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Abstract

Purpose To study the role of individual semen parameters on the offspring birth weight and body mass index (BMI) from a
population of men evaluated in an assisted reproduction technology (ART) clinic compared to fertile controls.

Methods We performed a retrospective study using a cohort with fertile, age-matched controls of men evaluated with semen
analysis at the University of Utah Andrology Clinic from 1996 to 2011 and Intermountain Healthcare from 2002 to 2011. We use
the offspring from both our sub-fertile cohort and controls using the Utah Population Database. The two main outcomes of
interest were offspring birth weight and adolescent BMI.

Results The offspring of men with impaired sperm parameters had significantly lower birth weight compared to fertile control
offspring. Low-concentration offspring weighed 158 g less (95% CI —278~—38; p=10.01), low total count weighed 172 g less
(95% CI1—294~—51; p=0.005), and low total motility weighed 155 g less (95% CI —241~—69; p < 0.001) compared to those of
the controls. When we controlled for the use of ART within the sub-fertile group, we found that there was a significant trend of
increasing birth weight across levels of total motile count and total sperm count compared to the azoospermic group. We did not
find any consistent significant differences between the subject and control adolescence BMI based on semen parameters.
Conclusions Despite limitations within our population-based dataset, we found that poor quality semen analysis parameters
pointed towards an association with low birth weight in the offspring of sub-fertile men compared to the offspring of normal
fertile controls. However, in contrast to studies of ART effects on offspring, we did not find evidence of long-term associations
between semen quality and offspring BMI.
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Introduction

The prevalence of adult obesity in 2014 internationally was an
estimated 13%, which has doubled since 1980 [1]. Multiple
studies have noted a parallel decline in semen quality and in-
creased use of assisted reproductive technology (ART) during
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this same period [2—6]. An estimated 3% of European and 1%
of US babies born are conceived with ART [7]. Evidence for the
association between obesity and male factor infertility is mount-
ing, but little is known about the impact of semen quality on the
birth weight and adolescent body mass index (BMI) (kg/mz) of
their offspring. Therefore, we sought to investigate the role of
individual semen parameters on the offspring birth weight and
BMI from a population of men evaluated in an ART clinic
compared to fertile controls.

Offspring health of children born with the use of ART is
well studied and important for counseling couples considering
ART. Previous studies have demonstrated that singletons con-
ceived with ART have a lower birth weight compared to nat-
urally conceived singletons, and then subsequently these chil-
dren have a catch up period of growth into adolescence that is
associated with increased cardiovascular risk factors [8, 9].
The most common proposed explanations for this are
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confounding parental characteristics, ART-related epigenetic
changes, other technical aspects of ART, early childhood en-
vironment, or a combination of all of these factors. Sperm
quality and germline inheritance may also play a role.

Our semen analysis data compiled by the Subfertility Health
and Assisted Reproduction (SHARE) study at the University of
Utah is linked to the Utah Population Database (UPDB), which
has the ability to investigate long-term and multigenerational
health outcomes. Our primary aim was to determine if there is
an association between paternal semen parameters and the birth
weight and adolescent BMI of their offspring.

Methods
Data

We used the data compiled by the SHARE study, which com-
bines a unique longitudinal, population-wide data source, the
UPDB, with biospecimen data to create a unique resource for
the evaluation of transgenerational effects of infertility. The
UPDB is a health data repository that collects and integrates
data about residents in Utah, a state in the intermountain west
with a population of 2.8 million people. It includes
biodemographic, health, economic, cancer, and genetic data,
by linking sources including Medicare databases, medical re-
cords from the two largest healthcare systems in the state, state
driver licenses, birth, marriage, and death certificate data. In
addition, the UPDB houses extensive pedigree data from the
mid-nineteenth century. These linked data allow researchers to
study health outcomes across multiple generations. Multiple
epidemiologic studies have utilized the comprehensive pedi-
grees of the UPDB to identify and understand familial diseases
[10—-12]. This study was approved by the Institutional Review
Boards of the University of Utah and Intermountain Healthcare
by the Utah Resource for Genetic and Epidemiologic Research
(www.research.utah.edu/rge/) #IRB_00069711.

Study design and population

This was a retrospective cohort analysis of the birth weight and
adolescence BMI from offspring of men who underwent semen
analysis and their matched controls from the UPDB. Semen anal-
ysis was performed at the University of Utah Andrology Clinic
from 1996 to 2011 and Intermountain Healthcare from 2002 to
2011 as part of an infertility work-up. Together, these two tertiary
medical centers’ andrology labs have captured approximately
90% of all semen analyses performed in Utah since 2004.

