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Effects of male age on semen quality and
fertility: a review of the literature
Sharon A. Kidd, M.P.H.,a Brenda Eskenazi, Ph.D.,a and Andrew J. Wyrobek, Ph.D.b
University of California, Berkeley, and Lawrence Livermore National Laboratory, Livermore, California

Objective: To review the literature on the association between male age and semen quality (semen volume,
concentration, motility, and morphology) and fertility status (pregnancy rate and time to pregnancy/subfecundity).
Method(s): Review of English language–published research over the last 20 years from January 1, 1980,
through December 31, 1999, using MEDLINE and Biosis databases. Studies with insufficient numbers of
subjects, case reports, case series, or anecdotal data were excluded.
Result(s): Among the methodologically stronger studies, decreases in semen volume of 3%–22%, decreases
in sperm motility of 3%–37%, and decreases in percent normal sperm of 4%–18% were likely when
comparing 30-year-old men to 50-year-old men. Most studies examining fertility status suggest a relationship
between male age and fertility, but the results are most likely confounded by female partner age. Among
studies that did control for female age, comparisons between men under 30 and men over 50 found relative
decreases in pregnancy rates between 23% and 38%. A comparison of the various age categories showed that
the increased risks for subfecundity ranged from 11% to 250%.
Conclusion(s): The weight of the evidence suggests that increased male age is associated with a decline in
semen volume, sperm motility, and sperm morphology but not with sperm concentration. (Fertil Steril威 2001;
75:237– 48. ©2001 by American Society for Reproductive Medicine.)
Key Words: Human male, age, semen, volume, concentration, motility, morphology, pregnancy, fertility,
review

Received August 18, 2000;
revised and accepted
September 11, 2000.
Funded by NIEHS
Superfund P42ES04705
and conducted in part
under the auspices of the
US DOE by Lawrence
Livermore National
Laboratory under contract
W-405-ENG-48.
Reprint requests: Brenda
Eskenazi, Ph.D., 2150
Shattuck Avenue, Suite
600, Berkeley, CA 947207380 (FAX: 510-642-9083).
a
School of Public Health,
University of California,
Berkeley.
b
Biology and
Biotechnology Research
Program, Lawrence
Livermore National
Laboratory.
0015-0282/01/$20.00
PII S0015-0282(00)01679-4

Infertility has a major public health impact,
with approximately 15% of couples of reproductive age in the United States receiving infertility services at some point in their lives (1),
and approximately 7% of married couples not
being able to conceive after trying for a year
(2). Reduced fertility typically occurs among
women in their late 30s to early 40s, when
there is a sharp decrease in oocyte production
(3). However, 25% or more of infertility is
attributed to male factors (1).
Since 1980, there has been in the United
States a 16% increase in the birth rate for
fathers over age 35 (4). Unlike women, who
are more fertile below the age of 40, men can
conceive children well beyond their 40s and
there is no known critical threshold with respect to sperm production in men. Nevertheless, it is important to know whether advanced
paternal age is associated with diminished semen quality and a higher risk of infertility.
Rats and mice are good animal models for
investigating the mechanisms of reproductive

aging in males (5, 6). Aging of rodents appears
to be related to histologic changes in the testes
and in declines in sperm quality. Tanemura et
al. (5) reported that vacuoles appeared in germ
cells and cell numbers decreased in older mice
(18 months old), resulting in a thinner seminiferous epithelium. Spermatids and spermatocytes essentially disappeared in very old mice
(33 months old), as spermatogenesis was severely interrupted. Parkening et al. (7) found
that older mice had atrophied testes, fewer motile sperm, and degenerated seminiferous epithelium and failed to mate when paired with
young females. Wang et al. (6) reported significantly reduced total sperm production among
older rats (22 and 30 months old).
Aging may also contribute to infertility via
increased preimplantation losses. Preimplantation losses that were seen when older rats were
mated may have been indicative of a decreased
ability of sperm to fertilize or degeneration of
embryos before implantation (8). Finally, mutation frequencies (9) and aneuploidy in sper237

matids (10) were increased in older mice, which may also
contribute to male-mediated infertility as well as genetic
defects in offspring.
There has been no comprehensive review of the effects of
male aging on semen quality and fertility in humans. We
have conducted a review of the scientific literature of the past
20 years to evaluate the weight of the evidence for reproductive aging among men.

METHODS
We included all research on humans published in English
from January 1, 1980, through December 31, 1999. Two
electronic database sources were searched: MEDLINE from
1980 and Biosis from 1988. We excluded studies with insufficient numbers of subjects (n⬍20), case reports, case
series, and anecdotal data. The following reproductive outcomes were evaluated: semen volume, sperm concentration,
sperm motility, sperm morphology, pregnancy rate, and time
to pregnancy/subfecundity.
We emphasized analytic epidemiological studies, evaluating each study by whether the authors [1] adjusted for
duration of abstinence (conventional semen quality studies)
or age of female partner (fertility status studies), [2] clearly
defined their criteria for selection of the study population, [3]
provided data in the paper, [4] provided concurrent control
data, and [5] adjusted for other potential confounders (e.g.,
smoking, parity). In summary paragraphs for each outcome
where data allowed this, we calculated relative changes in
the outcome with age. For example, if semen volume decreased from 4.1 mL in the younger age group to 3.2 mL in
the older age group, then the relative decrease was 0.9/4.1, a
22% decrease in volume with increased age. Whenever
possible, we summarized the differences between younger
men (i.e., ages ⱕ30 years) and older men (i.e., ages ⱖ50 years).

