Effect of Age on Male Fertility
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DECREASING FERTILITY OF THE WIFE
IN RELATION TO AGING

Studies from the Office of Health Research, Statis-
tics and Technology of the U.S. Department of Health
have made it clear that fewer than 1% of teenage girls
are infertile, but more than 20% of women in their
mid-30s are infertile.1 This decrease in fertility
with age is not a new phenomenon that suddenly
developed in the 1980s. Many studies in the past
have consistently demonstrated a decrease in fertil-
ity of older couples.

The question that this age-related decline in a
couple’s fertility brings up is to what extent it is the
consequence of reduced female fertility, male fertil-
ity, or both. The first well controlled study on this
issue came from France in 1982. It compared the
results of artificial insemination with highly fertile
donor sperm in 2193 nulliparous women who had
azoospermic husbands.5 In order to control for the
possibility that the age of the male partner might
affect the infertility of an older couple, this huge
series employed artificial insemination with uni-
formly fertile donor sperm to women of various ages
over a prolonged period of time. The cumulative
success rate (as well as the pregnancy per cycle) for
women 25 years of age or younger was similar to that
of women over 25 but under 31 years of age. How-
ever, there was a significant decrease in the preg-
nancy rate for women 31 to 35 years of age, and a
dramatic decrease for women over the age of 35
years. Thus, the pregnancy rate per cycle and the
overall cumulative pregnancy rate clearly went down
with age in women in whom the male factor was
constant, (i.e., only fertile donor sperm were used).

This large French study proved the dramatic re-

duction in fertility of women as they pass the age of
30 years, becoming progressively more severe dur-
ing their next 10 years. They separated the influence
of the age of the woman from other variables associ-
ated with age, such as decreased frequency of sex
with age as well as increased age of the husband.
Their study completely ruled out those issues by
using artificial insemination with frozen donor semen.

A second problem they dealt with is that in many
cases where the husband is “infertile” his sperm
count is simply low, but he is definitely not “sterile.”
An extremely fecund woman may thereby become
pregnant easily by a man who is extremely infertile.
Thus, in any group of women seeking artificial donor
insemination whose husbands were merely oligo-
spermic, there will be a significant number of such
women who are more infertile than in a random
population of women, and this may not be related to
age.® By choosing only women whose husbands
were azoospermic, the French authors completely
removed that bias. Thus, it was clear that female
fertility declines dramatically with age and it be-
comes most pronounced and observable past the age
of 35 years. Further evidence to this point comes
from the extremely low pregnancy rates in women 40
years of age or older undergoing in vitro fertiliza-
tion.”

The next most serious question (which has now
been settled) related to decrease in female fertility
with age is whether the problem is caused by the age
of the ovaries (and in that respect the age of the
oocyte) or if it is related in some way to the actual age
of the woman. In vitro fertilization (IVF) and gamete
intrafallopian transfer (GIFT) studies using eggs do-
nated from younger women to postmenopausal
women (often as much as 20 years older) have clari-
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fied this issue incontrovertibly.8 It has been well es-
tablished that pregnancy rates with GIFT and IVF are
much higher in younger women in their 20s than
older women in their late 30s or early 40s. However,
when embryos obtained from the eggs of younger
women are placed into older women, often in their
late 40s or early 50s, the pregnancy rate is just as high
as that obtained with IVF or GIFT in extremely
young women.

In fact, one dramatic surrogate case from South
Africa involved the transfer of embryos from a 25-
year-old woman who had lost her uterus to her 48-
year-old mother who was menopausal but still had a
uterus. The mother “grandmother” got pregnant in
the first cycle with triplets, all three embryos im-
planting, and gave birth to three healthy grand-
children. This was probably the most dramatic sin-
gle anecdotal example of the fact that a woman of
any age can be highly fertile if the embryos trans-
ferred to her come from oocytes of a young woman.?

