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Introduction
 As the prevalence of obesity continues to rise, so does its impact 
on the health of the population and cost to the medical community. 
Surpassing both smoking and diabetes as the leading cause of pre-
ventable death in the United States, treatment of obesity and obesi-
ty-related disease was estimated to cost over $190 billion in 2012 
[1]. Recently, there has been a surge of interest in the relationship 
of obesity with male factors of fertility. The most widely accepted 
studies investigating male-factor fertility have suggested an 1.1-1.4-
fold increased risk in sub/infertility in overweight and obese males, 
often showing a dose-response relationship [2]. Sallmen et al., found 
that weight gain as small as a three unit increase in Body Mass In-
dex (BMI) is associated with infertility [3]. Elevated BMI in men is 
strongly correlated with several physiologic pathways that play a role 
in fertility such as hormonal regulation, hypogonadism, and semen 
parameters [4]. Sperm collected from obese men used for in vitro 
fertilization has been associated with a greater number of pregnancy 
losses and is less likely to result in live births [5]. Furthermore, evi-
dence has shown improvement in sexual function, semen parameters, 
and pregnancy rates in males following significant reduction in BMI 
[4,6,7].

 Semen analysis has been the longstanding clinical tool for measur-
ing semen parameters and is regularly used to evaluate male partners 
of infertile couples. In 2010 the World Health Organization (WHO) 
released an updated assessment of semen parameter reference ranges 
to help predict male fertility and pregnancy outcomes of couples [8]. 

When comparing semen quality of obese men to the general popula-
tion, studies have shown that men with higher BMIs show a signifi-
cantly decreased semen volume and total sperm count, but no im-
pact was seen in sperm concentration, motility, morphology, or DNA 
fragmentation index [9]. However, these studies have failed to show 
reproducibility leaving the exact underlying mechanisms of obesity’s 
role in infertility largely unknown [10,11].

 One of the most useful purposes of analyzing semen is for pre-
dicting pregnancy outcomes of Intrauterine Insemination (IUI). IUI 
has been a first-line treatment for the treatment of infertility for sev-
eral decades, but reported pregnancy rates following treatment with 
IUI have varied tremendously from 5% to 62% [12,13]. Much of this 
variation is a direct result of the various techniques and protocols for 
semen preparation and insemination, but some of it can be contributed 
to the imperfect WHO reference ranges and semen parameter analy-
sis. Because the WHO reference range values of semen parameters 
frequently fail strict clinical and statistical standards, they are consis-
tently under scrutiny for reconsideration [14]. Likewise, novel semen  
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Abstract
Objective

 No one semen parameter, (e.g. sperm motility or morphology) 
has been found to be highly diagnostic of male sub fertility. Previous-
ly we reported that Sperm Motility Index (SMI) can describe sperm 
motility more specifically than a sperm cell being simply motile or 
non-motile. SMI has been shown to have a positive association 
with IUI pregnancy outcomes. Additionally, Body Mass Index (BMI) 
has been reported to have a significant relationship with semen pa-
rameters, however no data is available associating BMI with sperm 
motility index and sperm morphology. The study determined if BMI 
impacts the sperm motility index with morphology incorporated into 
the algorithm.

Design

 Retrospective cohort study in male patients undergoing a semen 
analysis in a tertiary fertility clinic.

Materials and Methods

 Semen samples were assessed which included the following pa-
tient values: Weight (M) and weight (Kg), semen volume, sperm con-
centration, percent sperm motility, percent sperm morphology (nor-
mal forms). Sperm Motility-Morphology Index (SM2I) was calculated 
as follows: SM2A = (percent motility*sperm progression*morphology 
percent).

Results

 Semen samples from 53 men assessed as described with a mean 
BMI of 27.5 and a mean SM2A of 8.9. Regression analysis showed a 
significant (P<0.05) relationship between BMI and the SM2A.

Conclusion

 This study further collaborates that an increased body mass in-
dex will have a negative impact on the sperm motility and sperm 
morphology as shown via a novel algorithm. Additional research is 
warranted to see how this association between BMI and SM2A im-
pacts pregnancy outcomes. 
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criteria and algorithms are being devised and studied to find a more 
reliable and diagnostic standard for predicting fertility rates.

 Although clinicians routinely use semen analysis to predict preg-
nancy outcomes, there is no single standard or combination of param-
eters that is diagnostic of infertility. Motility has been a primary focus 
for many fertility improving treatments due to a strong link found  
between motile sperm and pregnancy outcomes [15]. IUI attempts to 
functionally increase the number of motile spermatocytes by short-
ening the distance that sperm must travel to the oviduct to reach the 
site of fertilization. Historically, motility was determined as a binary 
value and was classified as either “motile” or “nonmotile” without 
consideration of linearity or velocity, but advancements in technology 
and technique have attempted to quantify motility more accurately. 
Sperm Motility Index (SMI) is a novel semen parameter that utilizes 
a Computer-Assisted Semen Analyzer (CASA) to objectively cate-
gorize sperm motility based on an individual sperm’s curvilinear ve-
locity. Thus far, SMI has not been successful in showing a significant 
relationship between motility and pregnancy [16].

