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ABSTRACT

Coupl es from Western countries tend to delay their
pregnanci es, which may affect their ability to obtain a live
birth. W assessed the associ ation between mal e age and the
ri sk of spontaneous abortion taking into account wonman’ s age.
We perfornmed tel ephone interviews on a cross-sectional random
popul ati on sanple of 1124 French wonen who had been pregnant
bet ween 1985 and 2000, who described 2281 pregnanci es, anong
whi ch 290 (12. 7% ended by a spontaneous abortion. W used
| ogi stic regression and generalised partial |inear nodels, a
cl ass of sem paranetric regression nodels. Qur final random
effect |ogistic regression nodel predicted that, anong wonen
aged 25 years, the odds-ratio (OR) of spontaneous abortion
associated with the nal e partner being older than 35 years, as
conpared to nen younger than 35 years, was 2.48 (95%
Confidence Interval (Cl): [1.13-5.41]). No such effect of nale
age was observed when the woman was 35 years (OR=0.53, C
[0.27-1.01]). Male age had on the whole no strong influence on
the risk of spontaneous abortion, but exhibited an increased
risk after 35 years, only anong younger wonen. This possible
ef fect should be further investigated, possibly in studies
wi th assessnent of the presence of chronobsonmal abnornalities
in the abortus. (196 words)

Key words: Spontaneous abortion / foetal loss / nan’s age /
sem paranetric nodel s/ logistic / random effect
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TEXT

| NTRODUCTI ON

Spont aneous abortion is the nost frequent cause of foetal
loss, with 10 to 15% of the clinically detected pregnancies
ending with a spontaneous abortion ' About half of them
correspond to chronosomal anomalies of the enbryo®

The aetiology of those disorders renmains nostly unknown. A
few behavi oural, physical or chem cal risk factors have been
reported (for instance snoking or exposure to heavy netal s*?).
Psychol ogi cal and i mrunol ogi cal factors in the woman nay al so
play a role on the occurrence of spontaneous abortion *’. O her
identified factors which showed to be good predictors of the
ri sk of spontaneous abortion are woman’s age at concepti on,
parity or gravidity, and previous history of spontaneous
abortion

The associ ati on between the risk of spontaneous abortion
and the age of the male partner at conception has so far
little been described in the literature. This question is of
interest as far as public health is concerned, given the
increase in the birth rate for nen over age 35 in the USA
(quoted in °) and other Western countries. One study about the
| ast pregnancy of a cross-sectional popul ation sanple reported
an increased risk associated with the nale partner being ol der
than 40 years, observed only when the fermal e partner was nore

than 35 years ol d”.
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G ven the strong influence of femal e age on the risk of
spont aneous abortion, the fact the ages of a couple’s partners
are quite strongly correlated makes it necessary to contro
efficiently for fenale age. O herw se, residual confounding by
femal e age may i nduce an associ ati on between nmal e age and the
ri sk of spontaneous abortion. In this regard, non- and
sem paranetric nodelling offer a conplenent to paranetric
model | i ng "% they nodel the association between the dependent
vari able and quantitative independent variables by very
general snmooth functions, allowing to define finely the
i nfl uence of fenale age to adjust for it, and to hel p defining

the shape of possible effect nodifications between both age

vari abl es.

We studied the associati on between the risk of spontaneous
abortion and the age of both partners at conception, anong a
cross-sectional sanple of French couples who conceived a

pregnancy between 1985 and 2000.

STUDY POPULATI ON AND STATI STI CAL METHODS

Popul ati on sanpl e

The data used for this study conme from an epi dem ol ogi ca
survey anong the general population of two French rural areas
aimng at conparing the occurrence of reproductive life events
in those areas, and at studying the associati on between
adverse reproductive life events and exposure to ionising

4



10

15

20

25

radiation (Slama et al., manuscript). The selected areas are
the towns of Hillion, La Mtaugon, Saint-Julien and Yffiniac
(Bretagne), and the canton of Beaunont-Hague ( Nor mandi e),

where a nucl ear waste reprocessing plant is situated.

Inclusion criteria and pregnanci es under study

The coupl es were selected at random from (France Tel ecom
tel ephone lists of the study areas. W randomy sel ected anong
the people living in each hone a woman aged between 18 and 60.
The inclusion criteria were the occurrence of a pregnancy
(what ever the issue) between 1985 and the tine of interview,
or an attenpt at pregnancy |asting at | east one year. The
i nterviews took place between April and June, 2000.