In fact, the pregnancy rate with donated eggs is
usually well over twice as high as it is with standard
IVF or GIFT. The reason for this is that the donated
eggs are either coming from younger, selected do-
nors with good ovarian function or are coming from
the extra oocytes available from women who stimu-
lated extremely well and have far more eggs than
they need for their own fertilization cycle. Thus, it is
the “fertility” so to speak of the ovary, or the age of
the eggs, that is important in determining the age-
related infertility of the woman rather than any other
aspect of her reproductive anatomy.10-12

In summary, as the couples age, their fertility
wanes. This decrease in fertility is clearly caused at
least by a declining ability of the aging ovary, despite
continued ovulation, to produce easily fertilizable
eggs that will result in a pregnancy with a normal
live birth. The next issue to be tackled is to what
extent the increasing age of the male partner might
also negatively affect the fertility of the older couple.

DECLINING SEXUAL FUNCTION
IN THE AGING MALE

Although until recently there has been great con-
troversy over the issue of whether fertility declines in
men as they get older, there has never been any contro-
versy about the decline of overall sexual function.13
With each succeeding decade after the late teen years,
there is a distinct decrease in the ability of all men to
obtain erections easily. A greater amount of stimula-
tion is required for obtaining erections, and a longer
interval is required after orgasm and ejaculation for
another erection to be achieved. Teenage boys have
erections develop spontaneously at the slightest
thought of a female companion nearby, whereas men
in their late 40s and 50s, although quite capable of

great sexual excitement, generally need foreplay to
obtain an erection sufficient for sexual relations.

Furthermore, the firmness of the erection in older
men, although adequate for penetration, is not as
turgid as measured objectively to that of younger
men. Finally, younger men in their early 20s can
often engage in sexual relations within less than half
an hour after having had a previous orgasm, where-
as men in their 50s may have to wait hours and
perhaps even an entire day before being able to
engage in intercourse again. This interval between
ejaculation and the ability to obtain another erection
is called the “refractory period” and this refractory
period clearly increases with aging (see Fig. 1).

In young men, even after ejaculation, the penis
will remain firm for some time afterward, whereas ir«
older men the erection becomes flaccid fairly promptly
after ejaculation. The force of the ejaculatory squirt
in young men is often powerful and can eject the
sperm some distance. The force of the squirt, pro-
pelled by powerful contraction of the bulbocaver-
nosus muscles, is much less in older men than in
younger men. Thus, in every measurable way male
potency is clearly affected by age.

Numerous scientific studies have been performed
to elucidate the reason for the declining sexual per-
formance noted in men with advancing age.14-19
There has certainly been found to be a modest de-
cline in serum testosterone level, along with a mod-
est increase in follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) associated with ad-
vanced age in men. But these changes are not great
enough to account for the significant changes in
sexual function. Furthermore, although the testos-
terone level does decrease modestly in men as they
get older, it remains within a “normal” range. Be-
cause of the great variability of testosterone among
all men and the lack of relationship of that variability
of testosterone level to sexual function in men of
various ages, there is no good hormonal explanation,
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Figure 1. The ability of the vascular spaces to fill and
create erection declines with advancing age.



except in rare cases, for the universal decline in sex-
ual function in men associated with age.

It has not escaped the notice of sociologists and
psychologists specializing in the treatment of sexual
dysfunction that this declining physical sexual abil-
ity in men does not necessarily mean a decline in
sexual enjoyment or ability to satisfy the man'’s part-
ner. In fact, quite ironically, the fact that as men reach
their middle ages and later years they require fore-
play for stimulation as well as intimacy (not clearly a
requirement for younger men) often leads to what is
described by the female partner as an improvement
in the sexual performance of their mate as they get
older. This psychological irony notwithstanding,
there is an incontrovertible decline in all the measur-
able physical aspects of sexual function in men as
they get older, and there is no clear explanation other
than age itself. The more controversial issue to be
discussed in the next section is whether the male
partner’s fertility also declines as he gets older.