We started with 491 men with complete semen analysis and
complete UPDB follow-up data for both parents and for their
offspring. We excluded 11 men due to incomplete data and
triplets. Our final sub-fertile cohort consisted of 480 men who
underwent semen analysis and ultimately fathered 570
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children that had complete UPDB and BMI data available
for the men, their partners, and their children. We use the term
“sub-fertile group” to denote the men who underwent evalu-
ation and semen analysis as part of their infertility work-up.
All of these men ultimately fathered a child and may have had
semen parameters within the normal reference range.

We used UPDB birth certificate data to define fertile as
having at least one naturally conceived child. Men seen at
the THC or UU clinics were excluded from the pool of poten-
tial controls. Controls were required to be residents of the state
of Utah and have the same follow-up time as the study sub-
jects. They were matched to men with SA by age and birth
year with a matching ratio of 1:1.

Measures

The two main outcomes of interest were birth weight and
adolescent BMI. Birth weight of the offspring was collected
from UPDB-linked Utah birth certificate records and mea-
sured continuously in grams. Utah Driver’s License Division
(DLD) records from 1989 to the present have been linked to
the UPDB. Adolescent BMI was calculated using the self-
reported height and weight from the offspring’s first DLD
record between the ages of 15 and 19. Adolescent BMI was
dichotomized as overweight/obese (> 85th percentile) vs. not
overweight/obese for all analyses. This is based on CDC des-
ignated gender-age-specific percentile.

Several important confounders were also accounted for in
these analyses. Child demographics included were sex, twin
status, birth year of the child, and gestational age. Parental de-
mographics included the highest educational level among the
parents, maternal smoking status during pregnancy, maternal
alcohol use during pregnancy, mother’s age at birth, father’s
age at birth, and mother’s pre-pregnancy BMI. Birth year of
the child, sex, gestational age, maternal smoking, and maternal
alcohol consumption during pregnancy were recorded on the
birth certificate records. Maternal pre-pregnancy BMI was cal-
culated using the self-reported DLD height and weight from the
DLD record nearest to the time of the child’s birth. BMI was
classified as normal (< 25), overweight (25-29), or obese (> 30).

Semen analysis was performed according to WHO stan-
dards for both centers, and the parameters we included were
as follows: sperm count (million), sperm concentration (mil-
lions per milliliter), total motile count (TMC), and vitality
[13]. TMC and vitality data were only available from the
University of Utah database. Semen analyses were performed
and processed according to current WHO guidelines based on
when analyses were performed for a given patient [14]. If a
man had more than one semen analysis on record, we used the
mean value for each semen parameter. Sperm concentration
(M/ml) was categorized as azoospermia (0), oligozoospermia
(< 15), normozoospermia (15-177), and hyperzoospermia
that was based on the 90th percentile (>178). Total sperm
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count was categorized as follows: azoospermia (0), oligozoos-
permia (<39), normozoospermia (39-579), and
hyperzoospermia that was based on the 90th percentile (>
579). Total motile count and vitality were all categorized
based on empirically derived quartiles (azoospermia, Q1—
Q4). When applicable, we combined azoospermia and oligo-
zoospermia and referred to as low count or low concentration.

Statistical methods

Categorical variables were summarized as count (%) and con-
tinuous variables as mean and standard deviation (SD). Linear
generalized estimating equation (GEE) models were used to
relate offspring birth weight to each semen quality measure
(analyzed individually) adjusting for correlation between chil-
dren born of the same mother using an unstructured covari-
ance matrix. Models were constructed in two steps: (1) using
child demographics only and (2) using child and parent demo-
graphics. Coefficients, 95% confidence intervals (Cls), and
p values were reported from these models. GEE logistic re-
gression models predicting the odds of being overweight/
obese were similarly constructed to analyze offspring adoles-
cent BMI. Odds ratios (ORs), 95% CIs, and p values were
reported from these models. Within the sub-fertile group, we
performed linear trend analyses across ordered levels of the
semen quality measures controlling for use of ART vs. natural
birth. Statistical significance was assessed at the 0.05 level and
all tests were two-tailed.

Results

Our final sub-fertile cohort consisted of 480 men who
underwent semen analysis and ultimately fathered 570 chil-
dren that had complete UPDB and BMI data available. A total
of 119 (21%) of these children were conceived using ART.
The 480 control men fathered 1170 naturally conceived chil-
dren. Our cohort study had 15% multiple gestations compared
to only 2% for children of controls. See Table 1 for further
details regarding study cohort demographics.

