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Synopsis: Action to improve semen quality such
as prevention & treatment of chronic disease, 
decreasing unhealthy lifestyle behaviors & 
eliminating toxic environmental chemicals.
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and Bunge 1974 [4] found that their patients have an average 
sperm concentration of 48 million/ml, which was signiϐicantly 
lower than the previously established average of 107 million/
ml by MacLeod & Gold in 1951 [5]. Signiϐicantly lower semen 
volume and higher abnormal sperm morphology as compared 
with previous studies.

Carlsen, et al. 1992 [6] conducted the ϐirst SR. Seminal 
volume & mean sperm concentration had decreased over the 
previous 50 years (1938–1990). Signiϐicant criticisms and 
limitations for Carleson Systematic review: 1. Selection bias for 
the men selected for semen analysis [7]. 2. Failure to include 
studies not showing sperm count decline. 3. Failure to account 
for geographic variation. 4. Variability in sperm collection & 
measurement protocols. 5. Lack of control for abstinence 
durations, inability to control for seasonal variation, inability 
to control for lifestyle factors. 6. Inappropriate statistical 
considerations [8]

Levine, et al. 2017 performed a Large systematic review 
and meta-regression analysis to identify trends in sperm 
counts, between 1981 and 2013 [9]. 185 studies with data on 
sperm counts from 42935 men were included. They addressed 
the limitations of Carlsen, et al. study. They concluded that 
sperm concentration declined by 52.4% (~1.4% per year) 

Introduction
Evidence for declining sperm counts is conϐlicting. 

Despite the controversy and criticisms, the increasing data 
demonstrating a decline in sperm parameters cannot be 
ignored. A decline in sperm counts does not necessarily translate 
to a decline in male fertility. The dangers of neglecting a true 
decline in semen count are far more serious than reporting a 
decline that does not exist [1]. Ignoring the potential decline 
and its causes can lead to irreversible damage to human and 
planetary health. Environmental agents capable of altering 
semen quality could have long-term, even transgenerational, 
impacts. Action to improve semen quality such as decreasing 
unhealthy lifestyle behaviors such as smoking, poor diet, or 
lack of physical activity and eliminating toxic environmental 
chemicals will only serve to improve general health and 
sustainability. The cost of delayed action is high, whereas 
that of investment in research and precautionary measures is 
minimal in comparison to the potential damage.

Who's semen parameters

WHO semen parameters are based on men who conceived 
a child within 1 year of trying [2]. It has changed signiϐicantly 
since WHO’s ϐirst publication in 1999. The 6th edition released 
in July 2021 [3]. The lower reference limit for total sperm 
count was 39 million/ejaculate & sperm concentration was 16 
million/Ml.

Decline of sperm parameters: fact or fi ction?

 Evidence for declining sperm counts is conϐlicting, Nelson 

Abstract

A large systematic review and meta-regression analysis found that sperm counts all over the 
world appeared to be declining rather than stabilizing. The decline in male sperm counts does not 
necessarily translate to a decline in male fertility. The cause of declining sperm counts remains 
unknown; however, several potential causative factors have been identifi ed: 1. Chronic diseases: 
diabetes mellitus, hypertension; hyperlipidemia, hyperuricemia and skin Diseases & metabolic 
syndrome. 2. Environmental factors: bisphenol a; phthalates; heavy metals and heat. 3. Lifestyle: 
obesity, diet, tobacco, alcohol, marijuana, stress, reduced sleep & sedentary life. Addressing 
these causes is required to stop or decrease male fertility decline. Action to improve semen quality 
such as prevention & treatment of chronic disease, decreasing unhealthy lifestyle behaviors such 
as smoking, poor diet, or lack of physical activity & eliminating toxic environmental chemicals.

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.cjog.1001122&domain=pdf&date_stamp=2023-01-31
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and total sperm counts declined by 59.3% (~1.6% per year). 
Sperm counts appeared to be continuing to decline rather 
than stabilizing.

Bonde, 2017 [10] criticized the 2017 systematic review 
for not assessing other indicators of sperm quality, such as 
motility or morphology & failing to take into account variation 
in sperm counting between laboratories and geographical 
variation. 

Tiegs, et al. [2019] sought to address these limitations and 
conducted a retrospective analysis of 119 972 men looking 
at total motile sperm count trends from 2002 to 2017 [11]. 
A decline of approximately 10% points over the past 16 years

Limitation of sperm count as a marker of fertility

A decline in sperm counts does not necessarily translate 
to a decline in male fertility [12]. Patients with low sperm 
counts can still conceive and patients with high sperm counts 
can have difϐiculties conceiving [13]. Additionally, there is not 
enough evidence to support the claims that subfertility has 
been increasing over recent decades [14]. Little evidence exists 
to show that sperm count is independently representative of 
male health status in isolation from other sperm parameters 
[15]. Although sperm concentration and total sperm count 
decreased from 1973 to 2011, the values still fall above the 
normal lower reference limit for fertility by a signiϐicant 
margin.