We random y sel ected 4202 hones, reached a person by
t el ephone in 3899 hones. W estinmated the nunber of honmes with
an eligible woman to be 1616 (38.5% . Anong those, we obtained
i nformati on about reproductive history for 1183 wonen (73.2%
of the eligible wonen). There were 2290 pregnanci es occurring
bet ween 1985 and may 2000 anong 1126 coupl es and ending by a
live birth or a spontaneous abortion; for 9 of these
pregnanci es, nale age at concepti on was unknown and the
anal yses presented here were therefore conducted on 2281
pregnanci es anong 1124 couples, ending with either a

spont aneous abortion or a live birth.

Questionnaires
The data were collected through a conmputer assisted

t el ephone interview.
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The woman was first asked to give sone general information
about herself and her current partner (occupation, nonth and
year of birth), to describe in chronol ogical order all of her
pregnanci es (issue, duration and date of termi nation), and
attenpts at pregnancy. For each pregnancy, the wonan was asked
if the partner with which the pregnancy occurred was her
current partner, and for his year of birth if necessary. The
woman answered then questions about her health and
occupational exposures (mainly to ionising radiation), and so
did her current partner.

The wonen’ s questionnaires |asted on average 45 m nutes.

Spont aneous abortion

We defined spontaneous abortion as an unpl anned
term nation of the pregnancy during the first twenty weeks of
pregnancy. Sone pregnhancies considered by the wonman as
spont aneous abortions but lasting nore than 20 weeks were
excl uded. Al the pregnanci es that ended during the study
period with either a live birth or a spontaneous abortion were
taken into account in the analyses, yielding a total of 2290
pregnanci es, 290 of which were spontaneous abortion (12.7%
wi th defined ages of both partners at conception. This val ue
corresponds to an average of 2.0 pregnancies per wonan. The
age at conception was estimated fromthe date (nonth and year)

of term nation of the pregnancy, and its duration.

M ssing data
When missing, the date of occurrence of the pregnancy was
assuned to be the June 30", and duration of the pregnancy was

supposed to be 62 days for spontaneous abortion (72 m ssing

6
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val ues, corresponding to 24.8% of the spontaneous abortions)

and 268 days for live birth (7 m ssing values, 0.49%.

STATI STI CAL ANALYSES

Strategy of analysis

We first conducted separately | ogistic regression and
sem paranetric regression analyses, in order to define a
paranetric final nodel including not too many vari abl es, which
could later be enlarged to other risk factors for spontaneous
abortion. This strategy leads to a final paranetric nodel that
may fit the data rather well, but the estinmated p-val ues
cannot be interpreted as the value of the first type error,
since multiple conparisons between nodel s are perforned, and
the nodel is tested on the sane data that were used to define
it. Another a priori choice was the selection of age as uni que
behavi oural and soci o- physi ol ogi cal risk factors of
spont aneous abortion. This choice inplies that we consi dered
age as a proxy indicator of various risk factors for
spont aneous abortion, and that we did not intend to explain
t he bi ol ogi cal or sociol ogi cal nmechani sns underlying the
observed associations. W still took into account the area of
i nclusion of the couples, which is a possible confounding
factor ™ for the association under study.

W first defined 5 years age groups for male and fenal e
ages, and estimted the proportion of spontaneous abortion
(nunber of spontaneous abortion divided by the nunber of
pregnanci es ending with either spontaneous abortion or live
birth) in each category of the couple’ s age. W al so defined
for wonen an age group bel ow 20 years; all nmen ol der than 40

7
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were gathered in one group due to the snmall sanple size for

t hose ages.