The matching process was based on age and birth year at
the time of semen analysis, but we found that the parents of
our subjects were on average 5 years older than the controls at
time of the child’s birth. There was little difference between
subjects and controls in BMI of the parents at either time of
birth or at time of offspring adolescence. See Table 2 for
paternal and maternal demographics.

The four semen parameters we analyzed in our final models
were concentration, total count, vitality, and total motile count.
See supplemental Table 1 for semen parameter group defini-
tions, categories, and the respective number of children born
to sub-fertile men by each semen parameter.
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Table 1 General offspring and cohort demographics

Subjects Controls
Fathers (N) 480 480
Children (N) 570 1170
Mode of conception
Control - 1170 (100%)
U1 66 (12%) -
IVF 53 9%) -
Natural 451 (79%) -
Sex (M)

296 (52%) 618 (53%)
Twin

84 (15%) 23 2%)
Birth weight (GM)
< 1000 3 (1%) 2 (0%)
1000-1499 2 (0%) 5 (0%)
15002499 74 (13%) 51 (4%)
>2500 491 (86%) 1112 (95%)
Offspring adolescence BMI
(age/gender specific)
Underweight 27 (5%) 47 (4%)
Normal 456 (80%) 891 (76%)
Overweight 87 (15%) 232 (20%)
Gestational age (weeks)
<27 1 (0%) 2 (0%)
28-33 12 2%) 20 (2%)
34-36 75 (13%) 51 (4%)
>37 482 (85%) 1078 (94%)
Birth weight

Overall there was a higher proportion of subjects’ offspring that
were underweight (< 2500g) compared to controls, 14% vs 5%,
respectively. Multivariable models controlling for all of the
parental and offspring variables showed that the offspring of
men with low sperm concentration had significantly lower birth
weight at birth compared to fertile control offspring (— 158 g,
95% CI —278~—38; p=0.01). The offspring of subjects with
normal sperm concentration were also significantly under-
weight compared to fertile control offspring (—75 g, 95% CI
— 136~ 14; p=0.016). The birth weight of the offspring of
men with hyperzoospermic concentration was not significantly
different than that of the controls (p = 0.38) (see Fig. 1).

We observed a similar negative association for total sperm
count, where the offspring of men with low and normal sperm
counts were underweight compared to control offspring at —
172 g (95% CI —294~51; p=0.005) and —83 g (95% CI —
143~ 22; p =0.008), respectively. The birth weight of the off-
spring of men with hyperzoospermic count was not significantly
different than that of the controls (p = 0.76) (see Fig. 1).
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Table 2 Paternal and maternal

demographics Paternal factors Subjects Controls Maternal factors Subjects Controls
Age at birth, mean (SD)  32.8 (5.3) 26.6 (5) Age at birth, mean (SD)  30.7 (4.8) 253 (5.1)
BMI at time of offspring birth
Normal 191 34%) 359 31%) Normal 442 (78%) 807 (70%)
Overweight 299 (53%) 637 (55%)  Overweight 97 (17%) 258 (22%)
Obese 79 (14%) 163 (14%)  Obese 29 (5%) 89 (8%)
BMI at time of offspring adolescence
Normal 125 (22%) 245 (21%) Normal 367 (65%) 610 (53%)
Overweight 324 (57%) 638 (55%)  Overweight 137 24%) 388 (34%)
Obese 120 21%) 276 (24%)  Obese 64 (11%) 156 (14%)

Again, for total motile count, we found that the offspring
birth weight was negatively associated with the father’s total
motile count. The offspring of men with low count were sig-
nificantly underweight compared to control offspring (- 155,
95% CI —241~69; p<0.001). The second and third quar-
tiles of total motile count followed a similar trend towards
underweight offspring, but were not significant at —80 g
(95% CI —164~5; p=0.06) and —64 g (95% CI — 138~11;
p=0.09), respectively (see Fig. 1).

We did not observe an association between the off-
spring’s birth weight and the father’s sperm vitality mea-
sures. For all vitality groups, the offspring were under-
weight compared to fertile control offspring, but only
the third quartile reached statistical significance (—94 g,
95% CI — 165~—24; p=0.009).

