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Statistical analysis

The dara’ on spermatogenesis were analysed in cross
tabulated form by using odds ratios - with 95%
confliclence’intervals (CIA software). Confidence inter-
vals excluding the value of 1 were considered to be sig-
nificant. When analysing testicular features we used
two way analysis of covariance. We used .covariate
structure and adjustment of means to eliminate. the,
confoundling effect, when necessary: Post-hoc compari-
sons were made with .Sheffe’s test. The data were
analysed in logarithmic and square root transformec
form, but the results were ideatical with those based on
crude data. The analysis was carried out with Statistica
for Windows (version 5.0) on a 486 PC.

Results

Necropsy series

There were no significant dLﬂ'crences in the causes. of
death between the two series. The interval between
death and necropsy was slighty longcr in the 1991
series, in which the men were also slightly younger and
had a sxgmﬁcandy higher mean body mass index com-
pared with those in the 1981 series. No slgmﬁcant dif-
ferences’ weré observed betwéen the occupatxons of
men in 1981 and 1991.

Cha.nges in spermatogenesis score and testxcular
morphometric characteristics

Normal spcrmatovenesm was found in 41.7% (220) of
all the 528 men. In 1981, 56.4% (148} of the men
showed normal spermatogenesis, whereas in 1991 the
incidence had decréased by more than a half (29.5%
percentige points) to 26.9% (71) (odds ratio 3.5; 2.5 to
5.1; table 3). Sunul:aneously, thé incidence of partial
spermatogemc arrest increased from 31.4% (83) to
48.5% (128) (2.1; 1.4 to 2.9) and that of complete sper-
matogenic arrest from 8.0% (21) to 20.1% (53) (2.9; 1.7
to 5.0). There were 15 cases of the Sertoli cell only syn-
drome and eight cases of fibrotic testicles. No
significant chnnvc was observed, however, in their inci-
dences between 1981 and 1991.

_ Testicular weight showed a significant decline from
an adjusted mean of 18.9 g in 1981 to 17.8 g in 1991
(table 4). The adjusted mean diameter of seminiferous
tubules and morphoimetrically measured percentage
area of seminiferous tubules were also smaller in 1991,
with-a correspondmg increase in the percentage area
ofﬁbrouc tissue in the 1991 series.

Risk factors for testicular d_xsorders

Alcohol~The proportion of men with reported moder-
ate and heavy drinking did not change significanty
between 1981 and 1991. Disorders of spermatogenesis
increased significantly between 1981 and 1991 among
both moderate and heavy drinkers (table 5). In both
series normal spermatogenesis was less common in
heavy drinkers than in moderate drinkers in corre-
sponding ‘series. Testicular weight showed a slight
decrease in both consumption groups in both series
(table 6).

Drugs—Of the men with interview data available,
122/260 (46.9%) used sedative or ranquiltising drugs,
whereas 20 (7.7%) were users of antihypertensive
medication. The proportion of men using these drugs,
however, did not change from:1981 to 1991.
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Table 3 Comparison of slatus of spermalogenesis (numbers (percentages)) between
series (1981 v 1991) among dll subjects

0dds ralio (35% canlidence

Stalus of spermalagenesls 1981(n=264) 1991(n=264) lnterval)®
Mormal ) 149 (S6) AN 0.3(0.210 0.4t
Partial arrest 83 (31) 128(49) 2.1 (1410 2.9)t
Complete arrest 21 (8) o830 29 (L7 5.0t
Sertall cell only syndroma 9 (3 G' 2) ' 15(0.5 4]
Fibrasis 2 () §:(2) < 3.0(0.8%0152)
.*For difflerence in comparison between series; 95% confidence |nlervafs excluqu { are considered to be
slthcant_ R

tSignilicant difference in companson between series.

Smoking—There were 184 (70.8%) reported smok-
érs among the 260 men for whom data were available.
Smoking was slightly more common in 1991, but no
difference was observed in the status of spermatogen-
esis between smokers and non-smokers.

. Body mass index—There was a significant increase in
thé mean body mass index of the men between 1981
and 1991. Body mass index, however, showed na statis-
tical association with the 6ccurrence of testicular disor-
ders, - although it was a. significant covariate for

“lesticular weight, diameter of seminiferous tubules, and

testicular morphology.

