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Abstract
Background: Recurrent pregnancy loss is the traumatic eventcfuples in the effort to obtain offsprings.
Various female etiologies have been extensiveldistly but more than half of remain unknown. As suteof
unification of sperm and oocyte, an embryo combingith any defect during spermatogenesis will alfeca
the quality of embryo consequently determining gregnancy outcomes. Routine semen analysis faded t
support the evidence of influence of defective spém recurrent pregnancy loss. Currently, examamaf
sperm DNA fragmentation has been added to evathatejuality of sperm beside the routine semen aisly
We hypothesized that high sperm DNA fragmentatitatypa role in the incidence of idiopathic recutrearly
pregnancy loss. Beside that, the cause of sperm Datfnentation are numerous and remain controveiidiés
study was conducted to determine the impact of rpatehyperhomocysteinemia on high sperm DNA
fragmentation and incidence rates of idiophatizirent early pregnancy loss.
Material and methods: Fourty partners of idiopathic recurrent early praggey loss caes and 40 cases of control
from normal male fertile population were includedthis study. Blood and semen samples were cotlefcte
routine semen analysis, sperm DNA fragmentationyreeand seminal homocysteine. The results were then
analyzed to determine the association between spadnDNA fragmentation, serum homocysteine, seminal
homocysteine and incidence rates of idiopathicnreci early pregnancy loss.
Results: incidence rates of idiopathic recurrent early peamy loss was significantly associated with sperm
DNA fragmentation (p<0.05) and serum homocysteme0(05). Idiopathic recurrent pregnancy loss pastne
had significantly higher DFI (p<0.05). Hyperhomom®isemia appears to be associated with signifigantl
increase of sperm DNA fragmentation (p<0.05).
Conclusion: Paternal serum homcysteine and high sperm DNA feagation was significantly correlated with
the incidence rates of idiopathic recurrent earggpancy loss.
Key words : hyperhomocysteinemia, DFI, idiopathic recurrentyepregnancy loss

Introduction

Recurrent pregnancy loss is a condition differeithvan infertility defined by two or more failed
pregnancies [1]. From all clinical recognized pragey, 12-15% of them will end up as a miscarridge,only
less than 5% of women will experience two cons&eumniscarriage, and less than 1% experience thremoe

[2].

Recurrent pregnancy loss has been linked all toaferetiology such as chromosomal abnormality,
antiphospholipid syndrome, metabolic disorders,mumal disorders, uterine abnormalities, maternahime
dysfunction, thrombophilias, infections, environ@nand behavioral factors [3-4] but still more thaalf of
causes are unexplained and most of the therapgyioach are still controversial [5].

Pregnancy is the result from fusion of sperm anclyteo The good outcome of pregnancy is a result of
growth and fertilization due to sufficient qualibf sperm and oocyte. Male factors may also conteitia the
failure of pregnancy, thus neccesitating furtherestigation. The association between poor semelityaad
poor embryonic development has been extensivelgrteg. High quality sperms correspondingly prodhizgh
quality embryos. Delayed fertilization and cleavagées have been reported to be associated witlgta h
percentages of abnormal morphological spermatozb@nwcompared with successful IVF with normal
spermatozoa [6]

The frequency in which sperm defect contribute écurrent pregnancy loss has not been well
established and the relation between standard sqrasameters and recurrent pregnancy loss has been a
controversial subject [7]. Partners of recurrentgmancy loss patients show significant increaseparm
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chromosomal aneuploidy, abnormal chromatin condemsaDNA fragmentation, increased apoptosis and
abnormal sperm morphology compared with fertile §8&n

The etiology of sperm fragmentation is much likedgple infertility, appears to be multi- factorialdan
maybe due to intrinsic or external factors. Intiinfactors that may predispose to sperm DNA daniagede
protamine deficiency [9], mutations [10], DNA pagkag defects [11], advanced paternal age [12], taksor
apoptosis [13], high level of Reactive Oxygen Sesc(ROS) [14]. External factors such as heat [15],
chemotherapeutic agents [16], radiation [17] arfttiogjonadotoxins [18] are associated with an irseréa the
percentage of ejaculated spermatozoa with DNA feagation. Although the exact mechanism involved s
been delineated, cigarette smoking [19], genitakttrinflammation [20], varicoceles [21] and hormone
deficiency [22] all have been associated with insezl DNA fragmentation .

Therapeutic management to treat the increase DNAade of the sperm with antioxidant might be
benefit nonetheless remain controversial and ottearagement should be sought [23].

