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Abstract

Background: Since the first report of a decline in semen quality in 1974, there have been several reports of similar
declines across populations. Despite some scattered reports of declining semen quality in the Indian sub-continent,
comprehensive studies analyzing semen quality over the last few decades have not been undertaken. We
undertook the present study to investigate the temporal trend in semen parameters in Indian populations over a
period of 37 years (1979-2016).

Methods: Publications providing semen analysis details for fertile and infertile men from the Indian sub-continent
were collected by a thorough literature search. Semen quality data for 6466 normal fertile or presumptive normal
men (from 119 studies/data sets) and 7020 infertile men (from 63 studies/data sets) published between 1979 and
2016 were retrieved. We undertook systematic review and quantitative analysis of mean sperm count, motility,
normal morphology and other available parameters. Data were analyzed to estimate semen parameters reference
values for Indian men and to assess temporal trends in infertile, fertile and all subjects.

Results: Seminal quality shows a decreasing temporal trend and the decrease is higher in infertile than fertile
males. In pooled analysis for all individuals, significant (p < 0.05 or < 0.001) declines in sperm concentration and
normal morphology are observed; however, isolated analysis for each group shows declines without statistical
significance. The mean (+ SD) semen volume, sperm concentration, total motility, rapid linear progressive motility,
normal sperm morphology and sperm viability for Indian fertile men are 2.88 £0.77 ml, 81.08 + 29.21 million/ml, 66.
37 +10.95%, 52.64 + 15.78%, 56.68 + 20.23% and 72.63 + 8.31%, respectively, whereas in infertile these are 3.07 + 1.
27 ml, 37.94 £ 26.41 million/ml, 40.22 + 13.76%, 26.79 + 15.47%, 3641 +21.66% and 55.25 + 11.99%, respectively. The
mean seminal parameter values were significantly lower (p < 0.001) in infertile as compared to fertile men, except

semen volume.

Conclusions: Semen parameters in Indian men have declined with time and the deterioration is quantitatively
higher in the infertile group. The study also provides reference values for semen parameters in Indian men.
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Background

The natural control for human fertility is largely vested
in women. Women offer the rate-limiting step in fertility
and fecundity because of the regulated production of
eggs and other barriers during and around pregnancy.
Men on the other hand are regular producers and always
fertile during their reproductive life and can potentially
father millions of children if fecundity is to be tested. A
threat to sperm production would therefore be

* Correspondence: rajender_singh@cdri.res.in

'Male Reproductive Biology Laboratory, Division of Endocrinology, Central
Drug Research Institute, Lucknow, UP, India

Full list of author information is available at the end of the article

B BMC

potentially dangerous for species renewal and propaga-
tion. Back in 1974, Nelson and Bunge while examining
semen samples of 386 normal men consulting for vasec-
tomy found that the average sperm count and average
semen volume in these men were remarkably lower than
the values reported by Macleod and Gold in 1951 [1, 2].
This was the first report of a decline in semen quality.
The issue of declining semen quality got global attention
in 1992 when a meta-analysis by Carlsen et al.,, revealed
that the mean sperm concentration had fallen from 113
to 66 million/ml (almost 50%) in the past 50 years be-
tween 1938 and 1990 [3]. Subsequently, andrologists and
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clinicians all around the world conducted many retro-
spective and prospective studies to investigate such
changes in the male population of their respective re-
gions and many of them found conceivable downward
trend in various semen parameters [4—18].

Concomitantly, it was found that fertility rates had de-
clined [19, 20] and demand for artificial insemination
had increased [21]. The effect of decline in semen qual-
ity can be understood more clearly from a decline in fer-
tility rate seen in a number of populations. There is an
average of less than two children per couple in Europe
and Japan [22]. Similarly, in Spain and Italy, the average
number of children per couple is less than 1.5 [23]. Simi-
larly, in the United States, there have been appreciable
declines in birth and fertility rates [24—26]. Most of the
developed countries are either facing this problem or are
approaching it at a faster pace [24]. With a decline in
semen quality, there has been an increase in the demand
for assisted reproductive techniques. International Com-
mittee for Monitoring Assisted Reproductive Technol-
ogy in 2002 reported an increase in the use of
intracytoplasmic sperm injection worldwide. According
to the European IVF Monitoring Consortium, the num-
ber of reported cycles of IVF and ICSI has increased by
4.9% in comparison to 2011 [27]. In India, the number
of IVF cycles increased at a rate of 18% and is expected
to rise upto 20% by the year 2020 [28].

