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Abstract

Objective—To further characterize the association of male infertility with health risks by 

evaluating semen quality and cancer risk in family members.

Design—Retrospective, cohort study.

Setting—Not applicable.

Patient(s)—A total of 12,889 men undergoing SA and 12,889 fertile control subjects that had 

first-degree relative (FDR) data (n = 130,689) and 8,032 men with SA and 8,032 fertile control 

subjects with complete second-degree relative (SDR) data (n = 247,204) were identified through 

the UPDB. An equal number of fertile population control subjects were matched.

Interventions—None.

Main Outcome Measure(s)—Adult all-site, testicular, thyroid, breast, prostate, melanoma, 

bladder, ovarian, and kidney cancer diagnoses in FDRs and SDRs.

Result(s)—The FDRs of men with SA had a 52% increased risk of testicular cancer compared 

with the FDRs of fertile population control subjects. There was no significant difference in 
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testicular cancer risk for the SDRs based on any of the semen parameters. The FDRs and SDRs of 

azoospermic men had a significantly increased risk of thyroid cancer compared with fertile 

population control subjects.

Conclusion(s)—These data suggest a link between male infertility and selected cancer risk in 

relatives. This highlights the possibilities of shared biologic mechanisms between the two 

diseases, exposure to environmental factors, and an increased level of genetic and/or epigenetic 

burden in subfertile men and their relatives that may be associated with risk of cancer.
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Each year, more than 700,000 men in the United States are estimated to pursue evaluation of 

malefactor infertility (1). Male subfertility is argued to be a biomarker for overall male 

somatic health (2, 3). It has been linked to increased risk for testicular, prostate, colon 

cancer, reduced lifespan, and possibly cardiovascular disease and metabolic syndrome (4–8). 

Epidemiologic studies have demonstrated the association between infertility and testicular 

cancer, with the increased risk of developing testicular cancer estimated to be 30%–90% (6, 

9). Similarly, infertile men have 2.6 times the risk of high-grade prostate cancer, yet little is 

known of the cancer risk for an infertile man’s family members (7).

Eisenberg et al. used a medical claims database to compare cancer risk in male infertility 

patients, men with prior vasectomy, and healthy control subjects and demonstrated an 

increased cancer risk of genitourinary cancer, particularly testis cancer, in the infertile men 

(10). However, the study was limited by claims-level analysis and could not examine the 

association of specific semen quality parameters and cancer risk.

Testis cancer, much like male infertility, may be the result of genetic, epigenetic, and 

environmental insults. However, unlike male infertility, testis cancer has a well known and 

documented risk of heritability. If a man has a brother with testicular cancer, his relative risk 

of testicular cancer is 8–12 times greater than the general population’s, and the relative risk 

is 2–4 times higher if a man has a father with testicular cancer history (11–13). We 

hypothesized that the association between infertility and testis cancer might also share a 

familial component, wherein the genetic risk factors that predispose a man to infertility may 

also confer additive risk of testicular cancer. Therefore, we sought to determine a familial 

association between male infertility and cancer risk, with the use of the multigenerational 

Utah Population Database (UPDB), which is linked to the Utah and Idaho Cancer Registries, 

as well as the University of Utah UU and Intermountain Health Care (IHC) semen analysis 

(SA) databases. Our primary objective was to characterize the male infertility phenotype 

based on cancer risk in the first-degree (FDRs) and second-degree (SDRs) relatives of men 

who underwent SA. Also, we evaluated if specific semen quality defects were associated 

with an increased cancer risk in family members.
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MATERIALS AND METHODS

Data

This study used the data compiled by the Subfertility Health and Assisted Reproduction 

(SHARE) study that has been linked to the UPDB. The SHARE database is composed of 

men who underwent SA at the UU Andrology Clinic from 1996 to 2011 and at IHC from 

2002 to 2011. The UPDB is a health data repository that collects and integrates data about 

residents of Utah, a state in the intermountain west with a population of 2.8 million people. 

The database includes bio-demographic, health, economic, cancer, and genetic data by 

linking various sources, including medical records from the two largest health care systems 

in the state, state driver licenses, and birth, marriage, and death certificate data. It also 

houses extensive pedigree data from the mid-19th century, which allows researchers to study 

health outcomes across multiple generations. Many epidemiologic studies have used the 

complex pedigrees of the UPDB to identify and understand familial diseases (14–17). This 

integration of data combines biospecimen data with a population resource that contains 

medical, genealogic, and administrative data to create a unique and comprehensive database 

for the evaluation of fertility and familial cancer history.

