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SUMMARY
Aberrations in reproductive fitness may be a harbinger of medical diseases in men. Existing data suggest that female infertility is

associated with autoimmune disorders; however, this has not been examined in men. As immune surveillance and hormonal factors

can impact male fertility and autoimmunity, we sought to determine the association between male infertility and incident autoim-

mune disorders. We analyzed subjects from the Truven Health MarketScan claims database from 2001 to 2008. Infertile men were

identified through diagnosis and treatment codes. We examined the most common immune disorders, which were identified by

ICD9 diagnosis codes. Men diagnosed with an immune disorder at baseline or within 1 year of follow-up were excluded. Infertile

men were compared to vasectomized men (i.e., men who are likely fertile) and to age-matched control (10 : 1) group using Cox

regression analysis. A total of 33,077 infertile men (mean age of 33 years), 77,693 vasectomized men (mean age 35), and 330,770 age-

matched control men (mean age 33) were assembled with a total follow-up of 1.49 M person-years. Overall, immune disorders were

rare in the group with the individual conditions occurring in <0.1% of men. However, infertile men displayed the highest risk of many

conditions. Infertile men had a higher risk of developing rheumatoid arthritis compared to both vasectomized men (HR 1.56, 95% CI

1.19–2.05) and age-matched controls (HR 1.29, 95% CI 1.02–1.62). Additionally, this higher risk was seen in general immune disorders

(under which systemic lupus erythematosus is categorized) compared to vasectomized men (HR 3.11, 95% CI 2.00–4.86) and age-

matched men (HR 2.12, 95% CI 1.52–2.96). This same risk trend was seen in psoriasis, when compared to vasectomized men (HR

1.28, 95% CI 1.09–1.50) and age-matched controls (HR 1.20, 95% CI 1.04–1.37). A similar trend was seen in the analysis comparing

infertile men and vasectomized men in developing multiple sclerosis (HR 1.91, 95% CI 1.10–3.31) and Grave’s disease (HR 1.46, 95%

CI 1.10–1.92), as well as the higher risk of infertile men compared to the age-matched group at developing thyroiditis (HR 1.60, 95%

CI 1.02–2.52). The current analysis shows that infertile men have a higher risk of developing certain autoimmune disorders in the

years following an infertility evaluation. Specifically, infertile men had higher rates of developing rheumatoid arthritis, multiple scle-

rosis, psoriasis, thyroiditis, and Grave’s disease. Given these findings, further research should focus on confirmation of these associa-

tions and elucidation of the pathways between fertility and immunity.

INTRODUCTION/OBJECTIVES
Aberrations in fertility may be a harbinger of other medical

diseases. Studies have demonstrated that infertile men or men

with impaired semen quality have higher rates of several

chronic diseases in the years following an infertility evaluation

such as cancer (e.g., testis), cardiovascular disease, and dia-

betes. (Jacobsen, 2000; Eisenberg, 2015a,b; Walsh, 2009, 2010)

Investigations have even demonstrated higher mortality rates

in men with lower semen parameters. (Eisenberg, 2014;

Jensen, 2009)

While immunologic cases of male fertility have been explored,

less is understood about later risks autoimmune diseases among

infertile men. The association between infertility and autoim-

mune disorders is well established in women. (Balasch, 1996;

Geva, 1995; Fisch, 1995) This association was first suggested by

Kay et al. in 1965 that ‘subfertility’ was increased prior to disease

onset of rheumatoid arthritis is women. (Kay & Bach, 1965) Also,

it is well documented that autoimmune disorders are associated

with reduced fertility. (Jangir & Jain, 2014; Trokoudes et al.,

2006) Several groups have demonstrated endometriosis (an

established etiology of female infertility is associated with inci-

dent autoimmune diseases such as systemic lupus erythemato-

sus and rheumatoid arthritis). (Sinaii, 2002; Harris, 2016) Given

that immunologic causes of male infertility are common, a

© 2017 American Society of Andrology and European Academy of Andrology Andrology, 1–5 1

ISSN: 2047-2919 ANDROLOGY

http://orcid.org/0000-0002-4345-4411
http://orcid.org/0000-0002-4345-4411
http://orcid.org/0000-0002-4345-4411


higher incidence of immune disorders among infertile men is

plausible. For example, multiple sclerosis has been associated

with hypogonadism and impaired semen quality. (Safarinejad,

2008; Pakpoor, 2014)

To date, there have been no studies that have found an associ-

ation between male infertility and the development of an

autoimmune disorder. As immune surveillance and hormonal

factors can impact male fertility and autoimmunity, we sought

to determine the association between male infertility and inci-

dent autoimmune disorders.

