diagnoses were derived from the Utah State Cancer Registry (UCR), an original 

member of the National Cancer Institute Surveillance Epidemiology and End Result (SEER) 

program, which is linked to the UPDB. The UCR data include all cancer diagnoses for Utah 

residents from 1966 through 2012. Incident cases of cancer are identified based on 

systematic and routine review of medical records, pathology reports, radiation therapy 

records, hospital discharge lists, and vital records.

This study was approved by the Institutional Review Boards of the University of Utah and 

IHC and by the Utah Resource for Genetic and Epidemiologic Research 

(www.research.utah.edu/rge/), an administrated board that oversees access to the UPDB. 

IRB_00069711

Statistical Methods

Cox proportional hazard regression models were used to test the association between semen 

quality and incident cancer diagnosis. Time was measured as months from the date of semen 

analysis to the time of cancer diagnosis, death, last follow-up date, or end of the observation 

period. All models were stratified by birth year, year of sample collection, and data source 

(IH or UU). Fertile men not presenting at a fertility clinic were used as the reference group 

in all analyses presented in the supplementary table. Ancillary analyses using the 

normozoospermic men as the reference category were also run and when relevant, the 

results are presented in the text. Test for trend analyses excluding the fertile controls were 

conducted to test the hypothesis that cancer risk decreases as semen quality increases. Figure 

1 shows the modeling strategy used for the analyses. Analyses were performed for all 
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cancers combined, melanoma, testicular, and prostate cancer (the three most commonly 

occurring cancers in the sample). In addition, models investigating the risk of all-site cancers 

excluding testicular, melanoma, and prostate were estimated. Non-proportional models were 

used to test for the change in the risks over time (1 year, 2 years, and 3+ years) of infertility 

and semen quality measures.

Results

Table 1 shows the descriptive statistics for the full sample and the number of cancer 

diagnoses by fertility status. The mean age at semen analysis was 32 and the mean number 

of semen samples per male was 1.2. On average, men were followed for 7.3 years and a 

maximum of 18 years. There were 421 total men with a cancer diagnosis in the men with SA 

and fertile men, and the most common cancers were: melanoma (n=98), testicular (n=40), 

and prostate (n=58). Overall, there was a slightly higher number of cancer diagnoses for the 

men with SA compared to the fertile controls (n=218 vs. 203). Men with SA had a higher 

number of melanoma cases (n=54 vs 44) and three times more testicular cancer diagnoses 

(n=30 vs. 10) than the fertile group.

We summarized the analyses performed graphically in Figure 1 and the results are displayed 

in the supplemental Table 1. When comparing men with SA in our sample to fertile men, we 

find that men with SA are at increased risk of testicular cancer (HR=3.3, 95% CI 1.6, 6.9). 

There are no significant differences in cancer risk for the other common sites or overall risk 

of cancer. Models 2 – 8 in supplemental Table 1 show the risk of cancer by semen 

characteristic. Results are discussed below by cancer site for these models. All results are 

presented in supplemental Table 1 unless otherwise noted.

All Cancers

We found that men with oligozoospermia have an increased risk of cancer (all combined 

sites) (HRConcentration=1.7, 95% CI: 1.1-2.4; and HRCount=1.8, 95% CI: 1.2-2.6) when 

compared to fertile men. This risk is not shared by the men with normal or high 

concentration and count. When compared to normozoospermic men, we found similar 

results with oligozoospermic having and increased risk of cancer (HRConcentration=1.5, 95% 

CI: 1.1-2.2; and HRCount=1.7, 95% CI: 1.2-2.5) and no difference in risk between 

normozoospermic men and azoospermic or hyperzoospermic men. Tests for trend excluding 

the fertile controls were conducted to determine if the risk of cancer increased with 

decreasing categories of semen quality. We did not find a significant trend for count or 

concentration. Men in the lowest quartile of motility, viability, and TMC have an increased 

risk of cancer (HR= 1.5, 95%CI: 1.1-2.0; HR=1.4, 95%CI: 1.0-1.9; and HR=1.6, 95%CI: 

