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Chapterr 2 

Abstract t 

Background d 
Thee aetiology of impaired spermatogenesis is unknown in the majority of cases. Evidence of 

aa contribution of genetic factors is still scarce. Therefore, the aim of our study was to assess 

whetherr male factor subfertility due to impaired spermatogenesis has a familial component 

andd to test different genetic models of inheritance. 

Methods s 
Casess were all men with severe idiopathic impaired spermatogenesis attending our fertility 

clinicc from January 1998 until December 2001. Controls were all men with 

normozoospermiaa attending our fertility clinic in the same period. Family data were 

collectedd from the medical records and by additional interviews of the probands. If 

subfertilityy of a first-degree relative was mentioned, permission was sought to contact the 

affectedd family member in order to obtain all medical information available, including the 

resultss of semen analyses. 

Results s 
Inn total, 160 patients and 285 controls were included in the analysis. Family size and number 

off brothers and sisters were equally distributed in both groups. In the patient group, 16.3% 

off the brothers who had tried to father a child were mentioned to be subfertile compared to 

5.8%% in the control group (OR 3.18 (95% CI 1.59-6.37)). The subfertility among the brothers 

inn the patient group was more often due to reduced semen parameters compared to the 

controll group. The data did not fit with frequent autosomal dominant or recessive 

segregation. . 

Conclusion n 
Malee factor subfertility due to impaired spermatogenesis appears to cluster in families. Our 

dataa suggests that heritable genetic factors play a role in a limited number of cases. 

Impairedd spermatogenesis is not caused by a common genetic defect, but is most likely a 

complexx disease in which several different factors play a role. 
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Introduction n 

Subfertility,, defined as one year of unprotected intercourse without conception, affects 10-

15%% of couples (Hull etal., 1985; De Kretser, 1997; Snick etal., 1997; Evers, 2002). According 

too the World Health Organisation (1987), in 47% of these couples semen parameters are 

decreased.. In most cases, the cause of the reduced sperm quality is not known. In particular, 

littlee is known about the genetic aetiology of impaired spermatogenesis. Numerical 

chromosomall abnormalities are found by cytogenetic studies in approximately 4% of men 

withh azoo- or oligozoospermia (Tuerlings et al., 1998; Hargreave, 2000; Dohle et al., 2002). 

Structurall chromosomal abnormalities include deletions of the Y chromosome, which have 

beenn found in another 6-13% of patients (Reijo et at., 1995- !996 ; Kremer et al., 19971 

Kuroda-Kawaguchii et al., 2001). However, in the vast majority of cases the aetiology of 

impairedd spermatogenesis remains unknown and is classified as idiopathic {Snick et al., 

1997)--

Too date, the only therapeutic option for couples with subfertility due to severely decreased 

spermm count is controlled ovarian hyperstimulation and follicle aspiration followed by ICSI. 

Thee therapeutic efficacy of ICSI is generally accepted, but there is still concern about 

potentiall transmission of genetic defects to the offspring (Bowen et al., 1998; Johnson et al., 

1998;; Meschede et al., 1998; te Velde et al., 1998). Although major birth defects seem not 

too be increased in children born after ICSI (Palermo et al., 1996; Sutcliffe et al., 2001; 

Bonduellee et al., 2002), Y chromosome deletions are transmitted to sons by ICSI and 

thereforee they are likely to be infertile as adults (Page et al., 1999). If idiopathic impaired 

spermatogenesiss would appear to be a genetic condition, then other unknown genetic 

abnormalitiess might also be transmitted via ICSI with a possible negative impact on fertility. 

