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Abstract

%DFNJURXQG The most common chromosomal abnormality due to non-obstructive azoRVSHUPLD 12$ LV.OLQHIHOWHUV\QGURPH .6 ZKLFKRFFXUVLQRXWRI
male infants. The probability of retrieving sperm as the outcome could be asymmetrically
different between patients with and without KS, therefore logistic regression analysis is
QRWDZHOOTXDOL¿HGWHVWIRUWKLVW\SHRIGDWD7KLVVWXG\KDVEHHQGHVLJQHGWRHYDOXDWH
skewed regression model analysis for data collected from microsurgical testicular sperm
extraction (micro-TESE) among azoospermic patients with and without non-mosaic KS
syndrome.
0DWHULDOVDQG0HWKRGV This cohort study compared the micro-TESE outcome between
134 men with classic KS and 537 men with NOA and normal karyotype who were reIHUUHGWR5R\DQ,QVWLWXWHEHWZHHQDQG,QDGGLWLRQWRRXUPDLQRXWFRPHZKLFK
was sperm retrieval, we also used logistic and skewed regression analyses to compare the
following demographic and hormonal factors: age, level of follicle stimulating hormone
(FSH), luteinizing hormone (LH), and testosterone between the two groups.
5HVXOWV A comparison of the micro-TESE between the KS and control groups showed
a success rate of 28.4% (38/134) for the KS group and 22.2% (119/537) for the control
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Introduction

Materials and Methods

The most common chromosomal abnormality due to non-obstructive azoospermia (NOA)
is Klinefelter syndrome (KS) which occurs in
RXWRIPDOHLQIDQWV  7KLV
genetic abnormality can develop meiotic nondisjunction due to a 47,XXY genotype in the majority of cases (4). KS is characterized by infertility, elevated luteinizing hormone (LH) levels,
elevated follicle stimulating hormone (FSH),
normal or reduced testosterone, normal or increased height, muscle weakness and reduced
strength, increased facial hair, osteoporosis,
obesity, increased thromboembolic risk, dyslipidemia, and low glucose tolerance. In addition
WKHUHDUHVOLJKWGH¿FLWVLQYHU\VSHFL¿FGRPDLQV
of cognition, but without an increase in the occurrence of mental retardation (5). Although
the typical karyotype is 47,XXY, chromosomal
PRVDLFV DUH VSHFL¿HG ZLWK ;<;;< DQG
complements with multiple X chromosomes
such as 48XXXY.

This cohort study enrolled 134 patients with KS
and 537 patients without KS. Patients were referred
to Royan Institute, a referral infertility clinic in TehUDQ ,UDQ EHWZHHQ  DQG  :H LQGLYLGXDOO\
matched patients and controls according to disease duration, time of surgery, and surgeon in order to avoid
confounding factors such as surgical skills and age.

It is important to evaluate the chances for
sperm retrieval among KS patients and compare
them to azoospermia with normal karyotype by
XVLQJ D PRGHO ZKLFK SURYLGHV PRUH HI¿FLHQW
results for researchers. When researchers have
PRUH HI¿FLHQW UHVXOWV WKH\ FDQ FKRRVH WKH EHVW
method to handle this problem and patients may
not need to undergo invasive surgeries (6). On
the other hand, it can also increase the chances
for success and decrease patient expenses. Logistic and probit regressions have already been
applied to analyze binary outcome data. The
PRGHOV DUH ¿W XVLQJ D V\PPHWULF GLVWULEXWLRQ
function. However, the use of such distributions
may give biased results in some cases. The purpose of this study is to apply the skewed regression model, as a new regression model, (7) to
analyze data collected by microsurgical testicular sperm extraction (micro-TESE) among azoospermic patients with and without non-mosaic
KS syndrome who referred to Royan Institute
due to infertility. This type of regression has
a further parameter, the skewness parameter,
ZKLFK LQFUHDVHV LWV ÀH[LELOLW\ 7KLV SDUDPHWHU
controls the skewness of the link function. Finally, we have compared results from the two
models (logistic regression and skewed regression) according to statistical criteria.