DECREASED SPERMATOGENESIS
AND FERTILITY OF MEN ASSOCIATED
WITH INCREASING AGE

It is widely viewed that although the female grad-
ually becomes less fertile with age and eventually
undergoes menopause between the ages of 45 and 55
years, the male retains his fertility well into old age
and does not go through an endocrinological meno-
pause. This point of view is in general accurate. Men
at middle age do not have hot flashes and dramatic
elevations of FSH and LH associated with gonadal
atrophy as women do. In fact, men have been docu-
mented in the scientific literature to retain their fertil-
ity to as old an age as 94.20 It is well known that the
Senior Senator in the U.S. Congress, Senator Strom
Thurman, fathered a child at age 81 years. Similarly
in animals, bulls have been known to retain their
fertility to as old as 19 years of age (quite aged for
cattle).?1.22 Abundant spermatozoa have been found
in the testes of men undergoing orchiectomy at an
extremely old age.2324 Thus, it is clear that men do
not undergo a menopause similar to women, and
men in general can be expected to retain their fertil-
ity well into advanced old age.

However, there are age-related declines in male
fertility and spermatogenesis that have only recently
been studied with great scientific care. These new
findings help elucidate some otherwise difficult to
understand cases where there seems to be a deterio-
ration in fertility of occasional men who were clearly
fertile when they were young, but later developed
very severe oligospermia, and could no longer getan
otherwise fertile, younger wife pregnant. The ques-
tion is: even though men can have adequate sex lives
into an old age, is there a decline in fertility that
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parallels the decline in objectively measurable as-
pects of sexual function that we have already dis-
cussed in the previous section.2

In 1984 Johnson measured daily sperm production
in a group of 89 men, ages 21 to 50 years, and com-
pared that to a group of 43 men, ages 51 to 80 years.26
The methodology was a random selection of such
testes obtained at autopsy with a morphologic method
of determining daily sperm production at the time of
death. As might be expected, there was a remark-
ably large standard deviation (more than a 50% vari-
ation of mean value in daily sperm production from
one man to another), even within the same age
group. However, if one simply looked at the mean
daily sperm production of men from the older group
and compared that to the mean of men from the
younger group, there was an average of 30% greater
sperm production in younger men than in older
men. There could be no doubt on the basis of this
study that sperm production declines significantly
with age in the human male, even though a 30%
decline in most men would not be sufficient to ren-
der them infertile if previously they had been fertile.
Yet in some men who started out on the lowest edge
of fertility in youth, a significant enough reduction
in sperm production could have resulted in severe
infertility or sterility by middle age.

The mechanism whereby age causes a decrease in
sperm production in the men is important to under-
stand, because it bears heavily on an understanding
of the difference in mechanisms of sperm production
in men who are fertile versus men who are infertile,
and the possibilities for treatment. First, we should
review in a simplified fashion the normal stages of
spermatogenesis, how we quantitate it on testicle
biopsy, what stages of spermatogenesis are affected
by what hormones, how these stages of spermato-
genesis compare to the stages of oogenesis in the
female, and how oogenesis is affected by hormones.
We will see a remarkable similarity between hor-
monal stimulation of different stages of spermato-
genesis in the male as well as oogenesis in the female
during each menstrual cycle. This will help us gain
an understanding of the relative refractoriness of
spermatogenesis to hyperstimulation with hormones.
We will then be able to see how age affects spermato-
genesis, at what stage of spermatogenesis age has its
negative affect, and how this whole process differs in
oogenesis.

SIMPLIFIED REVIEW OF NORMAL
SPERMATOGENESIS AND COMPARISON
TO OOGENESIS

There has been little clinical literature, if any at all,
about the comparison of spermatogenesis in the
male and oogenesis in the female. There is a dra-
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matic similarity in the genetic preparation of the egg
for fertilization (which occurs under the influence of
FSH and LH during each monthly menstrual cycle),
and the changes that early spermatogonia go through
in the male testes during a 3-month cycle, toresultin
the release of mature spermatozoa. Although the
morphology and dynamics of spermatogenesis are
quite complex, a simplified review at this point will
help to explain the reduction in fertility found in
older men as well as develop a better understanding
of male factor problems in younger men and the
confusing refractoriness of such male factor patients
to hormonal stimulation (even in severely oligosper-
mic men with low or normal FSH levels).

