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Objective: To study the relationship between semen quality and pregnancy loss in a cohort of couples attempting to conceive.
Design: Observational prospective cohort.
Setting: Not applicable.
Patient(s): Three hundred and forty-four couples with a singleton pregnancy observed daily through 7 postconception weeks of
gestation.
Intervention(s): None.
Main Outcome Measure(s): Association between semen quality and pregnancy loss.
Result(s): Ninety-eight (28%) of the couples experienced a pregnancy loss after singleton pregnancy. No differences were observed in
semen volume, sperm concentration, total sperm count, sperm viability, or sperm morphology (World Health Organization [WHO] and
strict criteria) by couple's pregnancy loss status irrespective of whether they were analyzed continuously or as dichotomous variables
per theWHO 5th edition semen criteria. A dichotomous DNA fragmentation measure ofR30%was statistically significantly associated
with pregnancy loss. No association was identified with other sperm morphometric or movement measures. Of the 70 couples who re-
enrolled after a pregnancy loss, 14 experienced a second loss. Similar findings were identified when examining semen quality from
couples with recurrent pregnancy loss.
Conclusion(s): Although a few trends were identified (e.g., DNA fragmentation), general semen parameters seemed to have little rela-
tion with risk of pregnancy loss or recurrent pregnancy loss at the population level. However, given that 30% of pregnancies end in
miscarriage and half the fetal genome is paternal in origin, the findings await corroboration. (Fertil Steril� 2017;-:-–-. �2017
by American Society for Reproductive Medicine.)
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P regnancy loss affects 30% of preg-
nancies (1–3). Although most
pregnancy losses are

multifactorial in nature, most identified
etiologies center around the woman.
However, as a man contributes 50% of
the genome to an embryo, it is
reasonable to assume that male factors
may also contribute to pregnancy loss.
Indeed, up to 50% of all cases of
infertility are due to a male factor (4, 5).
To date, there are relatively limited data
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on male factors contributing to pregnancy loss, especially
research that captures loss during the peak weeks in early
gestation. However, a recent study by our group using the
same cohort for the present analysis did identify an association
between paternal lifestyle factors (i.e., caffeine consumption)
and pregnancy loss in a prospective cohort study (6).

Recurrent pregnancy loss (RPL), defined as two or more
consecutive losses for a couple, affects 1% to 5% of women
(1, 3). As with pregnancy loss, the evaluation for RPL
centers around the woman. Yet even after uterine, oocyte,
and chromosomal factors are excluded, an idiopathic
etiology is left approximately 50% of the time (3).
Investigators have also attempted to determine the male
factors associated with RPL. Zidi-Draj et al. (7) reported higher
levels of sperm immotility, abnormal morphology, and
elevated sperm DNA fragmentation in the male partners in
couples with RPL. Elevated levels of sperm aneuploidy have
also been reported among men from couples with RPL (8).
However, as these studies relied on case control designs
with fertile couples serving as the control groups, prospective
studies are required to confirm the reported associations.

Surprisingly, few studies have attempted to assess semen
quality and the risk of incident pregnancy loss. This may
reflect the very few couple-based preconception cohort
studies conducted worldwide, with even fewer collecting
semen samples (9). Preconception cohort studies are needed
to address this question, given the marked concentration of
losses early in pregnancy or before seeking prenatal care. Us-
ing data from the Longitudinal Investigation of Fertility and
the Environment (LIFE) Study, we examined the association
between semen quality and pregnancy loss in a prospective
study. Given that RPL represents a unique group, we also per-
formed a subanalysis on couples with two or more losses.
MATERIALS AND METHODS
Study Design and Population

The study cohort comprised 347 couples (69%) whose female
partners had an observed pregnancy (denoted by a positive
urine pregnancy test) while participating in the LIFE Study,
which was designed to examine the association between envi-
ronmental and lifestyle factors and fecundity end points,
including pregnancy loss. Three couples with twin pregnan-
cies were excluded, resulting in a cohort comprising 344 cou-
ples with singleton pregnancies.