When we controlled for use of ART in the same models as
above, within our sub-fertile group, we found that there was a
significant trend of increasing birth weight across levels of
total motile count and total sperm count compared to the
azoospermic group. With each improved total motile count
category, we saw a 44-g increased birth weight (95% CI
12.5-75.5; p=0.006) (see Fig. 2). For each improved total
sperm count category, we found a 103.7-g increased birth
weight (95% CI 34.4-173; p =0.003).

Adolescence BMI

We performed the same multivariate generalized estimating
equations, controlling for all of the parental and offspring
variables, and we did not find any consistent trends of signif-
icant difference between the subject and control children ad-
olescence BMI based on the semen parameters we investigat-
ed. The highest quartile of total sperm count and the highest
quartile of vitality were associated with decreased risk of obe-
sity (OR 0.37,95% C10.15~0.92; p =0.032; OR 0.5, 95% CI
0.27~0.96; p=10.038), respectively. Otherwise, we did not
find any consistent trends of significant difference between
the subject and control children adolescence BMI based on
the four semen parameters we investigated.

When we controlled for use of ART in the same models as
above, within our sub-fertile group, we found no significant
trend across levels of semen quality measures.

Discussion
To our knowledge, this is the first study to examine the rela-

tionship between semen parameters and offspring birth weight
and BMI. Poor sperm concentration, total count, and total

Fig. 1 Effect of sperm

Offspring birthweight based on semen parameters

concentration, total count, and 300.00
total motile count on offspring
birth weight (multivariable 200.00
model)

100.00

0.00

Birthweight (grams)

-200.00 -

.m++ﬁ- +-b-+ +++

-300.00

Concentration

AzooIOIlgo Normol Hyper

Q2|Q3|Q4

Total motile count

oolOIlgol Normo |Hyperzoo AzooIQ1|

Count

@ Springer



J Assist Reprod Genet (2018) 35:793-799

797

Fig. 2 Linear trend analysis
within sub-fertile population only.
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motile count were associated with a significantly lower birth
weight compared to fertile control offspring. When control-
ling for ART in our subgroup analysis, we showed that higher
birth weight had a linear association with both total motile
count and total sperm count. This suggests that semen quality
should be a consideration when studying the birth outcomes of
children conceived with ART. These effects may be short-
term, as we do not find evidence of a long-term association
between semen quality and BMI.

Past studies revealed evidence of singletons and twins con-
ceived through ART, namely in vitro fertilization (IVF), had a
greater risk for adverse perinatal outcomes: preterm birth, low
birth weight, and perinatal mortality compared to their con-
trols [15—18]. Our study suggests that there may be other
factors, such as semen quality, contributing to the short-term
health of babies conceived with ART. We have identified two
potential mechanisms that may be responsible for such an
association and warrant investigation in future studies: epige-
netic changes to the male spermatozoa and lack of seminal
plasma associated with ART.

Emerging evidence supports the role of epigenetic remodel-
ing of sperm in the infertile male. For instance, Jenkins et al.
identified hypermethylated regions of human spermatozoa
genes associated with poor motility, viability, and count [19].
These regions correlated with previously identified mammalian
genes associated with infertility. In another methylation study,
two groups of men with similar semen parameters, but that
ultimately displayed differences in fecundity, showed methyla-
tion differences in coding regions of genes known to be
expressed in sperm [20]. This same author has shown that when
sperm is processed by a separation gradient, which results in
two fractions of sperm based on quality, and found that the
lowest sperm quality demonstrates increased methylation (com-
pared to the higher quality) within the same individual as well
as across 20 different men [21]. Klaver et al. performed a meta-
analysis of two loci known for their association between infer-
tility and abnormal DNA methylation, H19 and MEST, and

Q2 Q3 Q4

Total motile quartiles

found a 14.6- and 3.4-fold increased risk of aberrant DNA
methylation in infertile men, respectively [22, 23].

A clear example of a paternal factor influencing offspring
development is from a mouse model. Bromfield et al. surgi-
cally ligated mouse seminal vesicles and found that the lack of
seminal plasma fluid impaired conception, caused placental
hypertrophy, and significantly impacted the growth of the
male offspring [24]. The authors hypothesize that the seminal
fluid may impact the epigenome, the uterine environment, or
potentially alter the sperm. While our work examined bulk
semen parameters, as opposed to the impact of seminal fluid,
it furthers the hypothesis that paternal factors can impact early
and late embryogenesis, altering initial offspring phenotype,
possibly through epigenetics.