Measures

We evaluated the association of familial cancers and infertility based on the following semen 

parameters: sperm count (millions [M]), sperm concentration (M/mL), sperm motility 

(percentage of sperm with forward motility), total motile count (M), sperm head 

morphology, and vitality. Total motile count, sperm head morphology, and vitality data were 

available only from the UU database. SAs were performed and processed based on the 2010 

World Health Organization guidelines (18). If a man had more than one SA on record, we 

used the mean value for each semen parameter. A sperm concentration of 0 M/mL was 

categorized as azoospermia, <15 M/mL as oligozoospermia, 15–178 M/mL as 

normozoospermia, and >178 M/mL as hyperzoospermia (based on the 90th percentile of 

data). Total sperm count was categorized as follows: 0 M as azoospermia, <39 M as 

oligozoospermia, 39–579 M as normozoospermia, and >579 M as hyperzoospermia (based 

on the 90th percentile). Sperm motility and vitality cut points were made based on quartiles 

and were as follows: azoospermia, >0–49%, 50%–59%, 60%–69%, and 70%–100%. Total 

motile count and sperm head morphology were all categorized based on empirically derived 

quartiles (Q1–Q4).

Cancer diagnoses were obtained from the UPDB with the use of linked data from the Utah 

and Idaho Cancer Registries and Utah death certificates. The Utah Cancer Registry (UCR) is 

a National Cancer Institute Surveillance Epidemiology and End Result (SEER) registry and 

has collected information on all cancer diagnoses from 1966 to 2012 for Utah residents. 

Before 1966, individuals with cancer were identified with the use of cause of death 

information listed on the Utah state death certificates, which have been linked to the UPDB 

from 1905 to the present. This study was approved by the Institutional Review Boards of the 

UU and IHC by the Utah Resource for Genetic and Epidemiologic Research 

(www.research.utah.edu/rge/; no. IRB_00069711).
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Study Design

We performed a retrospective cohort analysis of cancer risk in FDRs and SDRs of men who 

underwent SA as part of an infertility work-up at the UU Andrology Clinic from 1996 to 

2011, or had SA performed by Intermountain Health Care from 2002 to 2011. Together, 

these two tertiary medical centers’ andrology labs have captured ~90% of all SAs performed 

in Utah since 2004.

We identified 26,147 men with SAs performed during our study period. This cohort included 

all men evaluated from these two assisted reproductive technology centers, and therefore 

both fertile men, infertile men, and men with infertile female partners were included. Men 

presented for malefactor infertility workup or as part of a couple’s evaluation for infertility. 

We excluded 1,424 men who did not link to another record in UPDB, 434 with inadequate 

follow-up, and 449 with cancer before SA. There were 10,910 men without complete 

pedigree information on their parents, and therefore a total of 12,889 men were available 

with FDR information. This cohort of men was used to study the cancers diagnosed in 

FDRs. Another 4,857 men did not have full pedigree information available on their 

grandparents, which left 8,032 men with complete SDR information available for analysis.

Fertile population control subjects were selected randomly without replacement from the 

UPDB. Men seen at the IHC or UU clinics were excluded from the pool of potential control 

subjects. Control subjects were required to be residents of the state of Utah with adequate 

follow-up data in the UPDB. They were matched by age and birth year at a ratio of 1:1. We 

used birth certificate data to define fertile as having at least one naturally conceived child. 

These men did not possess a cancer diagnosis at the time of the matched subfertile man’s 

SA. A total of 12,889 control subjects were used for the FDR analysis and 8,032 control 

subjects for the SDR analysis. See Figure 1 for study population inclusion and exclusion 

criteria as well as final counts of FDRs and SDRs.

Relatives were excluded from the analysis if they had incomplete birth and follow-up 

information in the UPDB, were adopted, did not survive to age 18 years, were born after 

1994, or were deceased before 1904 (and therefore did not have death certificate or UCR 

diagnosis information). FDRs and SDRs of men with SA and their matched control subjects 

were selected from the UPDB. FDRs included parents, brothers, and sisters, and SDRs were 

grandparents, aunts, and uncles. With an equal number of control subjects for the FDR and 

SDR groups, we identified a total of 79,750 siblings, 50,939 parents, 86,522 grandparents, 

and 160,682 aunts/uncles.