RESULTS
Conventional Semen Quality
Semen Volume
Sixteen studies examined the relationship between male
age and semen volume (Table 1). The study settings and
populations were heterogeneous, with more than half based
on infertility clinic or assisted conception populations, while
the others used volunteers recruited from advertisements or
sperm banks.
Among the 11 studies that reported decreases in semen
volume with increased age (11–21), the study with the statistically strongest findings (12) reported a 30% decrease in
volume from the young (mean age, 31 years) to the old age
group (mean age, 54 years). Two other studies (11, 20)
reported statistically strong findings, even after adjustment
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for potential confounding by duration of abstinence. These
studies examined age as a continuous variable and found
decreases of 0.15% (11) to 0.5% (20) for each increase in
year of age. Several of the remaining studies that reported
that volume decreased with increasing age found large differences in semen volume (ranging from 0.6 to 0.9 mL)
between the youngest and the oldest age group(s) (13–16).
However, only one of these studies adjusted for potential
confounding by duration of abstinence.
Among the four studies that found no relationship between age and volume (22–25), only one adjusted for duration of abstinence, by restricting analyses to ⱕ5 days of
abstinence (22). This study reported an inverse U-shaped
curve with similar low volumes in both the youngest (21–25
years) and oldest (46 –50 years) age groups and higher
volumes in the age groups in between (26 – 45 years).
The one study (26) that reported a slight increase (0.01
mL/year) in volume with increased age showed that this
effect disappeared after adjusting for year of birth in the final
regression model. This study suggests that factor(s) related
to time, other than aging, may be responsible for the findings.
Most of the studies listed in Table 1 did not adjust for
potential confounding (e.g., smoking, type of infertility
among clinic patients). Few studies adjusted for or assured a
similar length of abstinence, although there is good evidence
in the literature that an increased duration of abstinence
increases volume in a time-dependent fashion (27–29). A
longer duration of abstinence among older men would be
likely to bias toward finding no association or a positive
association (an increase in volume with an increase in age).
Overall, this may have contributed to a bias toward the null
in results across studies. Four (11, 14, 19, 20) of the five (11,
14, 19, 20, 22) studies that did control for duration of
abstinence showed a decrease in volume with increased age.
The weight of the evidence suggests that there is a decrease in semen volume with increasing age, most notably
among men over 50 years of age. In those studies that report
a decrease, the relative decrease ranges between 3% and
30% for men less than 30 years old compared with men ⱖ50
years old, with most of these studies reporting a change of
approximately 20%–30%. The methodologically stronger
studies (11, 14, 20) found more modest decreases of 3%–
22% comparing men in these age groups.
Sperm Concentration
Twenty-one studies examined the relationship between
age and sperm concentration (Table 2). There is little consensus on the nature of this relationship.
Five studies (12, 17, 21, 23, 28) reported decreases in
sperm concentration with increased age. The study (28) with
the largest decline in sperm concentration with age included
duration of abstinence and year of birth as independent
Vol. 75, No. 2, February 2001

TABLE 1
Male age and semen volume.
Reference
(12)

Population

Male age definition
(range/mean/group)a,b

Semen volume, mLa,b

Direction of effect
with increasing agec

30% decrease from I to II

2 (P⬍.0005)

2, 3

0.15% decrease per year
of age
0.5% decrease per year
of age

2 (P⬍.001)

1, 2, 3, 4, 5

2 (P⬍.001)

1, 2, 3, 4, 5

2 (P⬍.05)

2, 3,4

2 (NS)

2, 3, 4

2 (NS)

1, 2, 3, 4

2 (NS)

2, 3, 4

Data qualityd

Infertility clinic
(n ⫽ 555)
Sperm donors
(n ⫽ 1,283)
Infertility clinic
(n ⫽ 20,411)

I. 31 (0.2)
II. 54 (4.2)
34.3 (0.2)

(13)

Assisted conception
(n ⫽ 821)

(16)

Assisted conception
(n ⫽ 345)

(14)

Infertility clinic
(n ⫽ 78)

I. 2.7 (0.1)
II. 2.5 (0.1)
III. 2.1 (0.2)
I. 3.1 (0.6)
II. 2.6 (1.4)
III. 2.3 (2.0)
IV. 2.2 (0.9)
I. 4.1 (1.6)

(21)

Andrology lab
(n ⫽ 2,065)

I. ⱕ39
II. 40–49
III. ⱖ50
I. ⱕ30
II. 31–40
III. 41–50
IV. 51–64
I. ⬍30 (matched by year
of attendance)
II. ⬍30 (matched by
wives’ ages)
III. ⬎50
33.6 (5.8)
19–67

(15)

Volunteers responding
to advertisement
(n ⫽ 43)
Infertility clinic
(n ⫽ 3,437)
Volunteers (n ⫽ 445)

I. 29 (3.2)
II. 67 (7.8)

I. 4.0 (1.7)
II. 3.2 (1.9)

2 (NS)

2, 3

19–63

Age-dependent decrease in
semen volume
Gradual decrease after
age 40

2

1, 2, 4

2

4

I. ⱖ6
II. 1–5
III. ⬍1
I. 3.2 (1.6)
II. 3.7 (1.2)
III. 3.6 (1.3)
IV. 3.6 (2.1)
V. 3.6 (1.7)
VI. 3.1 (2.1)
I. 3.2 (1.5)
II. 3.2 (1.7)

2

3

7 (NS)

1, 2, 3, 4

7 (NS)

3, 4

Age correlation with
volume (r ⫽ .06)
No correlation with age

7

2, 3, 4

7

2, 4

.01% (⫺.01, .03)e increase
per year of age

1 (NS)

2, 3, 4, 5

(11)
(20)

(19)
(17)

(18)

(22)

(23)

(24)
(25)
(26)

Sperm donors with
counts ⬎200 ⫻106/
mL (n ⫽ 1,299)
Semen donors
(n ⫽ 809)

Older men planning
further children
(n ⫽ 64)
Infertility clinic
(n ⫽ 718)
Family planning clinic
(n ⫽ 1,239)
Sperm donors
(n ⫽ 577)

31.9 (5.4)
15–74

I. ⬍40
II. 40–60
III. ⬎60
I. 34.6 (6.4)
II. 35.2 (9.4)
III. 38.4 (12.5)
I. 21–25
II. 26–30
III. 31–35
IV. 36–40
V. 41–45
VI. 46–50
I. 32.2
II. 50.3
21–54
19–53
18–53