Pooled risks—Disorders . of spennatovenesu were
more commion -in men with pooled.risk factors for
altered spermatogenesis. (heavy drinking and smoking
and use of tranquillisers) than in men with none of the
mentioned risk factors (odds ratio 3.2). This difference,
however, was not significant because of the small num-
bers of cases in both groups.

Discussion

Declining sperm cournts. ‘
Carlsen et al recentdy reviewed several reports
published from 1938 to 1991 on semen quality-of-vol-
untary sperm donors and suggested that sperm counts
may have decreased by 42% during the past five
decades with a concurrent slight.decrease in volume of
semen.! Although criticism has been directed against
statistical methods used in that work' * and controver-
sial reports have been published,* " * mcludmg onthe
semen quality of Finnish men'™ several results
corroborating the. observation-of Carlsen et al have
beén published in recent years.** The hypothesis of
deteriorating function of the male reproductive tract
has thus far been based on findings observed in quality

Table 4 'Compan'son of status of testicular features between series (1981 v 1991)
among all subfects. Figures are adjusted means (SD 95% conlldence intervals) unless
stated otherwise

Testicular lsatuces 1981 1991 : Difterence’

Testicular weight (g) {857 180t 9.4) 18.0 (6.2 17.2t0 18.7) 0.7 (0.3t 1.7)
Adjusted mean 18.9 - 478 S0 e LMt

Seminilérous bular 184.9(25.2; 180.7 t0 189.9) 180.9 (26.3; 174.710 187.1)  4.0.(-0.4108.4)
diameter (um)

Seminiferous apithefium 52.3(13.1) 47.2(12.2) 512310 1.4)t
{*%) .

Adjusted mean 52.7 471 5.6 (3.4107.9)t

Fibratic tissue (%) 40.8(12.6:39.3 10 42.4) 46.8 (13.1;45.510 48.8) 6.0(3.810 8.2)t

Adjusted mean 04 .42 6.8 (4.6 10 9.0)t

Leydig cefls (%) 6.9(2.0;6.5t07.2) 5.7(2.7,5246.5) 1.2{060 1.8t

*Oifferencs in means (35% confidence interval) hetween series. 95% Confidencs intervals excluding 0 for
meaas considered ta be sigaificant.
tSignificant differenca in comparison between senes : -
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Tabla § Comparison of status ol spermatogenesis among moderale and heavy drinkers between series (1981 v 1991). Values are

numbers (percentiges) of subjects
' Madarale drinkers

Haavy drlnkers

0dds ratla (95% conlidence

0dds ratio (5% contideace

Stalus of sparmataganasis 198 1{n=80) 1991{n=52) Intarval)* 1981(n=71})  1391(n=57) Intaeval)*
Normal §2(78) 16 {31) 0.1{0.05 l0.0.3)t 27 (28) 12 (21) 0.4 (0.210 1.0}t
Pactial arrest - 16 (20} 33 (64) 7.0 {3.210 15.3)¢. 29 {41} 29 (51) 1.5(0.702.0)
Complete arrest 2(3) 3(6) 2.4 (0.4 10 14.9) 10 {14) 12 (21) 1.6 (0.610 4.1)
Sertoli cell only syndrome - - " 'NA . 5N (n - 1.0(0.3t0 3.9)
fibrosis — — NA - - N/A

MAanat applicable.

*far difference in comparison between serfes; 95% confidence intervals excluding 1 considered to be significant.

" tSignificant ditference in camparisan between series.

of semen and sperm, which reflect well the overall
function of.male reproductive organs. Meinhard et af,
however, reported normal spermatogenesis or block-
age of seminiferous tubules, a status in which sperma-
togenesis proceeds normally, in half of 100 infertile
men who were oligospermic.”" Similarly, in a recent
study, fine needle cytology indicated normal sperma-
togenesis in almost orie third of 534 azoospermic
men."

Thus, semen analysis may, in- fact, not be a good
guide to the severity of testicular lesion at the level of
spermatogenesis, and therefore it is questionable
whether or not the declining changes in sperm counts
are due'to increasés in disorders of spermatogenesis or
whether other disorders in the male reproductive tract
are involved. In the present study, we found that the
incidence of normal spermatogenesis has decreased
significantdy among middle aged men, with-a parallel
increase in the rate of disorders of spermatogenesis
during an interval of 10 years between 1981 and 1991.
This finding suggests that the quality and dispatch of
spermatogenesis are deterforating in middle aged men
and also confirms earlier presumptions on deteriorat-
ing spermatogenesis being-the main cause of decreas-
ing sperm courits.