Sperm Count Decline Hypothesis [9]: Sperm count 
is a marker of male health. Low sperm counts may indicate 
a global decline in the general health of males because low 
sperm counts have been associated with increased morbidity 
and mortality in males [9]. 

Sperm Count Biovariability Hypothesis [15]: Sperm 
count naturally varies widely and ϐluctuations are not always 
pathological and are in fact typical for the human species [15]. 
A higher sperm count (above a certain threshold) does not 
equate to better health or fertility. 

Reasons for sperm parameters decline

Chronic diseases: Several recently published studies 
have examined associations between chronic diseases and 
declining sperm parameters.

1. DM: Prevalence has nearly quadrupled from 1980 to 
2014, affecting over 400 million people worldwide [16]. Men 
with either type 1 or type 2 DM had a signiϐicantly lower sperm 
concentration and lower progressive motility compared with 
controls [17]. Men with type 1 DN had signiϐicantly lower 
seminal ϐluid volume: low ejaculate volumes due to lack 
of epididymal contraction. Type 2 DM patients may have 
decreased sperm parameters due to inϐlammatory processes.

2. Hypertension: Although the prevalence of 
hypertension decreased by 2.6% in high-income countries 

from 2000 to 2010, the prevalence actually increased by 
7.7% in low and middle-income countries [18]. Hypertension 
had lower semen volume, sperm motility, total sperm count 
and total motile sperm count when compared with non-
hypertensive men [19]. 17.8% of infertile men were diagnosed 
with hypertension while only 7.1% of fertile men shared the 
same diagnosis [20]. Men with newly diagnosed hypertension 
had higher levels of total motile sperm counts after 6 months 
of treatment for hypertension compared with their baseline 
and to poorly treated or untreated men.

3. Hyperlipidemia: hyperuricemia and skin diseases 
are signiϐicantly more prevalent in infertile men as compared 
with fertile men [21]. Treatment of various chronic diseases 
led to signiϐicant improvement in total motile sperm counts.

4. Metabolic syndrome: Combination of at least three 
of the following: central obesity, hypertension, hyperglycemia, 
high triglycerides, and low HLD cholesterol. Studies have 
shown a relationship between metabolic syndrome and 
sperm parameters [21]. Infertile men had higher BMIs, waist 
circumferences, fasting blood glucose levels and lower HDL 
cholesterol levels compared with fertile men. Signiϐicantly, 
this study did not note a difference in the prevalence of 
hypertension in the two groups. Metabolic syndrome is a 
signiϐicant independent risk factor for idiopathic infertility in 
men. It was associated with a reduced percentage of normal 
sperm morphology [22]. Individuals with an increased number 
of metabolic syndrome components had a progressively 
stronger association with reduced sperm progressive motility 
and percentage of normal sperm morphology. Hypertension, 
increased waist circumference, and increased serum glucose 
were associated with a decreased percentage of normal sperm 
morphology.

Environmental factors 

Environmental exposures affecting sperm quality 
include: Bisphenol A (BPA), Phthalates, Heavy metals and 
Heat [23].

1. BPA found in polycarbonate plastics, epoxy resin 
liners of aluminum cans, and thermal receipts a 
widely used chemical that has been demonstrated to 
have endocrine-disrupting effects [24]. Exposure was 
associated with decreased sperm concentrations and 
impaired sperm movement characteristics. Ji, et al. 
[25], abnormal sperm tail morphology compared with 
men with normal morphology; increased percentage of 
immature sperm and sperm sex chromosome disomy 
[26] and reduced testosterone levels [27].

2. Phthalates. Exposure occurs via ingestion, inhalation, 
or absorption through the skin [28] Used as plasticizers 
to increase the elasticity of material can be found in 
materials such as cosmetics, paints, and lubricants [29]. 
Chronic phthalate exposure was associated with many 
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adverse sperm parameters including decreased sperm 
concentration, motility, morphology, and increased 
sperm DNA damage.

3. Heavy metal exposure and heat have also been 
associated with reduced sperm quality [23]. Triclosan, 
an antibacterial agent found in many household 
products, was shown by Nassan, et al. [30] to be 
correlated with a lower percentage of morphologically 
normal sperm. Cadmium was shown to affect sperm 
progressive motility [31].

4. Air pollutants have been associated with impaired 
sperm parameters, particularly impaired sperm 
morphology, though the difϐiculty of standardizing 
studies on this subject has led to mixed results [32].