Despite some reports of declining semen quality in the
Indian sub-continent [11, 29-31], comprehensive studies
analyzing semen quality over the last few decades have
not been undertaken. In the present study, we have
attempted to find out the trend in semen quality among
Indian men by analyzing semen quality data published
over the last 37 years (1979 to 2016). The data over
these years were compared in a retrospective longitu-
dinal manner to find if the semen quality has quantita-
tively or qualitatively declined over a period of 37 years.

Materials and methods

Literature search and data collection

We undertook systematic review of literature and quan-
titative analysis of semen quality parameters. Relevant
studies were gathered by computerized search on MED-
LINE, GoogleScholar, ResearchGate and Scopus data-
bases, using search terms such as sperm density, sperm
morphology, sperm concentration, sperm motility,
sperm count, male fertility and semen analysis. Inclusion
criteria consisted of studies conducted on Indian male
populations that had provided sufficient details about
semen parameters of the cases and/or controls. Studies
providing details only about cases or controls were also
included. Exclusion criteria consisted of studies with
predefined sperm count limits (cut off applied), as they
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would not be true representatives of semen parameters.
No other limits were defined in selecting studies.

Standard format was used to tabulate the data thus
collected. For each study, the year of publication, num-
ber of subjects, age, semen volume, sperm count (million
per ml), total motility, rapid progressive motility, normal
morphology, and sperm viability were recorded in a
spreadsheet.

Statistical analysis

Data were summarized as mean + SD (standard deviation).
Fertile and infertile groups were compared by Student’s
independent ‘t’ test. Groups were also compared by
two-way analysis of variance (ANOVA) and the signifi-
cance of mean difference within and between the groups
was tested by Newman-Keuls post hoc test after ascertain-
ing normality by Shapiro-Wilk’s test and homogeneity of
variances by Levene’s test. Pearson correlation analysis
was undertaken to assess the association between vari-
ables. Simple linear regression analysis (regression coeffi-
cient: b) was undertaken to assess the rate of change
(increase or decrease) in seminal parameters with time. A
two-tailed (a = 2) p < 0.05 was considered to be statistically
significant. Analyses were performed using STATISTICA
software (Windows version 7.1, StatSoft, Inc., USA).

Results

Data on various seminal parameters for 6466 normal or
presumptive normal men (from 119 studies/data sets)
and 7020 infertile men (from 63 studies/data sets) in-
cluding our unpublished study cohorts were retrieved
from articles published between 1979 and 2016. Thus,
we included semen parameters for a total of 13,486 indi-
viduals. Most of the studies had reported sperm count
and motility, while reporting of other data points varied
significantly across studies. The available data points for
each study were taken into account. For each variable,
the mean value was calculated from the values reported
across studies.

Comparison of infertile versus fertile

The seminal qualities of fertile (# =119 studies) and in-
fertile (1 = 63 studies) groups are summarized in Table 1.
Comparing the mean (+ SD) seminal quality of two
groups, Students t test showed significantly different
and lower sperm concentration (81.08 +29.21 vs. 37.94
+26.41, t=9.48, p<0.001), total motility (66.37 + 10.95
vs. 40.22 +13.76, t=11.88, p<0.001), rapid linear pro-
gressive motility (52.64 + 15.78 vs. 26.79 + 15.47, t = 5.80,
p <0.001), normal morphology (56.68 +20.23 vs. 36.41 +
21.66, t=4.62, p<0.001) and sperm viability (72.63 +
831 vs. 55.25+11.99, £=5.59, p<0.001) in infertile
males as compared to fertile males (Table 1). However,
no difference (p >0.05) in semen volume was observed
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Table 1 Seminal quality of fertile and infertile Indian men
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Variables Fertile Infertile Total p value
n Mean + SD, Range Median  n Mean + SD, Range Median ~ n Mean + SD, Range Median (Fertile vs. Infertile)

Semen volume (ml) 53 288+0.77 22 307 +£1.27 75 294094 0431
(1.16-4.70) (1.50-7.60) (1.16-7.60)
290 2.81 2.85