Logi stic regression nodel s:

There were 6 age groups for wonen, 5 for nen, defining 30
age groups for the couple. These age categories were coded as
dumry variables in a logistic regression nodel with a random
effect™™, notivated by the fact that each woman contri buted
for two pregnanci es on average. This random effect accounts
for the dependence between successive pregnancies of a given

woman. This nodel can be witten:

logit[P(Yij:I)] =a+u + Z Bkl' |(X5€Gk I(X{}”eGI) + 5T1 (1)

k,1=1,...,5

where P(Y,;=1) is the probability of spontaneous abortion

for the pregnancy j of couple i, X, X'"stand for the female
and mal e age at the conception of the pregnancy ij, and I@gegq

is 1if the femal e age vari abl e corresponding to the pregnancy
ij isin the age group G ., and O otherwise. T indicates the

geogr aphi cal area where the woman i lived at the tinme of

i nterview (Normandi e or Bretagne). The random effect variables
(u,) are supposed to be nmutually independent, with a common
underlying normal distribution with nean 0, and variance to be
estimated. The paraneters o, (B,) and y were estimated by the
maxi mum | i kel i hood nmethod (function xtlogit, Stata statistica

software: release 6.0, College Station, TX, USA Stata

Corporation). The value exp(p,) constitutes our estimate of the
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odds-ratio (OR) of spontaneous abortion for couples with wonman
being in the age group G and man in age group G, conpared to
the reference category. The OR varies like the ratio of the
proporti on of spontaneous abortion between the conpared

categories, but is nore distant from 1%,

Sem paranetric regression nodel s:

W fitted a sem paranetric nodel including both age
vari abl es. The nodel was a generalised partial |inear node
17 in which the nonparametric conponent was constituted of
the two age variables. It was adjusted for the city of

recruitnent of the wonan and was witten as foll ows:

logit [P(Y,=1)]=m X XM) +5.T, (2

The associ ation between the logit of the probability of
spont aneous abortion and the age variables is this tine

nodel | ed nonparanetrically by the function m which, together
with the paraneter y, was estimated by profile |ikelihood **

(gpl mquantl et, XploRe statistical software, NMD Tech, Berlin,
Germany). The bandw dths that we have chosen (that is, the

br oadness of the age-interval taken into account around a
given point to estinate the probability of spontaneous
abortion at this point) were sonewhat greater for man’s than
for woman’ s age because of a greater span of the nen’' s ages

di stribution.

Sel ection of the final nodel:
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Fromthe estinmations provided by the nodels (1) and (2)
above (cf. results section), we inferred our final |ogistic
regressi on nodel anong the follow ng class of paranetric
| ogi stic regression nodels with randomeffect: woman’s age was
coded by a polynom al of degree 3, and man’s age by a discrete
variable with 5 categories coded by dummy vari abl es; noreover,
we al lowed for an effect nodification between the 2 vari abl es.
Qur nost general nodel had thus 19 age vari abl es (nodel 3,
table 4).

W first sinplified wonman’s age coding by trying to renove
the ternms containing X, X2 or X3. A variable was taken out of
the nodel only if the corresponding p val ue obtained by a

“ was smaller than 0.25. W then reduced

l'i kel i hood-ratio test
t he nunber of categories of the nale age variable, by a

qual itative exam nation of the predicted risks of spontaneous
abortion for the 5 age groups. W al so conpared the |og-

|'i kel i hood val ues of the 10 nodels corresponding to al
possi bl e groupings of the nmale age variable in 2 categories.
Bot h nmet hods yi el ded the sane codi ng of mal e age, which
constituted our final nodel (nodel 6, table 4). This nodel was
conpared to a nodel wi thout any variable representing nmale
age, a conparison which was neant to indicate us if the

i ntroduction of man’s age in the nodel really brought

i nformati on on the risk of spontaneous abortion. The predicted
val ues of our final nodel were also graphically conpared to
those of a quadratic spline regression nodel, also adjusted on
the city of recruitment™.

W estimated OR of spontaneous abortion associated with

man’ s age, for a given age of the woman partner, from our

10



final nodel *, together with a 95% confidence interval (Cl)

(l'incom function, Stata 6.0).

11
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RESULTS

Anmong t he 2281 pregnanci es under study, the wonan’s age at

conception ranged from 14 to 46 years, with a nmean and a

medi an of 27 years, whereas nmen were between 16 and 54 years
old at the time of conception (nean: 30, nedian 29 years, cf.
table 2). The female and nmal e ages had a coefficient of
correlation of 0.72 (p<5.10° . The nmen were on average 2.4
years older than their partner at the tinme of conception, the
5" and 95" percentiles of the difference being -9 and 21
years, respectively. The characteristics of the pregnancies

under study are given in table 1.