MATERIALS ANDMETHODS

Patients

We analyzed subjects in the Truven Health MarketScan Com-

mercial Claims and Encounters database from 2001 to 2009. The

MarketScan claims database is made up of adjudicated and paid

insurance claims filed for the care of privately insured individu-

als with employment-based insurance through a participating

employer. MarketScan provides claims data on 77 million cov-

ered lives since 1996. The number of individuals represented

in the database varies over time, and the more recent years of

the data that we used contain more than 30 million covered

lives.

We focused on a cohort of likely infertile men and identified

by outpatient claims with an infertility diagnosis code (ICD-9

606.0 azoospermia, 606.1 oligospermia, 606.9 male infertility,

unspecified, and V26.21 fertility testing) or by the presence on

any claim of a procedure code for fertility testing or semen anal-

ysis/semen preparation (CPT 89300, 89310, 89320, 89321, 89322,

89325, 89329, 89330, 89331). We recorded the first date on which

we observed a relevant diagnosis or procedure code as the index

date. Given the variation in infertility coding and reimbursement

practices in the United States, we attempted to be as broad as

possible with our definition.

A comparison group of men age 18–50 with claims containing

a procedure code for a vasectomy (CPT 55250 or 55450) was

assembled. This group was assumed to be comprised of fertile

men given the over 90% of men utilizing vasectomy are fertile.

(Eisenberg, 2009) In addition, vasectomized men have similar

demographic and socioeconomic characteristics compared to

men seeking care for infertility. (Hotaling, 2015) Men in the

vasectomy group were assigned an index date as the earliest date

of a claim with a vasectomy procedure code and were required

to be enrolled in a plan covered by the database for at least

1 year before and 1 year after the index date.

Additionally, a matched control group based on age and data-

base entry date was identified. We selected in a 10–1 ratio,

matched control to infertile men. For these men, follow-up time

began at the time of insurance enrollment.

For each man, the number of outpatient visits after the index

date was determined based on the presence of claims with CPT

codes indicating new and follow-up office visits, consultations

or preventive medicine encounters. Medical comorbidities were

determined based on ICD-9 codes on any claim and included

obesity (278.0) and smoking (305.1, V1582).

Autoimmune disorder diagnoses were identified using diagno-

sis codes on inpatient and outpatient claims. We evaluated the

most common male autoimmune disorders including diffuse

diseases of connective tissue (a category which includes

systemic lupus erythematosus (SLE)) (ICD-9 710.x), rheumatoid

arthritis and other inflammatory polyarthropathies (714.x),

ankylosing spondylitis and other inflammatory spondylopathies

(720.x), rheumatism, excluding the back (725.x-729.0), regional

enteritis (555.x), ulcerative entercolitis (556.x), multiple sclerosis

(340.x), psoriasis (696.x), Grave’s disease (242.x), Hashimoto’s

thyroiditis (245.2), and myasthenia gravis (358).

Statistical analysis

Men accrued at-risk time beginning 1 year after their index

dates until autoimmune disorder diagnosis or the last day of

enrollment in a health plan in the MarketScan database. The first

year was excluded from analysis because an autoimmune disor-

der diagnosis in this period was an exclusion criterion. We then

compared the risk of developing an autoimmune disorder in

infertile men to the risk in the vasectomy cohort and the control

cohort using a Cox proportional hazard regression model,

adjusting for age, evaluation year, smoking, obesity, the number

of annual physician visits, and follow-up time. As a sensitivity

analysis men diagnosed with an autoimmune disorder before or

within 2 years of the index date (i.e., fertility testing or vasec-

tomy) were excluded, the analyses were repeated. All p values

were two-sided with p < 0.05 considered statistically significant.