The LIFE Study used population-based sampling frame-
works to recruit couples discontinuing contraception for pur-
poses of becoming pregnant from 16 counties in Michigan
and Texas. By design, the eligibility criteria were minimal
and included [1] couples in a committed relationship; [2] abil-
ity to communicate in English or Spanish; [3] women aged 18
to 40 andmen agedR18 years; [4] womenwithmenstrual cy-
cles between 21 and 42 days, as required by the fertility mon-
itors; [5] no history of injectable hormone contraception in
the past year; [6] no clinically diagnosed infertility in either
partner; and [7] off contraception <2 months. Before enroll-
ment, the women's urines were tested to ensure they were not
already pregnant.
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Human subjects approval was obtained from the partici-
pating institutions, and all men and women gave written
informed consent before data collection. Complete details
about the study design of LIFE have been previously pub-
lished elsewhere (10).
Data Collection and Follow-up

Couples were interviewed individually upon enrollment to
ascertain their sociodemographic, lifestyle, andmedical history
information, followed by measurement of height and weight to
calculate body mass index (BMI). The couple was then in-
structed in the completion of daily journals to record their life-
style in a manner consistent with how people think about such
exposures (e.g., number of cigarettes smokedper day, number of
alcoholic and caffeinated beverages consumed per day, number
of daily multivitamins). Pregnant women completed their jour-
nals daily through 7 postconception weeks’ gestation then
continued as monthly journals until a loss or delivery. Couples
experiencing a loss had the option of re-entering the study.
Biospecimen Collection and Analysis

Semen samples were collected via masturbation without the
use of any lubricant after 2 days of abstinence using home
collection kits, which included an insulated shipping
container (Hamilton Research) for maintaining sperm integ-
rity at the time of enrollment. Other studies have used similar
approaches (11, 12). All semen samples were received at the
study's andrology laboratory.

The complete laboratory methodology has been previ-
ously reported (10). Briefly, an aliquot of semen was placed
in a 20-mm-deep chamber slide (Leja), and sperm motility
was assessed using the HTM-IVOS (Hamilton Thorne)
computer-assisted semen analysis system (CASA). Sperm
concentration was also measured using the IVOS system
and the IDENT stain. Microscope slides were prepared for
sperm morphometry and morphology assessments. An
aliquot of whole semen was diluted in TNE (Tris, NaCl, and
EDTA) buffer with glycerol and frozen for the sperm chro-
matin stability assay (SCSA) analysis (13). Sperm viability
was determined by hypo-osmotic swelling (HOS assay).

To ensure integrity of the 24-hour analysis, steps were
taken to ensure the quality of the semen parameters. A ther-
mometer was attached to all collection jars to ensure the tem-
perature of the sample was within acceptable limits (all were).
Upon receipt, the andrology laboratory assessed the integrity
of the samples, and all were found to be acceptable.
Home Fertility and Pregnancy Testing

Womenwere trained in the use of the Clearblue digital fertility
monitor (SPD Swiss Precision Diagnostics GmbH), which has
been demonstrated to be accurate in detecting ovulation rela-
tive to the gold-standard, ultrasound visualization (14). The
monitor records the ratios of estrone-3-glucuronide (E3G)
and luteinizing hormone (LH) and stores data for up to
6 months. Study personnel downloaded the data every
45 days. Day of ovulation in the study was approximated by
the day of peak LH as indicated by the fertility monitor.
VOL. - NO. - / - 2017



TABLE 1

Baseline characteristics of men who achieved a pregnancy, LIFE
Study (n [ 344).