Sperm counts in Finland

Vierula et al reported recently Lha( sperm density and
total sperm counts of Finnish men have not gone
through any changes in the past 28 years,? cortfirming
earlier findings on good semen quality ‘of Finnish
men.™ Although we found a significant decrease in the
incidence of normal spermatogenesis in the past 10
years, our results do not inévitably disagree with those
of Vierula ¢t al By definition, testes expressing partial

disorder which was most commonly found among
men in 1991 series, still produce various amounts of
mature spermatozoa. Therefore, if semen analysis is
performed after a few days of abstinence before sperm
donation, men with partial spermatogenic arrest may
not differ sngmﬁcantly from those with completely nor-
mal spermatogenesis. The subjects in our study,
however, were on average 20 years older than those of
Vierula et af, and thus. the results are not fully compa-
rable. In addition, our material came from the densely
populated province of Uusimaa, mostly in and around
Helsinki, whereas that of Vierula ¢ al originated from
less densely populated and industrialised communities’
several hundred kilometres north east of Uusimaa
province. Recent work from France has shown a
significant decline in sperm counits durmg an interval
of 20 years between 1973 and 1992,* possubly suggest-
ing. that geographical variations do exist in the
abundanc_c and distribution of factors causing disor-
ders of male reproductive tract, as also hypothesised by
Vierula et al Two recently published reports also found
unchanged sperm counts in the United States over the
past few decddes, suggesting that deterioration of
semen quality is not geographically uniform." * Also,
the fertility of Finnish couples was recently observed to
be significantly greater than that of British couples, fur-
ther supporting this hypothesis.* ‘

Disorders of male reproductive tract

In addition to declining sperm counts, the incidences
of testicular cancer and specific. disorders of male
reproductive tract have increased in recent decades.’**
Both observations have provoked an active discussion
of a possible common-aetiology: Several environmen-
tal factors are known to cause alterations in the male

spermatogenic arrest, a slight and probably reversible  reproductive tract, such as certain drugs, chemicals,"” "'
Table 6 Comparison of status of testicular reatures among moderate and heavy drinkers between senes (1931 v 1391). Figures are adjusted means (SO;
95% confidenca Intervals) unless stated otherwise

Maderals drinkers ) Heavy drinkers )

Testicular features 1981(n=40) ) 1991(n=52) [)iﬂersnce_'Z 1981(n=71) 1991{n=57) Qillerence®
Testicutar weight (g) 20.0(5.9 18.710213)  202(6.0;18.61021.8) 0.2(-1.9t02.3) 169 (4.9:15.71018.0)  17.2(4.6;16.0t0 18.4)  0.3{-1.4 10 2.0)
Adpsted mean - 20.5 199 0.6 {-15102.7) 17.4 17.0 ] 0.1 (16t 1.8)
Seminiferous tubular diameter {um) 190.9(23.5; 186t 196) 185 (22177 10 193) 5.9 (-2.210 14.0) 175 (26:16710 184) 176 {J0; 165 to 187) 1.0 (-8.8 10 10.8)
Adjusted mean 191.9 1811 10.8 (2.7 10 18.9)F 176.9 1749 2.0 (~7.81011.8)
Seminiferous spithatium (%) §5.1{11.2;50.71053.9) 504 (3.2,45.41048.9) 4.7 {1.010 8.4)f 48.5 (14.5:45.11051.9) 487 (11.0:45.910516) 0.2 (-4.41049)
Adjusted mean - §6.5 50.3 6.2 (2.5 0 9.9}t 48.6 47.9 0.7 (-19135.9)
fibrotic lissue (%) 8.0 (10.6:35.71040.3)  43.9(3.1;d15t0d6.4) 59 (2.4 10 9.4)t d4.0(142:40.70473)  452(11.3:42.21048.1) 1.2 (-24105.8)
Adjusted mean 3%.5 [TRs 7.7 (4.210 1.2t 43.9 451 22(-24106.8)
Laydig cells (%) 6.9(3.2,6.2t07.6) 5.5{3.5;4.7 10 6.6) 1.4 {0.2102.6) 7.5(2.8;6.8108.1) 6.1 (3.2:5.210 6.9} 1.4 (0.4 to 2.4)}

*Ditfarance in means (95% confidence interval) between series. 35% Confidence Intarvals excluding 0 for means considered to be significant.