Tab. 1

Consi deri ng each age vari abl e separately

The average rate of spontaneous abortion was 12.7% and it

ranged from 10. 1% anong wonen under 20 years to 43. 8% anong
wonen ol der than 40 years at the tinme of conception. The raw
associ ati on between the woman’s age and the risk of

spont aneous abortion showed an i ncrease from approxi nately 25-

30 years upward (table 2, last colum).

Consi dering both age vari abl es simultaneously

The stratified analysis showed no trend in the risk of
spont aneous abortion with mal e age that could be observed for
all age groups of the female partner (table 2). A nonotonous
increase in the risk of spontaneous abortion with woman’s age
was observed when the man was younger than 30 years. For ol der
men, the risk of spontaneous abortion started to decrease and

then increased with femal e age, the mninmumrisk being

12
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observed for wonmen close to 30 years. The |l ogistic regression

estimations (table 3) and the sem paranetric regression

estimates (figure 1), adjusted for the area of recruitnent of

Fig. 1

the couples, exhibited simlar trends.

Tab. 3

Thus, only for younger wonmen did we observe an increased
ri sk of spontaneous abortion with male age, for nmen ol der than
approxi mately 35 years, conpared to nen younger than 35 years.
This increased risk was not obvi ous when the fenal e partner
was ol der than 30-35 years, indicating a potential effect

nodi ficati on between the two age vari abl es.

Sel ection of the final nodel

From these results, we wanted our final nodel to allow for
an effect nodification between the two age vari ables, and we
deci ded to code nan’s age as a categorical variable, as no
clear trend had been observed. W started from nodel (3), in
whi ch the woman’ s age was coded by a polynomal, with an
effect nodification with nale age coded in 5 age groups. The
codi ng of female age was first sinplified, which constituted
our nodel 4 (table 4 and figure 2).

We further grouped all couples whose nal e partner was
younger than 35 years, on the one hand, and all couples whose
mal e partner was ol der than 35 years on the other. This
groupi ng was notivated by the predicted probabilities of
pregnanci es of nodel 4 (figure 2), and it al so corresponded to
the nodel with the best fit (nmeasured by the | og-1ikelihood of
the nodel) anong all possible nodels in which the nal e age
vari abl e was coded by a binary variable. It constituted our

nodel 5 (table 4).

13
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W tested the elimnation of the variables coding nal e age
(model 6, table 4), but the likelihood ratio test led us to
keep it in the nodel (p=0.05). This value tends to indicate
that the introduction of the variables coding mal e age
i ncreased the goodness-of-fit of the nodel to the data, which
| ed us consider nodel 5 as our final nodel to predict the risk
of spontaneous abortion according to male and femnal e ages.
This p-val ue should, still, not be interpreted |ike a first-
type error, and is likely to underestimate it, since we
defined our final nodel in order to nmaxim ze our chance to
observe an effect of male age.

According to our final nodel (5), when the woman was 25
years, the OR of spontaneous abortion associated with the nale
partner being older than 35 years, adjusted for city and
woman’' s age, was 2.48 (95% Cl: 1.13-5.41), couples with nen
younger than 35 years being taken as a reference. \Wen the
femal e partner was 35 years, the OR of spontaneous abortion
esti mated by nodel (5) associated with the man being 35 years
or nore, was 0.53 (95% Cl: 0.27-1.01).

The figure 3b gives a spline estimate of the association
bet ween worman’s age and ri sk of spontaneous abortion for the
two nmal e age groups and yi el ded concl usions qualitatively
simlar to those of our final paranetric nodel shown in figure

3a.

14

Fig.

3




10

15

20

25

30

DI SCUSSI ON

In a population of 1124 coupl es who conceived 2281
pregnanci es between 1985 and 2000, we observed an i ncreased
ri sk of spontaneous abortion when the nman was ol der than 35
years at the tine of conception, conpared to couples with a
man younger than 35 years, but only when the femal e partner
was in her twenties (0OR=2.48 for wonen aged 25 years). Due to
a small nunber of pregnancies with a big difference between
femal e and mal e ages, this potential effect of man age after
35 years shoul d be taken cautiously. For wonen ol der than 30
years, the risk of spontaneous abortion associated with the
mal e partner being ol der than 35 years was decreased, conpared
to couples with a mal e partner younger than 35 years; this
observation does not match our a priori hypotheses and is

therefore nore likely to be a chance fi nding.