When men have low sperm counts or high sperm
counts, it is not because they are making sperm at a
slower or faster rate. It is simply because there are
less sperm being made. Kinetically the rate of sperm
production is constant in any species. Heller and
Clermont first described the histology and kinetics
of spermatogenesis in the human.?” They deter-
mined through radioactive tracer studies that the
rate of spermatogenesis in humans, or in any spe-
cies, is always constant, even when sperm produc-
tion is dramatically reduced. Reduced sperm pro-
duction is always caused by a reduced number of
sperm “on the assembly line,” but not by any re-
duced speed of spermatogenesis. Therefore, the
amount of sperm being produced by the testicle is
always reflected by what is seen at any moment,

either in a thin specimen of a testicle biopsy or a
homogenized specimen of testicular tissue.28-31

Quantitation of the steps of spermatogenesis on
testicle biopsy has been shown clearly to correlate
with daily sperm production and sperm count in
men who are not obstructed (see Fig. 2). Thereis no
correlation between sperm count and the number of
sperm precursors such as spermatogonia or primary
and secondary spermatocytes. In fact, most infertile
men with severe oligospermia have normal size testi-
cles, normal FSH levels, and large amounts of sper-
matogonia and spermatocytes, but a dramatically
reduced number of spermatids, indicating a failure
of the second meiotic reduction division. Most in-
fertile males appear to be endocrinologically quite normal
but for some reason have a block at meiosis, the second
reduction division stage, which in the female is equivalent
to the release of the second polar body that is stimulated
not hormonally, but by penetration of the oocyte by the
sperm.

Let us review the stages of spermatogenesis now.
At the periphery of the seminiferous tubule are the
early dark spermatogonia. Their presence is not hor-
monally dependent. The stages of production of
sperm proceed in an orderly fashion from this dark
type “A” spermatogonia. First the spermatogonia be-
come pale and then transform into a type “B” sper-
matogonia (see Fig. 3). Spermatogenesis is a process
whereby the chromatin that were originally present
in the spermatogonia begin gradually to condense in

QUANTITATIVE TESTICLE BIOPSY AND SPERM COUNT
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Figure 2. This graph shows the predictable relationship between sperm count and the
number of mature (i.e., Sc and Sd, or simply the number of dark oval dots) spermatids per
tubule. When there is obstruction, the sperm count is severely and dramatically lower

than what this graph would predict.
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Figure 3. The six stages (I-VI) of spermatogenesis in the
human. In any one focus, i.e., in any one small area of the
seminiferous tubule, there is an orderly progression from less
mature to more mature cells: Type A spermatogonia. Type B
spermatogonia. L, leptotene spermatocytes; Z, zygotene
spermatocytes; P, pachytene spermatocytes; Sa and Sb, early
spermatids; Sc and Sd, late spermatids. There is, however, a
chaotic placement of these various stages of spermatogenesis
in a random mix in humans rather than in an orderly wave as
in other animals along the seminiferous tubule. The meiotic
phase of spermatogenesis occurs when the pachytene (P)
spermatocyte divides into two early spermatids.

Dark A

preparation for the first meiotic reduction division.
This begins with the development of the type “B”
spermatogonia, the preleptotene spermatogonia,
and then the leptotene spermatogonia. This early
process is equivalent to prophase in the stages of
oogenesis.

During the follicular phase of oogenesis, the pri-
mordial oocyte is enlarging from about 20 pm to 130
pm in size, under the influence primarily of FSH.
During this process LH receptors are prepared for
the preovulatory LH surge. This LH surge is not
merely a way of triggering ovulation. In fact, ovula-
tion is a relatively minor effect of LH. The major
genetic effect of LH is to initiate the resumption of
meiosis, which had been arrested from infancy at
prophase. This is equivalent to what happens in the
male as the spermatogonia become transformed into
preleptotene, leptotene, zygotene, and pachytene
spermatocytes. This is a process whereby chromo-
somes are condensing and preparing for the first
meiotic division.