Theree is some evidence available for a genetic basis of male subfertility in humans, but this 

iss still scarce. So far, several families with multiple subfertile male family members have 

beenn described in which a genetic defect segregates in the family (Chaganti and German, 

1979;; Leonard et al., 1979; Shabtai et al., 1980, Cantu et al., 1981; Rivera et al., 1984; 

Meschedee et al., 1994; Chang et al., 1999; Saut et al., 2000; Rolf et al., 2002; Tuerlings et al., 

2002;; Cianotten et al., 2003). In addition, familial clustering of male subfertility has been 

observedd in a case control study, which could be explained by an autosomal recessive mode 

off inheritance in the majority of cases (Lilford et al., 1994). Conclusions were based on a 

significantlyy increased number of subfertile brothers of men with reduced sperm counts as 

comparedd to fertile controls. These findings are supported by a study describing that men 

withh an ICSI indication have fewer siblings than fertile controls (Meschede et al., 2000). 

Thee fertility status of a couple, however, is not exclusively based on semen parameters as 

severall additional factors of both partners contribute to the subfertile phenotype. In both 

studiess demonstrating clustering of male subfertility, the patient group consisted of men 
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withh a very broad range of semen parameters. Both control groups consisted of fertile men 

off whom no semen parameters were available (Lilford et al., 1994; Meschede et al., 2000). 

Inn this study we focussed on severe impaired spermatogenesis, in order to avoid conflating 

malee and female factors. Comparisons were made with a group of subfertile men attending 

thee same outpatient clinic, who had normal semen parameters. 

Thee aim of our study was to assess whether male factor subfertility due to impaired 

spermatogenesiss has a familial component and to test different genetic models of 

inheritance.. Therefore, we determined the prevalence of subfertility among relatives of 

patientss with severe idiopathic impaired spermatogenesis and the prevalence of subfertility 

amongg relatives of patients with normal semen parameters. In addition, we determined 

whetherr the subfertility of the brothers was due to reduced semen parameters or caused by 

otherr factors. 

Methods s 

Patients s 

Casess were all men with idiopathic azoospermia or extremely severe oligozoospermia who 

attendedd the Center for Reproductive Medicine of the Academic Medical Center from 

Januaryy 1998 until December 2001 with subfertility for at least one year. Oligozoospermia 

wass defined as a total sperm count < 20 x 106 spermatozoa, in two consecutive semen 

samples.. Semen analyses were performed according to the criteria of the World Health 

Organisationn (1992). Patients with a history of alcohol abuse, orchitis, surgery of the vasa 

deferentia,, bilateral orchidectomy, chemo- or radiotherapy, obstructive azoospermia 

(confirmedd by testicular biopsy), congenital bilateral absence of vasa deferentia, and 

patientss with numerical and structural chromosomal abnormalities or deletions of the Y 

chromosomee were excluded. 

Controlss were all men with subfertility for at least one year, attending the Center for 

Reproductivee Medicine of the Academic Medical Center in the same period, who had normal 

spermm counts. Normozoospermia was defined as a total sperm count of at least 40 x 106 

spermatozoaa with a progressive motility and normal morphology of at least 40%, in two 

consecutivee semen samples. 

Thee study was approved by the Institutional Review Board of the Academic Medical Center. 

Familyy data 

Off all cases as well as of all controls, family data were collected from the medical records. 

Thee number of brothers and sisters, the number of their children, and whether they had 

beenn conceived spontaneously was recorded. In cases of childless brothers or sisters, it was 
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registeredd whether they had a regular sexual partner and whether the childlessness was 

voluntaryy or involuntary. 

Relativess were considered to be subfertile when there was no pregnancy after one year of 

unprotectedd intercourse or when they had a child after assisted reproductive therapy. 

Iff the information in the medical record was not sufficient, the probands were interviewed 

byy telephone. If subfertility of a first-degree relative was mentioned, permission was sought 

throughh the proband to contact the affected family member in order to obtain all medical 

informationn available about his or her fertility status, including the results of semen analyses. 

Adoptedd siblings, stepbrothers and sisters and half-brothers and half-sisters were excluded 

fromm this study. 

Stat ist ics s 

Thee age of the patients and controls was compared using a Student's t-test and family size 

frequenciess between patients and controls were compared using Fisher's exact test. All 

otherr comparisons between cases and controls were performed using logistic regression 

andd results are expressed as odds ratios (OR) with 95% confidence intervals (95% CI). 

