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OBJECTIVE To characterize sociodemographic differences in semen parameters among US men undergoing a
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semen analysis.

MATERIALS AND
METHODS
Men who provided a semen sample were identified from insurance claims between 2007 and 2016.
Differences in semen parameters were characterized according to age, race, education, and region.
Mean semen parameters and proportions of men with suboptimal parameters were compared and
risks of oligospermia and azoospermia were assessed by logistic regression.
RESULTS
 Of the 7263 men included, most men were white (55.1%), Hispanic (20.2%), or Asian (10.2%).
Asians had the highest mean semen concentrations (69.2£ 106/mL), whereas blacks had the low-
est (51.3£ 106/mL). Men from the Midwest were more likely to have oligospermia (odds ratio
[OR] 1.62; 95% confidence interval [CI] 1.34-1.94), whereas men from the West were less likely
(OR 0.82; 95% CI 0.82-0.94) when compared with men from South. An association between
education and sperm concentration was observed. For example, men with a high school diploma
or less were more likely to have oligospermia (OR 1.09; 95% CI 0.95-1.26), whereas men with at
least a bachelor degree were less likely (OR 0.87; 95% CI 0.76-1.0) when compared with men
with less than a bachelor degree.
CONCLUSION
 As we observed differences in semen quality based on sociodemographic factors, these findings
may have clinical implications as relying on a single reference value when guiding infertile couples
may be problematic given these variations. Further work is warranted to understand the etiology of
such differences and determine if different normative reference values may apply for different pop-
ulations. UROLOGY 123: 126−132, 2019. © 2018 Elsevier Inc.
It is estimated that 20%-30% of men have sperm
counts low enough to impair fertility and half of these
men may need fertility treatment to become fathers.1

To date, the conventional semen analysis includes sperm
concentration, motility, morphology, volume, and total
sperm counts. While it remains the first step to assess a
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man's reproductive potential, defining clear thresholds for
normative reference values has proven difficult.

The influence of sociodemographic factors on semen
quality has previously been investigated with the main
focus so far on the influences of region2,3 and lifestyle fac-
tors such as body mass index4 and smoking.5 There are
indicators of disparities in semen parameters between
countries in Europe where Danish men have been shown
to have the lowest sperm counts followed by French and
Scottish men.2 A recent study among Baltic men revealed
higher sperm counts when compared with men from other
European countries.6 In the United States, however, the
influences of regional differences are less thoroughly
explored. However, a report from the Study for Future
Families SFF revealed regional differences with the lowest
sperm counts among men from Missouri.7

Data on racial disparities in semen quality are few. One
US study found lower sperm counts among blacks in com-
parison to whites and Hispanics,7 and another recent
study found lower sperm counts among whites compared
© 2018 Elsevier Inc.
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to Asians.8 However, it may be difficult to draw conclu-
sions based from these reports as black and Hispanic men
were under-represented, which is a common limitation in
these types of studies. Moreover, diverse recruitment sites
across the United States may also limit generalizability
with regards to racial and regional differences in semen
quality.
Although it is generally accepted that a higher level of

education is associated with a decreased risk of chronic
diseases and mortality and improved access to healthcare,
the influence of educational attainment on semen quality
is not well studied. Furthermore, understanding the
impact of sociodemographic factors on semen quality
among infertile men may be helpful for clinicians when
guiding couples and providing prognostic information as
well as opportunities for treatment options.
Given the clinical implications for semen quality on

both fertility and health,9 we sought to characterize semen
parameters in a large population of diverse men with com-
mercial insurance identified from all 4 regions in the
United States.
MATERIAL AND METHODS
We identified a cross-sectional cohort of men in the Optum�

Clinformatics� Data Mart Database that is a de-identified data-
base from a large national insurance provider. The database
contains claims submitted for payment from approximately
17-19 million annual covered lives over a 9-year period. The
population is geographically diverse, spanning all regions
within the United States with information on laboratory results
from multiple payers linked to each patient.10 The database
contains enrollees with both commercial and Medicare Advan-
tage health plan data. In the United States, fertility treatment
may be covered by insurance or paid for out of pocket.