III. 3.2 (1.9)
Age correlation with
volume (r ⫽ ⫺.04)

a

Roman numeral groups in the third column correspond with roman numeral groups in the fourth column.
Mean (SD).
c
NS ⫽ not statistically significant at P⬍.05; no P value indicates that no statistical testing was done; 2 ⫽ decrease in volume with increase in age; 7 ⫽
no relationship; 1 ⫽ increase in volume with increase in age.
d
Data quality: 1 ⫽ adjusted for duration of abstinence; 2 ⫽ clearly defined their criteria for selection of the study population; 3 ⫽ provided data in the paper;
4 ⫽ used concurrent controls; 5 ⫽ adjusted for other potential confounding factors.
e
95% confidence interval.
b
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variables in a multiple regression model. This study reported
a decrease in sperm concentration of 3.3% per year of age, or
about a 66% decrease in concentration from age 30 to 50.
The other four studies did not adjust for potential confoundFERTILITY & STERILITY威

ers. Two of these studies compared men in younger (ⱕ30)
and older (ⱖ50) age groups. One study (23) found nearly
half the sperm concentration in the older group, and the
second (12) found almost a 3-fold increase in the percentage
239

TABLE 2
Male age and sperm concentration.
Reference

Population

(21)

Semen donors (n ⫽ 1,351)
Older men planning further
children (n ⫽ 64)
Andrology lab (n ⫽ 2,065)

(12)

Infertility clinic (n ⫽ 555)

(17)

Volunteers (n ⫽ 445)

(22)

Semen donors (n ⫽ 809)

(13)

Assisted conception
(n ⫽ 821)

(33)

Infertility clinic (n ⫽ 570)

(30)

Volunteers responding to
advertisement (n ⫽ 187)
Infertility clinic (n ⫽ 718)

(28)
(23)

(24)
(31)
(25)
(32)
(26)
(20)
(15)
(11)
(14)

(34)
(16)

(18)

Male age definition
(range/mean/group)a,b

Sperm concentration,
⫻106/mLa,b

Direction of effect
with increasing agec

Data
qualityd

19–59
I. 32.2
II. 50.3
33.6 (5.8)
19–67
I. 31 (0.2)
II. 54 (4.2)
I. ⬍40
II. 40–60
III. ⬎60
I. 21–25
II. 26–30
III. 31–35
IV. 36–40
V. 41—45
VI. 46–50
I. ⱕ39
II. 40–49
III. ⱖ50
I. 22–30
II. 31–40
III. 41–50
IV. ⬎50
19–47

3.3% (⫺0.8, ⫺4.7)e decrease per year of age
I. 115.1 (103)
II. 66.9 (67)
Age correlation with concentration (r ⫽ ⫺.06)

2 (P⬍.001)
2 (P⫽.01)

1, 2, 3, 4, 5
3, 4

2 (P⬍.02)

2, 3, 4

I. 5.6% ⬍5
II. 15.4% ⬍5
Gradual decrease after age 40; considerable
decrease after age 60

2 (P⬍.05)

2, 3

2

4

I. 77 (57.0)
II. 92 (64.3)
III. 95 (64.2)
IV. 90 (67.5)
V. 94 (67.5)
VI. 81 (61.9)
I. 22.7 (1.3)
II. 24.7 (2.4)
III. 19.8 (4.5)
I. 71 (66)
II. 87 (79)
III. 84 (57)
IV. 76 (61)
No association between age and concentration

7 (NS)

1, 2, 3, 4

7 (NS)

2, 3, 4

7 (NS)

2, 3

7 (NS)

2, 3

21–54

Age was not correlated with concentration
(r ⫽ .03)
No trend of mean concentration with age

7

2, 3, 4

7

2, 4

No correlation with age
No difference between groups

7
7

2, 4
2, 4

2.1% (1.9, 2.4)e increase per year of age
0.7% increase per year of age

1 (P⬍.001)
1 (P⬍.004)

2, 3, 4, 5
1, 2, 3, 4, 5

I. 78 (51)
II. 120 (101)
0.03% increase per year of age
I. 44 (55.3)

1 (P⬍.05)

2, 3

1 (NS)
1 (NS)

1, 2, 3, 4, 5
1, 2, 3, 4

1 (NS)
1 (NS)

2, 3, 4, 5
2, 3, 4

1

3

Meta-analysis of semen donors
17–64
(n ⫽ 14,947)
Family planning clinic (n ⫽ 1,239) 19–53
Infertility clinic (n ⫽ 200)
I. ⱕ35
II. ⬎35
Sperm donors (n ⫽ 577)
18–53
Infertility clinic (n ⫽ 20,411)
31.9 (5.4)
15–74
Volunteers responding to
I. 29 (3.2)
advertisement (n ⫽ 43)
II. 67 (7.8)
Sperm donors (n ⫽ 1,283)
34.3 (0.2)
Infertility clinic (n ⫽ 78)
I. ⬍30 (matched by
year of attendance)
II. ⬍30 (matched by
wives’ age)
III. ⬎50
Sperm donors (n ⫽ 302)
21–44
Assisted conception (n ⫽ 345)
I. ⱕ30
II. 31–40
III. 41–50
IV. 51–64
Sperm donors with ⬍1 mL
I. 31.4 (7.8)
volume (n ⫽ 1,299)
II. 33.9 (10.5)
III. 31.6 (10.0)
IV. 38.4 (12.5)

III. 56 (90.1)
3.3% (0.7, 6.1)e increase per year of age
I. 52.3 (59.0)
II. 54.2 (62.8)
III. 56.6 (72.3)
IV. 57.2 (38.5)
I. 0.1–20
II. 20–100
III. 100–200
IV. ⬎200

a

Roman numeral groups in the third column correspond with roman numeral groups in the fourth column.
Mean (SD).
c
NS ⫽ not statistically significant at P⬍.05; no P value indicates that no statistical testing was done; 2 ⫽ decrease in concentration with increase in age;
7 ⫽ no relationship; 1 ⫽ increase in concentration with increase in age.
d
Data quality: 1 ⫽ adjusted for duration of abstinence; 2 ⫽ clearly defined their criteria for selection of the study population; 3 ⫽ provided data in the paper;
4 ⫽ used concurrent controls; 5 ⫽ adjusted for other potential confounding factors.
e
95% confidence interval.
b
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of men with sperm concentration less than 5 million/mL in
the older group.

and a modest 0.06% increase in percent motility for each
increase in year of age (26).

Six studies (13, 24, 25, 30 –32) found little or no association between age and sperm concentration, and two studies
(22, 33) noted an ambiguous relationship between age and
sperm concentration among age categories. That is, the
youngest age groups had lower sperm concentrations than
age groups in between, but the concentrations were similar to
those of the oldest age group, suggesting inverse U-shaped
data distributions.