Sperm concentration (million/ml) 12 81.08 +£29.21 59 3794 + 2641 171 66.20 + 34.90 <0.001
(22.00-175.00) (1.60-113.50) (1.60-175.00)
76.23 32.16 68.00

Total motility (%) 89 66.37 £ 1095 44 4022+1376 133 57.71+17.15 <0.001
(36.70-90.00) (7.50-82.66) (7.50-90.00)
66.80 39.85 5860

Rapid linear progressive motility (%) 30 5264 +1578 21 2679 £ 1547 51 42.00+20.13 <0.001
(9.27-74.10) (1.40-51.14) (1.40-74.10)
57.02 32.00 41.20

Normal morphology (%) 62 56.68 +20.23 35 3641+21.66 97 4937 £22.85 <0.001
(17.00-98.00) (4.69-97.50) (4.69-98.00)
53.13 30.81 49.90

Viability (%) 30 72.63+831 14 5525+£11.99 44 67.10+ 1254 <0.001
(54.90-90.81) (31.00-81.33) (31.00-90.81)
73.25 5533 67.98

Data were expressed as n (number of studies/data sets), Mean + SD (standard deviation), range (min-max) and median. Fertile and infertile groups were compared

by independent Student’s t test

between the two groups. A large number of infertile in-
dividuals had sperm count, motility and morphology in
the WHO normal range. The etiology of infertility in
these individuals remained unknown and was not related
to inadequate sperm production or lack of motility.

Reference semen parameter values for Indian men

Despite significant number of studies available on semen
analysis in fertile and infertile individuals, semen refer-
ence values for Indian men are not available. The WHO
2010 reference manual is based on semen parameters
collected from various populations, but the data for In-
dian men were not considered for this evaluation.
Nevertheless, it is well known that semen parameters
vary significantly across various populations and the ref-
erence semen parameters for Indian population are not
available. From this collection of data, we estimated
values that could provide us with the reference semen
parameters for normal (fertile) Indian men. The mean (+
SD) semen volume, sperm concentration, total motility,
rapid linear progressive motility, normal morphology
and sperm viability for Indian fertile men are 2.88 + 0.77
(ml), 81.08 £29.21 million/ml, 66.37 +10.95%, 52.64 +

15.78%, 56.68 +20.23% and 72.63 +8.31%, respectively
(Table 1). The 5th percentile values for Indian fertile
men are semen volume 1.61 ml, sperm concentration
39.45 million/ml, total motility 49.15%, rapid linear pro-
gressive motility 20.20%, normal morphology 22.11%
and viability 57.60% (Table 2).

Temporal trend in semen parameters

In total (fertile + infertile) population, the mean sperm
concentration showed a significant (p < 0.05 or p < 0.001)
decrease across all periods as compared to the baseline
(before 2001) (Fig. 1 and Table 3). Further, the mean
normal morphology also showed a significant (p < 0.05
or < 0.01) decrease in 2012-2016 period as compared to
both before 2001 and 2007-2011 periods. Moreover,
mean rapid linear progressive motility showed a decreas-
ing trend with time, but the difference between these pe-
riods did not touch statistical significance (p > 0.05).

The seminal qualities of fertile and infertile males were
also individually compared on a five-year time interval
basis (Table 3). The mean seminal quality (sperm con-
centration, total motility, rapid linear progressive motility,
normal morphology and viability) showed a decreasing

Table 2 Different centile values for semen parameters in fertile men

Variables N* 25 5 10 25 50 75 90 95 97.5
Semen volume (ml) 2824 1.27 1.61 2.00 2.38 2.90 3.26 3.90 4.46 4.65
Sperm concentration (million/ml) 6103 33.61 3945 48.69 60.48 76.23 90.03 129.29 137.18 159.56
Total motility (%) 5343 46.75 49.15 53.84 57.00 66.80 74.03 80.60 85.51 88.90
Rapid linear progressive motility (%) 1584 9.27 20.20 29.36 4166 57.02 66.24 69.07 7333 -
Normal morphology (%) 3730 19.79 22.11 3207 39.81 53.13 71.81 87.37 91.86 95.13
Viability (%) 2636 54.90 57.60 62.34 65.50 73.25 79.12 83.68 88.32 -

*Number of subjects
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Fig. 1 Temporal trend in mean semen parameters in the whole population (fertile plus infertile)

trend with time with a higher decrease in infertile than fer-
tile males. Newman-Keuls test showed insignificant (p >
0.05) difference in the mean seminal parameters across pe-
riods in both groups. Sperm concentration and total motil-
ity differed significantly between the two groups and
remained significantly lower (p < 0.01 or < 0.001) in infertile
males as compared to fertile males across all periods.