Our cohort includes men who provided a semen analysis
between 2007 and 2016. The semen samples were analyzed for
concentration, volume, motility, morphology, and total sperm
counts per laboratory practices. Given the variation in morphol-
ogy definitions at different laboratories, we included only labora-
tories using WHO strict criteria with normal identified as > 4%.
Men with a history of vasectomy and a diagnosis of cancer before
or within 6 months of the initial semen analysis were excluded.
For the men who provided multiple semen analyses, only the first
sample was used for this present study. The cohort was linked to
socioeconomic data to obtain data on race, region, and educa-
tional attainment. Institutional review board approval was
obtained.

Statistical Analysis
We characterized differences in semen parameters according to
the following sociodemographic characteristics: age, region,
race, and education. First, mean values in semen parameters
between the different sociodemographic categories were analyzed
as continuous variables by analysis of variance to test for differ-
ences between means. The distribution of semen samples was
skewed but transforming the data showed the same trends. Sec-
ond, the proportion of men with semen parameters below the
current WHO guidelines (sperm concentration < 15£ 106/mL,
semen volume < 1.5 mL, motile sperm < 40%, morphology
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< 4%, and total sperm count < 39£ 106 mL) were quantified
and reported as percentages.11 Third, prevalence odds ratios
(ORs) with corresponding 95% confidence intervals (CIs) were
analyzed by logistic regression to estimate the risk of oligosper-
mia (sperm concentration < 15£ 106) according to each socio-
demographic characteristic. Last, the logistic regression was
repeated to test for associations between azoospermia and the dif-
ferent categories. All sociodemographic characteristics were con-
sidered as possible confounders and added stepwise to the final
model. Adjustment for education in the oligospermia analyses
were omitted as it did not significantly change the results across
any of the sociodemographic characteristics. CIs were reported
instead of P values as measure of precision in the logistic regres-
sion. All statistical analyses were performed with SAS version
9.4.
RESULTS
The demographic characteristics are presented in Table 1. With
a mean age of 36.4, our cohort includes 7263 men with a semen
analysis. The majority of the men had less than a bachelor degree
(55.9%), while fewer had only completed high school or less
(20.6%). White men made up the largest percentage of the
cohort (55.1%) followed by Hispanics (20.2%) and Asians
(10.2%). Men from the South (52.6%) and West (30.9%)
regions were most commonly represented.

The mean semen parameters are presented in Table 2. Over-
all, the mean sperm concentration was 57.9£ 106/mL. The dif-
ferences in mean sperm concentrations between men of different
ages were minimal, although men over the age of 40 years had
lower total sperm counts, morphology, motility, and ejaculate
volumes. Racial differences were seen where Asians had the
highest mean semen concentrations (69.2£ 106/mL) while
blacks had the lowest (51.3£ 106/mL). This trend was also
accompanied by a higher percentage of black men with semen
parameters below the current WHO guidelines (Table 3). An
association between educational attainment and semen concen-
trations was observed with mean concentrations of 55£ 106/mL
among those with a high school diploma or less compared with
63.3£ 106/mL among those with at least a bachelor degree.
Men from the Northeast had the highest sperm concentrations
(63.3 M/mL), while men from the Midwest had the lowest (49.2
M/mL, Table 2).

The cross-sectional analysis between the sociodemographic
categories and sperm concentrations below 15£ 106/mL is pre-
sented in Table 3. Overall, men over the age of 40 years were
more likely to have oligospermia (OR 1.14; 95% CI 1.01-1.30)
when compared with younger men. Asians had the lowest risk of
oligospermia (OR 0.64; 95% CI 0.52-0.78), whereas blacks and
Hispanics had corresponding risk estimates of OR 1.15, 95% CI
0.96-1.39 and OR 1.11, 95% CI 0.97-1.28, respectively, when
compared with white men in the adjusted model. Men from the
Midwest had the highest adjusted risk of oligospermia (OR 1.62;
95% CI 1.34-1.94), whereas men from the West had the lowest
(OR 0.82; 95% CI 0.72-0.94) when compared with men from
the South.