1.2-2.1, respectively). However, we did not find an elevated risk of cancer in azoospermic 

men (HR=1.0; 95%CI: 0.5-2.1). Tests for trend demonstrate an increased risk of cancer with 

decreasing sperm motility categories (HR=1.19, 95%CI: 1.1-1.4), but not morphology, 

viability, or TMC (results not shown but available upon request).
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Prostate Cancer

We found no association between semen quality and prostate cancer risk in this cohort of 

men. The majority of men in the sample have not reached the age normally associated with 

prostate cancer. Therefore, we conducted a series of sensitivity analyses excluding men 

under the age of 60, men under the age of 50, and men under the age of 40 at their last time 

of follow-up, which provided us with sample of 655 men, 4,696 men, and 18,290 men, 

respectively. There was no significant relationship between infertility and prostate cancer 

risk for these men, likely due to the relatively short follow-up time and young age at 

baseline.

Melanoma

The relationship between semen quality and melanoma differs from the other cancer sites. 

There was little association between semen quality and melanoma risk. However, there was 

a two-fold increase in the risk of melanoma in hyperzoospermic men (HRConcentration =2.1, 

95%CI: 1.0-4.4; and HRCount=2.7, 95%CI: 1.4-5.3) relative to fertile controls. However, 

when compared to normozoospermic men, there is no difference in the risk of melanoma. 

Men within the highest quartile of TMC have a doubling risk of melanoma (HR=2.0, 

95%CI: 1.0-3.87). We saw a similar pattern in the other measures of semen quality; higher 

categories were associated with an increased risk of melanoma relative to fertile controls, 

however the differences were not statistically significant. Tests for trend were also 

insignificant.

Testicular Cancer

Figure 2 shows the risk of cancer by semen parameter. Poor semen quality was associated 

with an increased risk of testicular cancer for all measures excluding tail morphology. 

Azoospermic men were not at significantly higher risk for testicular cancer; however, this 

may be an artifact of small sample size. Men with oligozoospermia had a greater than ten-

fold increase in the risk of testicular cancer (HRConcentration=11.9, 95%CI 4.9-28.8; 

HRCount=10.3, 95%CI 4.1-26.2) and normozoospermic men presenting for semen analysis 

had a nearly three-fold increase (HR=2.9; 95%CI 1.2-6.7) relative to fertile men. Compared 

to normozoospermic men, oligozoospermic men had a nearly four-fold increase in the risk 

of testicular cancer (HR=3.8; 95%CI 1.6-8.7). Hyperzoospermic men (sperm concentration 

in the 90th percentile; > 178 M/ml) had testicular cancer rates similar to both the fertile 

population and the normozoopermic men. For the men with SA, trend tests show a 

significant increase in testicular cancer risk with a decline in sperm concentration categories 

(HR=1.6, 95%CI 1.2-2.0). A similar pattern existed with sperm count, with men in lower 

count categories having a higher risk of testicular cancer (trend test HR=1.5, 95%CI 1.2-2.0) 

and no difference in risk between hyperzoospermic and fertile men.

With the exception of azoospermic men, we found an increased risk of testicular cancer as 

motility, viability, and TMC decline (HR(Motile Trend)=1.3, 95%CI 1.1-1.5; 

HR(Viability Trend)=1.3, 95%CI 1.1-1.5); and HR(TMC Trend)=1.3, 95%CI 1.1-1.6). There is a 

less distinct pattern with morphology. We found that men in the lowest quartile of head 

morphology have an increased risk of testicular cancer (HR=4.2, 95% CI=1.4-12.5) and no 

significant difference in risk for the other quartile. When we considered tail morphology, we 
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did not find a significant increase in risk for men in the lowest quartile, however men in the 

second quartile had a five-fold increase in risk (HR=5.3, 95%CI=1.9-14.8).