Rate of loss in seminal quality

Correlation and regression analyses of seminal parame-
ters for fertile, infertile and total population are summa-
rized in Table 4. Except for semen volume, almost all
parameters (the seminal quality) showed a negative

(inverse) correlation with time in both the groups. In
total population, sperm concentration (r=-0.25, p<
0.001) and normal morphology (r=-0.39, p<0.001)
showed a highly significant downward trend. Normal
morphology (r = - 0.39, p <0.01) in the fertile group, and
sperm concentration (r=-0.25, p <0.05) and total mo-
tility (r=-0.30, p<0.05) in the infertile group, reached
statistical significance (Fig. 2 and Table 4).

Regression analysis showed a significant rate of de-
crease of 1.27 million/ml per year in sperm concentra-
tion (b = - 1.270, t, = 3.42, p < 0.001), and 1.27% per year
in normal morphology (b =-1.272, t,=4.12, p=0.002)
in total population (Fig. 2 and Table 4). In the fertile
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Table 3 Seminal quality in Indian fertile and infertile men over five-year periods
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Variables Fertile Infertile Total p value
n Mean £ SD n Mean =SD n Mean = SD (v?rt“e
Infertile)
Semen volume (ml):
<2001 8 274+ 052 2 372+ 173 10 293+ 084 0.701
2002-2006 6 2.78 £ 042 2 250 = 042 8 271 £041 0.896
2007-2011 23 297 £ 094 13 3.00 + 0.56 36 298 + 081 0.963
2012-2016 16 286+ 074 5 321+ 2571 21 294 +130 0941
Sperm concentration (million/ml):
<2001 21 93.39 + 3791 4 5538 + 4351 25 87.31 £ 4045 0.008
2002-2006 14 81.26 + 24.73 6 4243 £ 2698 20 6961 + 30.72" 0.004
2007-2011 42 7346 £ 22.80 27 37.05 + 2633 69 59.22 + 29.98" 0.008
2012-2016 35 82.77 +30.20 22 34.65 + 2343 57 64.19 + 3631" 0.001
Total motility (%):
<2001 15 64.20 + 13.84 2 41.05 + 6,58 17 6148 + 15.15 <0.001
2002-2006 12 6712+ 11.63 4 39.01 +£9.39 16 60.09 + 16.58 <0.001
2007-2011 31 6893 + 948 18 4793 £ 1387 49 6122 £ 1513 0.003
2012-2016 31 64.56 = 10.50 20 3343 £ 1162 51 5235+ 1879 <0.001
Rapid linear progressive motility (%):
<2001 4 5402 + 17.84 2 4507 £ 858 6 51.04 £ 15.07 0.399
2002-2006 4 5831 = 1342 2 18.00 = 21.21 6 4488 + 25.13 0.009
2007-2011 13 5717 £11.28 12 2846 +12.79 25 4339 + 1879 0.065
2012-2016 9 4296 £ 19.21 5 19.01 + 18.06 14 3441 + 21,67 0.069
Normal morphology (%):
<2001 13 70.29 £ 1946 4 45.84 + 14.66 17 64.54 + 20.94 0.088
2002-2006 1 56.36 + 19.08 4 31.28 +19.16 15 4967 + 2169 0.054
2007-2011 16 59.86 = 19.80 14 47.09 £ 2455 30 5390 + 22.69 0.343
2012-2016 22 4649 + 16.98 13 2359 + 1346 35 37.99 + 19.18" 0.064
Viability (%):
<2001 6 73.71 £1067 3 5748 + 1093 9 6830 + 1292 0.100
2002-2006 8 69.86 + 7.96 2 56.90 + 7.64 10 6727 £ 9.25 0.154
2007-2011 9 7563 + 8.68 5 54.86 + 18.17 14 6821 + 1596 0.060
2012-2016 7 71.02 £ 6.05 4 5324 + 846 " 6456 + 11.13 0.122