Analyses were performed using SAS (version 9.3).

RESULTS
A total of 33,077 infertile men (mean age of 33 years), 77,693

vasectomized men (mean age 35), and 330,770 matched control

men (mean age 33) were assembled with a total follow-up of

1.49 M person-years (Table 1). Overall, immune disorders were

rare in the group with the individual conditions occurring in

Table 1 Baseline characteristics of the cohort

All Infertility Vasectomy Matched control

n 33,077.00 77,693.00 330,770.00

Age

Mean (SD) 33.00 (5.92) 34.97 (5.89) 32.98 (5.73)

18–19 n (%) 63 (0.19) 110 (0.14) 686 (0.21)

20–29, n (%) 9952 (30.09) 13,978 (17.99) 97,109 (29.36)

30–39, n (%) 18,256 (55.19) 46,319 (59.62) 187,084 (56.56)

40–50, n (%) 4806 (14.53) 17,286 (22.25) 45,891 (13.87)

Follow-up time (years)

Mean (SD) 3.09 (1.71) 3.27 (1.80) 3.45 (1.80)

1–2, n (%) 10,922 (33.02) 23,053 (29.67) 96,711 (29.24)

2–3, n (%) 8470 (25.61) 18,959 (24.4) 88,007 (26.61)

3–4, n (%) 5985 (18.09) 14,411 (18.55) 65,851 (19.91)

4+, n (%) 7700 (23.28) 21,270 (27.38) 80,201 (24.25)

Total 102,345.70 254,274.40 142,097.80

Obesity, n (%) 769 (2.32) 1564 (2.01) 6381 (1.93)

Smoking, n (%) 845 (2.55) 2674 (3.44) 10,932 (3.31)

Year of evaluation, n (%)

2001 1333 (4.03) 3105 (4) 17,735 (5.36)

2002 2119 (6.41) 5804 (7.47) 26,599 (8.04)

2003 2960 (8.95) 7521 (9.68) 35,630 (10.77)

2004 4492 (13.58) 10,607 (13.65) 52,208 (15.78)

2005 4269 (12.91) 10,172 (13.09) 40,315 (12.19)

2006 7176 (21.69) 16,456 (21.18) 80,102 (24.22)

2007 6536 (19.76) 14,481 (18.64) 62,400 (18.87)

2008 4192 (12.67) 9547 (12.29) 15,781 (4.77)

Visits per person year, n (%)

Mean (SD) 2.30 (2.36) 2.51 (2.22) 1.43 (1.81)

<1 10,226 (30.92) 18,035 (23.21) 167,203 (50.55)

1–2 8420 (25.46) 21,440 (27.6) 74,412 (22.5)

2+ 14,431 (43.63) 38,218 (49.19) 89,155 (26.95)
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<0.1% of men. However, infertile men displayed the highest risk

of many conditions.

Infertile men had a higher risk of developing rheumatoid

arthritis compared to both vasectomized men (HR 1.56, 95% CI

1.19–2.05) and age-matched men (HR 1.29, 95% CI 1.02–1.62).

Additionally, this higher risk was seen in general immune disor-

ders (under which systemic lupus erythematosus is categorized)

compared to vasectomized men (HR 3.11, 95% CI 2.00–4.86) and

age-matched men (HR 2.12, 95% CI 1.52–2.96). This same risk

trend was seen in psoriasis, when compared to vasectomized

men (HR 1.28, 95% CI 1.09–1.50) and age-matched group (HR

1.20, 95% CI 1.04–1.37). A similar trend was seen in the analysis

comparing infertile men and vasectomized men in developing

multiple sclerosis (HR 1.91, 95% CI 1.10–3.31) and Grave’s dis-

ease (HR 1.46, 95% CI 1.10–1.92), as well as the higher risk of

infertile men compared to the age-matched group at developing

thyroiditis (HR 1.60, 95% CI 1.02–2.52) (Table 2).