Characteristic Male (N [ 344)

Demographic

Fertility and Sterility®
Women were also trained in the use of the Clearblue dig-
ital pregnancy test (with readouts of ‘‘pregnant’’ or ‘‘not preg-
nant’’), which has a demonstrated sensitivity and reliability
for detecting 25 mIU/mL of human chorionic gonadotropin,
and demonstrated accuracy by women (15). Women tested
their urine for pregnancy on the day they expected menstru-
ation consistent with manufacturer's guidance.
Age (y), mean � SD 31.6 � 4.59
BMI (kg/m2), mean � SD 29.39 � 4.98
White 285 (83.33)
College educated 323 (94.72)
Prior paternity 207 (60.17)
Smoker 37 (10.76)
Alcohol 298 (86.63)

Semen parameter
Volume (mL)

<1.5 32 (9.64)
Median (IQR) 3.4 (2.3, 4.4)

Concentration (million/mL)
<15 19 (5.72)
Median (IQR) 66.7 (37.65, 97.05)
Pregnancy Loss Ascertainment

Pregnancy loss was defined as conversion to a negative preg-
nancy test as subsequently recorded in the woman's journal,
clinical confirmation of loss recorded on a separate preg-
nancy loss card, or onset of menstruation recorded in the
journal, depending upon gestational age at loss (17). Gesta-
tional age at loss was measured in days after conception,
which was approximated by the day of ovulation (LH peak)
as recorded by the fertility monitor.
Total sperm count (million)
<39 21 (6.33)
Median (IQR) 202.9 (107.3, 338.1)

Morphology (% WHO normal)
<30 139 (43.85)
Median (IQR) 31.5 (23, 40)

Morphology (% strict criteria)
<4 9 (2.84)
Median (IQR) 21 (14.0, 27.5)

DNA (% fragmentation index)
R30 20 (6.13)
Median (IQR) 11.89 (8.4,18.04)

Note:Data presented as n (%), unless otherwise specified otherwise. BMI¼ bodymass index;
IQR ¼ interquartile range; LIFE¼ Longitudinal Investigation of Fertility and the Environment;
SD ¼ standard deviation; WHO ¼ World Health Organization.

Eisenberg. Semen quality and pregnancy loss. Fertil Steril 2017.
Statistical Analysis

We summarized the distributions as mean � standard devia-
tion (SD) or median and interquartile range (IQR) for contin-
uous variables, and frequency and percentage for categorical
variables. Table 1 includes age (years, continuous), body mass
index (BMI in kg/m2), race (white, non-white), education level
(high school or below, some college or above), prior paternity
(yes/no), self-reported smoking (yes/no), and self-reported
alcohol consumption (yes/no). We dichotomized semen qual-
ity parameters (semen volume, sperm concentration, total
sperm count, sperm viability, or sperm morphology by World
Health Organization (WHO) and strict criteria using clinical
cut points of male participants in the LIFE Study, based on
WHO standards (16). The DNA fragmentation index (DFI)
was also dichotomized (DFI R30) based on a previously re-
ported cut point (18–20).

We assessed differences in semen parameters by couple's
pregnancy loss status using the nonparametric (Kruskal-
Wallis) test for continuous variables and chi-square test for
categorical variables. The findings are reported in Table 2.

We used discrete time survival models to assess how
semen quality parameters are related to pregnancy loss,
with time-to-loss as an outcome and semen quality parame-
ters as separate independent variables. These models were run
unadjusted as well as with adjustment for covariates,
including self-reported smoking (yes/no) and self-reported
alcohol consumption (yes/no). We performed several sensi-
tivity analyses for the recurrent pregnancy loss (RPL) group
by varying the comparison groups, but the conclusions re-
mained unchanged. P< .05 was considered statistically sig-
nificant without adjusting for multiple comparisons. All
statistical analyses were performed by the SAS version 9.3
(SAS Institute).
RESULTS
In all, 98 (28%) couples who became pregnant during the
study experienced an incident pregnancy loss. Demographic
characteristics of the entire cohort are presented in Table 1.
VOL. - NO. - / - 2017
No differences were observed in semen volume, sperm
concentration, total sperm count, sperm viability, or sperm
morphology (WHO and strict, Table 2) by couple's pregnancy
loss status, irrespective of whether they were analyzed contin-
uously or as dichotomous outcomes per the WHO 5th edition
criteria (16). Sperm motility end points as measured by
average path velocity, straight line velocity, curvilinear ve-
locity, amplitude head displacement, beat cross frequency,
percentage with a straight trajectory, and percentage with a
linear trajectory were also similar among the groups. Several
measures of sperm head characteristics including head length,
width, area, perimeter, percentage of elongation, and percent-
age occupation by the acrosome were also similar relative to
pregnancy loss status. Other measures of morphology such as
percentage of amorphous, round, pyriform, bicephalic,
tapered, megalo-headed, and micro-headed were also similar
between male partners of couples with and without a preg-
nancy loss. The percentage distributions of DFI and high
DNA stainability were similar irrespective of pregnancy loss
status, but dichotomizing DFI (i.e., DFI R30) was positively
associated with pregnancy loss (11% and 4% of men with
and without loss; P¼ .03). This difference remained after ad-
justing for BMI, smoking, and alcohol consumption.