The proportions of men with azoospermia are presented in
Table 4. Overall, 8.0% of the men were azoospermic. The preva-
lence of azoospermia increased with age as 4.6% of men aged 18-
29 years presented with azoospermia compared with 12.4% of
men over the age of 40 years. Asians had the lowest prevalence
of azoospermia (5.6%) and were less likely to be azoospermic
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Table 1. Population characteristics of the cohort

n %

Age groups
18-29 1199 16.5
30-39 4053 55.8
40 and older 2011 27.7
Education
High school diploma or less 1494 20.6
Less than bachelor 4057 55.9
Bachelor or higher 1697 23.4
Unknown 14 0.20
Race
Asian 742 10.2
Black 673 9.3
Hispanic 1465 20.2
White 4002 55.1
Unknown 381 5.3
Region
Northeast 475 6.5
Midwest 698 9.6
South 3824 52.6
West 2264 30.9
Unknown 20 0.30
after adjustment of confounders (OR 0.60; 95% CI 0.41-0.86)
when compared with white men who had the highest prevalence
of azoospermia (8.9%). Regional differences in rates of azoosper-
mia were also identified (Table 4).
DISCUSSION
In this cross-sectional study of 7263 US men who pro-
vided a semen sample, we observed differences in semen
quality across several sociodemographic characteristics.
We found that in the United States, men from the
Table 2. Mean semen parameters according to sociodemograp

Mean Age
Concentration
(x106/mL)

Sperm
(x10

Mean semen concentration overall 57.9
Age
18-29 26.8 57.2 164.4
30-39 34.3 58.8 163.7
40 and older 46.2 56.4 141.8
Race
Asian 35.6 69.2 178.4
Black 37.0 51.3 129.9
Hispanic 36.0 57.8 153.8
White 36.4 56.5 160.1
Unknown 37.6 62.0 169.7
Education
High school or less 35.7 55.0 148.9
Less than bachelor 36.2 56.8 156.8
Bachelor or higher 37.4 63.3 170.2
Unknown 37.1 59.8 177.6
Region
Northeast 36.9 63.3 188.0
Midwest 34.3 49.2 140.9
South 35.9 57.1 152.6
West 37.6 61.2 169.2
Unknown 41.0 49.01 112.8
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Midwest had the lowest mean sperm concentration,
whereas men from the West had the highest. In addition,
Asian men had the highest mean sperm concentrations
and were less likely to be azoospermic compared with
white men. There appeared to be an association between
educational attainment and semen quality as men with a
high school diploma or less had the lowest mean semen
concentrations, and were more likely to be oligo- and
azoospermic.

Differences in semen quality according to regions have
been studied in Europe,2,6,12,13 but to our knowledge few
studies have looked at geographical variations within the
United States.3,14 The SFF in the United States collected
semen samples from a cohort of male partners of 512 preg-
nant women found the lowest sperm counts among men
from Missouri,7 which compares to our results as men
from the Midwest had a 62% increased risk of being sub-
fertile compared with men from the South. We observed
the highest sperm counts among men from the Northeast
and Western regions, which also compare to the SFF, as
they observed the highest sperm counts among men from
New York and Los Angeles.3 An older US study of 1263
men who banked sperm prior to vasectomy similarly
revealed the highest sperm concentrations among men
from New York.14 It is interesting to note that while SFF
recruited fertile men, our cohort likely enriched for infer-
tility given who would be most likely to receive a semen
analysis in the United States. Nevertheless, both groups
showed similar regional differences. It has been suggested
that environmental factors may explain these differences
as a study on urine pesticide metabolites from the same
group on revealed higher pesticide levels among men
from Missouri.15 Men from Midwest were not at increased
risk of azoospermia who may support the hypothesis of
hic characteristics

Count
6)

Semen Volume
(mL) Morphology (%) Motility (%)

3.0 39.2 58.0
2.8 39.0 55.6
2.6 34.9 50.2

2.6 36.3 55.6
2.6 40.6 54.7
2.7 45.2 55.7
2.9 35.6 54.4
2.9 34.4 52.2

2.7 40.5 54.4
2.8 37.6 54.4
2.8 36.9 55.6
3.4 39.8 58.8

2.8 25.6 50.6
3.0 19.9 52.8
2.7 46.1 56.8
2.9 31.5 52.2
2.6 13.6 44.8
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Table 3. Proportions of men with semen parameters below current WHO fifth edition reference values and risks of oligospermia presented as ORs with corresponding CIs