Thus, there is strong and consistent evidence across the
majority of studies for a decrease in sperm motility with
increasing age. This relative decrease across age groups
comparing men approximately 50 years of age or older to
those 30 years of age and younger is within the range of a
3%–37% decrease in motility. Among the methodologically
stronger studies (11, 14, 22, 28), decreases of 3%–37% were
also reported for comparisons of 30-year-old men with 50year-old men.

Eight studies (11, 14 –16, 18, 20, 26, 34) reported that
sperm concentration increased with age. Several studies (11,
20, 26, 34) reported linear increases, with findings ranging
from a 0.03% increase to a 3.3% increase in sperm concentration per year of age. These studies adjusted for some
potential confounding, although the two (11, 20) that adjusted for duration of abstinence had findings of more
modest increases. Of the remaining studies with positive
associations, one (15) found a large increase in sperm concentration (from 78 to 120 million/mL) from the youngest to
oldest age group.
Few studies controlled for duration of abstinence (11, 14,
20, 22, 28) or any other potential confounding factors (26,
34). Even among studies that controlled for duration of
abstinence, the findings remained inconsistent. The weight
of the evidence from the literature does not suggest that
sperm concentration decreases with increasing age.
Sperm Motility
Nineteen studies examined the relationship between age
and sperm motility (percent motile) (Table 3). Sperm motility was typically assessed visually using a light microscope.
Only two studies (21, 33) used computer-assisted sperm
analysis.
Most studies (13 of 19) found a decrease in sperm motility with increasing age. Those studies that adjusted for
duration of abstinence (11, 14, 22, 28, 35) reported statistically significant effects. In the study by Auger et al. (28),
there was a 0.6% decrease in percent motile sperm for each
year of age, which would translate into a 12% decrease in
motility comparing a 50-year-old man with a 30-year-old
man. Several studies reported negative linear relationships,
with correlations ranging between ⫺.08 (21) and ⫺.37 (35)
and decreases in motility ranging from 0.17 %(11) to 0.6%
(28) for each year of age. Seven studies (13–17, 22, 23) that
examined changes across age groups found lower fractions
of motile sperm in the oldest age groups.
Four studies (24, 32, 33, 36) found no association between age and sperm motility. Check et al. (33) reported an
inverse U-shaped distribution of the proportion of subjects
with ⬎50% motility. Some studies (32, 36) may have failed
to show a difference across age groups because they did not
compare age extremes.
Two studies reported a positive correlation (r ⫽ .14) (25)
FERTILITY & STERILITY威

Sperm Morphology
Fourteen studies examined the relationship between age
and sperm morphology (Table 4), with nine of these studies
reporting an age-related decrease in percent normal sperm
(14, 16, 20-23, 28, 37, 38). Auger et al. (28) reported that the
percent normal sperm decreased by 0.9% for each year of
age, controlling for year of birth and duration of abstinence
in a linear regression model. Thus, an average 50-year-old
man had an 18% decrease in the percent normally shaped
sperm compared with the average 30-year-old man. Schwartz
et al. (22) noted that coiled tails and microcephalic heads
increased with age, although a statistically significant trend
across age groups remained after excluding these two types
of abnormalities.
Five studies found no association between percent normal
sperm and age (13, 24, 30, 32, 39), but no data were
presented in four of these studies to support the null findings.
The variable morphology criteria used across studies prohibit easy comparisons of the magnitude of the age-related
decline between studies. For example, the WHO criteria (40)
count more tail abnormalities than the David criteria (37)
and generally count different head abnormalities. Different
criteria would be especially relevant if different abnormalities were directly related to age. Unfortunately, in nearly all
of the studies one could not examine directly the impact of
differing criteria because the analyses did not list out the
different sperm forms by age or age group.
In conclusion, there is good evidence that percent normally shaped sperm decreases with age. In most of the
studies using age as a categorical variable (14, 16, 22, 23, 37,
38), there was a consistent trend toward decreasing percent
normal sperm with increasing age groups. There was between a 4% and 22% decrease in percent normally shaped
sperm for men ⱖ50 years of age compared with those ⱕ30
years of age. The relative percent change when comparing
these age groups was roughly 4%–18% among the methodologically stronger studies (14, 20, 28).

Fertility Status
Since semen quality is only an indirect measure of the
probability of pregnancy, we also examined the literature for
241

TABLE 3
Male age and sperm motility.
Reference
(15)
(28)
(11)
(21)

(35)
(38)

(30)
(22)

(23)
(14)

Population

Male age of definition
(range/mean/group)a,b

Volunteers responding to
advertisement (n ⫽ 43)
Semen donors (n ⫽ 1,351)
Sperm donors (n ⫽ 1,283)
Andrology lab (n ⫽ 2,065)

I. 29 (3.2)
II. 67 (7.8)
19–59
34.3 (0.2)
33.6 (5.8)
19–67

Infertility clinic and healthy
donors (n ⫽ 90)
Infertility clinic (n ⫽ 77)

22–57

Volunteers responding to
advertisement (n ⫽ 187)
Semen donors (n ⫽ 809)

19–47

Older men planning further
children (n ⫽ 64)
Infertility clinic (n ⫽ 78)

(13)

Assisted conception
(n ⫽ 821)

(16)

Assisted conception
(n ⫽ 345)

(17)

Volunteers (n ⫽ 445)

(33)

Infertility clinic (n ⫽ 570)

I. ⬍26
II. ⱖ26

I. 21–25
II. 26–30
III. 31–35
IV. 36–40
V. 41–45
VI. 46–50
I. 32.2
II. 50.3
I. ⬍30 (matched by year of
attendance)
II. ⬍30 (matched by wives’ age)
III. ⬎50
I. ⱕ39
II. 40–49
III. ⱖ50
I. ⱕ30
II. 31–40
III. 41–50
IV. 51–64
I. ⬍40
II. 40–60
III. ⬎60
I. 22–30
II. 31–40
III. 41–50
IV. ⬎50

(24)
(36)

Infertility lab (n ⫽ 718)
Infertility clinic (n ⫽ 566)