Statistical Methods

Analyses compared cancer risk in relatives of men seen at a fertility clinic and fertile 

population control subjects, as well as the association between individual semen parameters 

and cancer in relatives of subfertile men. Cox proportional hazard regression models were 

used to test the association between semen quality and adult cancer incidence, defined as 

cancer diagnosis after age 18 years, in FDR and SDR relatives of men with SA and their 

matched control subjects. The risk in relatives of men who underwent SA compared with 

relatives of control subjects was determined independently for each relation type (FDR and 
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SDR). To determine the risk of cancer in relatives of men with male-factor infertility and 

men with normal semen parameters, case-case analyses were also completed in which 

relatives of men with abnormal semen parameters were compared with relatives of men with 

normal semen parameters.

All relatives of men who underwent SA and their fertile population control subjects were 

included in the analyses, even if that relative had been previously counted. For example, for 

families containing multiple men with semen analyses, each man was included as a separate 

index case and risk among relatives of each cases was calculated separately, an approach that 

has been shown to lead to unbiased estimates of risk (19). Huber-White sandwich estimator 

of variance for clustered data was used to correct for the nonin-dependence of observations 

within families (20). Relatives of fertile men not presenting in a fertility clinic were used as 

the reference group.

Analyses were performed for all cancers combined followed by site-specific models for 

testicular, prostate, melanoma, female breast, ovarian, brain, thyroid, bladder, and kidney 

cancers. Time to cancer diagnosis was measured as years at risk (age 20 years to age at last 

follow-up). Death date and last known date residing in Utah were used as the last follow-up 

date for individuals without a cancer diagnosis. All models controlled for sex, when the 

cancer was not sex-specific, and birth year.

RESULTS

Our subfertile cohort consisted of 12,889 men with complete FDR data, 8,032 men with 

complete SDR data, and an equal number of matched control subjects for both. The average 

age, in years (±SD), at last follow-up was 36.4 ± 10.1 for siblings (n = 79,750), 61.2 ± 11.3 

for parents (n = 50,939), 74.4 ± 14.0 for grandparents (n = 86,522), and 57.3 ± 15.2 for 

aunts/uncles (n = 160,682). The total number of cancers diagnosed in the family members of 

the subfertile and fertile population control subjects was 20,660 and 23,838, respectively. 

There were 39,213 siblings in the subfertile group and 40,537 siblings in the control group. 

The subfertile group of 12,889 men fathered a total of 19,956 children, compared with the 

control subjects who fathered 33,476 children. There were no differences in general cohort 

demographics and total counts of the most common and genitourinary cancers diagnosed 

(Table 1).

Any-site Cancer

There was no difference in any-site cancer risk in the FDRs (hazard ratio [HR] 0.98, 95% 

confidence interval [CI] 0.93–1.02) or the SDRs (HR 0.98, 95% CI 0.96–1.01) of men who 

underwent SA compared with the relatives of fertile population control subjects. Similar 

results were seen when the men who underwent SA were further categorized by semen 

parameters. See Supplemental Tables 1–3 (available online at www.fert-stert.org) for 

complete FDR and SDR cancer risk for each semen parameter, reported for all cancer 

subtypes examined.

Anderson et al. Page 5

Fertil Steril. Author manuscript; available in PMC 2017 September 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Testicular Cancer

The FDRs of men who underwent SA had a 52% increased risk of testicular cancer 

compared with FDRs of the fertile population control subjects (HR 1.52, 95% CI 1.05–

2.22). For individual semen parameters, we found that both normozoospermic count (HR 

1.67, 95% CI 1.13–2.45) and normozoospermic concentration (HR 1.90, 95% CI 1.26–2.85) 

were associated with increased risk of testicular cancer. There was no significant difference 

in testicular cancer risk for the SDRs for any of the semen parameters. Azoospermia was not 

associated with an increased risk of testicular cancer in the FDRs or SDRs compared with 

the relatives of fertile population control subjects (Fig. 2). FDRs of both the 

hyperzoospermic men and the fertile population control subjects had a decreased risk of 

testicular cancer (HR 0.54, 95% CI 0.32–0.91; HR 0.53, 95% CI 0.35–0.79; respectively). 

