Original Article
'HFUHDVLQJVSHUPTXDOLW\¿QGLQJVIURPD\HDUJDS
longitudinal analysis of 2300 sperm samples from Brazil
Diminuição na qualidade seminal: achados na análise longitudinal de
2300 amostras no Brasil em 10 anos
Edson Borges Jr., MD, Ph.D.a,b; Amanda Souza Setti, B.Sc.a,b; Livia Vingris, B.Sc.a; Rita de Cassia Savio Figueira, M.Sc.a;
Daniela Paes de Almeida Ferreira Braga, M.Sc.a,b; Assumpto Iaconelli Jr., MD.a,b
Fertility – Centro de Fertilização Assistida - Accredited Redlara center: Av. Brigadeiro Luis Antonio, 4545 - São Paulo
– SP, Brazil. Zip: 01401-002
b
Instituto Sapientiae – Centro de Estudos e Pesquisa em Reprodução Humana Assistida - Rua Vieira Maciel, 62 - São
Paulo – SP, Brazil. Zip: 04503-040

a

ABSTRACT

um centro de RA brasileiro. Amostras vieram de 2-7 dias
de abstinência ejaculatória e as análises seguiram as
recomendações da OMS.
Resultados: Foram 764 amostras de 2000-2002 e 1536
GH  1R SDVVDGR IRUDP VLJQL¿FDWLYDPHQte maiores a média de concentração/ ml (61,7 ± 69,4
versus 26,7 ± 27,3 x 106, p <0,001), o total de espermatozóides (183,0 ± 197,0 versus 82,8 ± 89,5 x 106,
S   H SHUFHQWDJHP GH PRUIRORJLD QRUPDO 
YHUVXVS HPFRPSDUDomRFRPRUHFHQWH
$LQFLGrQFLDGHD]RRVSHUPLDIRLVLJQL¿FDWLYDPHQWHPHQRU
QRSDVVDGR YHUVXVS  FRPRDLQFLGrQFLDGHROLJR]RRVSHUPLDJUDYH YHUVXVS
<0,001). Além disso, 315 de 764 e 842 de 1536 homens
submeteram a ICSI em 2000-2002 e 2010-2012, respecWLYDPHQWHVHPGLIHUHQoDVLJQL¿FDWLYDHPUHODomRDWD[D
GHIHUWLOL]DomRWRWDO YHUVXVS  
Conclusão:2GHFOtQLRUHODFLRQDGRDRWHPSRVLJQL¿FDWLYR
na qualidade do sêmen de pacientes inférteis enfatiza a
necessidade de novos estudos abordando estilo de vida.
Uma vez que o potencial de fertilização através de ICSI
SDUHFH SHUPDQHFHU HVWiYHO Ki PRWLYR VX¿FLHQWH SDUD
preocupação: a saúde e a fertilidade das futuras gerações
estão em risco.

Objective: The objective of this study was to investigate if the seminal quality of men undergoing conventional
semen analysis is deteriorating over the years.
Methods: Retrospective longitudinal cohort study
analyzing the sperm count, motility and morphology of
2300 semen samples, males undergoing conventional
seminal analysis, from years 2000 to 2002 and 2010 to
2012, in an ART center in Brazil. Patients provided semen
sample after 2-7 days of ejaculatory abstinence and
analyses were performed according to the WHO recommendations. Periods were compared.
Results: A total of 764 sperm samples were analyzed in
 DQG  LQ  ,Q WKH SDVW VLJQL¿cantly higher mean sperm concentration/ml (61.7 ± 69.4
vs. 26.7 ± 27.3 x 106, p<0.001), total sperm concentration (183.0 ± 197.0 vs. 82.8 ± 89.5 x 106, p<0.001)
DQGSHUFHQWDJHRIQRUPDOPRUSKRORJ\ YV
p<0.001) were observed as compared to more recent
\HDUV 7KH LQFLGHQFH RI D]RRVSHUPLD ZDV VLJQL¿FDQWO\ORZHULQWKHSDVW YVS  DVZHOO
ZDVWKHLQFLGHQFHRIVHYHUHROLJR]RRVSHUPLD YV
 S  ,Q DGGLWLRQ  RI  DQG  RI
1536 men underwent ICSI in 2000-2002 and 2010-2012,
UHVSHFWLYHO\7KHUHZDVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQ
WKH JURXSV UHJDUGLQJ WKH WRWDO IHUWLOL]DWLRQ UDWH 
YVS  
Conclusion: 7KH VLJQL¿FDQW WLPHUHODWHG GHFOLQH LQ
semen quality of infertile patients emphasizes the need
for further studies addressing life-style. Since the fertilization potential through ICSI appears to remain steady
there is enough reason for concern: the health and fertility of future generations are at risk.
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INTRODUCTION