Data were expressed as n (number of studies/data sets), Mean + SD (standard deviation). Groups were compared by ANOVA followed by Newman-Keuls test. “p <
0.05 0r “"p < 0.01- as compared to <2001 (total population)

Table 4 Correlation and regression analysis between time and seminal parameter levels in Indian fertile and infertile men

Variables Fertile Infertile Total
n r b pvalue (t,) n r b pvalue (ty) n r b p value (tp)

Semen volume 53 012 0012 0408 22 006 0020 0778 75 010 0015 0391
Sperm concentration 112 —0.17  —0635 0071 59 025" 1467 0060 171 —025™ 1270 <0001
Total motility 89 010 0133 0371 44 —030" 1112 0046 133 014 -0350  0.103
RLPM 30 -023 0570 0232 21 —040  -1.191 0073 51 —026 —-0903  0.066
Normal morphology 62 —039™  —1030 0002 35 -029  -1.181 0090 97  —039™ 1272 <0001
Viability 30 000 0003 0989 14 —035 -0672 0213 44 014 0282 0362

*- p <0.05, **- p<0.01, ***- p <0.001. n = number of observations, r = correlation value, b = regression coefficient value, RLPM: rapid linear progressive motility
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Fig. 2 Correlation and regression analysis of temporal trend in semen parameters in total population (fertile plus infertile)
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group, normal morphology decreased at a rate of 1.030%
per year (b =-1.030, t, = 3.28, p =0.002), and in infertile
group, total motility decreased at a rate of 1.11% per
year (b=-1.112, t,=2.06, p =0.046) (Table 4). More-
over, the rate of decrease in semen volume, sperm con-
centration, total motility, rapid linear progressive
motility, normal morphology and viability was 1.7, 2.3,
8.4, 2.1, 1.1 and 224 folds in the infertile group in com-
parison to the fertile group.

Discussion

Over decades and centuries, humans have evolved with
respect to food habits, life style and environment, result-
ing in significant changes in the incidence and preva-
lence of a number of diseases. Semen quality is generally

not paid heed until it deteriorates to the level of infertil-
ity. Interestingly, the fertility rate has gone down in the
last few decades and a number of populations have
reached a stage where growth revival is difficult to
achieve. Apart from a number of other contributing fac-
tors, deterioration in semen quality is the prime factor
contributing to a drop in the fertility rate. Since the first
report of a decline in semen quality by Nelson and
Bunge in 1974, similar declines have been reported in
various other populations [2]. Consistent downward
trend was reported in American men seeking infertility
advice [32]. Another study from Boston area reported
declines in sperm count, total count and total motile
count [17]. Nonetheless, no change in semen quality was
reported in the USA by earlier studies [33-35]. Swan et
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al. (1997) extracted data for 56 studies from the United
States, Europe and non-western countries and found sig-
nificant declines in sperm density in the United States
(1.5% per year), Europe and Australia (3% per year) [36].

Significant declines in sperm count (median values 73.4
million per ml in 1952 and 54.5 million per ml in 1972),
motility and an increase in the number of abnormal sperm-
atozoa have also been reported in Danish men [37]. Osser
et al. (1984) reported that median sperm concentration in
Sweden declined from 109 million per ml in 1960 to 65
million per ml in 1980 [38]. In European men, a
time-dependent decline in sperm concentration over the
last 50 years and an overall 32.5% decrease in mean sperm
concentration have been reported recently [39]. Similarly,
mean concentration of spermatozoa in Italy shrunk from
88 million per ml in 1981 to 61 million per ml in 1995,
mean motility declined from 74 to 66% and typical morph-
ology fell from 76 to 63% [40]. Slama et al. (2004) estimated
a 21% (1977-1992) and 47% decrease (1947-1992) in
sperm count in French sperm donors [41]. Sperm con-
centration dropped down from 27.75 million per ml
in 1986 to 4.60 million per ml in 2003 in Austria
[42]. In Finland, semen quality analysis during 1998-
2006 found that young Finns showed lower sperm
counts in the most recent birth cohort compared with
few years older cohort [43].