Elevated blood level of homocysteine has been ifiesitto increase DNA fragmentation in nerve cell
[24] and hepatic cell [25] and increase the le¥dROS. There may be a similar correlation betweidience of
DNA sperm fragmentation and elevated level of hoysteine in the body .

Association of sperm DNA fragmentation with serund &eminal fluid level of homocysteine has not
been identified. There will be a new treatmenttetyg if increase homocysteine in the body causensfpNA
fragmentation which might be corrected with faitid, cyanocobalamin and thiamine supplementation.

This study was aimed to search for the role of nfat¢or by testing sperm DNA fragmentation and
level serum and seminal homocysteine and its @troel with idiopathic recurrent early pregnancyslos

MATERIALS AND METHODS
Patients

Subjects were recruited from IVF and Fertility @imdalim Fertility Center, Division of Reproductive
Endocrinology and Fertility, Department of Obstetri& Gynaecology, Faculty of Medicine — USU, H. Ada
Malik General Hospital, Medan. Couples from ididpatrecurrent early pregnancy loss and healthyldenten
who had fathered a child within a year were entblées cases and controls. All idiopathic recurrearye
pregnancy loss cases included subjects with lofses gestational age under 10 weeks of pregnandh wi
unidentified cause screened with comprehensivermegu pregnancy loss tests which comprised of ketai
family, clinical, occupational, lifestyle and repiuctive histories, physical examination and palegémetic,
endocrinological, hematological immunological, ittfens and anatomical abnormalities testing. F@ases
and forty controls who fulfilled criteria of agelbes 60 years old and no history of sexual dysfuorctind with
exclusion criteria of male who had history of hifglver, smokingb of more than 5 pieces per day, sugmto
gonadotoxin like insecticide, pesticide, heavy fsetaxposure to any medication can compromise spstoh
as sulfasalazin, chemotherapeutic agent, recredtidrugs, anabolic steroid, nitrofurantoin, gentamy
erythrhromycin, occupation in high thermal settiegposure to radiation, consume any vitamin B6anin B
12, folic acid suplements within 3 months, infentimf male reproductive organ and varicocele wekected for
this study .

Blood samples were collected by venipuncture betw@&and 11 a.m to assess serum homocysteine.
Semen was submitted by the patients in both grdigpssemen analysis, to assess DFI and seminal
homocysteine.

Semen samples were collected for routine semerysinadperma DNA Fragmentation Index (DFI)
testing and homocysteine level testing. After aqueof 2-5 days of intercourse abstinence, paricip were
then asked to masturbate and contain resultingrsjpeisterile containers. Sperm should be analyzilirw?2
hours on production. Routine semen analysis wadsmmeed according to WHO 2010 guidelines.

Technique of sperm DNA fragmentation test usingodpérm kit ( Halotech Madrid,Spain): Semen
sample was diluted to 5 -10 x £@ml with culture medium (Irvine scientific ,USA).garose gel in eppendorf
from the kit was incubated in water bath 0f%89100 C for 5 minutes, until the agarose dissolved dreh t5
minutes in water bath of 8Z.Add 25uL of semen sample into agarose eppendorf and ntaeefully. 20uL
of the mixture were extracted and pippeted on thEecoated slide, placed on a cold surface B€4in the
refrigerator for 5 minutes and covered with 22 xr2éh coverslip, then coverslip was then removed thed
immersed horizontally into the previously prepaaettl solution by mixing 8@L HCI with 10 mL of distilled
water for 7 minutes. The slides were then transteorizontally into lysing solution for 25 minute&fter
rinsing for 5 minutes with distilled water, thedds were dehydrated in increasing concentratioatiwdnol (
70%,90%,100%) for 2 minutes and left it dried. 8tidwere stained with mix of Wright's staining saduat
(Merck ,Germany) and Phospate - Buffered SolutieBS) (Merck, Germany) for 5 — 10 minutes and then
washed with tap water and allow to dry. Each shes examined under 100 x objective bright field nmécope.
Sperms with large halo (thickness between equat targer than the length of the smallest diametehe core)
and sperm with medium-sized halo (thickness betvggeater than 1/3 of the smallest diameter of tive @nd
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less than the smallest diameter of the core ) waassified as spermatozoa having no fragmentation.
Spermatozoa with small halo (thickness betweenlequamaller than 1/3 of the smallest diametecak) and
without halo were classified as spermatozoa habiNg fragmentation .