Measure of the occurrence of spontaneous abortion

The occurrence of spontaneous abortion was retrospectively
assessed, on the basis of the woman's declaration, w thout any
verification in medical files. This procedure of data
collection may entail classification biases, and
underreporting of the occurrence of spontaneous abortion.

The overall rate of spontaneous abortion was 12. 7% when
all other issues of pregnancy but live birth were negl ected.
This rate corresponds to 14.5 spontaneous abortion for 100
live births. It is simlar to what has been reported in France
and el sewhere with various nethodol ogies *. Froma study using
hospital registers fromDenmark for the years 1978-1992, and

supposi ng that only 80% of wonmen with spontaneous abortions

15
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were hospitalised #, one can estimate the followi ng rates of
spont aneous abortion according to maternal age: 13.2%for 12-
19 years (conpared to 10.1%in our study), 11.1%for 20-24
years (11.4%, 11.9% for 25-29 years (11.2%, 15.1%for 30-34
years (15.0%, 24.6 for 35-39 years (20.7% and 49.3% for 40-
45 years (43.8% . This relatively good agreenent with the
Dani sh study indicates no nmajor under or over-reporting of

spont aneous abortions in our data.

Classification biases: It is plausible that sonme of the
pregnanci es that we consi dered as spontaneous abortion
corresponded to other issues of pregnancy (ectopic pregnancy
for exanple). If, for a given age of the woman, the man’ s age
had an influence on the probability of induced abortion or of
occurrence of ectopic pregnancy, then this could bias our
estimates of the effect of nale age. W have no information on
such a point, that we cannot test on our data, and can
therefore not discard this potential bias.

A possi ble issue of pregnancy that may entail such
decl aration biases is induced abortion. Sonme wonen may i ndeed
be reluctant to admt that they underwent an induced abortion,
and therefore may have descri bed as spontaneous an induced
abortion; they may also sinply not describe the correspondi ng
pregnancy. The rate of induced abortion in our popul ation
sanple was 7.2 for 100 live births, which is about the half of
what is observed at the | evel of the Manche départenment where
Beaunont - Hague is | ocated, where the incidence of abortion is
itself about half of what is observed in France as a whol e*.
An underreporting of induced abortion (of about 7 for 100 Iive
birth) is thus very likely in our data, if we suppose that the

16
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situation in Beaunont-Hague is simlar to that of the whole
départenent, and that the situation is simlar around Saint-
Brieuc. It is possible that some of the induced abortions be
descri bed as spontaneous. Since induced abortions occur nost
often in wonmen below 20, in their early twenties, or ol der
than 35 years, this may distort our estimtes of the
associ ati on between occurrence of spontaneous abortion and
age. Assuming that this reporting bias was snaller anong wonen
who have a regul ar partner, we estimted our final nodel only
for pregnancies which occurred after that the interrogated
woman started her relation with her current partner (if she
had any at the time of interview). This restriction left the
OR of spontaneous abortion associated with male age virtually

unchanged (data not shown).

Pot enti al confounding factors

Ti me since conception as a source of bias

The risk for a wonan to forget or to make an error on the
date of occurrence of a spontaneous abortion may be increasing
with the delay since the spontaneous abortion. |ndeed, the
date corresponding to the 10" percentile of the distribution
of the date of term nation of pregnancy was 5 nonths |ater for
spont aneous abortions than for live birth in our dataset. This
di fference may correspond to a tendency to underreport the
nost anci ent spont aneous abortions, which could artificially
increase the effect of male age if the proportions of nen
ol der than 35 years were not the same for pregnancies that
began at different periods. Anbng wonen aged 25 to 29 years at

the conception of the studied pregnancy, the proportion of nen

17
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ol der than 35 years was slightly nore inportant for the
pregnanci es ending in 1997-1999 than for those ending in 1985-
1987 (8. 7% versus 6.5%. W estimated our final nodels
separately in two cal endar periods. Anmong wonmen aged 25 years,
the OR of spontaneous abortion associated with a nmal e age
greater than 35 years was 3.02 (95% Cl: 0.95-9.57) for
pregnanci es concei ved before 1990, and 2.06 (95% Cl: 0.71-
5.93) for pregnancies conceived between 1990 and 2000. This
simlarity with the overall OR of 2.48 tends to indicate that
the effect of male age is not due to differential reporting

bet ween nost anci ent and nore recent spontaneous abortions.