&OLQLFDOHYDOXDWLRQ
7KH ;;< NDU\RW\SH ZDV FRQ¿UPHG E\ *
EDQGLQJRIPRUHWKDQSHULSKHUDOEORRGO\PSKRcytes. Semen analysis was performed according
to World Health Organization (WHO) guidelines
to evaluate sperm parameters. At least two analyVHVFRQ¿UPHGD]RRVSHUPLDLQHDFKSDWLHQW%ORRG
samples were taken in the morning to measure
FSH, LH, and testosterone levels.
0LFURVXUJLFDOWHVWLFXODUVSHUPH[WUDFWLRQ
Microsurgical testicular sperm extraction (Micro-TESE) was performed on the patients under
general anesthesia as described by Schlegel (8).
The procedure was considered successful when
sperm were retrieved from the patients.
6WDWLVWLFDOPRGHOLQJ
,QGHSHQGHQWELQDU\UHJUHVVLRQPRGHO

The binary logistic regression model, as previously introduced (9), is appropriate for independent outcomes. When y1, y2, …,yn are a set of n
observations of binaryoutcomes such as success
and failure in sperm retrieval, which are independent of each other; p_i is the probability of success
forpatient “i”; x1, x2,…, xn are independent predicWRUVDQGȕ1ȕ2«ȕk are equal to regression coef¿FLHQWVWKHQWKHELQDU\UHJUHVVLRQPRGHOFDQEH
written as follows:
pi ) [i ȕ L «Q 0RGHO
where: F(.) is acumulative distribution function.
If F is the distribution function of normal and logistic, then the above model will be alogistic and
probit regression model, respectively.
&RUUHODWHGELQDU\UHJUHVVLRQPRGHOZLWKDV\PPHWULF
OLQN

Assume that a binary outcome “Yit W H 7 
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is measured for a particular person during time T.
As the outcomes for one person are correlated, in
order toevaluate the relationship betweenindependent variables and theoutcome, the earlier model is
no longer appropriate. There are different methods
to model a relationship between a correlated binary
outcome and a set of independent variables. In this
study, we have focused on a mixed generalized linHDUPRGHOZLWKDVLPSOL¿HGIRUPDVIROORZV
pit ) [it ȕEi )

(Model 2)

where b_i is a random effect with normal distribution in this formula. Adding this term into model
1 enables the observations to be considered independently. In model 2, which is similar to the independent model, symmetrical logistic or normal
distribution functions are assumed for F.
&RUUHODWHG ELQDU\ UHJUHVVLRQ PRGHO ZLWK DQ
DV\PPHWULFOLQN

Asymmetric links are used for regression models
WRHQDEOHEHWWHUGDWD¿W,QWKLVVWXG\WKHGHSHQGHQW
regression model as previously introduced by Chen
et al. (7) is explained. This model uses a hidden variable structure, which has been introduced by Albert
DQG&KLE  %LQDU\RXWFRPHFDQEHFUHDWHGE\D
desired cut-off point as zero on a continuous latent
variable with a mixed structure. The hidden variables can have distributions such as the logistic or
normal. Symmetric or a symmetric distributions can
be produced for the variable through a mixed structure. Various asymmetric links also can be produced
in this way. The most important property of Chen’s
model is that it considers the problem of “skewness”, which controls amount of skewness of a link.
The link will be symmetric if skewness is zero.
Data were analyzed by R software (version
3.2.2) using the BB package and GEE pack for

asymmetric and symmetric models, respectively.
The logistic regression model with the symmetULFDQGDV\PPHWULFOLQNZDV¿WWRWKHGDWDDQGZH
FRPSDUHGWKHJRRGQHVVRI¿WRIWKHWZRPRGHOVE\
quasi Akaike’s information criteria (QAIC) (11).
7KHOHYHORIZDVFRQVLGHUHGVLJQL¿FDQW

Results
7KH PHDQ DJH  6' RI SDWLHQWV ZLWK .6 ZDV
\HDUV UDQJH DQGWKHPHDQDJH
RI SDUWLFLSDQWV ZLWKRXW WKH .6 ZDV   
years. The mean serum level for FSH was 34.5
mlU/m Lin KS patients and 22.6 mlU/mL in those
without KS. Patients with KS had a mean serum
testosterone level of 2.65 ng/mL; those without
.6KDGDPHDQWHVWRVWHURQHOHYHORIQJP/
Of 134 patients with KS, 38 patients had sperm
retrieved; out of 537 participants, 119 had sperm
retrieved. The sperm retrieval rate was 28.4 in KS
patients and 22.2 in patients without KS (Table 1).
We performed a marginal effect logistic regression analysis with serum FSH, LH, testosterone,
age, and patient groups to determine an association between the probability of sperm retrieval and
the covariates during micro-TESE. Adjusted association from the model showed that probability of
retrieving sperm during micro-TESE did not differ
between the two groups (control and KS) after adjusting for the covariates and could not be predicted by any of the variables. On the other hand, the
results obtained from skewed logistic regression
showed that the probability of retrieving sperm
was not the same for patients with and without KS
3   4$,& IRU ORJLVWLF UHJUHVVLRQ ZLWK WKH
symmetric link was equal to 85, whereas for an
asymmetric link it was 74. The results of comparing the regression model are shown in Table 2. The
proportion of sperm retrieval was almost equal between patients with and without KS.