Sperm Concentration
<15£ 106/mL

Semen Volume
<1.5 mL

Motile Sperm
<40%

Total sperm count
<39£ 106 Morphology <4% OR Crude OR Adjusted

Age
18-29 321/1135 (28.3) 171/1135 (15.1) 210/1067 (19.7) 330/1105 (29.9) 177/1037 (17.1) 1.01 [0.87-1.17] 0.96 [0.83-1.12]*
30-39 1047/3234 (28.0) 602/3836 (15.7) 822/3473 (23.7) 1102/3629 (30.4) 576/3291 (17.5) - -
40 and older 512/1659 (30.9) 424/1824 (23.5) 497/1504 (33.0) 578/1609 (36.0) 346/1465 (23.6) 1.15 [1.0-1.20] 1.14 [1.01-1.30]*
Race
Asian 143/703 (20.3) 134/721 (18.6) 162/675 (24.0) 159/696 (22.8) 113/640 (17.7) 0.60 [0.50-0.74] 0.64 [0.52-0.78]y

Black 205/632 (32.4) 159/654 (24.3) 168/609 (27.6) 244/628 (38.8) 104/57 2 (18.2) 1.14 [0.94-1.36] 1.15 [0.96-1.39]y

Hispanic 411/1339 (30.7) 271/1382 (19.6) 304/1252 (24.6) 439/1295 (33.9) 157/1175 (13.4) 1.05 [0.91-1.20] 1.11 [0.97-1.28]y

White 1041/3509 (29.7) 566/3675 (15.4) 800/3179 (25.2) 1063/3384 (31.4) 665/3100 (21.4) - -
Unknown 80/345 (23.2) 67/363 (18.5) 95/329 (28.9) 105/340 (30.9) 60/306 (19.6) 0.72 [0.55-0.92] 0.73 [0.56-0.95]y

Education
High school or less 436/1382 (31.5) 288/1412 (20.4) 341/1274 (26.8) 458/1348 (34.0) 201/1186 (16.9) 1.11 [0.97-1.27] 1.09 [0.95-1-26]z

Less than bachelor 1054/3601 (29.3) 628/3745 (16.8) 856/3320 (25.8) 1123/3483 (32.2) 643/3195 (20.1) - -
Bachelor or higher 387/1532 (25.3) 278/1624 (17.1) 330/1439 (22.9) 425/1499 (28.3) 255/1399 (18.2) 0.82 [0.71-0.93] 0.87 [0.76-1.00]z

Unknown 3/13 (23.1) 3/14 (21.4) 2/11 (18.2) 4/13 (30.8) 0/13 (0) 0.75 [0.16-2.37] 0.76 [0.17-2.57]z

Region
Northeast 94/402 (23.4) 80/449 (17.8) 95/353 (26.9) 93/407 (22.8) 88/389 (22.6) 0.75 [0.59-0.95] 0.70 [0.55-0.91]x

Midwest 249/632 (39.4) 82/570 (14.4) 129/540 (23.9) 238/619 (38.4) 240/558 (43.0) 1.60 [1.34-1.91] 1.62 [1.34-1.94]x

South 1015/3514 (28.9) 733/3789 (19.3) 804/3357 (23.9) 1160/3502 (33.1) 329/3206 (10.3) - -
West 517/1964 (26.3) 296/1969 (15.0) 494/1777 (27.8) 512/1799 (28.5) 435/1626 (26.7) 0.88 [0.78-1.00] 0.82 [0.72-0.94]x

Unknown 5/16 (31.2) 6/18 (33.3) 7/17 (41.2) 7/16 (43.7) 7/14 (50.0) 1.12 [0.35-3.08] 0.94 [0.32-2.74]x

CI, confidence interval; OR, odds ratio.
The denominators and percentages are based on the number of men across all sociodemographic characteristics, excluding those with missing values for the measured semen parameter.
* Adjusted for region, race, and year at semen analysis.
y Adjusted for region, year of semen analysis, and age at semen analysis.
z Adjusted for region, race, year of semen analysis, and age at semen analysis.
x Adjusted for race, year of semen analysis, and age at semen analysis.
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Table 4. Proportion of men with azoospermia and risks of azoospermia presented as ORs with corresponding 95% CIs