21–54
I. ⬍30
II. ⱖ30

(32)

Infertility clinic (n ⫽ 200)

(25)

Family planning clinic
(n ⫽ 1,239)
Sperm donors (n ⫽ 577)

I. ⱕ35
II. ⬎35
19–53

(26)

18–53

Direction of
effect with
increasing agec

Sperm motility
(% motile)a,b
I. 68 (14)
II. 50 (19)
0.6% (⫺0.4, ⫺0.8)e decrease per year of age
0.17% decrease per year of age
Age correlation with motility (r ⫽ ⫺.10)
Age correlation with motile concentration
(millions motile sperm/ml) (r ⫽ ⫺.08)
Age correlation with motility (r ⫽ ⫺.37)
Motile sperm concentration, ⫻106/mL
I. 55.2 (32.3)
II. 32.8 (10.9)
Total percent motility decreased with
increasing age
I. 70.2 (8.8)
II. 71.9 (7.4)
III. 70.5 (12.0)
IV. 69.1 (9.3)
V. 70.8 (8.7)
VI. 64.8 (16.7)
I. 30.4 (14.5)
II. 23.1 (13.7)
I. 41 (25)

Data
qualityd

2 (P⬍.0005)

2, 3

2 (P⬍.001)
2 (P⬍.001)
2 (P⬍.001)
2 (P⬍.002)

1, 2, 3, 4, 5
1, 2, 3, 4
2, 3, 4

2 (P⬍.001)

1, 3, 4

2 (P⬍.01)

2, 3, 4

2 (P ⫽ .01)

2, 3

2 (P⬍.02)

1, 2, 3, 4

2 (P ⫽ .04)

3, 4

2 (P⬍.05)

1, 2, 3, 4

2 (NS)

2, 3, 4

III. 26 (22)
I. 36.5 (0.9)
II. 35.3 (1.4)
III. 34.9 (4.3)
I. 43.8 (34.5)
II. 45.9 (29.3)
III. 42.2 (30.7)
IV. 40.7 (20.6))
Gradual decrease after age 40

2 (NS)

2, 3, 4

2

4

Percent motility ⬎50%

7 (NS)

2, 3

7
7

2, 3, 4
2, 3, 4

7

2, 4

Age was correlated with motility (r ⫽ .14)

1 (P⬍.05)

2, 4

0.06% (⫺0.1, 0.2)e increase per year of age

1 (NS)

2, 3, 4, 5

I. 39 (20)
II. 49 (19)
III. 44 (20)
IV. 34 (14)
No correlation with age (r ⫽ .04)
Motile sperm ⫻106
I. 25.7 (28.0)
II. 24.8 (32.6)
No difference between groups

a

Roman numeral groups in the third column correspond with roman numeral groups in the fourth column.
b
Mean (SD).
c
NS ⫽ not statistically significant at P⬍.05; no P value indicates that no statistical testing was done; 2 ⫽ decrease in motility with increase in age; 7 ⫽
no relationship; 1 ⫽ increase in motility with increase in age.
d
Data quality: 1 ⫽ adjusted for duration of abstinence; 2 ⫽ clearly defined their criteria for selection of the study population; 3 ⫽ provided data in the paper;
4 ⫽ used concurrent controls; 5 ⫽ adjusted for other potential confounding factors.
e
95% confidence interval.
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TABLE 4
Male age and sperm morphology.
Reference

Population

Male age definition
(range/mean/group)ab

(28)

Semen donors (n ⫽ 1,351)

19–59

(20)

Infertility clinic (n ⫽ 20,411)

(22)

Semen donors (n ⫽ 809)

(37)

Sperm donors (n ⫽ 210)

(38)

Infertility lab (n ⫽ 77)

(14)

Infertility clinic (n ⫽ 78)

(16)

Assisted conception (n ⫽ 345)

(21)

Andrology lab (n ⫽ 2,065)

(23)

Older men planning further
children (n ⫽ 64)
Assisted conception (n ⫽ 821)

31.9 (5.4)
15–74
I. 21–25
II. 26–30
III. 31–35
IV. 36–40
V. 41–45
VI. 46–50
I. 20–25
II. 26–30
III. 31–35
IV. 36–40
V. 41–45
VI. 46–50
I. ⱕ40
II. ⬎40
I. ⬍30 (matched by
year of attendance)
II. ⬍30 (matched by
wives’ age)
III. ⬎50
I. ⱕ30
II. 31–40
III. 41–50
IV. 51–64
33.6 (5.8)
19–67
I. 32.2
II. 50.3
I. ⱕ39
II. 40–49
III. ⱖ50
19–47

(13)

(30)
(24)

Volunteers responding to
advertisement (n ⫽ 187)
Infertility clinic (n ⫽ 718)

(32)

Infertility clinic (n ⫽ 200)

(39)

Assisted conception (n ⫽ 100)

21–54
I. ⱕ35
II. ⬎35
No age data

Sperm morphology
(% normal)ab

Direction of effect
with increasing agec

Data qualityd

0.9% (⫺0.7, ⫺1.1)e decrease
per year of age
0.2% decrease per year of age

2 (P⬍.001)

1, 2, 3, 4, 5

2 (P⬍.001)

1, 2, 3, 4, 5

I. 54.6 (15.4)
II. 61.9 (11.6)
III. 61.6 (11.1)
IV. 60.8 (12.5)
V. 58.5 (11.4)
VI. 54.9 (10.2)
I. 75
II. 75.2
III. 71.8
IV. 72.2
V. 69.2
VI. 70.3
I. 78.5 (2.9)
II. 72.3 (1.3)
I. 31 (17)

2 (P⬍.001)

2, 3, 4

2 (P⬍.001)

2, 3, 4

2 (P⬍.01)

2, 3, 4

2 (NS)

1, 2, 3, 4

2 (NS)

2, 3, 4

2 (NS)

2, 3, 4

2 (NS)

3, 4

7 (NS)

2, 3, 4

7 (NS)

2, 3

III. 26 (18)
I. 61.3 (32.8)
II. 52.9 (39.1)
III. 48.5 (50.5)
IV. 53.2 (20.2)
Age was correlated with
morphology (r ⫽ ⫺.05)
I. 26.5 (13.9)
II. 20.7 (16.2)
No significant differences in
morphology
No association between age
and morphology
Age was not correlated with
morphology (r ⫽ .03)
No difference between groups