Relativess without a partner and relatives with partner who were voluntarily childless were 

consideredd not to be at risk for subfertility. Therefore, only brothers who fathered at least 

onee child, spontaneously or after fertility treatment, and brothers with a partner who were 

involuntarilyy childless were included in the analysis. 

Thee consistency of the number of affected brothers of patients with idiopathic impaired 

spermatogenesiss and their distribution within families was tested by segregation analysis. 

Thee observed frequency of subfertility among brothers of patients (number of affected 

brothers/totall number of brothers at risk) was compared with frequencies expected under 

threee genetic models assuming independency between the brothers of a patient and a low 

frequencyy of the disease allele. Only patients who did have at least one brother at risk for 

subfertilityy were included in the segregation analysis. 

Modell 1 assumed a single autosomal dominant allele (D) at the disease locus, resulting in 

aa probability of 0.5 that a brother at risk is affected (Dd x dd mating). Model 2 assumed a 

singlee autosomal recessive allele (d) at the disease locus, resulting in a probability of 0.25 

thatt a brother at risk is affected (Dd x Dd mating). The fit of these genetic models was tested 

usingg a log-likelihood (InL) ratio test statistic. This test statistic is twice the absolute 

differencee in InL's of the models and is approximated by a x2 distribution, with 1 degree of 

freedom. . 

Finally,, following Lilford et al. (1994) we assumed a mixed genetic (one autosomal recessive 

allele)) and environmental (other factors) model, in which the percentage of affected 

brotherss due to a recessive gene and the population prevalence of the environmental factors 

causingg subfertility were variable. 

27 7 



Chapterr 2 

Results s 

Casess and controls 
Inn total, 1701 couples visited the Center for Reproductive Medicine of the Academic Medical 

Centerr in the period from January 1998 until December 2001 because of subfertility for at 

leastt one year. Of these couples, 173 men (10.2%) had total sperm counts < 20 x io6, without 

aa known cause. They were all included in this study as patients. Another 323 men (19.0%) 

hadd total sperm counts > 40 x 106 with a progressive motility and normal morphology of at 

leastt 40%. Those men were all included as controls. 

Off 49 (28.3%) patients in the patient group and of 68 (21.0%) men in the control group, 

dataa were not sufficiently recorded in the medical records and an additional telephone call 

wass required. After follow-up by telephone, all required data were available for 160 (92.5%) 

casess and 285 (88.2%) controls. For the remaining cases and controls it was not possible to 

obtainn further information and they were excluded from the analysis. 

Thee mean ages of the patients and controls were 35.8 and 34.7 years, respectively (p=o.o6). 

Inn the patient group, 46 (29%) patients were azoospermic, 48 (30%) had a total sperm 

countt < 2 x io6, and 11 {7%) had a total sperm count of 2 - 5 x 106, 18 (11%) of 5 - 10 x io6 

andd 37 (23%) of 10 - 20 x io6. Of all patients, the medical history revealed 18 (n%) cases 

withh orchidopexy, five (3%) with embolisation of the vena spermatica and 11 (7%) with 

surgeryy of a hernia inguinalis. Testicular volume was reduced (<i5ml) in 102 (64%) patients 

andd FSH was elevated (>7-5 IU/L) in 93 (58%) of patients. 

Numberr of siblings with and without children 
Thee total number of brothers and sisters and the number of brothers and sisters with and 

withoutt children are shown in Table I. The 160 patients included in the analysis had 434 

siblings:: 216 brothers and 218 sisters. The 285 controls had 729 siblings: 354 brothers and 

3755 sisters. Family size expressed as the number of brothers or sisters per proband was 

equallyy distributed in the patient group compared to the control group (/?=o.435 and 

^=0.515,, respectively). 