In men who have no pituitary function, the mere
administration of LH or human chorionic gonado-
tropin (hCG) will bring spermatogenesis up to this
pachytene spermatocyte stage but does not allow
meiosis to complete. Meiosis cannot be completed in
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the spermatogenic process without FSH. However,
since infertile men with severe oligospermia or azoo-
spermia most commonly have a normal FSH and LH
level, the second reduction division (which is the
usual deficiency in infertile men), does not appear to
be a hormonally dependent event. This is quite simi-
lar to the female whereby the release of the second
polar body requires prior FSH and LH priming butis
apparently not triggered specifically by FSH or LH,
but rather by the event of sperm penetration.32

In almost all other animals there is an orderly wave
of spermatogenesis proceeding along the seminifer-
ous tubule. At any point in the tubule you can only
see one specific stage of spermatogenesis (e.g., sper-
matogonia, early spermatocytes, late spermatocytes,
or perhaps mature sperm). In nonprimate animals,
this production of sperm occurs in an organized
assembly-like fashion moving along the tubule in a
histologically definable wave (see Fig. 4). Only in
humans and in some Great Apes is this process a
rather unorderly, chaotic mosaic, so that different
stages of spermatogenesis can be seen in a helter-
skelter fashion occurring anywhere at any time in
any area of the seminiferous tubule. This chaotic
arrangement of spermatogenesis in the human is
part of the evolutionary breakdown in sperm pro-
duction that accounts for human males being the
most inefficient sperm producers (aside from a few
Great Apes) in the entire animal kingdom. Almost
every animal that has ever been studied produces
approximately 25 million sperm per gram of testicu-
lar tissue per day, whereas humans produce only
about 4 million sperm per gram of testicular tissue
per day.

Figure 4. A, The upper figure demonstrates the orderly
wave of spermatogenesis seen in virtually all animals except
the human, whereby a cut through any particular semi-
niferous tubule will show only one distinct stage of spermato-
genesis. B, The lower figure demonstrates the scattered mo-
saic arrangement of the various stages of spermatogenesis in
humans, which does not proceed in an orderly wave down
the tubule. Inset shows cross-section.

245



246

SEMINARS IN REPRODUCTIVE ENDOCRINOLOGY Volume 9, Number 3 August 1991

Despite this chaotic arrangement of spermatogen-
esis in the human, however, it has been possible to
locate specific stages of spermatogenesis where the
production is deficient in fertile men, in infertile
men, oligospermic men, “normal” men, and in aging
men. Even in so-called normal fertile men there is a
moderate breakdown at meiosis. Between the easily
discernible pachytene spermatocyte and the early
spermatozoa (or spermatid) stage there is always
some sperm loss (see Fig. 5). This is a highly signifi-
cant phenomenon found only in a few animals, like
humans and gorillas, where the male is reproduc-
tively very inefficient. Even in the most fertile hu-
man males there is a relatively large loss of potential
spermatozoa in late meiosis that does not occur in
other animals.

In oligospermic men who are infertile, this is also
the most common stage where spermatogenesis is
deficient. It is simply that in these infertile oligo-
spermic men, the late meiotic breakdown is far more
severe than in so-called normal fertile men. Of
course, it is true that there are a minority of infertile
oligospermic males who have either Sertoli cell only
syndrome with no spermatogonia, or simply vastly
reduced total spermatogenesis starting from the
spermatogonial level. These men generally have an
elevated FSH. However, they are a distinctly small
minority of the infertile male population. Most infer-
tile males with severe oligospermia have a normal
FSH and normal or even high numbers of spermato-
gonia and spermatocytes, but simply little or no
conversion from spermatocyte to spermatids in the
second meotic division.