N (%) OR Crude OR Adjusted

Age group
18-29 48/1038 (4.6) 0.65 [0.46-0.88] 0.66 [0.48-0.91]*
30-39 244/3497 (7.0) - -
40 and older 194/1559 (12.4) 1.90 [1.55-2.3] 1.84 [1.50-2.25]*
Education
High school or less 119/1294 (9.2) 1.16 [0.92-1.45] 1.25 [0.97-1.59]y

Less than bachelor 269/3351 (8.0) - -
Bachelor or higher 98/1436 (6.8) 0.84 [0.66-1.06] 0.79 [0.62-1.01]y

Unknown 0/13 (0) - -
Race
Asian 37/666 (5.6) 0.60 [0.42-0.85] 0.60 [0.42-0.86]z

Black 41/563 (7.3) 0.80 [0.57-1.12] 0.75 [0.52-1.06]z

Hispanic 96/1261 (7.6) 0.84 [0.66-1.07] 0.75 [0.58-0.97]z

White 291/3275 (8.9) - -
Unknown 21/329 (6.4) 0.70 [0.43-1.08] 0.60 [0.37-0.94]z

Region
Northeast 41/393 (10.5) 1.77 [1.23-2.50] 1.28 [0.86-1.87]x

Midwest 35/501 (7.0) 1.14 [0.77-1.63] 1.00 [0.68-1.48]x

South 203/3280 (6.2) - -
West 206/1906 (10.8) 1.84 [1.50-2.25] 1.39 [1.11-1.73]x

Unknown 1/15 (6.7) 1.08 [0.06-5.42] 0.78 [0.04-4.08]x

*Adjusted for region, race, education, and year of semen analysis.
yAdjusted for race, age at semen analysis, and education.
zAdjusted for education, age at semen analysis, and year of semen analysis.
xAdjusted for race, education, age at semen analysis, and year of semen analysis.
environmental effects as azoospermia may have genetic
causes such as y chromosome deletions and aneuploidy.16

The influence of race on semen quality is not well stud-
ied and data among Hispanic and black men are few. Our
reports of higher sperm concentrations among Asian men
are consistent with a recent US study that found higher
sperm concentrations and total sperm counts among
Asian men compared with white men from the same geo-
graphic region.8 These findings are further supported by a
cross-sectional study of 792 fertile Japanese men, which
found sperm counts comparable to that in the best Euro-
pean regions.17 However, poor semen quality has previ-
ously been reported among Chinese men,18 so conflicting
results do exist especially as Asians are a heterogeneous
group. The etiologies of these observed differences are
unknown. With many causes of male factor infertility
termed idiopathic even after karyotyping, Y-microdele-
tion analysis, and endocrine profiling, it seems plausible
that other genetic factors could explain the possible
links.19 Furthermore, a recent meta-analysis on the impact
of CAG repeat length in the androgen receptor revealed
association with male factor infertility among white but
not Asian men.20 In addition to biological factors, socio-
economic factors such as access to care may play a role.
As fertility treatment is expensive in the United States, it
is possible that lower income minority groups, such as
blacks and Hispanics, may defer treatment and conse-
quently present with poorer semen quality. Indeed, longer
duration of infertility prior to seeking fertility treatment
has previously been reported among minorities.21 How-
ever, as our cohort includes men with employer-based
medical insurance, this explanation may be less likely.
130
Men with at least a bachelor degree had the highest
semen quality across all parameters (except for morphol-
ogy). These findings could be linked to behavioral risk
factors, such as smoking and poor diet associated with less
education, although we acknowledge that the causal path-
way is complex as other socioeconomic factors inevitably
play a role. Men with at least a bachelor degree had a
mean age of 37.4 and were perhaps less likely to defer fer-
tility treatment as they would be ready to start a family
right away, which could explain the higher sperm concen-
trations. Also, navigating health care options and under-
standing treatment regimens are prerequisites for fertility
treatment, which means men with a poorer level of educa-
tion would be at risk for deferring treatment and present
with poorer semen quality. This hypothesis compares to
findings from the National Survey of Family Growth, a
cross-sectional study of 4105 men seeking fertility treat-
ment in the United States, which found that men who
had a college degree were more likely to seek fertility
treatment.22 In our study, adjustment for confounders,
including age, attenuated the association between educa-
tion and semen quality, although a trend remained.