Table 1:ůŝŶŝĐĂůĐŚĂƌĂĐƚĞƌŝƐƟĐƐŽĨƉĂƟĞŶƚƐĂŶĚĐŽŶƚƌŽůƐƐƵďĚŝǀŝĚĞĚĂĐĐŽƌĚŝŶŐƚŽDŝĐƌŽͲd^ŽƵƚĐŽŵĞ

)DFWRU

.OLQHIHOWHUV\QGURPH
7RWDO

&RQWURO

6XFFHVV

)DLOXUH

7RWDO

Age

a

32.64 

 









FSH (mIU/ml)

34.52a











LH (mIU/ml)

17.89a











T (ng/ml)



3.4b









b

6XFFHVV

)DLOXUH

FSH; Follicle-stimulating hormone, LH; Luteinizing hormone, T; Testosterone, a6LJQL¿FDQWFRPSDUHGWRWKHFRQWUROJURXSDQGb6LJQL¿FDQWFRPSDUHGZLWKIDLOXUHV
in the Klinefelter syndrome (KS) group. Data are presented as mean ± SD.
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Table 2:ZĞƐƵůƚƐŽĨůŽŐŝƐƟĐƌĞŐƌĞƐƐŝŽŶĂŶĚƐŬĞǁĞĚƌĞŐƌĞƐƐŝŽŶĐŽŵƉĂƌŝŶŐƐƉĞƌŵƌĞƚƌŝĞǀĂůďĞƚǁĞĞŶ<^ĂŶĚĐŽŶƚƌŽůŐƌŽƵƉƐĂŌĞƌĂĚũƵƐƟŶŐ
ĨŽƌ>,͕&^,͕ĂŐĞĂŶĚƚĞƐƚŽƐƚĞƌŽŶĞ

3DUDPHWHU

/RJLVWLFUHJUHVVLRQa &,

3YDOXH

6NHZHGUHJUHVVLRQa &,

3YDOXH

Group
Control

Reference

Klinefelter

 _

Reference


 _



LH (mIU/mL)

 _



 _



FSH (mIU/mL)

 _



 _



Testosterone (ng/mL)

 _



 _



Age

 _



 _



)6+)ROOLFOHVWLPXODWLQJKRUPRQH/+/XWHLQL]LQJKRUPRQH&,&RQ¿GHQFHLQWHUYDO 6LJQL¿FDQWFRPSDUHGWRWKHFRQWUROJURXSDQG 6LJQL¿FDQWFRPSDUHGZLWK
failures in the Klinefelter syndrome (KS) group.
a

Discussion
The present study has compared sperm retrieval
in azoospermia patients with and without KS by
two regression models. Sperm from KS patients
is typically retrieved by conventional TESE and
micro-TESE techniques. Although both techniques have successfully retrieved sperm in 44%
of patients, a comparison between conventional
TESE and micro-TESE showed that micro-TESE
had a higher success rate (55%) compared to
conventional TESE (44%) (12). Sperm retrieval
rate in men with KS by micro-TESE ranged from
approximately 21-72% (13-19). A study by MaGXUHLUDHWDO  UHSRUWHGDVSHUPUHFRYHU\UDWH
of 38.5% among non-mosaic KS patients. Possibly the rate of sperm retrieval in the current nonmosaic KS series (28.4%) could be compared
with those previously reported. A pilot study
proposed that sperm retrieval rates in adolescents
with KS could be compared with those reported
in older men (21).
In some studies it was found that the sperm
recovery rate in men with KS reduced with increased age, however there were no effects on
serum FSH, LH, or testosterone levels (22-25).
Medical and ethical issues were mentioned related to sperm retrieval in adolescent males with
KS in a study by Okada et al. (26). Whether previous testosterone treatment, could be considered
or not be as a barrier in the sperm retrieval. In
our study, skewed logistic regression showed that
only younger men had a higher sperm recovery