As there was little evidence for any statistically signifi-
cant differences in semen quality between men with and
without a pregnancy loss, we also graphically compared
semen quality patterns by couples’ pregnancy loss status.
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TABLE 2

Semen characteristics of men from couples with no pregnancy loss, one pregnancy loss, or two pregnancy losses.

Characteristic
No pregnancy loss

(n [ 246)
Pregnancy loss

(n [ 98)
Recurrent pregnancy

loss (n [ 14) P valuea

General
Volume (mL) 3.58 � 1.75 3.28 � 1.51 2.71 � 0.78 .19
Sperm concentration (�106/mL) 79.00 � 59.18 77.18 � 57.38 63.22 � 48.10 .61
Total sperm count (�106/ejaculate) 253.88 � 189.83 242.15 � 213.57 168.54 � 135.88 .54
Hypo-osmotic swelling (%) 68.24 � 8.72 68.18 � 10.65 66.69 � 12.35 .83
Straw (mm distance sperm traveled) 10.64 � 6.45 10.91 � 6.62 9.75 � 3.93 .70

WHO parameter, n (%)
Volume <1.5 mL 21 � 8.90 11 � 11.46 0.00 � 0.00 .79
Concentration <15 M/mL 12 � 5.08 7 � 7.29 2 � 14.29 .27
Total count <39 M 13 � 5.51 8 � 8.33 3 � 21.43b .51
WHO morphology <30% 103 � 45.98 36 � 38.71 6 � 42.86 .19
Strict morphology <4% 8 � 3.57 1 � 1.08 0 � 0.00 .30
DFI (R30%) 10 � 4.29 10 � 10.75b 1 � 7.14 .04

Motility
Average path velocity (mm/s) 37.04 � 12.54 36.58 � 13.54 32.69 � 19.46 .70
Straight line velocity (mm/s) 27.62 � 10.26 27.54 � 11.30 24.34 � 15.63 .89
Curvilinear velocity (mm/s) 63.95 � 21.59 61.94 � 22.52 56.21 � 32.12 .39
Amplitude head displacement (mm) 3.21 � 1.37 3.14 � 1.38 2.65 � 1.56 .63
Beat cross frequency (Hz) 20.23 � 7.23 19.52 � 7.85 17.66 � 10.37 .38
Straightness (%) 68.70 � 19.40 67.90 � 21.56 56.86 � 31.42 .67
Linearity (%) 41.40 � 13.05 41.27 � 14.27 34.00 � 19.52 .88
Percent motility (%) 12.97 � 12.87 14.08 � 12.61 16.57 � 16.02 .58

Head measurement
Length (mm) 4.88 � 0.26 4.88 � 0.32 4.98 � 0.38 .98
Area (mm) 12.25 � 0.84 12.22 � 1.04 12.45 � 0.91 .95
Width (mm) 3.18 � 0.18 3.18 � 0.18 3.19 � 0.11 .97
Perimeter (mm) 13.25 � 0.48 13.25 � 0.62 13.45 � 0.63 .89
Elongation factor (%) 66.14 � 5.18 65.95 � 5.20 64.90 � 5.07 .99
Acrosome area of head (%) 25.78 � 5.06 26.67 � 5.30 27.31 � 3.47 .26