Inn the patient group, 52 (24%) brothers and 38 (17%) sisters were childless, but did not have 

aa regular sexual partner, compared to 86 (24%) brothers and 54 (14%) sisters in the control 

group.. Another 17 (8%) brothers and 21 (10%) sisters in the patient group had a regular 

partner,, but had no wish to have children yet, compared to 26 (7%) brothers and 34 (9%) 

sisterss in the control group. These differences were not statistically different. 

Inn the patient group, 126 (58%) brothers fathered one or more children, compared to 235 

(67%)) brothers in the control group. They conceived a total of 302 children (an average of 

2.4)) and 585 children (an average of 2.5) respectively. In the patient group 151 (69%) sisters 

hadd at least one child compared to 281 (75%) sisters in the control group. They conceived 
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3711 (an average of 2.5) and 713 (an average of 2.5) children, respectively. These differences 

weree not statistically different. 

Thee remaining 21 (10%) brothers in the patient group and the remaining seven (2%) 

brotherss in the control group did have a regular partner, and mentioned that they were 

involuntarilyy childless. The remaining eight (4%) sisters in the patient group and the 

remainingg six (2%) sisters in the control group were involuntarily childless with a regular 

partner. . 

Tablee I. Number of siblings with and without children of cases and controls 

Patientt group 

N=i6o o 

Brotherss Sisters 

N=2i66 N=2i8 

Controll group 

N=285 5 

Brotherss Sisters 

N=3544 N=375 

Sibss with no children and no partner 

Sibss with partner, voluntary childless 

522 (24%) 38 (17%) 86 (24%) 54 (14%) 

177 (8%) 21 (io%) 26 (7%) 34 (9%) 

Sibss with child(ren) 126(58%) 151(69%) 235(67%) 281(75%) 

Sibss with partner, involuntary childless 21(10%) 8(4%) 7(2%) 6(2%) 

Subfertilityy among brothers 
Thee number of subfertile brothers among the brothers at risk for subfertility is shown in 

Tablee II. The 126 (58%) brothers in the patient group and 235 (67%) brothers in the control 

groupp who conceived at least one child and the 21 (io%) brothers in the patient group and 

sevenn (2%) brothers in the control group who were involuntarily childless with a regular 

partnerr tried to conceive a child and therefore had been at risk for subfertility. Thus, in total, 

1477 (68%) brothers in the patient group and 242 (68%) brothers in the control group were 

consideredd to be at risk for subfertility (OR 0.99 (95% CI 0.67-1.44)). 

Inn addition to the 21 brothers in the patient group and the seven brothers in the control 

groupp who were involuntarily childless, three brothers in the patient group and four brothers 

inn the control group conceived at least one child after fertility treatment. None of the 

brotherss in the patient group and three brothers in the control group conceived a child after 

moree than one year. Thus, in total, 24 (16.3%) of the brothers at risk in the patient group 

andd 14 (5.8%) of the brothers at risk in the control group were reported to be subfertile, 

whichh was significantly different (OR 3.18 (95% CI 1.59-6.37). 

Fourr patients had two brothers with fertility problems, but none of the controls had more 
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thann one subfertile brother. Consequently, 12.5% of the patients reported at least one 

subfertilee brother, which is significantly more than the 4.9% of the controls (OR 2.76 (95% 

CII 1.36-5-64)). 
Thee number of subfertile brothers among the brothers at risk for subfertility is shown in 

Tablee II. The 126 (58%) brothers in the patient group and 235 (67%) brothers in the control 

groupp who conceived at least one child and the 21 (10%) brothers in the patient group and 

sevenn (2%) brothers in the control group who were involuntarily childless with a regular 

partnerr tried to conceive a child and therefore had been at risk for subfertility. Thus, in total, 

1477 (68%) brothers in the patient group and 242 (68%) brothers in the control group were 

consideredd to be at risk for subfertility (OR 0.99 (95% CI 0.67-1.44)). 