SPERMATOGENIC DEFICIENCY
IN AGING MEN

Until recently we had a poor understanding of the
effect of aging on male fertility. It was assumed that
male fertility was relatively immortal because so
many elderly men have been able to impregnate
their wives. However, there has been previous crude
data showing a relative decrease in sperm count,
and possibly fertility, in a certain percent of aging
men.26:34 According to an older study of testicle bi-
opsy sections of men in the third and fourth decades
of life, 90% of seminiferous tubules contained sper-
matids, but in the fifth to seventh decades of life,
only 50% of the seminiferous tubules contained ma-
ture spermatids. In men over 80 years of age only
10% of seminiferous tubules contained mature sper-
matids. Thus, although some seminiferous tubules
continue to make sperm sufficient for impregnating
the female partner as late as the ninth decade of life,
the percentage of seminiferous tubules still function-
ing and making sperm quite distinctly decline with
advancing age.

When the sperm count is reduced in young infer-
tile men, as mentioned before, it is usually closely
related to the percentage of cell loss during post-
prophase of meiosis (i.e., the second meiotic divi-
sion).3 With careful, quantitative evaluations of tes-
ticular histology, sperm production rates in humans
are usually closely related to the percentage of cell
loss during the later stages of meiosis both in infer-
tile as well as fertile men.30.31,36-39

However, in the aging testicle the situation is dif-
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Figure 5. Testicle biopsy showing normal spermatogenesis. The dark small oval-
shaped cells toward the center of the tubule are sperm heads. The larger cells with clearly
discernible chromatin strands are the pachytene spermatocytes.



ferent. In aging men, the reduction in average daily
sperm production occurs during meiosis also, but it
does not occur in the late stage of meiosis.4 Rather,
the age-related decline in daily sperm production
results largely from a block to further meiosis in the
early prophase stage of meiosis. To explain this in a
different fashion, there is no difference between
older men and younger men in the number of early
primary spermatocytes per gram of testicular tissue.
However, there is a vast difference between older and
younger men in the number of late spermatocytes.
This is what causes the mean reduction in numbers
of spermatozoa seen in a population of older men
versus a similarly random population of younger
men. Older men have a significant reduction in po-
tential daily sperm production between the early
and the late primary spermatocyte stage, not late in
meiosis as occurs more commonly in infertile men.41.42

Thus, the type of maturation arrest that is the most
common cause of male factor infertility, and occurs
to some degree in all normal men as well, is not the
type of maturation arrest that appears to result from
the aging process. Rather, the aging process results
in a maturation arrest at a much earlier stage of
spermatogenesis, and this seems to be related to a
decrease in quantity of Sertoli cells present in older
men’s testicles compared to that of young men’s testi-
cles.43 Since the pattern of disturbed spermatogene-
sis in aging men is different from that of other fertile
and infertile populations, we are not able to state for
certain whether this merely represents a reduction in
total amount of sperm produced or a true reduction
in the fertility potential of elderly men.

For example, a man who in his youth had a sperm
count of 50 million per cc might perhaps in his 80s
have a sperm count of 10 million per cc. If there is no
specific pathological process other than aging, it is
possible that his only problem is a reduction in the
number of spermatozoa and not a reduction in fertil-
ity. The answer to this question awaits the type of
massive clinical study in men of varying ages equiv-
alent to what the French reported in 1982 with
women varying in ages undergoing insemination
with normal donor sperm. That is, the only defini-
tive answer to the question of whether aging men
with diminished spermatogenesis lose their fertility
is to take a group of older and younger men who are
mated to a homogenous population of fertile women
and to determine whether the pregnancy rate or
fertilization rate with IVF would be lower in those
women whose husbands were older as opposed to
those whose husbands were younger.

Regardless of this present lack of clarity on the
issue of fertility in older men, at least it can be said
with certainty that there is an age-related decline in
spermatogenesis that might possibly result in a
moderate decline in male fertility.
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