Lifestyle

1. Obesity: According to WHO statistics, the worldwide 
prevalence of obesity nearly tripled between 1975 and 2016 
[33]. In the same time period, the prevalence of overweight 
and obesity among children and adolescents aged 5 – 19 
has jumped from 4 to 18% and there has been an eight-fold 
increase in the prevalence of obesity in males aged 5 – 19. 
Given recent studies, there is increasing evidence that 
obesity may affect sperm parameters through a variety 
of methods such as an increased inϐlammatory state and 
oxidative stress. Several studies have established an inverse 
correlation between BMI and fertility or fertility-related 
parameters. Infertile men had higher BMIs and lower levels 
of FSH, LH, testosterone, and SHBG compared with fertile 
men [34]. A positive correlation between BMI and sperm DNA 
fragmentation and oxidative damage in men, while identifying 
increased intestinal permeability and metabolic endotoxemia 
as possible cause [35].

2. Diet: Diet and obesity are undoubtedly related. Diet 
may independently contribute to the ongoing decrease in 
sperm parameters. Several studies indicate that a high-fat diet 
is associated with impaired sperm parameters. The average 
calories consumed per person from ‘added fats and oils’ has 
risen from 337 in 1970 to 562 in 2010: an increase in the per 
capita availability of added fats and oils from 52.5 pounds 
per person in 1970 to 82.2 pounds in 2010 [36]. Low levels 
of vitamin D were thought to be associated with decreased 
sperm motility and the number of motile spermatozoa [37] 
however, in a randomized controlled trial assessing semen 
quality with vitamin D supplementation, no signiϐicant effect 
was observed in men who had a vitamin D deϐiciency [38].

3. Tobacco: Smoking appears to decrease sperm 
counts, increase DNA fragmentation and reduce motility and 
normal morphology [39]. The majority of tobacco products 
contain over 4000 different chemicals and constituents. 
Many of these, including nicotine and heavy metals such as 
cadmium and lead, have been individually linked to impaired 

sperm parameters, as has tobacco smoke in general. Tobacco 
smoking is associated with decreased sperm density, motility, 
viability, normal morphology, reduction in semen volume, 
and reproductive hormone dysfunction. Parental tobacco 
exposure in utero has been reported to affect male fertility 
in the offspring. {Increasing rates of male fertility despite 
decreasing rates of tobacco use in recent years}. Nonetheless, 
more than one-third of male adults worldwide continue to 
use tobacco, making it perhaps one of the most widespread 
contributors to declining male fertility [40].

4. Alcohol: Drinking 5 alcoholic beverages per week was 
enough to show effects on sperm concentration, total sperm 
count and proportion of sperm with normal morphology [41]. 
The effects were most pronounced in individuals who drank 
more than 25 drinks per week

5. Marijuana: With the recent legalization of marijuana 
in many countries and several states in the USA, there have 
been new studies investigating the effects of marijuana use on 
sperm parameters. Men with a history of recent or signiϐicant 
marijuana use were likely to have abnormal sperm motility 
and morphology [42]. Marijuana use may be linked with 
sperm morphological changes and a decrease in sperm counts, 
concentration, motility and viability [43].

1. Stress: Median sperm concentration signiϐicantly 
declined over a period of 5 years [44]. The decline in 
sperm concentration was more prominent in students 
versus nonstudents {sedentary lifestyle, stress and lack of 
sleep}. Association of high work stress with lower sperm 
concentration and total sperm count [45].

2. Poor sleep: Sleep duration has been implicated as a 
cause of reduced testosterone levels and fecundability [46]. 
Poor sleep quality and duration, possibly contributing to 
abnormal sperm morphology, higher rates of oligozoospermia 
and low sperm concentrations [47]. Sedentary lifestyle 
with more than 4 hours of sitting per day was signiϐicantly 
associated with higher immotile sperm [48].

Conclusion
 For decades, researchers have been asking if sperm 

counts are decreasing worldwide and if so, whether this 
heralds a global decline in male fertility. Most recently, a 
large systematic review and meta-regression analysis sought 
to identify trends in sperm counts between 1981 and 2013 
and found that sperm counts appeared to be declining rather 
than stabilizing. One of the complicating features of relying on 
sperm count as a marker of fertility is that a low sperm count 
does not guarantee an inability to conceive. Sperm counts and 
fertility are not synonymous. The decline in male sperm counts 
does not necessarily translate to a decline in male fertility. The 
cause of declining sperm counts remains unknown; however, 
several potential causative factors have been identiϐied. 
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Chronic disease

DM, Hypertension; Hyperlipidemia, hyperuricemia 
and skin diseases & metabolic syndrome. Environmental: 
Bisphenol A; Phthalates; Heavy metals and Heat. III. Lifestyle: 
Obesity, Diet, Tobacco, Alcohol, Marijuana, Stress, Reduced 
sleep & sedentary life.
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