Inn addition to the 21 brothers in the patient group and the seven brothers in the control 

groupp who were involuntarily childless, three brothers in the patient group and four brothers 

inn the control group conceived at least one child after fertility treatment. None of the 

brotherss in the patient group and three brothers in the control group conceived a child after 

moree than one year. Thus, in total, 24 (16.3%) of the brothers at risk in the patient group 

andd 14 (5.8%) of the brothers at risk in the control group were reported to be subfertile, 

whichh was significantly different (OR 3.18 (95% CI 1.59-6.37). 

Fourr patients had two brothers with fertility problems, but none of the controls had more 

thann one subfertile brother. Consequently, 12.5% of the patients reported at least one 

subfertilee brother, which is significantly more than the 4.9% of the controls (OR 2.76 (95% 

CII 1.36-5.64)). 

Tablee 11. Number of subfertile siblings among siblings at risk for subfertility 

Patientt group Control group 

N=i6oo N=28s 

Brotherss Sisters Brothers Sisters 

N=i477 N=i59 N=242 N=287 

Involuntaryy childless with partner 

Childrenn after fertility treatment 

Childrenn after > 1 year 

Total l 

211 (14.3%) 

33 (2%) 
0(0%) ) 

244 (16.3%) 

88 (5.0%) 

66 (3.8%) 

11 (0.6%) 

155 (9.4%) 

77 (2.9%) 

44 (1-7%) 

33 0-2%) 

144 (5-8%) 

66 (2.1%) 

55 0-7%) 

33 0-O%) 

14(4.8%) ) 

30 0 



Famil iall c luster ing of impaired spermatogenesis 

Semenn parameters of subfert i le brothers 

Inn the patient group, results of semen analyses of the subfertile brothers could be obtained 

inn 58% of subfertile brothers (Table III). Of the subfertile brothers, 42% had reduced semen 

parameterss and 16% had normal semen parameters. No information about sperm quality 

couldd be obtained from 42% of the sub fertile brothers, either because they had not visited 

aa fertility doctor, they did not want to discuss the reason of subfertility with their brother or 

theyy reported a known female factor, but no semen analysis was performed. 

Inn the control group, none of the subfertile brothers had reduced semen parameters and 

36%% reported normal semen parameters. No semen analyses were available for 57% and in 

7%% no semen analysis was performed because of a known female factor. 

Tablee III. Reason of subfertility among brothers of cases and controls 

Patientt group 

Brothers s 

N=24 4 

Controll group 

Brothers s 

N=i4 4 

Azoo/oligozoospermm ia 

Normozoospermia a 

Femalee factor 

Unknown n 

100 (42%) 

44 (16%) 

1 1 

9 9 

0 ( 0 % ) ) 

5 5 

1 1 

88 (57%) 

Subfert i l i tyy a m o n g s isters 

Thee number of subfertile sisters among the sisters at risk for subfertility is shown in Table 

II.. In total, 159 (73%) sisters in the patient group and 287 (77%) sisters in the control group 

weree considered to be at risk for subfertility (OR 0.83 (95% CI 0.55-1.23)). 

Inn addition to the eight sisters in the patient group and the six sisters in the control group 

whoo were involuntarily childless, six sisters in the patient group and five sisters in the 

controll group had at least one child after fertility treatment. One sister in the patient group 

andd three sisters in the control group conceived a child after more than one year. Thus, in 

total,, 15 (9.4%) of the sisters at risk in the patient group and 14 (4.8%) of the sisters at risk 

inn the control group were reported to be subfertile (OR 2.03 (95% CI 0.90-4.60)). None of 

thee patients and controls had more than one subfertile sister. 

Informationn about the cause of the subfertility was available for 40% of the subfertile sisters 

inn the patient group and for 28% of the subfertile sisters in the control group (Table IV). 

3i i 



Chapterr 2 

Tablee IV. Reason ofsubfertility among sisters of cases and controls. 