Within Cox regressions, non-proportionality tests show that there was significant attenuation 

in the magnitude of the risks over time, but that the risks persist one year after semen 

collection date (results not shown). Figure 3 shows the risk of testicular cancer is highest in 

the years immediately following the semen collection and declines over time for all semen 

quality measures. For concentration, we found that the hazard rate one year after semen 

collection drops to 8.4 (95%CI 3.2-22.1) and then declines further to 5.0 (95%CI 1.7-15.3) 

two years post collection. There was a similar pattern of attenuation over time with count 

motility, viability, and TMC. When accounting for non-proportional risks when the 

parameter of interest is morphology we found that there is a significantly elevated risk of 

testicular cancer for men in the lower 50% of the distribution of heads and tails (quartiles 

one and two), and this effect declined over time.

Other Sites

All-Site models excluding testicular and prostate cancer were estimated to assess the 

relationship between semen quality and non-sex specific cancer risk. We found that once 

testicular cancer was removed from the analyses, the relationship between semen quality and 

all site-cancer risk was attenuated.

Sensitivity Analyses

All models were repeated using the minimum and maximum values of multiple semen 

samples collected. We did not find substantive differences by value (minimum, maximum, 

or average) and therefore chose to report the average. Results from these analyses are not 

displayed here, but are available upon request.

Discussion

This is the first study to calculate the cancer risk of men seen in a fertility clinic compared to 

known fertile controls not seeking fertility treatment. We found an approximately 50% 

increase in the risk of cancer for men with poor semen quality but no increased risk for 

azoospermic men. Testicular cancer is highly associated with abnormal semen parameters 

across all measures. Interestingly, we did not see any association between azoospermia and 

the risk of cancer, including testicular cancer.

Epidemiologic study designs have been employed to study the association between male 

infertility and cancer, however studies are inconsistent in the definition of male infertility, or 

use of fertile men for comparison. Studies without semen analysis data have used fatherhood 

as a proxy for male factor infertility and yielded null results (17). Administration claims data 

have also been used to identify subfertile men when biospecimen data are not available. 

Eisenberg et al. demonstrated that the diagnosis of male infertility based on Current 

Procedural Terminology codes increased a man’s risk of being diagnosed with any cancer, 

prostate, and testicular cancers with hazard ratios of 1.49, 1.78, and 1.99, respectively.(18) 

While crude measures of infertility hint at an increased risk of cancer in subfertile men, our 

results show that having well defined measures of semen quality is essential for increasing 
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our knowledge about the relationship between fertility and somatic health in males. A large 

proportion of men with SA in the study have normal semen parameters. It is important to 

note that these men themselves may not be subfertile, but they are subfertile at the couple 

level (i.e., the female partner may have infertility problems). In addition, caution should be 

practiced when interpreting our results, as we do not have semen measures on our sample of 

fertile men.

Studies that are able to use semen parameters to define fertility have consistently shown that 

poor semen quality is associated with an increased risk of cancer. Two studies by Walsh et 

al. used a cohort of men from California infertility centers, where they had providers report a 

binary presence of male factor infertility based on semen analyses, and they showed that 

subfertile men were 2.6 and 2.8 times more likely to be diagnosed with high–grade prostate 

cancer and testicular cancer, respectively (1, 2). Jacobsen and colleagues linked multiple 

Danish health registries with a large cohort of men with semen analyses, and the risk of 

testicular cancer was greater for men with low concentration, poor motility, and abnormal 

morphology (10). The results presented in this paper highlight the variability of risk within 

fertile men, with lower semen parameters being associated with higher risk of cancer. Our 

findings also improve upon previous research by showing that abnormal morphology, 

viability, and TMC are also associated with an increased risk of testicular cancer. Further, 

our work compares men with SA to those with proven paternity.

We did not find an association between azoospermia and cancer risk. However, other studies 

have reported an increased risk of cancer in these men (3, 10). This suggests the processes 

between total spermotogenic arrest seen in azoospermic men and somatic mutations may be 

distinct. We hypothesize that the genetic insults in gametes that cause abnormal 

concentration, count, and TMC must share similar molecular pathways to aberrant cell 

proliferation in cancer cells. It is also possible that our null result is an artifact of small 

sample size. Future studies are needed to investigate the risk of cancer in azoospermic men, 

parity, and the mechanisms driving the association.