See Supplemental Table 1 for each semen parameter in our risk modeling.

Prostate Cancer

FDRs and SDRs of men who underwent SA did not have an increased risk of prostate cancer 

compared with fertile population control subjects (HR 1.00, 95% CI 0.91–1.11; HR 1.03, 

95% CI 0.98–1.09; respectively). Only one of the semen parameters met statistical 

significance for increased risk of prostate cancer; the SDRs of the highest quartile of total 

motile count displayed a 13% increase risk of prostate cancer compared with control 

subjects (Supplemental Table 2).

Breast Cancer

We did not find an overall increased risk of breast cancer in the female FDRs or SDRs of 

men who underwent SA compared with fertile population control subjects (HR 1.08, 95% CI 

0.97–1.20; HR 1.04, 95% CI 0.98–1.10; respectively). Relative to the female FDRs of fertile 

control subjects, female FDRs of hyperzoospermic men had an increased risk of breast 

cancer (HR 1.26, 95% CI 1.00–1.57). The same was true for female FDRs of men in the 

highest quartile of total motile count (HR 1.32, 95% CI 1.07–1.63). Again, this was not 

consistent with any of the other semen parameters, nor was there any linear trend of 

significance, and therefore is likely not clinically significant (Supplemental Table 2).

Thyroid Cancer

Overall, there was no significant difference in the risk of thyroid cancer for FDRs or SDRs 

of men who underwent SA compared with relatives of fertile population control subjects 

(HR 1.04, 95% CI 0.84–1.29; HR 1.01, 95% CI 0.85–1.18; respectively). When we 

examined each semen parameter individually we found a consistent increased risk for the 

relatives of azoospermic men. The FDRs of azoospermic men had a twofold increased risk 

of being diagnosed with thyroid cancer compared with FDRs of fertile population control 

subjects (HR 2.12, 95% CI 1.26–3.57; Fig. 3). A similar increased risk was seen for SDRs of 

azoospermic men (HR 1.57, 95% CI 1.03–2.39) compared with SDRs of fertile population 

control subjects. In the case-case analysis, we found that compared with FDRs of 

normozoospermic men, FDRs and SDRs of azoospermic men had a similar increased risk of 

thyroid cancer (HR 2.01, 95% CI 1.18–3.43; HR 1.62, 95% CI 1.06–2.45; respectively; 

Supplemental Table 1).
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Melanoma

There was no overall difference in the risk of melanoma for FDRs or SDRs of men who 

underwent SA compared with relatives of fertile control subjects (HR 1.07, 95% CI 0.93–

1.22; HR 1.09, 95% CI 1.00–1.19; respectively). We found an increased risk of melanoma in 

SDR of men with normozoospermic count and normozoospermic concentration (HR 1.13, 

95% CI 1.02–1.25; HR 1.12, 95% CI 1.02–1.22; Supplemental Table 2).

Bladder, Renal, and Ovarian Cancers

There was no significant difference in the risk of bladder, renal, and ovarian cancers seen in 

the relatives of men who underwent SA compared with fertile population control subjects 

(Supplemental Table 3).

DISCUSSION

In this retrospective cohort study, we examined the familial cancer risk for men who 

underwent SA compared with age-matched fertile population control subjects with the use 

of links between two large SA databases and the UPDB. We found a significantly increased 

risk of thyroid cancer in relatives of azoospermic men, an increased risk of testicular cancer 

in relatives of normozoospermic men, and no increase of prostate cancer for relatives of men 

undergoing a SA compared with fertile control subjects.

Male infertility is a heterogeneous set of diseases that ultimately leads to the inability to 

naturally conceive children, and the etiology of more than one-half of male infertility cases 

that complete a formal infertility work-up will remain unknown (21). Known monogenetic 

causes of infertility contribute to <30% of the diagnoses of male infertility, and >1,500 

genes are thought to contribute to spermatogenesis alone (22, 23). As we unravel more of the 

genetic mechanisms of cancer and infertility, common pathways are emerging. 