Femalee factor 

Azoo/oligozoospermiaa of partner 

Unexplained d 

Unknown n 

Patientt group 

Sisters s 

N=i5 5 

33 (20%) 

22 (13%) 

11 (7%) 

99 (60%) 

Controll group 

Sisters s 

N=i4 4 

11 (7%) 

22 (14%) 

ii (7%) 

100 (72%) 

Segregationn analysis 
Inn the patient group, the observed prevalence ofsubfertility among brothers at risk was 

16.3%% (95% CI n.2-23.1, InL -65.42). Both the autosomal dominant (InL -101.89) and the 

recessivee (InL -86.66) model were rejected (p<o.oooi and p=o.on, respectively). 

Whenn assuming a mixed autosomal recessive and environmental factors model, the model 

bestt fitting the observed data was a model in which 47% of the subfertility among the 

brotherss of the patients is caused by an autosomal recessive gene, whereas the remaining 

53%% is caused by other factors with a population prevalence of 8.7%. 

Whenn assuming a mixed autosomal dominant and environmental factors model, the model 

bestt fitting the observed data was a model in which 23% of the subfertility among the 

brotherss of the patients is caused by an autosomal dominant gene, whereas the remaining 

77%% is caused by other factors with a population prevalence of 6.4%. 

Discussion n 

Inn this study, subfertile men with idiopathic azoo- or severe oligozoospermia reported 

significantlyy more often subfertility among their brothers compared to subfertile men with 

normozoospermia.. In addition, the subfertile brothers in the patient group had reduced 

semenn parameters more often than the subfertile brothers in the control group. These 

findingss indicate that male subfertility due to impaired spermatogenesis is clustering in 

families. . 

Ass we collected the family data via the probands, who are probably not always aware of 

fertilityy problems among their relatives, reporting bias might have influenced our results. It 

iss reasonable to assume that patients suffering ofsubfertility are more often aware of fertility 

problemss in their family than controls. This was one of the problems mentioned in the case 
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controll study performed earlier as the control group consisted of fertile men attending 

vasectomyy clinics or a maternity department {Lilford et al., 1994). Among those controls no 

subfertilee brothers were mentioned at all, which is very suggestive of reporting bias. 

Inn our study, we focussed on men with the most severely abnormal sperm counts and 

thereforee we could identify a control group within the subfertile population. This has the 

advantagee over the previous study of reducing any bias, which may result from greater 

propensitiess for information about fertility to be declared when the proband is childless, 

thann when he has children. Use of subfertile controls is conservative, because the measured 

influencee of any familial clustering would be diluted if some other causes of infertility also 

hadd a familial component. Nevertheless, this method should provide an unbiased estimate 

off the difference in clustering between subfertile men with impaired spermatogenesis and 

thosee with normal semen variables. Indeed, no substantial differences in number of 

subfertilee sisters were mentioned between the cases and the controls, which argues against 

significantt differences in reporting bias between both groups. 

Thee prevalence of familial subfertility found in this study however, might be underestimated 

inn both groups due to unawareness of subfertility among relatives by the proband. 

Moreover,, not all relatives tried to conceive a pregnancy, and thus were not yet at risk for 

subfertility.. Among those relatives, there might be some subfertile brothers and sisters that 

aree not detected as affected in this study. If there are genetic factors involved in impaired 

spermatogenesis,, this effect might be bigger in the patient group than in the control group, 

resultingg in underestimation of the genetic component. Therefore, we determined the 

prevalencee of subfertile brothers only among those brothers who already tried to father a 

child. . 

Ass other factors than reduced semen parameters might be the cause of the subfertility 

amongg brothers, the clustering found in this study is not only due to subfertility caused by 

spermm defects. Thus, subfertility due to impaired spermatogenesis accounts only for a part 

off the clustering found, which is therefore overestimated. As we were informed about the 

semenn parameters of most subfertile brothers, we indeed know for sure that some brothers 

weree subfertile for other reasons than reduced sperm counts. 

Unfortunately,, semen analyses were not available of all brothers who were reported to be 

subfertile,, either because they had not yet visited a fertility clinic or because they did not 

wantt to discuss the reason of their subfertility. However, we found a high proportion of 

severelyy abnormal sperm counts among brothers of subfertile men with azoo- or severe 

oligozoospermia,, which is probably higher than in the control group. This could be the 

resultt of some sort of interaction between severity of test result, willingness to disclose it 

andd status of brother triggering the request. This does not seem very plausible to us but 

remainss a theoretical possibility. 