Morphology (%)
Strict criteria 20.95 � 9.59 22.01 � 10.56 21.18 � 9.45 .35
WHO normal 31.24 � 11.99 33.38 � 12.40 33.39 � 12.18 .12
Amorphous 29.62 � 10.80 28.60 � 10.09 25.79 � 8.59 .49
Round 1.14 � 1.67 0.90 � 1.09 0.79 � 0.93 .29
Pyriform 6.04 � 5.46 6.49 � 7.22 8.50 � 6.57 .68
Bicephalic 1.12 � 1.70 1.04 � 1.48 1.04 � 1.43 .69
Tapered 2.80 � 2.76 2.54 � 2.30 2.39 � 1.69 .27
Megalo-head 2.32 � 1.72 2.47 � 2.22 3.25 � 1.77b .48
Micro-head 1.44 � 1.32 1.49 � 1.00 1.75 � 1.40 .58
Neck and midpiece abnormalities 26.02 � 9.80 26.41 � 8.42 26.79 � 9.58 .68
Coiled tail 23.90 � 10.70 21.68 � 9.38 21.57 � 9.67 .07
Other tail abnormalities 5.17 � 4.80 5.17 � 3.29 5.43 � 2.20 .64
Cytoplasmic droplet 10.15 � 5.31 9.69 � 4.64 10.04 � 4.31 .47
Immature germ cell count 4.81 � 5.58 5.51 � 10.25 5.93 � 5.28 .13

SCSA (%)
DNA fragmentation index 14.33 � 9.72 15.84 � 11.29 15.83 � 17.20 .10
High DNA stainability 7.21 � 5.15 6.77 � 5.10 6.99 � 5.36 .69

Note: Data presented as mean� standard deviation, unless specified otherwise. DFI¼ DNA fragmentation index; SCSA¼ sperm chromatin stability assay; SD¼ standard deviation; WHO¼World
Health Organization.
a Multivariable models adjusted for smoking and alcohol use comparing men from couples with pregnancy loss versus no pregnancy loss.
b P< .05.

Eisenberg. Semen quality and pregnancy loss. Fertil Steril 2017.

ORIGINAL ARTICLE: ANDROLOGY
For most parameters, we found lower distributions in semen
quality for couples experiencing a pregnancy loss. Figure 1 il-
lustrates a summary of the comparison between men without
a pregnancy loss, with one pregnancy loss, and with two or
more pregnancy losses. Of the 35 semen and sperm end points
assessed, 19 (54%) were worse among couples experiencing a
pregnancy loss in comparison with the couples without a loss;
12 (34%) end points were better in the former group. Among
the measures of motility, 7 (78%) of 9 were lower among cou-
ples with than without a loss, as were 7 (35%) morphometric
end points.
4

Of the 98 couples with pregnancy loss, 70 re-entered the
study. Fourteen couples experienced more than one loss
while being followed in the study. Similar to men in couples
experiencing one loss, few associations between semen
quality and RPL were identified. A higher percentage of
men whose female partner experienced RPL were found to
have lower total sperm counts (<39 M) in comparison
with the male partners in couples without losses (21.4%
and 5.5%, respectively; Table 2). Overall, 20 (57%) measured
semen end points were worse in couples with than without
RPL (Fig. 1). Eight (89%) motility parameters were worse
VOL. - NO. - / - 2017



FIGURE 1

Semen parameters for men with pregnancy loss or recurrent pregnancy loss compared with men without pregnancy loss. Red denotes a lower
semen parameter value, green denotes a higher value, and yellow denotes an equal value compared with men without pregnancy loss.
Eisenberg. Semen quality and pregnancy loss. Fertil Steril 2017.
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in men from RPL couples, as were 6 (30%) morphologic
measures.
DISCUSSION
To our knowledge, our study is the first to evaluate a range
of semen end points beyond traditional clinical outcomes
such as count, motility, and morphology in relation to risk
of incident pregnancy loss. Moreover, our findings are
strengthened by the preconception enrollment of couples
from the general population, along with daily follow-up
observation through 7 postconception weeks and monthly
thereafter. We found no evidence that semen quality in
men recruited from the general population was associated
with incident pregnancy loss. These findings were consistent
when restricting the analysis to couples with observed RPL.
However, couples experiencing a pregnancy loss were more
likely to have male partners with abnormal sperm DNA frag-
mentation. In addition, male partners in couples with RPL
were more likely to have lower total sperm counts than
the couples without pregnancy loss. In addition when exam-
ining all measured semen end points, male partners of cou-
ples experiencing pregnancy losses tended to have worse
semen quality in comparison with the male partners in cou-
ples without losses.