7

2, 3, 4

7

2, 4

Poor correlation with age

7

1, 4

a

Roman numeral groups in the third column correspond with roman numeral groups in the fourth column.
Mean (SD).
c
NS ⫽ not statistically significant at P⬍.05; no P value indicates that no statistical testing was done; 2 ⫽ decrease in morphology with increase in age;
7 ⫽ no relationship; 1 ⫽ increase in morphology with increase in age.
d
Data quality: 1 ⫽ adjusted for duration of abstinence; 2 ⫽ clearly defined their criteria for selection of the study population; 3 ⫽ provided data in the paper;
4 ⫽ used concurrent controls; 5 ⫽ adjusted for other potential confounding factors.
e
95% confidence interval.
b
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male age-related changes in fertility. Several indicators for
fertility were used: the pregnancy rate (i.e., the percent of
male subjects whose partners achieve a pregnancy over a
period of time), time to pregnancy (i.e., the amount of time
attempting pregnancy), and subfecundity (i.e., the percent of
couples remaining infertile at a defined time point). In contrast to studies of semen quality, reproductive history (e.g.,
parity, contraceptive use) and habits (e.g., smoking, freFERTILITY & STERILITY威

quency of intercourse) of the female partner are important
determinants of fertility, with female age known to be a
strong independent predictor of achieving pregnancy (41).

Pregnancy Rate
Nine studies examined the relationship between male age
and pregnancy rate. All studies selected participants from
infertility and assisted conception clinics (Table 5).
243

TABLE 5
Male age and pregnancy rate.
Reference

Male age definition
(range/mean/group)a

Pregnacy
rate (%)a

Direction of effect
with increasing ageb

Data qualityc

I. ⬍30
II. 30–34
III. ⱖ35
I. ⬍24
II. 25–29
III. 30–34
IV. 35–39
V. 40–44
VI. ⱖ45
I. ⱕ35
II. 36–39
III. ⱖ40
I. ⬍31
II. ⱖ31
I. ⱕ35
II. ⬎35
I. ⬍30 (matched by year of attendance)
II. ⬍30 (matched by wives’ age)
III. ⬎50
I. ⬍30
II. 30–39
III. 40–49
IV. ⬎50
I. ⱕ30
II. 31–40
III. 41–50
IV. 51–64
I. ⬍30
II. 30–34
III. 35–39
IV. ⱖ40

I. 51.7
II. 40.3
III. 25.0
I. 15.9
II. 20.6
III. 19.7
IV. 13.7
V. 8.5
VI. 14.3
I. 55.5
II. 41.8
III. 44.4
I. 82
II. 59
I. 42
II. 23

2 (P⬍.001)

1, 2, 3, 4

2 (P⫽.02)

2, 3, 4, 5

2 (P⬍.04)

1, 2, 3, 4

2 (P⬍.05)

2, 3, 4, 5

2 (P⬍.05)

2, 4

2 (NS)

1, 2, 3, 4

2 (NS)

1, 2, 3, 4

7 (NS)

1, 2, 3, 4

1 (NS)

2, 3, 4, 5

Population

(42)

Assisted conception (n ⫽ 274)

(43)

Infertility clinic (n ⫽ 1,025)

(13)

Assisted conception (n ⫽ 821)

(44)

Infertility clinic (n ⫽ 394)

(32)

Infertility clinic (n ⫽ 200)

(14)

Infertility clinic (n ⫽ 78)

(45)

Assisted conception (n ⫽ 208)

(16)

Assisted conception (n ⫽ 345)

(36)

Infertility clinic (n ⫽ 566)

II. 30
III. 23
I. 32.1
II. 21.9
III. 22.2
IV. 20.0
I. 64.5
II. 45.6
III. 51.0
IV. 71.4
I. 4.5
II. 9.6
III. 10.2
IV. 9.9

a

Roman numeral groups in the third column correspond with roman numeral groups in the fourth column.
NS ⫽ not statistically significant at P⬍.05; no P value indicates that no statistical testing was done; 2 ⫽ decrease in pregnancy rate with increase in male
age; 7 ⫽ no relationship; 1 ⫽ increase in pregnancy rate with increase in male age.
c
Data quality: 1 ⫽ adjusted/tested for potential confounding by female age; 2 ⫽ clearly defined their criteria for selection of the study population; 3 ⫽
provided data in the paper; 4 ⫽ used concurrent controls; 5 ⫽ adjusted for other potential confounding factors.
b
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Seven of the nine studies found that pregnancy rates
declined with increased male age. Two studies reported
roughly 50% relative decreases in pregnancy rates in men
over 35 compared with men ⬍30 (42) and ⱕ35 (32). Other
studies (13, 14, 43– 45) reported decreases in pregnancy rates of
lesser magnitude. These studies compared varying age extremes with relative decreases ranging from 20% to 38%.
One study (16) did not find an effect of male age on
pregnancy rates when the age of the oocyte donor was
restricted to ⬍35 years. Only one study (36) reported an
increase in pregnancy rates with increasing age. The pregnancy rate was lower in partners of men under 30 when
compared with men 30 and older. This same study reported
no differences in motile concentration (millions of motile
244

Kidd et al.