Given that the rates of immune disorders differ based on age,

we performed a stratified analysis to examine men older or

younger than 35 years of age at the time of fertility evaluation. In

the younger men in the cohort, infertile men had a significant

higher risk of developing ulcerative colitis compared to controls

(HR 1.55, 95% CI 1.07–2.24). For the men over age 35, the associ-

ation with ulcerative colitis was not identified. Among men older

than 35, infertile men had a higher risk of psoriasis (HR 1.38,

95% CI 1.09–1.75). For psoriasis, the association did not reach

statistical significant in younger men.

We performed a sensitivity analysis to exclude men diag-

nosed within an autoimmune disorder with 2 years of the

index date and the increased risk in developing the above

autoimmune disorders persisted. For example, infertile men

showed a similar point estimate of higher risk for general

immune disorders compared to vasectomized men (HR 1.83,

95% CI 0.86–3.91) and controls (HR 1.48, 95% CI 0.81–2.71).

Due to the limited number of events, further time points could

not be assessed.

DISCUSSION
The current report identified a higher risk of developing cer-

tain autoimmune disorders in the years following an infertility

diagnosis or evaluation. Infertile men had a higher risk of devel-

oping rheumatoid arthritis, general immune disorders (under

which systemic lupus erythematosus is categorized), psoriasis,

multiple sclerosis, Grave’s disease, and thyroiditis. Among men

younger than 35, there was a higher risk of developing ulcerative

colitis. To our knowledge, this is the first study to examine the

risk of incident autoimmune disorders in infertile men.

While there is substantial evidence in the literature regarding

female autoimmune disorders and infertility, the association in

men is less certain. Given the sex-based differences in the preva-

lence of many autoimmune disorders, authors have hypothe-

sized hormone-mediated mechanisms. Indeed, studies have

shown that men with multiple sclerosis have impaired testicular

function as measured by impaired testosterone levels or sperm

counts. (Safarinejad, 2008; Pakpoor, 2014) Inflammatory bowel

conditions have also been associated with impaired sperm pro-

duction, but the etiology (i.e., disease vs. treatment for disease)

is uncertain. (Sands, 2015)

The mechanism involved in autoimmune disorders and infer-

tility in man is likely complex and involves interactions between

the endocrine, immune, and reproductive systems. Autoimmu-

nity is associated with androgen levels, which is a common

hypothesis explaining the sex differences in the incidence of

autoimmune disorders (females > males). (Ortona, 2016) This

too could be a factor linking male infertility and the develop-

ment of autoimmune disorders, via hypogonadism. Indeed,

infertile men are known to have lower baseline testosterone

levels compared to fertile men. (Andersson, 2004) The associa-

tion between testosterone and autoimmunity was assessed in a

trial of transdermal testosterone given to men with multiple scle-

rosis over a 1-year period. (Sicotte, 2007) In these men, testos-

terone supplementation helped to slow cognitive decline and

brain atrophy, but did not affect the number or volume of

Table 2 Cox regression models comparing infertile, vasectomy, and control men for autoimmune disorders

ICD9 All Infertility Vasectomy Matched control HR (95% CI)

n (%) Events/

100K

person-

years

n (%) Events/100K

person-years

n (%) Events/

100K

person-

years

Infertile vs.

Vasectomy

Infertile vs.

Control

Diseases

Diffuse diseases of

connective tissue

710 30 (0.09) 29.31 65 (0.08) 25.56 270 (0.08) 23.64 1.30 (0.84–2.03) 1.19 (0.81–1.74)

Rheumatoid arthritis and other

inflammatory polyarthropathies

714 82 (0.25) 80.12 154 (0.20) 60.56 690 (0.21) 60.42 1.56 (1.19–2.05) 1.29 (1.02–1.62)

Ankylosing spondylitis and other

inflammatory spondylopathies

720 95 (0.29) 92.82 237 (0.31) 93.21 920 (0.28) 80.55 1.07 (0.84–1.36) 1.13 (0.91–1.39)