Most prior research on pregnancy loss has focused on
maternal factors (21), though there are some limited data sug-
gesting possible male factors (6–8,22–26), especially for RPL.
Studies of RPL have reported associations with DNA
fragmentation, sperm aneuploidy, sperm morphology, and
motility (7, 8, 26). However, these prior studies have relied
upon a case-control design. A key limitation of the case con-
trol design is that the control group is not at risk for loss, as by
definition their pregnancy went to term. Although these
studies make important contributions to our understanding
of the association between semen quality and pregnancy
loss, methodologic limitations from such retrospective de-
signs make definitive conclusions challenging. To our knowl-
edge, our study represents the first prospective examination
of semen quality and risk of pregnancy loss among couples
attempting to conceive.

Similar to prior reports, we did find an association be-
tween DNA fragmentation and pregnancy loss. Importantly,
the only statistically significant result was identified after
dichotomizing the DFI based on the defined abnormal cut
point for DNA fragmentation but not when examined on
continuous scale. Given the variability in semen quality, it
may be that defining abnormal based on strict criteria (e.g.,
a defined and validated cut point) is more useful than a
continuous scale, especially as our results also support a
threshold effect of DFI. However, given the number of param-
eters examined, it is also conceivable that our association was
due to chance alone. Indeed, for 35 tests performed, there is an
83% chance for finding at least one statistically significant
association.

When examining RPL, there was a trend identified for
several semen parameters. Semen volume and total sperm
count were both lower in the male partners of couples with
RPL than those without. However, on a continuous scale,
6

neither reached statistical significance. It is important to
know that RPL is a rare outcome, affecting less than 5% of
pregnant couples (1). In our cohort, only 14 (4%) couples
were observed to experience RPL, which is consistent with
other population estimates (1, 27). The current report
represents the first data on prospectively recruited men or
men from the general population regarding semen quality
and RPL.

Given the few associations identified in our primary anal-
ysis, we performed a visual analysis to examine the collective
findings. Overall, we did observe that male partners of couples
with (recurrent) pregnancy loss tended to have lower semen
quality in comparison with the unaffected couples. Although
many examined parameters and morphometrics are not part
of routine patient care, our in-depth analysis still did not
identify possible signals.

Several other important limitations warrant mention.
Given the close monitoring of couples, very early pregnancies
and losses may be more common in this cohort than would be
observed in clinical practice. Indeed, all losses occurred before
22 weeks’ gestation (17). It is conceivable that an analysis of
later pregnancies would give different results. However, given
the contribution of the sperm to early embryonic develop-
ment, we would expect a larger effect earlier in gestation
rather than later. As genetic abnormalities are thought to
contribute to early pregnancy losses, our findings of
abnormal DFI in men from couples with pregnancy loss is
consistent with a paternally derived genetic origin of fetal
loss. We analyzed nearly 100 pregnancy losses, but it is
possible that we were underpowered to identify some associ-
ations with semen quality, particularly if they are reflected in
small difference that would require larger cohorts.

Nevertheless, the current report represents the first pro-
spective examination of the association between semen qual-
ity and pregnancy loss. A few trends were identified (e.g.,
DNA fragmentation), but general semen parameters seemed
to have little relation to the risk of incident pregnancy loss
at the population level. However, given that 30% of pregnan-
cies end in miscarriage and half of the fetal genome is
paternal in origin, these findings await corroboration.
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