Effects of male age on semen and fertility

sperm per milliliter) between younger and older men (Table
3), which is consistent with the pregnancy rate findings.
There was a trend across studies in decreasing pregnancy
rate with increasing male age, but nearly half of the studies
(32, 36, 43, 44) did not adjust for female age in analyses.
Overall, the evidence is suggestive of an association between
increased male age and decreased pregnancy rate, but the
magnitude of the pregnancy rate may be lessened when the
influence of female age is properly controlled for. However,
among studies with decreased pregnancy rates with age that
also controlled for female partner age, the two (14, 45) that
allowed comparison between men under 30 and men over 50
found relative decreases in pregnancy rates of 23% and 38%,
respectively. The other two studies (13, 42) that compared
Vol. 75, No. 2, February 2001

TABLE 6
Male age and time to pregnancy/subfecundity.
Reference
(50)

Male age definition
(range/mean/group)a,b

Population
Pregnant cohort
(n ⫽ 10,886)

(46)

Infertility clinic
(n ⫽ 765)

(49)

Volunteers
(n ⫽ 274)

I. 15–19
II. 20–24
III. 25–29
IV. 30–34
V. 35–39
VI. ⱖ40

I. ⱕ20
II. 21–30
III. 31–40
IV. ⬎40
21–51
I. ⬍35
II. ⱖ35

(44)

Infertility clinic
(n ⫽ 394)

29.1 (5.2)

(42)

Assisted conception
(n ⫽ 274)

(43)

Infertility clinic
(n ⫽ 1,025)
Fertility survey (No
n given)

I. ⬍30
II. 30–34
III. ⱖ35
18–74

(52)

(14)

Infertility clinic
(n ⫽ 78)

(47), (48)

Birth cohort

(51)

Assisted conception

(32)

Infertility clinic
(n ⫽ 200)

I. ⬍45
II. 45–55
III. ⱖ55
I. ⬍30 (matched by year of
attendance)
II. ⬍30 (matched by wives’ age)
III. ⬎50
I. ⬍30
II. ⱖ30
25–64

20–46

Time to
pregnancy/subfecunditya,c

Direction of effect
with increasing aged

Data qualitye

Couples (%) with subfecundity
(ⱖ1 year)
I and II. 10.8
III. 11.1
IV. 11.9
V. 15.2
VI. 16.0
OR ⫽ 1.3 (0.9, 2.0)
subfecundity VI vs. I
Decreased risk for pregnancy
before time t (⫺.0324)

1 (P⬍.001)

1, 2, 3, 4, 5

1 (P⬍.005)

2, 3, 4, 5

Age was associated with
infertility at 9 months
OR ⫽ 2.3 (1.4, 3.7)
Subfecundity II vs. I

1 (P⫽.004)

2, 3, 4, 5

Age was related to time to
achieve and likelihood of
pregnancy
RR ⫽ 0.4 (0.3, 0.7)
Pregnancy III vs. I

1 (P⬍.01)

2, 3, 4, 5

1 (P⬍.05)

1, 2, 3, 4, 5

Age was associated with
achievement of pregnancy
RR of conception
I. 1.0
II. 0.7–0.9
III. 0.8–0.9
Month before achieving
pregnancy, mean (range)
II. 66 (25–125)
III. 79 (16–187)
RR ⫽ 0.9 (0.8, 1.0)
Time to first birth, II vs. I
Mean male age of pregnant
group (34.9) similar to
nonpregnant group (35.0)
Age and duration of infertility
were not correlated
(r ⫽ .17)

1 (P⬍.05)

2, 3, 4, 5

1 (P⬍.05)

1, 3, 5

1 (NS)

1, 2, 3, 4

1 (NS)

2, 3, 4, 5

7 (NS)

2, 3, 4

7 (NS)

2, 4

1 (NS)

1 (P⬍.05)

a

Roman numeral groups in the third column correspond with roman numeral groups in the fourth column.
Mean (SD).
c
OR ( ) ⫽ odds ratio (95% confidence interval); RR ( ) ⫽ relative risk (95% confidence interval).
d
NS ⫽ not statistically significant at P⬍.05; no P value indicates that no statistical testing was done; 2 ⫽ decrease in time to pregnancy/subfecundity with
increase in age; 7 ⫽ no relationship; 1 ⫽ increase in time to pregnancy/subfecundity with increase in age.
e
Data quality: 1 ⫽ adjusted/tested for potential confounding by female age; 2 ⫽ clearly defined their criteria for selection of the study population; 3 ⫽
provided data in the paper; 4 ⫽ used concurrent controls; 5 ⫽ adjusted for other potential confounding factors.
b
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narrower age ranges found relative decreases of 20% and
52%, respectively.
Time to Pregnancy/Subfecundity
Eleven studies examined the relationship between male age
and time to pregnancy/subfecundity (Table 6). Nine studies
FERTILITY & STERILITY威

found that time to pregnancy increased with male age. Studies (42, 44, 46, 47) that used a proportional hazard analysis,
which adjusts for varying lengths of observation before
pregnancy occurs, reported increases in time to pregnancy
with increasing male age, although only one study (42)
tested for the confounding effects of the age of the female
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partner. Mathieu et al. (42) reported a 60% decrease in risk
for pregnancy comparing the oldest male age group (ⱖ35
years) with the youngest (⬍30 years), adjusting for duration
of infertility and irregular ovulation (female age was not a
confounder). Joffe et al. (48) reported an 11% increase in
time to first live birth in the partners of men ⱖ30 years of age
versus ⬍30 years of age, adjusted for male and female
smoking and education (there were too many missing values
to adjust for female partner age).
Two studies found that older men were less likely to
father a pregnancy after engaging in unprotected intercourse
for 9 months (49) and for at least 1 year (50). Ford et al. (49)
reported that men ⱖ35 years of age had twice the likelihood
of subfecundity than men ⬍35 years of age. Olsen et al. (50)
found that the risk of subfecundity for men ⱖ40 years of age
was 30% higher than that of men 15–19 years of age after
adjustment for female partner age. There was also a monotonic increase in subfecundity by male age.
One study (51) reported mean male ages that were similar
between pregnant and nonpregnant groups, while another
(32) did not find a statistically significant correlation (r⫽.17)
between male age and duration of infertility (up to 3 years).
Overall, the weight of the evidence supports an association between increased male age and increased time to pregnancy and the frequency of subfecundity. In graphs of the
cumulative distribution for time required to conceive, pregnancy rate curves for men with ages ⬎30 (44), ⱖ35 years
(46), and ⬎50 years (14) were 5%–20% lower across time
compared with curves for men with ages ⱕ30, ⬍35, and
⬍30 years, respectively. However, it is unclear to what
extent female age and/or other factors may be partly
responsible for these associations. Among the studies that
controlled for female partner age, increased male age was
consistently associated with subfecundity and time to pregnancy. The increased risks for subfecundity in these studies
(42, 50, 52) with varying age categories ranged from 11% to
250%, and the relative increase in months to achieve pregnancy (14) was 20%, comparing men ⬎50 years of age with
those ⬍30 years of age.