We found that semen quality has an independent effect on
offspring birth weight, but not on adolescent BMI. European
studies have explored health outcomes beyond the prenatal
period of IVF and intra-cytoplasmic sperm injection (ICSI)
children. Results from one such study had shown higher pe-
ripheral skinfolds, body mass, and total body fat in IVF sin-
gletons compared to controls in 8- to 18-year-old singletons
born from sub-fertile parents [25]. A more recent study
showed pubertal ICSI-conceived girls also had increase pe-
ripheral and total adiposity assessed by BMI, as well as central
adiposity [26]. Repeated studies have shown a high associa-
tion of central body fat mass to increased risk for cardiovas-
cular and metabolic health [27-29]. These studies are helpful
in understanding how ART affects offspring BMI during pu-
bertal stages, which may negatively impact health outcomes
well into adulthood.

The impact of histone modification and RNA packaging on the
paternal contribution to early development is another area of active
research. The histone bound chromatin and DNA are transferred to
the paternal pronucleus following fertilization where they then
impact the developing embryo [30]. Furthermore, Hammoud
et al. showed that retained histones in sperm often localized to
regions involved in embryonic development [31]. When the
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embryonic development is affected, this can have lasting growth
and health consequences for not only the first, but potentially for
multiple future generations [32, 33].

In our study, we have identified an association with poor
semen quality and offspring birth weight. There are known
deleterious effects of obesity on semen quality and fertility,
and obesity may also lead to changes in methylation profiles
[34, 35]. For instance, Soubry et al. reported that pre-
conception maternal and paternal obesity lead to statistically
significant differential methylation profiles for multiple
growth-related imprinted genes [36]. Donkin et al. showed
that sperm DNA methylation and mRNA expression of non-
coding regions were different between normal weight and
obese males, and also demonstrated that obese males that
underwent bariatric surgery significantly changed the sperm
DNA methylation levels at loci responsible for appetite [37].
Thus, a clear strength of this study was our ability to control
for both maternal and paternal BMI.

In our multivariate analysis, we controlled for maternal and
paternal health and socioeconomic factors known to contribute to
birth weight of offspring. However, there are several limitations
to this study. We attempted to minimize the potential bias of
unmeasured variables and the inherent problems of retrospective
analysis by utilizing the UPDB’s ability to provide age-matched
fertile controls. A limitation of this study is that we do not have
SA data on our fertile controls. We have attempted to control this
by only choosing controls that have fathered children naturally
and no history of an infertility evaluation. Second, we donothave
medical comorbidity indexes or smoking status for the men who
underwent SA. Third, we were unable to control for subject lo-
cation within the state, and environmental exposure is a potential
confounder for this study or any population-based infertility
study. Fourth, this study only involved Utah residents, and the
state has less ethnic and racial diversity compared to other re-
gions. Fifth, we do not know the proportion of female partners
with diagnosed infertility. Unfortunately, our database does not
allow us to control for specific offspring health, disease, or diag-
noses. We matched the men with semen analysis to known fertile
controls based on age at time of semen analysis. This was due to
our original database construction, and both maternal and pater-
nal age was controlled for on multivariable analysis. The use of
ART and subtype of ART has been shown to impact birth weight,
and we attempted to control for this in our sub-analysis [38]. Due
to the constraints of our database only reporting either [UTvs. IVF
vs. natural conception, we were unable to control for the different
subtypes of ART (IUI, ICSI, IVF) during our analysis. We chose
to dichotomize these variables as ART vs. natural conception.
Lastly, our final cohort consisted of a small portion of the original
group of men with semen analysis due to our rigorous inclusion
criteria; this could introduce a potential selection bias.

We did not find an association between adolescent BMI
and semen parameters, but this may have been limited by
the relative young age of our cohort of offspring. In 15 years,
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3500 more children in our cohort will be old enough to be
included in a similar study examining BMI at the time of
adolescence. This study has identified several potentially in-
teresting areas of future research. We plan to use SHARE and
the UPDB to identify unique cohorts of men with their corre-
sponding biospecimens to further investigate the epigenetic
changes in sperm and health outcomes of their offspring.
Future studies will also investigate the association between
hormone profiles of the men and their offspring’s growth.

Conclusion

Despite limitations within our population-based dataset, we
found that poor quality semen analysis parameters pointed
towards an association with low birth weight in the offspring
of sub-fertile men compared to the offspring of normal fertile
controls. However, in contrast to studies of ART effects on
offspring, we did not find evidence of long-term associations
between semen quality and BMI.
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