The association between high levels of sperm concentration and TMC and melanoma is also 

a novel finding. It is possible that men with higher sperm counts have higher levels of 

melanoma cell adhesion molecule (MCAM), which has been shown to be critical for 

spermatogonial stem cell proliferation in animal models (19) and has been demonstrated to 

drive melanoma progression (20). These findings will need to be validated in other cohorts.

Although we used fertile, age-matched men to compare the men evaluated in an assisted 

reproductive clinic there are several notable limitations. First, we were unable to include 

potential confounders such as medical comorbidities, smoking status, or carcinogenic 

exposure. Second, men with semen analysis are seen at the University of Utah or 

Intermountain Health Care clinics for a fertility evaluation. These men are a select 

subsample of the population that are experiencing fertility problems at the couple level and 

have the resources to be evaluated by a physician. Third, we do not have a measure of semen 

quality for the fertile controls. Fourth, We chose to categorize morphology into equally 

distributed quartiles due to the fact that the WHO threshold for normal motility has changed 

multiple times during our study period. This study also involves men living in Utah, which 
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has less racial and ethnic diversity compared to other parts of the country. Lastly, this 

database is relatively young. In the years to come, as the population ages, we may see that 

the risk of prostate cancer for this cohort displays risk similar to that reported in prior work.

The UPDB affords a unique opportunity to utilize the epidemiologic power to identify novel 

cohorts and ascertain pedigree data and fertile controls. Along with the clinical data that are 

linked to these men, we also have over 4,000 linked biospecimens available for future 

genetic studies. In future studies, we plan to select a cohort of men who later developed 

testicular cancer after semen analysis to locate associated genetic or epigenetic changes 

based on semen parameters.

Conclusions

Common biological mechanisms may be underlying the association between semen quality 

and cancer risk. Men with SA have an increased risk of testicular cancer that varies with 

semen quality and declines with time since semen analysis. Unlike prior work, we did not 

find an association between azoospermia and increased cancer or testicular cancer risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overview of modeling strategy and categorization of semen quality based on measure. 

Measures of viability, morphology, and total motile count are only available for the data 

from the University of Utah.
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Figure 2. 
Testicular cancer hazard rates by semen quality: Men with SA vs. Fertile Males. Estimates 

are also displayed in supplemental table 1. Panel A shows the risk of testicular cancer by 

semen concentration category. Panel B shows the risk by sperm count. Panel C displays the 

risk by category of motility. Panel D displays the risk by category of viability. Panel E 

shows the association between head morphology and cancer risk (tails are not shown). Panel 

F displays the results for total motile count. A: Azoospermic; O: Oligozoospermic; N: 
Normozoospermic; H: Hyperzoospermic.
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Figure 3. 
Testicular cancer hazard rates for oligozoospermic vs. fertile males by time since semen 

analysis. Panel A shows the risk of testicular cancer when oligozoospermia is measured 

using concentration. Panel B shows the risk of testicular cancer when oligozoospermia is 

measured using count.
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Table 1

Descriptive Statistics

Full Sample* (n=40,866)

Variable Mean
Std
Dev Min Max

Birth Year 1973.3 7.8 1923 1990

Year of Semen Analysis 2005.3 4.2 1996 2011

Age at Time of Semen Analysis 32.0 6.4 18 77

Number of Cancer Diagnoses

Full Sample
(n=40,866)

Subfertile
(n=20,433)

Fertile
(n=20,433)

Cancer N N N

Any Cancer 421 218 203

Melanoma 98 54 44

Prostate Cancer 58 27 31

Testicular Cancer 40 30 10

Other Cancer** 225 107 118

*
The subfertile and fertile cohorts are matched using these variables, so there is no variation by fertility status, thus means for the full sample are 

shown.

**
Excluding Prostate, Melanoma, and Testicular cancers.
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