DISCUSSION
For conventional semen quality, the weight of the scientific evidence suggests that increased male age is associated
with a decrease in semen volume, a decrease in percent
normal sperm, and a decrease in sperm motility, with no
consistent effect on sperm concentration. Among the methodologically stronger studies, decreases in semen volume of
3%–22% (11, 14, 20), decreases in sperm motility of 3%–
37% (11, 14, 22, 28), and decreases in percent normal sperm
of 4%–18% (14, 20, 28) were likely when comparing 30year-old men with 50-year-old men. For the two fertility
parameters reviewed, most studies found a decrease in fertility with increased male age, but a minority of studies
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controlled for female partner age, making it difficult to draw
definitive conclusions. Among studies that did control for
female partner age, the two (14, 45) that allowed comparison
between men under 30 and men over 50 found relative
decreases in pregnancy rates of 23% and 38%, respectively.
The increased risks for subfecundity ranged from 11% to
250%, comparing varying age categories (42, 50, 52), and
the relative increase in months to achieve pregnancy was
20%, comparing men ⬍30 years old with men ⬎50 years old
(14).
The nature of the data provided does not allow for conclusions about the shape of the relationship (i.e., linearity)
between age and these reproductive outcomes or whether
there is a critical age threshold where the changes occur.
Generally, the data were provided in varying age categories,
which restricted our summary by age. However, we were
able to focus on comparisons between two age groupings:
lower-risk men (ages ⬍30 years) and potentially higher-risk
men (ages ⬎50 years). Given the increase in fathering
among older men, we wanted to focus on results where
biologically important age thresholds may be reasonable and
still examine men whose fathering may not be complete (a
clinically important age).
A number of mechanisms have been proposed for how
aging may affect changes in semen quality. For example,
decreased semen volume could be caused by seminal vesicle
insufficiency, since seminal vesicle fluid contributes most of
the ejaculate volume (53). Changes in the prostate occur with
aging, such as smooth muscle atrophy and a decrease in
protein and water content, which may affect semen volume
and sperm motility (54). Sperm acquire the capacity for
vigorous forward motility during transit through the epididymis, which plays an important role in sperm maturation
(53). If aging alters epididymal function, this may explain
how sperm motility might be affected.
Sperm morphology is a good indicator of the status of the
germinal epithelium (55, 56). Degenerative changes in the
germinal epithelium due to aging may affect spermatogenesis and alter sperm morphology. Although we did not observe a consistent effect of age on sperm concentration,
age-related changes in sperm concentration are plausible.
With increased age there is narrowing and sclerosis of the
tubular lumen, a decrease in spermatogenic activity, degeneration of germ cells, and decreased number and function of
Leydig cells (57, 58). However, concentration may be increased with age, as it may be possible that spermatogenesis
could be abnormally accelerated because of an impaired
responsiveness of the testes to endocrinological influences
(18). Age may not only impact semen quality, but also the
genetic integrity of the sperm. There is evidence that aging is
associated with increased sperm aneuploidy in humans and
mice (10, 59 – 61) and with increases in the incidence of de
novo germinal mutations (62– 64). Genetically defective
Vol. 75, No. 2, February 2001

sperm can lead to fetal loss and genetic disease in offspring
(56, 65).
Our review of the literature indicates that several methodological issues are important to address, as they impact on
the interpretation of studies of semen quality and fertility.
Potential confounders were not examined in most studies
and could in part explain the age effects observed for some
end points. Generally, studies examining semen parameters
performed either univariate or bivariate analyses only, disregarding the possibility that other factors besides male age
may be responsible for effects observed. In studies examining conventional semen quality, duration of abstinence is a
known confounder (27–29), yet in over three-quarters of
these studies, there was no attempt to test for potential
confounding. In studies examining pregnancy rate and time
to pregnancy/subfecundity, female age, an important predictor of fertility (41), was not tested for potential confounding
in half of the studies.
Study setting is also an important consideration. Generalizing to the overall male population from clinic-based
studies (fertility and assisted conception clinics) must be
done cautiously because subfertile men represent a special
subgroup of the general population. Clinics may also attract
unhealthier men. Given that couples often are not referred
until later in their reproductive lives, it may be that younger
fertility clinic attendees represent a particularly morbid profile versus older clinic attendees. If this were true, then such
studies would have a bias toward finding no association
between male age and adverse outcome. Population-based
studies (using semen donors and volunteers from advertisements) could also be biased because the men who participate
in these studies may be more likely to be healthier and may
represent men with greater fertility probability than the entire population of men from which they came.
There were other issues that weaken the study of whether
age is associated with poor semen quality and subfertility:
criteria for selection of study populations were often not
clearly defined; raw data on outcomes were not presented in
some of the papers; and historical or nonconcurrent control
comparison groups were sometimes used. Many of the studies with negative findings had small age group sizes limiting
statistical power, and limited age ranges. If there is a threshold age effect, studies with limited age range may have
missed the ages at which the biological effects of aging
occur.
Finally, there is some recent interest in whether there is a
temporal trend in decreasing semen quality, particularly
sperm count or concentration (31, 66) and whether male age
may be a surrogate for an exposure(s) that may affect a birth
cohort of men across time. For example, older men may be
more likely to have been exposed to DDT, an endocrine
disruptor that was used up until 1972 in the United States.
Thus, any observed associations with male age may not be
the direct effects of aging per se, but the cumulative effects
FERTILITY & STERILITY威

of lifelong exposures, and age may only be a proxy for these
influences. Only three studies (26, 28, 34) adjusted for year
of birth, with mixed findings regarding an independent effect
of male age on sperm concentration.
In summary, our review of the literature suggests that the
trend toward later fathering appears to come with risks for
diminished semen quality and fertility. Future studies examining the relationship between male age and semen quality
and/or fertility could improve on the methodological quality
of the existing studies by enrolling adequate numbers of men
throughout the age spectrum, controlling for the effects of
potential confounding factors, and selecting appropriate
comparison groups. We have reviewed reproductive end
points that predict practical consequences for families, that
is, a reduction in pregnancy leading to a less than desired
family size. As better biomarkers are developed and used in
epidemiological study designs, more knowledge may be
gained regarding age and associations with semen quality
and fertility, as well as abnormalities in offspring.
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