Despitee the possible under- oroverestimation of the prevalence of subfertility, we confirmed 
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thee statistically significant increased probability of a subfertile brother among subfertile men 

thann among controls as was found before by Lilford et al. (1994). While confirming the 

tendencyy of subfertility due to reduced semen parameters to cluster in families, the strength 

off the association was lower in the current study. This is surprising, because we chose a 

moree severely abnormal phenotype where intuitively one might suspect a higher proportion 

off genetic cases. Therefore, the familial occurrence of subfertility due to impaired 

spermatogenesiss might also be caused by non-genetic factors like shared environment. 

AA common genetic factor affecting reproductive fitness might seem oxymoronic at first 

sight.. However, in cases of autosomal recessive single gene defects, only homozygotes are 

affectedd and recessive males would not be subfertile but pass the defect to their children. 

Ann autosomal dominant defect of the maternal allele or an aberration of the X chromosome 

couldd also explain how male subfertility can be transmitted to the next generation. 

Severall families with multiple subfertile male family members have been described 

suggestingg a genetic origin of male subfertility (Chaganti and German, 1979; Leonard et al., 

1979;; Shabtai et al., 1980, Cantu et al., 1981; Rivera et al., 1984; Meschede et al., 1994; Chang 

ett al., 1999; Saut et al., 2000; Rolf et al., 2002; Tuerlings et al., 2002; Gianotten et al., 2003). 

Inn two families, an autosomal recessive mode of inheritance was suggested, but no cause 

forr the shared infertility could be identified (Chaganti and German, 1979; Cantu et al., 1981). 

Inn four families, structural chromosomal abnormalities were found (Leonard et al., 1979; 

Shabtaii et al., 1980; Rivera et al., 1984; Meschede et al., 1994) and in four families, a 

microdeletionn of the Y chromosome was transmitted from the father to his infertile sons 

spontaneouslyy (Chang et al., 1999; Saut et al., 2000; Rolf et al., 2002; Gianotten et al., 

2003).. In a recent case report an autosomal dominant trait of male subfertility with sex-

limitedd expression was suspected by segregation analysis (Tuerlings et al., 2002). 

Inn the previous study performed by Lilford et al. (1994) an autosomal recessive mode of 

inheritancee was suggested in 60% of the cases. The data found in our study also do not fit 

withh an autosomal recessive model for the total population. Assuming a mixed model, 47% 

off the subfertility might be due to an autosomal recessive gene, whereas the remaining 53% 

iss caused by other factors. However, the results of the segregation analysis also might be 

underestimatedd by unawareness of familial subfertility by the proband, which also might 

havee influenced the results of Lilford etal (1994). 

Ourr data suggests that male subfertility due to impaired spermatogenesis is familial, but 

onlyy in a limited number of the cases. A proportion of these genetic cases could be caused 

byy an autosomal recessive single gene defect, but autosomal dominant gene defects, 

inheritedd from the mother, might theoretically also play a role in a limited number of cases. 

Inn the majority of cases, however, the subfertility phenotype is not segregating in the family. 

Subfertilityy in these cases might, therefore, be due to environmental factors, but also 

dede novo mutations in several different genes might play a role. 
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Population-basedd genetic studies would be indicated to map the locus involved in impaired 

spermatogenesiss if the majority of cases is all due to one gene which segregates in families. 

However,, this is unlikely because we did not find a common inheritance pattern in our 

population.. In addition, the gene would have to be very common in order to appear so 

frequentlyy in homozygous form and spermatogenesis is such a complicated process that it 

wouldd be surprising if only one gene was involved in such a common condition. 

Alll together, we can conclude that the aetiology of impaired spermatogenesis resulting in 

malee subfertility is not caused by a common genetic defect, but is most likely a complex 

disease,, in which several different factors play a role. 
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