Previ ous reproductive history

Various factors may influence the risk of spontaneous
abortion. Qur results were adjusted for the area of inclusion
of the subjects because this factor was likely to be

i ndependently associated with age and ri sk of spontaneous and

act as a confounding factor. Qur aimwas to test a possible
i nfluence of man’s age on the risk of spontaneous abortion,
wi thout trying to explain in terns of biological or psycho-
soci ol ogi cal nmechani sns the observed associ ati ons. Moreover,
the smal | nunber of pregnancies with an inportant difference
bet ween the partners’ ages (for instance, only 10 pregnanci es
occurred anong wonen aged 20-24 years who had a partner aged
35 years or nore, table 2) was in our eyes the main limtation
of our study, and was not likely to be overcone by adjustnent.
We did not adjust, notably, for the previous nunber of
pregnanci es, of live birth (parity) or of spontaneous
abortion. Since all the pregnancies that occurred after 1985

are included in the nodel, previous history of spontaneous

18
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abortion (occurring after 1985) is to sone extent accounted

for, since the randomeffect allows couples with a high

propensity to undergo a spontaneous abortion (whatever the

age) to have a higher basal risk of spontaneous abortion than

ot her couples, provided they attenpted to obtain pregnancies.

Parity may be on the causal pathway between age and the

ri sk of spontaneous abortion, which justifies not to adjust

13

for this factor | ndeed, when our fina

nodel was applied

separately to nulliparous and non-nulli parous wonen (those who

had had a live birth before the pregnancy under study), the OR

of spontaneous abortion associated with the nal e partner being

ol der than 35 years, predicted for a 25 years-old wonman, was

4.81 (95% Cl: 1.52-15.21) for nulliparous wonen, and 1.01 (95%

Cl: 0.29-3.54) for parous wonen. This difference between the

OR for nulliparous and non-nul li parous wonen justifies not to

adjust for parity, and indicates that the estimated increased

risk associated with male age is in our population restricted

to couples with a nulliparous wonan.

Sonme of the included subjects (mainly nen) were

occupationally exposed to ionising radiation, which my

i nfluence the occurrence of adverse reproductive health

out comes 2.

We conducted anal yses restricted to the coupl es

for which the man and the wonan decl ared to have never been

foll owed up for exposure to ionising radiation, and never to

have worked in the vicinity of sources of

I oni sing radiation.

This restriction left 932 pregnancies anong 452 couples, i.e.

48. 5% of the pregnancies). In this popul ation sub-sanple, we

observed qualitatively simlar patterns for the influence of

mal e age as in the whol e popul ation, the OR for spontaneous

abortion associated with the male partner
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years being 5.19 (95% Cl: 1.77-15.18) anong wonen aged 25

years.

We tried to check that all the above-nentioned potenti al
sources of bias taken as a whole (and not only separately)
coul d not explain the observed associations. To do so, we
esti mated our final nodel on the pregnancies that responded to
all restriction criteria quoted above (conception occurring in
1990 or later, obtained with the sane partner as at the tine
of interview, none of the partner having been followed for
exposure to ionising radiation before term nation of
pregnancy). There were 538 such pregnanci es anong 307 coupl es.
For wonen aged 25 years, the estinmated OR of spontaneous
abortion associated with a nale age greater than 35 years, was
3.65 (95% Cl: 0.64-20.89), which is consistent with the val ue
of 2.48 obtained on the whol e popul ati on sanple. This finding
is coherent with the estimted associati on not being
artificially induced by the potential biases nentioned above

and taken as a whol e.