b

rate compared to older men which suggested that
aging could reduce successful sperm recovery in
men with KS. In the KS group, a comparison of
laboratory parameters between men with successful sperm retrieval and those with failed sperm reWULHYDOVKRZHGDVLJQL¿FDQWO\KLJKHUWHVWRVWHURQH
level in patients with successful sperm retrieval
QJPO FRPSDUHGWRWKRVHZLWKIDLOHG
VSHUP UHWULHYDO    QJPO  ,Q SDWLHQWV
without KS no difference existed between age,
FSH, LH, and testosterone levels in patients who
experienced successful sperm retrieval compared
to those with failed sperm retrieval. Our study
reported higher sperm retrieval rates in patients
with KS compared to the control group, which
could be related to confounder distribution in the
two groups and their associations with the outcome. The skewed regression was more powerful than logistic regression to detect this relation.
7KLV ¿QGLQJ GLIIHUHG IURP SUHYLRXV VWXGLHV 
22, 23). This result has shown that KS patients
can be hopeful for sperm detection and subsequent pregnancy outcomes.
We used logistic regression with symmetric and
asymmetric links for data analysis. To the best of
RXU NQRZOHGJH WKLV ZDV WKH ¿UVW VWXG\ WKDW DSplied a regression model with asymmetric link in
reproduction research and in this group of infertile
patients. The incorrect use of asymmetric link instead of an asymmetric link could lead to a poor
¿WDQGUHVXOWLQELDVHGHVWLPDWHVRIWKHUHJUHVVLRQ
FRHI¿FLHQWV &KHQ¶V PRGHO WKDW KDV EHHQ XVHG LQ
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WKLV VWXG\ ZDV PRUH ÀH[LEOH WKDQ FRPPRQ PRGels. Therefore, the QAIC value was lower and has
VKRZQ D EHWWHU ¿W WKDQ ORJLVWLF UHJUHVVLRQ ZLWK D
symmetric link (27, 28). In addition, sometimes it
is not possible to control all confounding factors.
Hence, the confounding effects should be adjusted
E\UHJUHVVLRQPRGHO7KXVDEHWWHU¿WPRGHOFDQ
provide a more accurate result. The importance of
VHOHFWLQJDPRUHDSSURSULDWHPRGHOLVVSHFL¿HGLQ
such studies more than ever.

7.

Conclusion

12.

2XU ¿QGLQJV KDYH UHYHDOHG WKDW WKH ORJLVWLF UHgression model with an asymmetric link is more
ÀH[LEOH DQG D EHWWHU ¿W WKDQ WKH FRQYHQWLRQDO UHJUHVVLRQPRGHO6LQFHWKLVLVWKH¿UVWWLPHDVNHZHG
regression has modeled data from infertility studies, we recommend that additional studies and
analyses be conducted to evaluate how well this
PRGHO¿WVDVHWRIREVHUYDWLRQV,WLVDOVRVKRXOGEH
notice, sperm could be retrieve of non-mosaic KS
as well as without KS patients.
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DQGLQWUDF\WRSODVPLFVSHUPLQMHFWLRQRXWFRPHLQSDWLHQWV
ZLWK DQG ZLWKRXW .OLQHIHOWHU V\QGURPH 8URORJ\ 
  
25. 5RJRO$'6NDNNHEDHN1(6SHUPUHWULHYDOLQDGROHVFHQW
PDOHV ZLWK .OLQHIHOWHU V\QGURPH PHGLFDO DQG HWKLFDO LV-

VXHV7UDQVO3HGLDWU  
26. 2NDGD+*RGD.<DPDPRWR<6R¿NLWLV10L\DJDZD,
0LR<HWDO$JHDVDOLPLWLQJIDFWRUIRUVXFFHVVIXOVSHUP
UHWULHYDO LQ SDWLHQWV ZLWK QRQPRVDLF .OLQHIHOWHU V V\QGURPH)HUWLO6WHULO  
27. %D]iQ-/%ROIDULQH+%UDQFR0'$IUDPHZRUNIRUVNHZ
SURELWOLQNVLQELQDU\UHJUHVVLRQ&RPPXQLFDWLRQVLQ6WDWLVWLFV7KHRU\DQG0HWKRGV  
28. &]DGR&2QOLQNVHOHFWLRQLQJHQHUDOL]HGOLQHDUPRGHOV
,Q )DKUPHLU / )UDQFLV %  *LOFKULVW 5 7XW] * HGLWRUV
$GYDQFHV LQ */,0 DQG VWDWLVWLFDO PRGHOOLQJ 1HZ <RUN
6SULQJHU9HUODJ,QF
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