 Sperm morphology is another semen parameter that has been 
strongly implicated in predicting pregnancy outcomes. Although ab-
normal sperm morphology has long been associated with infertility, 
the failure to standardize morphologic evaluation among researchers 
has led to high variability in its reporting [17]. Development of the 
Tyberg strict criteria and the 2010 WHO sperm parameter update 
have attempted to minimize this variation, yet morphology by itself 
has not been found to be sensitive or specific enough for diagnosing 
infertility [18,19]. More recent steps in semen analysis have com-
bined multiple semen parameters into algorithms to more accurately 
predict pregnancy outcomes in previously infertile couples. The goal 
of this study is to combine morphology parameters into SMI calcu-
lations to create the Sperm Motility-Morphology Algorithm (SM2A) 
in order to determine whether an impact of BMI onto fertility can be 
measured. 

Methods
Study population and participants

 Semen samples from 53 men were analyzed per WHO 5th edition 
(2010).

Measurement

 The data collected included height (m), and weight (kg), body 
mass index was calculated as follows: BMI = (weight/height2). Sperm 
morphology was analyzed using the strict criteria per WHO 2010 (5th 
edition). Sperm motility with forward progression was determined via 
a computer assisted semen analyzer (Sperm Class Analyzer; Version 
5.1, Microptics. I., Barcelona, Spain). Forward progression was cate-
gorized as follows:

• Category 4: Rapid, >35 µ/sec
• Category 3: Medium, 15-35 µ/sec
• Category 2: Slow, 10-14 µ/sec
• Category 1: Static/twitching <10 µ/sec

 The Sperm Motility-Morphology Algorithm (SM2A) was calculat-
ed as follows:

SM2A = (motility*progression category*morphology percent)

Statistical Analysis

 Regression analysis (Sigma Plot for Windows v14.0 Build 
14.0.1.142, Systat Software, Inc., GmbH, Germany) was performed 
compared BMI and SM2Avalues.

Ethics approval and consent to participate

 Research approval was granted by the Institutional Review Board 
(IRB) of the University of South Carolina Office of Research Compli-
ance. The study itself is conducted as Not Human Research (since are 
de-identified) set forth by the Code of Federal Regulations (45 CFR 
46) and therefore exempt from further IRB review.

Results
 A total of 53 semen samples were assessed as described. The mean 
BMI was 27.5 with a low of 21.7 and a high of 36.5. The mean SM2A 
(calculated as motility*progression category*morphology percent) 
was 8.9 with a low of 0.22 (this individual had a BMI of 26.6) and a 
high of 38.4 (this individual had a BMI of 22.5. Regression analysis 
showed a significant (P<0.05) negative relationship between BMI and 
the SM2A (Figure 1).

Discussion
 The detriment of excessive body mass on male fertility has been 
well-studied and demonstrated. This study found that an increased 
body mass has a negative impact on the sperm motility-morpholo-
gy algorithm. Despite numerous studies showing negative effects of 
obesity, comprehensive metrics have not been elucidated consistently. 
Obesity has been shown to have a negative impact on fertility, but in-
consistent correlation to various sperm metrics have made predicting 
fertility difficult. However, this study contributes to the hypothesis 
that BMI can be used to predict the significant harmful effects of obe-
sity on fertility. Unlike SMI data, there was both a statistically and 
clinically significant difference when morphology was accounted for 
in the algorithm. In the context of obesity, the SM2A showed to be a 
useful metric for demonstrating sperm health as a dependent variable. 
This shows promise that the SM2A algorithm may serve a purpose to 
generate information that will aid physicians and patients in making 
more informed treatment decisions regarding infertility.

 The current project was limited by its small sample size. Expan-
sion of the sample would allow for greater delineation of the correla-
tion between BMI and SM2A and allow for the analysis of subpop-
ulations within the study. The SM2A should be considered by other 
groups as a tool for future research as a concise indicator of sperm  
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health that can be studied in the context of other variables. Continued 
use would develop a greater confidence in the reliability and valid-
ity for the metric across multiple variables. Perhaps most impactful 
would be the determination if SM2A has a correlation with male fer-
tility and achieving successful intrauterine pregnancies thus solidify-
ing it as a clinically significant analytical tool. Future research could 
then be directed to interpreting the weight of each component of the 
SM2A. A single quantitative metric that incorporates both motility and 
morphology such as the SM2A should be studied further as a guiding 
marker of sperm health.
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