Rheumatism, excluding

the back

725, 729.0 6 (0.02) 5.86 28 (0.04) 11.01 120 (0.04) 10.51 0.57 (0.23–1.38) 0.51 (0.22–1.16)

Disorders involving the

immune mechanism

279 43 (0.13) 42.01 39 (0.05) 221 (0.07) 19.35 3.11 (2.00–4.85) 2.12 (1.52–2.96)

Crohn’s disease 555 38 (0.12) 37.96 86 (0.11) 34.45 384 (0.12) 34.34 1.17 (0.79–1.72) 1.08 (0.77–1.50)
Ulcerative colitis 556 62 (0.19) 61.93 134 (0.18) 53.68 550 (0.17) 49.18 1.22 (0.90–1.66) 1.26 (0.97–1.64)
IBD (Crohn’s +
Ulcerative colitis)

555 + 556 88 (0.27) 87.90 203 (0.27) 81.33 856 (0.26) 76.55 1.15 (0.89–1.48) 1.14 (0.91–1.41)

Multiple sclerosis 340 22 (0.07) 21.97 32 (0.04) 12.82 206 (0.07) 18.42 1.91 (1.10–3.31) 1.18 (0.76–1.84)
Psoriasis 696 226 (0.70) 225.74 468 (0.61) 187.49 2038 (0.63) 182.24 1.28 (1.09–1.50) 1.20 (1.04–1.37)
Grave’s disease 242 78 (0.24) 77.91 148 (0.19) 59.29 813 (0.25) 72.70 1.46 (1.10–1.92) 1.06 (0.84–1.34)
Hashimoto’s disease 245.2 22 (0.07) 21.97 44 (0.06) 17.63 148 (0.05) 13.23 1.35 (0.80–2.27) 1.60 (1.02–2.52)
Myasthenia gravis 358 6 (0.02) 5.99 9 (0.01) 3.61 46 (0.01) 4.11 1.74 (0.60–5.00) 1.37 (0.58–3.23)
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enhancing lesions. Sex differences in responsiveness to vaccina-

tion have also been demonstrated. Investigators showed that

men with higher testosterone levels had diminished antibody

responses to the flu vaccine. (Furman, 2014)

Another potential mechanism is cross-reacting antibodies

causing both infertility and autoimmunity as have been found to

gonadotropin targets. (Cocco, 2014) Alternatively, it is known

that subclinical autoimmunity can precede clinical autoimmune

disorders by months to years, and this subclinical autoimmunity

can impact female fertility. (Gleicher, 1999) In a similar manner,

subclinical autoimmunity may affect men. However, to date, the

etiology of an association between infertility and immunity

remains elusive.

This study is limited using observational data with the inher-

ent unmeasured confounders among groups. The use of admin-

istrative data limits the availability of granular data, such as

race/ethnic, demographic, and lifestyle data for each man,

which may impact conclusions. The MarketScan database only

includes commercially insured individuals, thus may not repre-

sent all men (Hotaling, 2012). Indeed, the rates of certain

autoimmune disorders were different in the cohort compared to

the general population. Infertility was identified by claims data

alone. We have previously shown good specificity but the poor

sensitivity of claims data to identify infertile men. (Khandwala,

2017) As such, infertile men may also exist in the control group,

although likely at a much lower prevalence. For example,

rheumatoid arthritis (26.9/100K vs. 60/100K) and psoriasis (93.3/

100K vs. 134/100K) were more prevalent in MarketScan com-

pared to other US population studies. (Myasoedova, 2010; Icen,

2009) In contrast, the rates of multiple sclerosis (10/100K vs. 13/

100K) were comparable. (Mayr, 2003) Moreover, we did identify

higher rates of psoriasis in older men and ulcerative colitis in

younger men as would be expected based on common ages of

onset. Additionally, the number of cases for some autoimmune

disorders was small which decreased the power of the observed

results. The current results could have occurred by chance or be

specific to the infertile men within the MarketScan database;

however, a prior study found no association between many com-

mon medical comorbidities such as hypertension, hyperlipi-

demia, chronic obstructive pulmonary disease, anxiety disorder,

and liver disease and male infertility arguing against a systemic

bias within MarketScan leading to infertile men at higher risk for

comorbidity.

