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Findings on the existence or the lack of temporal trends in sperm concentration at the population level have been used to discuss the

role of environmental factors (including endocrine disruptors) on male fertility. An assumption sometimes made [1] is that temporal trends

in biological parameters such as sperm concentration will parallel temporal trends in their risk factors. As we illustrate below, this

assumption is a too simple view, outside the probably rare situation where one prevalent environmental factor has a major impact on the

biological parameter considered.

Let us consider the case of an environmental factor A to which no pregnant woman was exposed before year t and to which 40  of0 %

pregnant women were exposed at a later time t ; we assumed that in utero exposure to this factor causes an average decrease of 20  in1 %

sperm concentration in adulthood among male offspring. We also considered factors B and C, supposed to have a much stronger impact at

the individual level (sperm concentration decrease by 85 ) and whose prevalence in pregnant women rose by 10  (factor B) or 60% % %
(factor C) between t and t . We estimated the population mean of sperm concentration in adulthood among men born at period t ,0 1 1 

assuming that either factor existed alone; we assumed lack of selection bias, measurement or random error, and of temporal trends in the

prevalence of any other factor. Using a simple simulation approach (detailed in eAppendix), we also estimated the change in mean

concentration assuming that  factors simultaneously impacted on sperm concentration independently.several

Compared to the unexposed cohort of men born at t , the impact of factor A in men from t birth cohort corresponded to a decrease in0 1 

sperm concentration by 8  (Table). Sperm concentration decrease was 9  for factor B, while it reached 51  in the case of the more% % %
prevalent factor C (Table). Finally, when exposure to 5 factors, each having the same individual impact as factor A (sperm concentration

change by 20 ) simultaneously increased, sperm concentration decreased by 34  at the population level; 8 such factors were required to෥ % %
cause a population decrease by 49  (Table).%

This study shows that a single factor with a moderate but realistic influence on sperm concentration at the individual level ( 20 ,෥ %
comparable to the reported effect of in utero exposure to tobacco smoke [2]), whose prevalence has increased significantly over time ( 40+

) would cause a relatively small decrease in sperm concentration at the population level ( 8 ). This is because the population impact of% ෥ %
a single factor will remain lower than its individual impact, except if prevalence increases from 0 to 100 . Several independent factors%
with moderate effects in the same direction and with rather high increase in exposure prevalence might entail substantial changes in sperm

concentration.

Although some chemicals with a strong impact at the individual level have been identified in occupational settings,[3] the prevalence

of exposure in the general population probably remained low. Therefore, to our knowledge, a factor with such high impact and prevalence

than those hypothesized here for factor C has to date not been identified. If one looks for causes of a strong reduction in sperm

concentration at the population level, a  of several factors, each having a limited impact at the individual level and whosecombination

prevalences simultaneously strongly increased appears like a more realistic explanation. We assumed that factors acted independently, but

of course synergy between factors could also exist [4] (see eAppendix for an illustration). In another setting, a simulation study has

quantified the impact of public health interventions on smoking prevalence.[5]

Data on temporal trends in outcome alone (without individual information on exposures), although very relevant in a public health

perspective,[6] correspond to a simple form of ecological studies and are, outside specific settings,[7] generally very limited to draw strong

conclusions regarding the influence of environmental factors. Indeed, several factors may have opposed impacts at the individual level or

opposed temporal trends. For these reasons, conclusions on the impact of endocrine disruptors and other families of environmental factors

on male fertility (or the lack thereof) should not be drawn from studies of temporal trends in male fertility parameters alone.

In order to characterize the impact of exposures during the developmental window, mother-child cohorts with a biomarker-based

assessment of exposure during pregnancy and long-term follow-up constitute a more relevant tool. Such studies are currently very

rare.[2,8]
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Table
Sperm concentration in adulthood among men born at periods t and t , assuming the existence of an environmental factor whose prevalence increased between t and t .0 1 0 1 

Exposure factor and birth cohort

Exposure prevalence a Sperm concentration in male offspring in adulthood (millions/ml)

Non-exposed Exposed Whole population (Change b)

cFactor A 
tPeriod ಘ 0 0% 100 N.A. 100x1  80x0 + =100

tPeriod ಘ 1 40% 100 80 ( 20 )෥ % 100x0.6  80x0.4+ =92 ( 8 )෥ %

cFactor B 
tPeriod ಘ 0 0% 100 N.A. 100x1  15x0 + =100

tPeriod ಘ 1 10% 100 15 ( 85 )෥ % 100x0.9  15x0.1+ =91.5 ( 8.5 )෥ %

cFactor C 
tPeriod ಘ 0 0% 100 N.A. 100x1  15x0 + =100

tPeriod ಘ 1 60% 100 15 ( 85 )෥ % 100x0.4  15x0.6+ =49 ( 51 )෥ %

d5 independent factors 
tPeriod ಘ 0 0% 100 100

tPeriod ಘ 1 40% 100 ( 20 /factor)෥ % 67 ( 34 )෥ %

d8 independent factors 
tPeriod ಘ 0 0% 100 100

tPeriod ಘ 1 40% 100 ( 20 /factor)෥ % 52 ( 49 )෥ %
N.A.: not applicable.

 exposure to the hypothetical environmental factor is assumed to decrease sperm concentration in adulthood by 20  (factor A) or 85  (factors B or C) on average at the individual level.In utero % %
a Frequency of exposure to one single factor among women pregnant the corresponding year.
b For a prevalence change by p, a biological parameter with an initial value of C and an individual impact of x on a multiplicative scale (that is, the parameter is multiplied by x in exposed subjects),˂ 0 
the relative change in the mean of the biological parameter in population t is obtained as (C -C )/C  p(x-1). In the case of factor A, this is 0.4(0.2-1) 0.08, a decrease by 8 .1 1 0 0 = ˂ =෥ %
c The population is assumed to be exposed  or  or .to factor A only to factor B only to factor C only
d Several deleterious factors similar to factor A are assumed to act in men born at t , each having a prevalence of 40  and entailing a 20  decrease in sperm concentration in adulthood in subjects1 % %
exposed in utero, with no effect measure modification between these factors (that is, the probability of exposure to each factor at t was 40  and independent from exposure to the other factors, and there1 %
was no modification of the effect measure of any factor on sperm concentration by any other factor)(see eAppendix for details).