Recombination abnormalities that lead to aneuploidy, microsatellite instability, genetic 

polymorphisms in mismatch repair genes, and germline mutations are associated with both 

infertility and cancer (24–27). Evidence from rodent models demonstrates that deletions of 

meiotic regulators in the DNA-mismatch repair proteins leads to infertility and 

tumorigenesis, and these same deletions have been identified in some infertile men (28). 

Additionally, epigenetic factors may contribute to genitourinary cancers as well as to normal 

sperm function (29). We sought to determine if the genetic and epigenetic factors that 

predispose men to infertility and cancer would also predispose their relatives to cancer.

We found the FDRs of normozoospermic men had an increased risk of testicular cancer. In 

addition, we found that azoospermia was not associated with an increased risk of testicular 

cancer in either FDRs or SDRs compared with the relatives of fertile population control 

subjects. This may indicate that the molecular pathways involved in spermatogenic arrest are 

distinct from those involved in testicular cancers. However, subfertility (as indicated by 

undergoing SA despite having a normozoospermic SA) does appear to be associated with 

increased familial risk of testis cancer. We hypothesize that this may be due to subtle genetic 

and epigenetic disturbances that affect sperm and somatic cell DNA fidelity and lead to 

familial risk of infertility and cancer. It is unclear why FDRs of azoospermic men do not 
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demonstrate this elevated cancer risk, but it may be that the germline DNA in these families 

have severe mutations that lead to spermatogenic arrest and do not elevate cancer risk, 

because they result in severe mutations that stop cell division.

Thyroid cancer risk for the FDRs of azoospermic men was two times greater than for fertile 

population control subjects. This risk is also elevated when we used the normozoospermic 

men as the comparison group, suggesting that it is not likely due to our sample selection. 

This was the strongest association we found for any of the cancers investigated, and it was 

consistent for both FDRs and SDRs. Interestingly, there was no increased risk of cancer for 

any of the other semen parameter groups; only relatives of azoospermic men demonstrated 

the association with increased thyroid cancer risk. These data are similar to those of 

Eisenberg et al., who reported a 30%–90% increased risk for thyroid cancer in their cohort 

of infertile men from U.S. claims data (10), with the use of vasectomy procedure codes as a 

surrogate for assumed fertility in their control subjects. This highlights another strength of 

the UPDB, which is the ability to identify our control subjects such that we know that they 

have each naturally conceived at least one child.

We examined the risk of genitourinary and gynecologic cancers because previous studies 

demonstrated associations of these cancers in infertile men and women. We did not see any 

difference in the familial risk of ovarian, bladder, or kidney cancers for men who underwent 

SA compared with their fertile counterparts.

Prostate cancer risk for the relatives of men who underwent SA compared with fertile 

population control subjects was not significantly different. This finding was also contrary to 

what we expected given that earlier studies show an increased risk of prostate cancer in 

infertile men (6, 8). Unfortunately, our cohort of brothers and fathers of the young men 

undergoing SA has not reached the average age of prostate cancer diagnosis (the average age 

at last follow-up was 36.4 years for brothers and 61.2 years for fathers). Likewise, we did 

not identify a linear relationship between the semen parameters and risk of prostate cancer. 

Additionally, we did not find an association between prostate cancer risk in the grandfathers 

of men who underwent SA compared with fertile population control subjects. SDRs, but not 

FDRs, of men with the highest quartile of total motile count demonstrated a 13% increased 

risk of prostate cancer. It is unclear why this was only seen in SDRs, but perhaps this was 

due to the young age of the FDRs compared with the SDRs. Thus, a signal could develop as 

the cohort ages.

We hypothesize that a common genetic insult is shared in the pathways that lead to both 

thyroid cancer and complete arrest of spermatogenesis. For example, mutations in thyroid 

receptors are associated with increased risk of papillary thyroid cancer, and aberrant alpha 

subunits have displayed an infertile phenotype (30, 31). We do not have the ability to 

investigate if the thyroid cancers in our database were papillary subtype, and it is unclear if 

the infertile phenotype identified with some alpha-receptor subtype mutations resulted in 

azoospermia. Previous epidemiologic studies have demonstrated a slightly increased cancer 

incidence and mortality for men with Klinefelter syndrome, including breast and mediastinal 

tumors (32, 33). Biologic mechanisms such as these can be the focus of future research, 

given our large biobank of specimens from the men who underwent SA.
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Our study assembled a unique fertile population control group of men and their associated 