Microscopic visualisation and classification of hais were directly analyzed. Slides were read by tw
personels, the results of which were were summeldttaen divided by two to avoid interobserver bidgemen
and blood sample for seminal homocysteine testiag sent to Prodia Laboratory, Medan, Indonesia.

Liquefied semen samples were centrifuged at 3000 figr 10 minutes .The supernatant of seminal
plasma was taken and transferred into eppendodstuffhe seminal plasma was frozen at 2 QQuntil
examination.

Blood samples were taken by venipuncture after might fasting .The sample were centrifuged at
3000 rpm for 10 minutes and serum was separabed fied blood cells .The blood serum was frozer 2@ C
until examination.

Total homocysteine levels of seminal plasma andodloserum were measured using
chemicalluminescence assay (competitive immunoasbgy using ADVIA Centaur (Siemen, Tarrytown,
NY,USA).

Ethical clearance was obtained from the ethicalrodtee of School of Medicine, Universitas Sumatera
Utara. All participants were fully informed regandithe study and they were asked to sign the irddroonsent
upon all informations provided.

Data analysis

Data were processesed and analyzed using SPSS&itiS Package for Social Science) software.
Univariate analysis for each variable was doneotik Ifor distribution of variables. Interobserveliability for
DFI test was tested using alpha cornbach testef@iffces between individual groups with numeric detee
analyzed by using Student t test and mann Whitnetedtl and for categorical data using Chi square tes
Correlations between variables were determinedgyséarson and spearman correlation tegi.value <0.05 is
taken as the threshold for statistical significar@errelation of more than 2 variables with catéggrdata was
tested by using logistic regression.

RESULTS
Determinant factors in idiopathic recurrent early pregnancy loss

Subjects who met the inclusion and exclusion datef control and case groups were recruited. There
were 80 patients selected for this study and dd/ielgually between control and case group. The bsamaples
of these patients were collected to assess serumodysteine. Semen was submitted by the patientsih
groups for semen analysis, DFI test and seminablegsteine test.

The mean age was 34.05 years in control group &ritD2/ears in case groups. The mean Body Mass
Index (BMI) was 25.27 in control group and 25.7G&se group. There were no significant differerage and
BMI in both groups.

Results of semen analysis in both groups, semiolinve was found to be similar in both groups (p
>0.05), for sperm density, lower counts was founddee group compared to control group, but stediyi no
significant difference (20.05), in sperm motility grade A, the case groud lmver percentage than controls,
but there was no statistically significant diffecen(p>0.05), total motility (A + B) in the case group was
significantly lower compared to the control groyp<0.05). As for normal forms, the percentage isecgroup
was slightly lower compared with the control grdug not statistically significant (0.05).

For the result of sperm DNA fragmentation, it wasirfd that DFI in case group was significantly
higher compare to control group (p<0.05). Serum ¢mysteine was significantly higher in case grgog0(05).
Meanwhile seminal homocysteine level was foundiBantly higher in control group (p<0.05).
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Control Case
Variables P
Mean +SD Cl Mean+SD Cl

Age (year) 34.05+5.08 32.43-35.67 34.0245.73 32.19-35.86 0.984
BMI 25.27+3.20 24.25-26.29 25.70+4.99 24.1-27.19 0.729
Semen volume (ml) 3.52+1.29 3.07-3.97 3.52+1.41 3.01-3.92 0.900
Density (1@/ml) 36.39+20.1 29.96-42.81 31.74+25.52 23.57-39.90 0.368
Motility A (%) 24.50+11.87 20.70-28.30 19.75+14.54 15.1-24.40 0.136
Motility (A+B) (%) 54.35+15.70 49.33-59.37 45.15+15.11  40.32-48.98 0.009
Normal forms (%) 10.78+4.34 9.39-12.16 10.15+5.09 8.52-11.78 0.58%
DFI 16.02+8.33 3.36-18.69 34.12+16.53 28.84-39.41 0.000'
Serum HCY 6.72+4.76 5.19-8.24 13.57+6.16 11.60-15.54 0.000
(umol/L) 5.77+4.31 4.40-7.15 3.26+10.03 0.052-6.47 0.000
Seminal HCY

(umol/L)

2 student ttest  ° Mann Whitney U test
Table 1. Comparison of characteristic and resultef semen analysis, DFI, level of serum homocysteine
and seminal homocysteine in control group and caggoup

All of the variables that were assumed to haveuarite in the incidence of idiopathic recurrentyearl
pregnancy loss were included in the logistic regjoestest. It was found only DFI and serum homasipst have
influence in the incidence of idiopathic recurreatly pregnancy loss