Objetivo: O objetivo deste estudo foi investigar se a
qualidade seminal dos homens submetidos à análise de
sêmen convencional está se deteriorando..
Métodos: estudo de coorte longitudinal retrospectivo,
comparando a contagem de esperma, motilidade e morfologia de 2300 amostras de sêmen, submetidas à análise
convencional, anos de 2000 a 2002 e 2010 a 2012, em

During the past decades several reports have suggested that the quality of semen in men is globally declining (Smith et al., 1978; Bostofte et al., 1983; Bendvold,
1989; Bendvold et al., 1991; Skakkebaek et al., 2006).
$ PHWDDQDO\VLV RI  VWXGLHV IRXQG D VLJQL¿FDQW JOREDO
decline in the average sperm concentration from 113 to
66 million/ml among men with no history of infertility,
between 1938 and 1991 (Carlsen et al., 1992). Five years
ODWHU D UHDQDO\VLV RI  VWXGLHV FRQ¿UPHG D VLJQL¿FDQW
decline in sperm density only in the United States and
Europe (Swan et al., 1997). In an extended meta-analysis of 101 studies, Swan et al. (2000) supported a decline
in sperm density for the period from 1934 to 1996.
The essential message of the meta-analysis from Carlsen
et al. (1992), that sperm density had declined globally
E\DERXWGXULQJWKHVHFRQGKDOIRIWKHODVWFHQWXU\
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DWWUDFWHGVLJQL¿FDQWDWWHQWLRQDQGKDVEHHQDPDWWHURI
debate. Since its publication, several laboratories have
analyzed their own data retrospectively. Many published
studies have suggested that there has been a secular
decline in sperm quality (Irvine et al., 1996; Bonde et al.,
1998; Younglai et al., 1998; Bilotta et al., 1999) whereas
RWKHUVIRXQGQRVLJQL¿FDQWGHFOLQHLQVSHUPTXDOLW\RYHU
time (Benshushan et al., 1997; Berling & Wolner-Hanssen, 1997; Andolz et al., 1999; Acacio et al., 2000).
To our knowledge, such an investigation has never been
conducted in Latin American sub fertile couples attending an assisted fertilization center for conventional semen
analysis. Therefore, the objective of this study was (i)
to investigate if the seminal quality of men undergoing conventional semen analysis is deteriorating over
the years; and (ii) to discuss the potential etiology and
implications for human fecundity and assisted fertilization
treatments.

METHODS
Experimental design
This retrospective longitudinal cohort study was performed
in a private fertilization center. The sperm count, motility
and morphology of 2300 semen samples originating from
men undergoing conventional seminal analysis, from
years 2000 to 2002 (n=764) and 2010 to 2012 (n=1536)
were analyzed. The characteristics from semen samples
collected from 2000-2002 were compared to those from
samples collected from 2010-2012.
Further, in order to investigate the fertilization potential over the years we compared the fertilization rate
amongst those couples who underwent intracytoplasmic
sperm injection (ICSI) in 2000-2002 (315/764) and in
2010-2012 (842/1536).
A written informed consent was obtained, in which
patients agreed to share the outcomes of their own exams
for research purposes, and the study was approved by
the local institutional review board.