tSignificant differenca in comparison between series.
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and heavy metals as well as excessive drinking™ The
role of the increase in environmental oestrogen as a
possible common denominator to the adverse effects
‘on male reproductive. tracts has achieved much
emphasis during recent years.** The suggested
increase of oestrogens or oestrogen-like compounds in
past decades may originate from several sources, such
as from diet, which has gone through many changes
in industrialised countries, or from the increasing use
of many arganochloricles that act like oestrogens and
may accumulate in fat tissue. [t has also been
hypothesised that fat tissue may convert certain
steroids to oestrogens and that incréasing body fat
content may lead to an increase in the bioavailability of
oestrogens through a decrease in the concentration of
sex hormone binding globulin. In our work, men in the
1991 series had a significantly higher mean body mass
index compared with men 10 years earlier, possibly
indicating higher body fat content of men in the latter
series. Body mass index, however, showed no
association with disorders of spermatogenesis. -

The mechanisms of declining sperm counts
induced by oestrogen or toxins may entail a
disturbance in prepubertal multiplication -of Sertoli
cells, possibly inducing -a decréase in their number.
Sertoli cells are involved in the formation of the blood-
testis barrier and are known to provide nutritional and
mechanical support to spe:rmatogenic cells, thereby
sustaining normal spermatogenesis.™ In the present
study, small seminiferous tubules weré associated with
disorders of spermatogenesis, corroborating our own
earlier findings’ and suggesting a disturbance in the

function of Sertoli cells or a decrease in their numbeér’

as a possible aeuolocncal mcchamsm for declining
sperm counts.

Risk factors for altered spermatogenesis
Excessive use of alcohol is often associated with disor-
ders of spermatogenesis and testicular damage.® ™ In
the present study, we- analysed time dependcnt changes
of spermatogenesis over a 10 year period among mod-
erate and heavy drinkers and examined changes in
smoking and use of drugs to.evaluate the effect of pos-
sible changes in the exposure to these individual risk
factors. The time differenices in spermatogenesis scores
were of greater extent among-moderate drinkers than
among heavy drinkers. This- observation is likely to
exclude increasing alcohol consumption in Finland
between 1981 and 1991* as an explanatory factor to
widespread deterioration of spermatogenesis. In 1991
moderate drinkers showed incidences of scores of
spermatogenesis almost equal to those among heavy
drinkers 10 years earlier. Similarly, there was a highly
significant increase in the amount of fbrotic tissue in
testes of men with moderate drinking habits, whereas
no such time dependent change was observed among
heavy drinkers. These results suggest that heavy drink-
ers showing normal spermatogenesis and testicular
morphology -might be more tolerant to toxic sess
originating from the environment We have also
recenty reported a possible involvement of a genetic
component in the development of alcohol induced
disorders of spermatogenesis.”

There were more smokers in the 1991 series com-
pared with 1981. A large number of studies have pro-
duced contoversial results on the effects of smoking
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Several recent reports have suggestecl a
significant decrease in hiinan sperm counts
over the past few decades

¢ We used middle aged subjects, with no bnsmg
selection as regards fertility or status of
spermatogenesis, to evaluate changes in the
incidences of disorders of spermatogenesis .
from 1981 to 1991

¢ Normal spermatogenesis was observed
significanty less often in the 1991 series than in
1981, whereas the incidences of disorders of
spermatogenesis increased significantly during
that ime

¢ Changes in the status of spermatogenesis
coexisted with decreased testicular weight,
smaller seminiferous tubules, and irfcreased -
fibrosis of testicular tissue

¢ Alterations in spermatogenesis could not be
explained by a change in individual risk factors
between the series, such as smoking, drinking,
or use of medication, thus challenging further
research to dluminate specific reasons for
deteriorating spermatogenesis and declining
sperm counts

on semen and sperm.”™ In the present study, no
association was observed between smoking and status
of spermatogenesis. Additionally, there were no signifi-
cant changes in the ratio of men who used drugs
between 1981 and 1991.

Conclusions

In conclusion, we report a deterioration in male repro-
ductive function at the level of spermatogenesis among
middle aged Finnish men between 1981 and 1991.
This finding supports several previous observations on
declining sperm counts, suggesting that both events
might be explained by comman genotoxic factors that
affect spermatogenesis. Declining spermatogenesis
was not explained by different exposure to drugs or
incidence of smoking or alcohol consumption, and
thus more research is clearly needed to evaluate the
roles of different factors for declining sperm counts
and deteriorating spermatogenesis.
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