Variable B exp(B) P

DFI 0.108 1.114 0.001
Serum Homocysteine 0.276 1.318 0.003
Constant -5.242 0.005 0.000

Table 2. End results of logistic regression test fadentifying determinant factors towards incidenceof
idiopathic recurrent early pregnancy loss

There were no correlation found between DFI wittmnee volume (p0.05), density (p-0.05), motility
A (p >0.05) and normal forms @0.05). There were a significant correlation betwB&ih with motility A+B (p
<0.05), serum homocysteine (p <0.05) and seminadoysteine (p <0.05) as shown in Table 3.

Variable P R

Semen volume 0.501 -0.076 (spearman)
Density 0.428 -0.090 (pearson)

Motility A 0.091 -0.190 (spearman)
Motility A+B 0.010 -0.285 (spearman)
Normal Forms 0.064 -0.208 (spearman)
Serum Homocysteine 0.000 0.498 (spearman)
Seminal Homocysteine 0.000 -0.532 (spearman)

Table 3. Correlation of DFI with other test results

Control case
Variable P OR
N (%) N (%)
DFI <30 38 (95.0%) 16(40%) 0.000 9.1
DFI>30 2 (5%) 24 (60%)

Table 4. Correlation of high DFI and incidence ofdiopathic recurrent early pregnancy loss

Sixty percent of case subjects had high sperm Di@grientation and only 5% of control group had
high sperm DNA fragmentation, meanwhile 95% of eal§ in control group had low sperm DNA
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fragmentation and in case group only 40% subjeeid low sperm DNA fragmentation. DEt30 was
significantly associated with idiopathic recurreatly pregnancy loss with Odd Ratio of 9.1.

Control case P OR
Variable

N (%) N (%)

HCY <12umol/L 34 (85%) 17 (42.5%) 0.00 3.2
HCY >12pumol/L 6 (15%) 23 (57.5%)
Table 5. Correlation of hyperhomocysteinemia (HCY>12umol/L) with incidence of idiopathic recurrent
early pregnancy loss
Hyperhomocysteinemia were found in 29 cases fro®0asubjects of study group. It was distributed in

23 cases among all patients with idiopathic recurearly pregnancy loss and only 6 cases in obgtoup.
There was significant different between numberdhygberhomocysteinemia cases in case group compare to
control group with Odd Ratio of 3.2.

DFI<30 DFI>30 p 95% CI
Variable

n(%o) n(%)

HCY <12umol/L 41(75.9%) 10(38.5%) 0.00 0.186-0.678
HCY >12umol/L 13(24.1%) 16(61.5%)
Table 6. Correlation of hyperhomocysteinemia with igh sperm DNA fragmentation

Hyperhomocysteinemia were found in 61.5% patierits tigh DFI (DFE30) and only 24.1% patients
with low DFI (DFI<30). There was statistically déffent in number hyperhomocysteinemia patients berviz|
<30 and DFE30 group (p=0.00).

DISCUSSION

This study showed that semen volume, density, psEive motility, and sperm morphology did not
differ significantly, only total sperm motility walewer in the group with high DFI (p = 0.009), segting
sperm with high DFI negatively affected motility pcity. No parameters in semen analysis was proeen t
correlate with incidence rates of idiopathic reeatrearly pregnancy loss. We assume that the mstmen
analysis cannot be relied on for providing furtimformation regarding the possible role of the nfaldor in the
incidence of idiopathic recurrent early pregnarassland further additional sperm test is needegdoch for a
better tool.

This study found that DFI significantly differed theeen normal fertile men and men partners of
idiopathic early pregnancy loss women (p = 0.0®80igh DFI was associated with pregnancy loss. Oocyte
apparently limited the capacity to repair sperm DN#&mage, if excessive, thus comprimising self rapgi
capacities of oocytes, and consequently defectivdrios and causing abnormal embrional growth and
consequently resulting in miscarriages [26].

Two studies reported significant sperm DNA fragnadioh increase in partners of unexplained
recurrent pregnancy loss women [27-28], while Gilla et al reported that DFI had no weight in reemt
pregnancy loss [29]. These studies showed comftjatesults and did not show consistent resultsrdegg the
correlation of DFI and recurrent pregnancy loss.