relatives to attempt to minimize the inherent shortcomings of this, and any other, 

retrospective cohort study design. Another limitation of this paper is that we did not have 

medical comorbidity indexes or smoking status for either the men who underwent SA in our 

original cohort or the relatives in our comparison groups. However, our cohort is 

predominantly represented by members of the Latter Day Saints, who do not usually smoke 

or drink. This study involved only Utah residents, and this state has less ethnic and racial 

diversity compared with other regions. Another limitation is that we do not know the 

proportion of female partners with diagnosed infertility. We chose not to subcategorize each 

infertile man by infertile diagnosis, because our goal was to understand how semen 

parameters influenced familial cancer incidence. Therefore, we did not report the number of 

azoospermic men with Klinefelter syndrome, and this is a possible limitation. There may be 

a selection bias based on socioeconomic status because this cohort of men also had the 

means to be evaluated as an individual or couple seeking infertility evaluation. Another 

limitation is that we did not have SA data on our fertile control subjects.

The novel aspects of the study supersede these limitations for three distinct reasons. First, 

the UPDB’s extensive familial linkages allowed reporting of cancer risk not only for men 

with SA data, but also for multiple generations of family members. Second, we are the first 

to report specific HRs for the cancer risk of relatives based on six common semen 

parameters. Finally, we used known fertile age-matched population control subjects from the 

same state. These findings have important implications for population health and would be 

difficult to replicate in almost any other database in North America owing to the lack of 

pedigree data.

CONCLUSION

The FDRs of men who underwent SA had an increased risk of testicular cancer compared 

with the relatives of fertile age-matched control subjects. Azoospermia was associated with 

an increased risk of thyroid cancer in relatives of men who underwent went SA, but there 

was no other association we identified with increased risk of cancer for relatives of these 

azoospermic men. Second-degree relatives of men in the highest quartile of total motile 

count demonstrated an increased risk of prostate cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Semen analysis cohort inclusion criteria. Sample selection for the men with semen analysis. 

Matched fertile control subjects were selected for the final samples: 12,889 for the first-

degree relative (FDR) analysis and 8,032 for the second-degree relative (SDR) analysis. 

Total number of FDRs and SDRs for men with semen analysis and their matched control 

subjects by relationship type. Total numbers of first- and second-degree relatives equal 

130,689 and 247,204, respectively.
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FIGURE 2. 
Risk of testicular cancer for first-degree relatives of men with semen analysis compared with 

first-degree relatives (FDRs) of fertile control subjects. (A) Concentration (model 2; a = 

azoospermia; o = oligozoospermia; n = normozoospermia; h = hyperzoospermia). (B) Sperm 

count (model 3). (C) Motility (model 4; a = azoospermia; q1 = 1st quartile, 0%–49%; q2 = 

2nd quartile, 50%–59%; q3 = 3rd quartile, 60%–69%; q4 = 4th quartile, 70%–100%). (D) 

Total motile count (model 8). (E) Morphology (model 6). (F) Vitality (model 5; a = 

azoospermia; q1 =1st quartile, 0%–49%; q2 = 2nd quartile, 50%–59%; q3 = 3rd quartile, 

60%–69%; q4 = 4th quartile, 70%–100%).
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FIGURE 3. 
Risk of thyroid cancer in first-degree relatives (FDRs) of men with semen analysis compared 

with FDRs of fertile control subjects. (A) Concentration (model 2; a = azoospermia; o = 

oligozoospermia; n = normozoospermia; h = hyperzoospermia). (B) Sperm count (model 3). 

(C) Motility (model 4; a = azoospermia; q1 = 1st quartile, 0%–49%; q2 = 2nd quartile, 

50%–59%; q3 = 3rd quartile, 60%–69%; q4 = 4th quartile, 70%–100%). (D) Total motile 

count (model 8). (E) Morphology (model 6). (F) Vitality (model 5; a = azoospermia; q1 = 

1st quartile, 0%–49%; q2 = 2nd quartile, 50%–59%; q3 = 3rd quartile, 60%–69%; q4 = 4th 

quartile, 70%–100%).

Anderson et al. Page 14

Fertil Steril. Author manuscript; available in PMC 2017 September 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Anderson et al. Page 15

TA
B

L
E

 1

N
um

be
r 

of
 C

an
ce

r 
D

ia
gn

os
es

 b
y 

Si
te

 a
nd

 R
el

at
io

n.