Men above the age of 40 years had lower mean total
sperm counts, morphology, motility, and ejaculate vol-
umes in our cohort. The mean sperm concentrations dif-
fered minimally according to age, although older men had
higher risks of both oligospermia and azoospermia after
full adjustments. These findings compare to a meta-analy-
sis of 90 studies, which found an age-dependent decline
for all sperm parameters except for concentration.23 The
causality for this age-dependent decrease is uncertain, but
it has been suggested that oxidative damage from reactive
UROLOGY 123, 2019



oxygen species, leading to DNA damage might be con-
tributory.23 As the paternal age has increased in the
United States24 and 28% of the men in our cohort were
above 40 years of age, these finding may have clinical
implications as older paternal age have been linked to
childhood comorbidity including increased risks of pediat-
ric cancer25 and autism.26

The prevalence and risks of azoospermia differed across
sociodemographic characteristics. Overall, 8% of the men
were azoospermic, which compares to a recent Danish
study where 5% of men identified from infertile couples
were azoospermic.27 Data on regional and racial disparities
in azoospermia rates are few as most semen studies of such
types have been conducted in fertile men.2,3,7 Nonethe-
less, one study of 16,714 infertile men from 5 different cit-
ies in India revealed large regional differences in
azoospermia cases and it was hypothesized that high levels
of fluoride in drinking water and workers exposure to pes-
ticides may be contributory as a high percentage of men
were occupationally involved in agriculture.28 In our
cohort, men from the Western region had the highest risk
of azoospermia, which is noteworthy as they on average
had higher mean sperm concentrations and were less
likely to be oligospermic. The latter findings suggest that
azoospermia and oligospermia may have different etiolo-
gies and support the well-established link between genetic
origins and azoospermia. Whites had the highest preva-
lence of azoospermia that further supports genetic influen-
ces as certain post testicular causes of azoospermia, such as
mutations in the CFTR gene, is more common among
whites.29

A major strength of this study is the overall size and the
ability to include men from geographically diverse US
populations over a period of 9 years. In addition, as our
cohort included about 40% nonwhites, minority groups
were well represented, which is less common among
reproductive studies. However, our study also has limita-
tions. Due to the cross-sectional design, we cannot
exclude the possibility of reverse causation as exposure
and outcome variables were collected simultaneously. As
with other studies that rely on electronic health data, we
lacked information regarding lifestyle factors such as
smoking, alcohol, and dietary habits that have been
shown to affect semen quality in some studies.30 We were
also unable to adjust for chronic diseases, but as the men
were relatively young at study inclusion we expect this to
have little influence on the results. However, by adjust-
ment of education (where applicable) we expect to have
accounted for some of the possible confounding due to
lifestyle factors and chronic disease. In addition, we were
not able to adjust for period of sexual abstinence, seasonal
factors, change of address, or before semen sampling and
within and between laboratory variation in semen analysis
is unknown—all factors may have effects on results and
comparison mode. However, we expect these limitations
to be evenly distributed across the groups. In addition, our
geographical results compare to finding from SFF that
used a strict protocol with regards to semen analyses.3 We
UROLOGY 123, 2019
also relied on results from a single semen analysis,
although we acknowledge that intravariability in semen
quality among the same men exists. However, a previous
study compared results using all semen analyses, which
showed the same conclusions.8 Lastly, our cohort is likely
enriched from men evaluated for infertility, which may
limit generalizability. However, the mean sperm concen-
tration in our cohort was 57.9£ 106/mL, which is compa-
rable to a US study of fertile men with mean sperm
concentrations of 60.0£ 106/mL.7 Further, recruitment of
presumably fertile men for semen studies have previously
proven difficult with low participation rates, which may
introduce selection bias.

Despite these inherent study limitations, these results
provide a comprehensive report of differences in semen
parameters according to several sociodemographic charac-
teristics. Our findings may have clinical implications as
relying on a single reference value may be problematic
given the variations based on regions, race, and education
within the United States. Further work is warranted to
understand the etiology of such differences and determine
if different normative reference values may apply for dif-
ferent populations.
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