We found that patients with DEI30% have associated with pregnancy loss. This i;éwith the
finding that more clinical pregnancy loss in ICSitipnts with DFE27% [30]. The idea to made cutoff DFI
>30% in this study came from “Georgetown Male Fadndertility Study”. Fertility datas from this stydwere
used to establish the statistical threshold of >ZiBbfor significant lack of fertility status [31].

The Odd ratio of DFE30% for pregnancy loss was 9.1. This indicatedgh Iprobability of pregnancy
loss if DFI>30%. Further study with a proper design for newaftiof DFI is needed to determine the risk of
pregnancy loss, because cut off of DI80% is actually for determining fertility statustifor pregnancy loss
this cutoff maybe lower than 30.

This study showed that serum homocysteine wasfiigntly associated with DFI (p = 0.000, r
= 0.498). There was apparent correlation whicthaénd through this mechanism leads to increaseideince
of recurrent pregnancy loss.

Both control and case groups reported 36.25% cabdg/perhomocysteinemia. Unfortunately, no
studies have reported data concerning prevaleries na Indonesia. Prevalence rates are expecthigér in
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western population. However cases of thermolalziigant MTHFR are not included as they are only detd by
using methionine loading test. Because of differemt off set for definition of hyperhomocysteinenaa
comparison of this incidence become difficults. 8owfi studies used cut off j&ol/L [32] and some used cut
off 11.4umol/L for men [33].

Hyperhomocysteinemia cases was significantly moreremfrequently encountered in recurrent
pregnancy loss patients compares to normal famie with Odd ratio of 3.2 indicating a high probiypiof
recurrent pregnancy loss will occurred if homociystdevel >12mol/L.

Number of hyperhomocysteinemia cases in DFI >30emalas significantly higher than in DFI<30
males. Hyperhomocysteinemia was associated with Brisi@dmentation in nerve cell and hepatic cell amthis
study showed hyperhomocysteinemia associatedspigghm DNA fragmentation.

Level homocysteine in blood is not correlated ve&minal homocysteine level. This study reportetl tha
seminal homocysteine levels in normal fertile makes lower than male from couple with idiopathicueent
early pregnancy loss (p = 0.000, r = -0.532). Weelbvels exceed the normal range cannot be detedni
because no study has investigated normal cut difegafor seminal homocysteine levels. Seminal fligich
mixture of secretion from seminal vesicles (60%6%96), prostatic glands (15% to 30%), litre glandwper
glands (5%), spermatozoa and epididymal fluid (ld&s 10%) [34]. Therefore more than 90% of seminal
plasma is derived from glands outside the testitdlsue and may have different from the liquid ire th
seminiferous tubules and epididymis where sperneategis and maturation take place. Beside that
homocysteine may not passed the blood testis bagasily, this may explain why the level of seminal
homocysteine was not in positive correlation wighusn homocysteine [35].

This study found lower sperm DNA fragmentation witigher level seminal homocysteine in fertile
male patients compare to higher DNA fragmentatiotoiver level of seminal homocysteine. Higher Isvef
seminal homocysteine will also generates more R@8ygtion in seminal fluid indicating DNA fragmetitm
induced by homocysteine was not predominatly duR®@s5 attack in seminal fluid but mostly due to DNA
hypomethylation in genetic and epigenetic processind spermatogenesis and spermiogenesis stage.
Homocysteine will cause misincorporation of uragytead of thymine in DNA. During the normal repair
processes, when the removal of misincorporatedylifads, double strands break resulting in chrooroal
instability.

Elevated total homocysteine levels are usually adimed by treatment with folic acid, vitamins Bnd
Bi,. This is related to the mechanism of homocystametabolism. Homocysteine is formed during the
methionine metabolism at the intersection of twdahelic pathways. In the reaction catalyzed bymitaB;,-
dependent methyl transferase, homocysteine caniracthe methyl group from methyltetrahydrofolate to
regenerate methionine. Excess of homocysteine rtbatcopt by pathway to methinonine is catabolized t
cysteine by two pathways involved vitamig-8pendent enzymes [36].

Folate, pyridoxine, and cyanocobalamin may redwradctysteine level in human body and may have
role in declining sperm DNA fragmentation and sdgently may reduce the incidence of recurrentregy
loss. Further study is needed to investigate whetieefolate, pyridoxine, and cyanocobalamin supetation
in male patients will reduce sperm DNA fragmentai@md incidence of recurrent pregnancy loss.

In summary, paternal hyperhomocysteinemia and spBMA fragmentation> 30 significantly
correlated to the incidence of idiopathic earlyureent pregnancy loss.
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