C
an

ce
r

To
ta

l, 
n

M
en

 w
it

h 
se

m
en

 a
na

ly
si

s
F

er
ti

le

P
ar

en
t 

(n
 =

 
25

,1
63

)
Si

bl
in

g 
(n

 
= 

39
,2

13
)

G
ra

nd
pa

re
nt

 
(n

 =
 3

7,
81

1)
A

un
t/

un
cl

e 
(n

 
= 

71
,1

44
)

To
ta

l (
n 

= 
17

3,
33

1)
P

ar
en

t 
(n

 =
 

25
,7

76
)

Si
bl

in
g 

(n
 

= 
40

,5
37

)
G

ra
nd

pa
re

nt
 

(n
 =

 4
8,

70
8)

A
un

t/
un

cl
e 

(n
 =

 8
9,

53
8)

To
ta

l (
n 

= 
20

4,
55

9)

n
%

n
%

n
%

n
%

n
%

n
%

n
%

n
%

n
%

n
%

A
ny

44
,4

98
3,

42
6

13
.6

68
0

1.
7

9,
33

2
24

.7
7,

22
2

10
.2

20
,6

60
11

.9
3,

38
9

13
.1

77
8

1.
9

11
,1

12
22

.8
8,

55
9

9.
6

23
,8

38
11

.7

Te
st

ic
ul

ar
35

8
42

0.
2

39
0.

1
33

0.
1

75
0.

1
18

9
0.

1
18

0.
1

31
0.

1
29

0.
1

91
0.

1
16

9
0.

1

Pr
os

ta
te

9,
54

7
80

1
3.

2
39

0.
1

2,
25

4
6.

0
1,

47
7

2.
1

4,
57

1
2.

6
74

7
2.

9
46

0.
1

2,
50

9
5.

2
1,

67
4

1.
9

4,
97

6
2.

4

B
re

as
t

7,
10

8
57

0
2.

3
12

1
0.

3
1,

42
7

3.
8

1,
25

8
1.

8
3,

37
6

1.
9

53
5

2.
1

11
2

0.
3

1,
67

9
3.

4
1,

40
6

1.
6

3,
73

2
1.

8

O
va

ri
an

86
2

37
0.

1
14

0.
0

21
4

0.
6

14
0

0.
2

40
5

0.
2

46
0.

2
12

0.
0

21
6

0.
4

18
3

0.
2

45
7

0.
2

M
el

an
om

a
3,

44
1

37
8

1.
5

10
4

0.
3

52
3

1.
4

65
5

0.
9

1,
66

0
1.

0
31

5
1.

2
13

1
0.

3
56

6
1.

2
73

9
0.

8
1,

75
1

0.
9

B
ra

in
2,

96
2

21
9

0.
9

38
0.

1
78

3
2.

1
53

6
0.

8
1,

57
6

0.
9

23
1

0.
9

51
0.

1
63

9
1.

3
46

5
0.

5
1,

38
6

0.
7

K
id

ne
y

92
2

82
0.

3
4

0.
0

19
3

0.
5

15
7

0.
2

43
6

0.
3

72
0.

3
14

0.
0

21
7

0.
4

18
3

0.
2

48
6

0.
2

B
la

dd
er

1,
33

7
83

0.
3

5
0.

0
35

6
0.

9
16

8
0.

2
61

2
0.

4
84

0.
3

4
0.

0
43

0
0.

9
20

7
0.

2
72

5
0.

4

T
hy

ro
id

1,
05

9
11

7
0.

5
68

0.
2

93
0.

2
22

7
0.

3
50

5
0.

3
10

6
0.

4
78

0.
2

12
2

0.
3

24
8

0.
3

55
4

0.
3

Fertil Steril. Author manuscript; available in PMC 2017 September 27.


	Abstract
	MATERIALS AND METHODS
	Data
	Measures
	Study Design
	Statistical Methods

	RESULTS
	Any-site Cancer
	Testicular Cancer
	Prostate Cancer
	Breast Cancer
	Thyroid Cancer
	Melanoma
	Bladder, Renal, and Ovarian Cancers

	DISCUSSION
	CONCLUSION
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	TABLE 1