Semen collection and analysis
All of the semen samples were collected in the laboratory after 2-7 days of ejaculatory abstinence After
liquefaction for 30 minutes, semen samples were
evaluated according to the threshold values established by the WHO (WHO, 1999). The volume of the
ejaculate was determined by aspirating the liquefied
sample into a graduated disposable pipette. Sperm
counting and motility assessment were performed
following the instructions of the counting chamber
manufacturer (Makler counting chamber, Sefi Medical
Instruments, Haifa, Israel). The counting chamber
was heated at 37°C in a heating stage prior to use.
The sample was homogenized, by moving gently the
container, and a volume of 3-5 µl of semen sample
was transferred to the center of the chamber. Sperm
count was performed in 10 squares of the chamber. The total sperm count is the end concentration
expressed as 10 6 spermatozoa/ml. Sperm motility
was assessed in 100 random spermatozoa by characterizing them as (i) grade A (rapid progressive motility), grade B (progressive motility), grade C (non
progressive motility) and grade D (immotile) and
the motility was expressed as percentages. Sperm
morphology was evaluated on air-dried smears, fixed
and stained by the quick-stain technique (Diff-Quick;
Quick-Panoptic, Amposta, Spain). A total of 200
sperm cells were characterized as morphologically
normal or abnormal and the final morphology was
expressed as percentages.
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Statistical analysis
Data are expressed as mean ± standard deviation (SD)
for continuous variables, and percentages were used
for categorical variables. Mean values were compared
by Student’s t parametric test or Mann-Whitney nonparametric test. Percentages were compared by the chisquared or Fisher exact test, only when the expected
IUHTXHQF\ZDV¿YHRUIHZHU'DWDDQDO\VLVZDVFRQGXFWHG
using MINITAB 16 Software.

RESULTS
Mean male age was 35.7 ± 7.8 years. The general characteristics of sperm samples are shown in Table 1. A total
of 764 sperm samples were analyzed in 2000-2002 and
1536 in 2010-2012. The comparison of semen sample
characteristics between the two groups is shown in Table
2 and Figure 1. Mean male age, days of abstinence and
progressive sperm motility were similar between the
2000-2002 and 2010-2012 groups. In the past (2000  VLJQL¿FDQWO\ KLJKHU PHDQ VSHUP FRQFHQWUDWLRQ
ml, total sperm concentration and percentage of normal
morphology were observed as compared to more recent
\HDUV 7KH LQFLGHQFH RI D]RRVSHUPLD ZDV VLJQL¿FDQWO\
lower in the past as well was the incidence of severe
oligozoospermia (sperm concentration < 10 x 106/ml).
Additionally, 315 of 764 and 842 of 1536 men underwent
ICSI in 2000-2002 and 2010-2012, respectively. There
ZDVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQWKHJURXSVUHJDUGing the total fertilization rate. However, abnormal fertilL]DWLRQUDWHZDVVLJQL¿FDQWO\KLJKHULQWKHSDVW 7DEOH 

DISCUSSION
7R RXU NQRZOHGJH WKLV LV WKH ¿UVW VWXG\ WR DQDO\]H WKH
semen quality in a large group of Latin American sub
fertile men and our data clearly shows that the quality of
human semen is deteriorating over the years. The results
RI WKLV VWXG\ VKRZHG VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFHV
in the seminal characteristics of the subjects analyzed
between the time gap of 10 years, i.e., 2000-2002 and
2010-2012 most notably in the sperm concentration and
normal sperm morphology, assessed according to the
WHO criteria, favouring the period time from 2000-2002.
Our results support previous reports that the quality of
human semen seems to be globally declining (Carlsen et
al., 1992; Irvine et al., 1996). It is important to highlight that during the study period, there were very little
changes in the techniques and personnel involved in the
analysis of semen. Technicians adhered to strict quality
control and the equipments used were the same throughout the entire study period.
The causes of the decreasing quality in male reproductive
function remain to be elucidated. It has been suggested that the increased frequency of male reproductive
DEQRUPDOLWLHV UHÀHFW DGYHUVH HIIHFWV RI HQYLURQPHQWDO
or lifestyle factors, such as occupational and environmental exposures, medications, and sexually transmitted disease (Forti & Serio, 1993). Indeed, it has been
previously demonstrated that the reason for geographic
variations in semen characteristics may be due to environmental, nutritional, socioeconomic or other unidenti¿HG FDXVHV )LVFK  *ROXERII  $XJHU  -RXDQQHW
1997; Jorgensen et al., 2001).
A hypothesis has been forwarded that these changes
in male reproductive function may be caused by the
impact of an increasing environmental burden of estrogens (Sharpe & Skakkebaek, 2008). This hypothesis
postulates that intrauterine male fetuses exposed to high
levels of estrogenic or anti-androgenic compounds, may
have disorders in the development of all the major cell
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Table 1. General characteristics of analyzed semen
samples (n=2300)

7RWDOIHUWLOL]DWLRQUDWH 
Abnormal fertilization
UDWH 3131  

2000-2002 2010-2012
(n=315)
(n=842)
82.5

81.3

142.5

p-value
0.619

Value

Fertilization

183.0

95.0
82.5
61.7

12.2

7.8

<0.001

47.5
26.7
4.6

Note: Values are percentages. PN: pronucleus.