Nevertheless, the current data suggest that infertile men are at

an increased risk of certain autoimmune disorders in the years

following a fertility evaluation. It is important to note that while

this represents an elevated relative risk for infertile men, the

absolute risk of developing an immune disease remains low.

Future research should focus on confirmation of these associa-

tions and elucidation of the pathways between infertility and

autoimmunity in men.

REFERENCES
Andersson AM, Jorgensen N, Frydelund-Larsen L, Rajpert-De Meyts E &

Skakkebaek NE. (2004) Impaired Leydig cell function in infertile men:

a study of 357 idiopathic infertile men and 318 proven fertile controls.

J Clin Endocrinol Metab 89, 3161–3167.

Balasch J, Creus M, F�abregues F, Reverter JC, Carmona F, T�assies D, Font

J & Vanrell JA. (1996) Antiphospholipid antibodies and human

reproductive failure. Hum Reprod 11, 2310–2315.

Cocco C, Brancia C, D’Amato F & Noli B. (2014) Pituitary gonadotropins

and autoimmunity. Mol Cell Endocrinol 385, 97–104.

Eisenberg ML, Henderson JT, Amory JK, Smith JF & Walsh TJ. (2009)

Racial differences in vasectomy utilization in the United States: data

from the national survey of family growth. Urology 74, 1020–1024.

Eisenberg ML, Li S, Behr B, Cullen MR, Galusha D, Lamb DJ & Lipshultz

LI. (2014) Semen quality, infertility and mortality in the USA. Hum

Reprod 29, 1567–1574.

Eisenberg ML, Li S, Brooks JD, Cullen MR & Baker LC. (2015a) Increased

risk of cancer in infertile men: analysis of U.S. Claims data. J Urol 193,

1596–1601.

Eisenberg ML, Li S, Cullen MR & Baker LC. (2015b) Increased risk of

incident chronic medical conditions in infertile men: analysis of

United States claims data. Fertil Steril 105, 629–636.

Fisch B, Peled Y, Fried S, Ovadia J, Witz IP & Yron I. (1995) Detection of

immunoglobulin A anticardiolipin antibodies in cervical mucus from

in vitro fertilization patients and fertile women. Fertil Steril 64, 441–443.

Furman D, Hejblum BP, Simon N, Jojic V, Dekker CL, Thi�ebaut R,

Tibshirani RJ & Davis MM. (2014) Systems analysis of sex differences

reveals an immunosuppressive role for testosterone in the response to

influenza vaccination. Proc Natl Acad Sci USA 111, 869–874.

Geva E, Amit A, Lerner-Geva L, Azem F, Yovel I & Lessing JB. (1995)

Autoimmune disorders: another possible cause for in-vitro fertilization

and embryo transfer failure. Hum Reprod 10, 2560–2563.

Gleicher N. (1999) Reproductive failure prior to the onset of clinical

autoimmune disease. Rheumatology (Oxford) 38, 485–487.

Harris HR, Costenbader KH, Mu F, Kvaskoff M, Malspeis S, Karlson EW &

Missmer SA. (2016) Endometriosis and the risks of systemic lupus

erythematosus and rheumatoid arthritis in the Nurses’ Health Study

II. Ann Rheum Dis 75, 1279–1284.

Hotaling JM, Davenport MT, Eisenberg ML, VanDenEeden SK & Walsh

TJ. (2012) Men who seek infertility care may not represent the general

U.S. population: data from the National Survey of Family Growth.

Urology 79, 123–127.

Hotaling JM, Patel DP, Brant WO, Myers JB, Cullen MR & Eisenberg ML.

(2015) Demographic and socio-economic differences between men

seeking infertility evaluation and those seeking surgical sterilization:

from the National Survey of Family Growth. BJU Int 116, 288–292.

Icen M, Crowson CS, McEvoy MT, Dann FJ, Gabriel SE & Maradit

Kremers H. (2009) Trends in incidence of adult-onset psoriasis over

three decades: a population-based study. J Am Acad Dermatol 60, 394–

401.