Deterioration in semen parameters was also observed in
Asia, in the cities of Japan, China, Israel, Korea and India.
In the Indian region, Marimuthu et al. (2003) reported no
change in semen quality among 1176 subjects attending in-
fertility clinic at Delhi over a period of 11 years [30]
whereas the study by Gopalkrishnan (1998) on fertile sub-
jects from Mumbai suggested a significant decline in semen
quality [29]. Similarly, another study by Mukhopadhyay et
al. (2009) on 3729 males attending an infertility clinic in
Calcutta between 1981 and 1985 and 2000-2006 found that
semen volume and motility had declined significantly in
that two decade period [31]. In the southern part of India,
declines in motility and semen volume were observed be-
tween 1993 and 2005 [11]. Our analysis covers populations
from all regions of India and suggests a significant decline
in semen quality over more than three decades, with a
more prominent deterioration in the infertile population.

WHO reference parameters are used to demarcate be-
tween fertile and infertile individuals. WHO, 2010 param-
eters collected data from various populations without
contribution from the Indian subcontinent [44]. India be-
ing the second most populated country in the world can
contribute significantly to the estimate of reference semen
parameters. The present study is not an original data col-
lection, but data from secondary sources present how
semen parameters in Indian men look like. Since the stud-
ies included in this analysis were conducted on different
populations across the Indian sub-continent, it should
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provide the closest reference values for Indian men. As far
as the loss of semen quality in Indians is concerned, tem-
poral analysis of pooled data for the overall population
(fertile and infertile individuals) showed statistically sig-
nificant negative trend in sperm concentration and normal
sperm morphology. We found a downward trend in sev-
eral important semen parameters like concentration, rapid
progressive motility, and normal morphology of sperm in
the whole population and the declines were more pro-
nounced in infertile males. We found that a large number
of infertile individuals have semen parameters in the
WHO normal range. The etiology of infertility in these re-
mains unknown and appears to be related to functional
loss of sperm fertility. These are the most interesting cases
for further research to uncover functional causes of male
infertility.

While the declines in semen parameters are appre-
ciable, the causes behind the same remain unknown.
Modern life-style with high stress levels, smoking, drink-
ing, lack of exercise, exposure to radiations and endo-
crine disrupting chemicals (EDCs) has contributed to
declines in the seminal parameters. A rapid expansion of
industries has added a number of hazardous chemicals
into the environment, which affect semen parameters
directly or indirectly. Occupational and domestic expos-
ure to EDCs, of which the use of estrogenic chemicals is
the most common, is a serious factor affecting semen
parameters. Apart from the direct exposure, prenatal
and postnatal exposures have also been suggested to
affect sperm parameters. A follow-up study over two de-
cades suggested that alcohol intake during pregnancy
correlates with lower sperm count in sons [45]. Simi-
larly, maternal smoking during pregnancy has also been
reported to result in poor sperm parameters in sons
[46]. Not only maternal, but also paternal smoking has
been shown to affect semen quality in the coming gener-
ations [47]. Apart from the above, inhalation or absorp-
tion of phthalate compounds during pregnancy causes
birth of male children with poor sperm parameters and
testosterone production [48]. Recent studies have sug-
gested that endocrine disrupting chemicals, smoking, al-
cohol, and occupational or domestic exposures all can
have trans-generational effects and adversely affect
semen parameters for several generations. In the devel-
oping countries like India, very high level of pollution
[49] and the ubiquitous presence of endocrine disrupting
chemicals in the environment [50] contribute signifi-
cantly to the decline in fertility parameters [51].

Conclusions

In conclusion, seminal quality in Indian men showed a
decreasing temporal trend with a significantly much
higher decrease in infertile males than their fertile coun-
terparts. In pooled analysis for all individuals, significant
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declines in sperm concentration and normal morphology
were observed; however, isolated analysis for each group
showed decline without statistical significance. Average
semen parameter values for normal (fertile) Indian men
are: volume 2.88 + 0.77 ml, sperm concentration 81.08+
29.21 per ml, sperm motility (total) 66.37+ 10.95%, rapid
linear progressive motility 52.64 + 15.78%, normal
morphology 56.68 + 20.23%, and viability 72.63 + 8.31%.
The 5th percentile values for semen volume, sperm con-
centration, total motility, rapid linear progressive motil-
ity, normal morphology and sperm viability are 1.61 ml,
39.45 million/ml, 49.15%, 20.20%, 22.11% and 57.60%,
respectively. These can be taken as reference values for
semen parameters in Indian men.
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