2000-2002

Table 2. Comparison of semen sample characteristics
between the two groups
Variable

Mean

SD

Min

Max

Male age (y-old)

35.7

7.8

15.0

71.0

Days of abstinence

4.2

2.8

0.0

30.0

Semen sample
volume (ml)

3.3

1.7

0.1

11.3

Sperm concentration/ml
(million)

38.3

46.7

0.0

540.0

Total sperm
concentration (million)

116.0

143.0

0.0

984.0

Progressive sperm
PRWLOLW\ 

36.9

18.9

0.0

84.0

Sperm morphology

3.4

2.9

0.0

16.0

Note: values are mean ± SD, unless otherwise noticed. SD: standard
deviation; Min: minimum; Max: maximum.

Table 3. Comparison of fertilization between the two groups
Variable

2000-2002
(n=764)

2010-2012
(n=1536)

p-value

Male age (y-old)

35.0 ± 8.6

35.3 ± 8.1

0.318

Days of abstinence

4.2 ± 3.1

4.2 ± 2.7

0.777

Sperm sample volume
(ml)

3.4 ± 1.8

3.3 ± 1.6

0.473

Sperm concentration/
ml (million)

61.7 ±
69.4

26.7 ± 27.3

<0.001

183.0 ±
197.0

82.8 ± 89.5

<0.001

36.4 ±
18.3

36.5 ± 19.2

0.812

4.6

2.7

<0.001

38/764
(4.9)

131/1536
(8.5)

0.001

114/726
(15.7)

426/1405
(30.3)

<0.001

Total sperm concentration (million)
Progressive sperm
PRWLOLW\ 
Normal morphology

Incidence of azoosperPLD 
Incidence of severe
ROLJR]RRVSHUPLD 

2.7

0
Period of time

2010-2012

Total sperm concentration (milion)
Sperm concentration/ml (milion)
1RUPDOVSHUPPRUSKRORJ\ 

Figure 1. Illustration of differences in semen characteristics over the years

for environmental protection measures, are a risk to the
health of human populations (Multigner & Oliva, 2002).
In this study we have demonstrated that sperm quality is
declining over the years. However, the fertilizing potential
of spermatozoa in vitro seems not to be compromised.
The effects of injecting those spermatozoa are to be
elucidated The rapid development in assisted reproduction therapeutic possibilities has not been accompanied
by a rapid increase of knowledge on the etiology of male
infertility. In ICSI, a single spermatozoon is microinjected
into the oocyte after passage through the zona pellucida
and the membrane of the oocyte; as a result, the spermatozoa bypass the physiological barrier for fertilization.
Therefore, ICSI may be facilitating the transfer of genetic
disorders to future generations.
The potential drawbacks of this study are: (i) semen
samples were retrospectively included in the analysis;
(ii) no data are available on the factors affecting semen
quality such as occupation of the subjects, smoking, food
habits and level of stress.
This study and others that suggest that sperm quality
is deteriorating reinforce our awareness of the potential risks of environmental factors that can adversely
affect reproductive function in men. Whether the sperm
concentration has declined during the past years seems
to be an endless matter of debate. As suggested by Olsen
and Rachootin (2003), a monitoring system could ensure
that we have a better understanding of developments
over the next years.

CONCLUSION

Note: values are mean ± SD, unless otherwise noticed. SD: standard
deviation.

types within the testis, leading to impaired sperm quality
(Sharpe & Skakkebaek, 2008).
In addition, Carlsen et al. (1992) suggested that the
decline in sperm quality may have an environmental
etiology. Indeed, it has been suggested that the industrial expansion and demanding agricultural activity of
the South America, together with repeated disrespect

7KH VLJQL¿FDQW WLPHUHODWHG GHFOLQH LQ VHPHQ TXDOLW\ RI
infertile patients is more expressive than the reduction previously observed in fertile men. It has implications on fertility and emphasizes the need for further studies addressing subject’s life-style. One of the expected consequences
RI WKHVH ¿QGLQJV LV DQ LQFUHDVH LQ WKH QXPEHU RI LQIHUWLOH
couples. The causative agents must be found or reduced.
Since the fertilization potential through ICSI appears to
remain steady there is enough reason for concern: the
health and fertility of future generations are at risk.
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