Jacobsen R, Bostofte E, Engholm G, Hansen J, Olsen JH, Skakkebaek NE &

Moller H. (2000) Risk of testicular cancer in men with abnormal

semen characteristics: cohort study. BMJ 321, 789–792.

Jangir RN & Jain GC. (2014) Diabetes mellitus induced impairment of

male reproductive functions: a review. Curr Diabetes Rev 10, 147–157.

Jensen TK, Jacobsen R, Christensen K, Nielsen NC & Bostofte E. (2009)

Good semen quality and life expectancy: a cohort study of 43,277 men.

Am J Epidemiol 170, 559–565.

Kay A & Bach F. (1965) Subfertility before and after the Development of

Rheumatoid Arthritis in Women. Ann Rheum Dis 24, 169–173.

Khandwala YS, Zhang CA, Li S, Cullen MR & Eisenberg ML. (2017)

Validity of claims data for the identification of male infertility. Curr

Urol Rep 18, 68.

Mayr WT, Pittock SJ, McClelland RL, Jorgensen NW, Noseworthy JH &

Rodriguez M. (2003) Incidence and prevalence of multiple sclerosis in

Olmsted County, Minnesota, 1985-2000. Neurology 61, 1373–1377.

Myasoedova E, Crowson CS, Kremers HM, Therneau TM & Gabriel SE.

(2010) Is the incidence of rheumatoid arthritis rising?: results from

Olmsted County, Minnesota, 1955-2007. Arthritis Rheum 62, 1576–

1582.

Ortona E, Pierdominici M, Maselli A, Veroni C, Aloisi F & Shoenfeld Y.

(2016) Sex-based differences in autoimmune diseases. Ann Ist Super

Sanita 52, 205–212.

4 Andrology, 1–5 © 2017 American Society of Andrology and European Academy of Andrology

W. D. Brubaker et al. ANDROLOGY



Pakpoor J, Goldacre R, Schmierer K, Giovannoni G & Goldacre MJ. (2014)

Testicular hypofunction and multiple sclerosis risk: a record-linkage

study. Ann Neurol 76, 625–628.

Safarinejad MR. (2008) Evaluation of endocrine profile, hypothalamic-

pituitary-testis axis and semen quality in multiple sclerosis. J

Neuroendocrinol 20, 1368–1375.

Sands K, Jansen R, Zaslau S & Greenwald D. (2015) Review article: the

safety of therapeutic drugs in male inflammatory bowel disease

patients wishing to conceive. Aliment Pharmacol Ther 41, 821–834.

Sicotte NL, Giesser BS, Tandon V, Klutch R, Steiner B, Drain AE, Shattuck

DW, Hull L, Wang HJ, Elashoff RM, Swerdloff RS & Voskuhl RR. (2007)

Testosterone treatment in multiple sclerosis: a pilot study. Arch Neurol

64, 683–688.

Sinaii N, Cleary SD, Ballweg ML, Nieman LK & Stratton P. (2002) High

rates of autoimmune and endocrine disorders, fibromyalgia, chronic

fatigue syndrome and atopic diseases among women with

endometriosis: a survey analysis. Hum Reprod 17, 2715–2724.

Trokoudes KM, Skordis N & Picolos MK. (2006) Infertility and thyroid

disorders. Curr Opin Obstet Gynecol 18, 446–451.

Walsh TJ, Croughan MS, Schembri M, Chan JM & Turek PJ. (2009)

Increased risk of testicular germ cell cancer among infertile men. Arch

Intern Med 169, 351–356.

Walsh TJ, Schembri B, Turek PJ, Chan JM, Carroll PR, Smith JF,

Eisenberg ML, Van Den Eeden SK & Croughan MS. (2010) Increased

risk of high-grade prostate cancer among infertile men. Cancer 116,

2140–2147.

© 2017 American Society of Andrology and European Academy of Andrology Andrology, 1–5 5

AUTOIMMUNE DISORDER RISK IN INFERTILE MEN ANDROLOGY