Bi ol ogi cal plausibility of an effect of man’s age on the
probability of spontaneous abortion

The rel ati on between age and ability to conceive is not as
wel | docunented for nmen as for wonen, which was one of the
notivation of our study. The probability to obtain a pregnancy
wi t hout any nedi cal assistance is very reduced for wonen above
45 years. This higher risk of spontaneous abortion anong ol der
wonen seens to be explained by a poorer oocyte quality with
i ncreasi ng wonan’ s age, rather than by a reduced ability of

24,25, 26

the uterus to sustain a pregnhancy
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The associ ati on between man’s age and ability to conceive
(either assessed by waiting time to pregnancy or risk of
spont aneous abortion) was little docunented in the literature,
but it is known that nmen are likely to conceive up till 60 or
70 years old. From a biol ogical point of view although there
is a decrease in Leydig cells and Sertoli cells function with
age “"**, the question of the evolution of spermquality with
age is debated. A review ° concluded on a plausible decrease in
senmen vol une, spermnotility and proportion of norphol ogically
normal sperm It is not known whet her these senen paraneters
are likely to have an influence on the probability of
spont aneous abortion. Sperm aneuploidy -that is, a nunber of
chronmosones other than a nultiple of 23- may al so be nore
frequent with age, and is possibly associated with an
i ncreased risk of foetal |oss °.

| f these biol ogical hypotheses concerning an increase in
sper m aneupl oi dy and a decrease in sperm concentration,
notility, and proportion of norphologically normal spermwth
age are true, one could expect that such spermnedi at ed
effects on the risk of spontaneous abortion mainly concern
chronmosomal | y abnormal spont aneous abortions. In other words,
t he associ ati on between mal e age and the risk of spontaneous
abortion may be different for chronosonally abnornal and
normal foetal |osses. This could not be tested with our data.

O her potential nechanisns exist. An influence of man’s
age on the risk of spontaneous abortion could for instance
al so be expl ai ned by soci ol ogi cal or psychol ogi cal nechani sns
like the quality of the human rel ationship inside the couple,
whi ch coul d be associated with psychol ogi cal stress and coul d

4,5,29

thus affect the occurrence of spontaneous abortion
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Paranetric and sem paranetric nodel s

Qur logistic paranmetric regression nodel and
sem paranetric regression nodel yielded very simlar results,
al t hough they used different estinmati on procedures, and are
not really adapted to correlated data. They nmainly all owed us
to propose a realistic famly of nodels for our fina

paranetri c nodel

The increased risk of spontaneous abortion observed in
this study when the man was ol der than 35 years, conpared to
men younger than 35 years, is coherent with an influence of
man’ s age on the risk of spontaneous abortion. These
prelimnary results should be taken with care and tested in
ot her popul ati ons. Since a possible biological pathway by
whi ch nal e age could influence the risk of spontaneous
abortion is an increase with age in the inportance or anpunt
of defects of the spermatozoa, the potential effect of nale
age coul d be studi ed anong pregnanci es for which the karyotype

of the enbryo is known.
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TABLES
Tabl e 1:

according to their

i ssue (2281 pregnanci es anong 1124

Characteristics of the pregnanci es under study

coupl es).
Live birth (%9 Spontaneous abortion
n=1991 (%, n=290
Area of recruitnent
Br et agne 537 (85) 95 (15)
Nor mandi e 1454 (88) 195 (11)
Gestational age, in weeks fromthe | ast 38.4 (35-40) 8.9 (3-15)
menstrual period (5-95" percentiles)
Nunmber of m ssing val ues 7 (0.4) 72 (24.8)
Mean age at conception (standard
devi ati on)
Femal e 27.1 (4) 28.1 (5)
Mal e 29.6 (5) 30.2 (5)
Parity before pregnancy
0 live births 803 (87) 121 (13)
1-2 live births 772 (88) 103 (12)
>3 live births 416 (86) 66 (14)
Nunmber of previous spontaneous abortions
0 1666 (89) 215 (11)
1 271 (85) 48 (15)
> 2 62 (65) 33 (35)
Femal e 17 term tobacco consunption
(cigarettes/day)
0 1504 (88) 215 (13)
1-5 133 (86) 22 (14)
5-9 167 (92) 15 (8)
>10 135 (83) 28 (17)
Potential mal e exposure to ionising
radi ati on before conception
No 945 (86) 154 (14)
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Yes 1046 (89) 136 (12)
Potential fermal e exposure to ionising
radi ati on before conception
No 1439 (87) 207 (13)
Yes 552 (87) 83 (13)
Femal e body nmass index at interview
(kg/ n?)
< 20 462 (88) 64 (12)
20-24 1067 (87) 161 (13)
25- 29 281 (88) 38 (12)
> 30 114 (87) 17 (13)
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Tabl e 2: (bserved rates of spontaneous abortion [nunber of
spont aneous abortions/ (nunber of spontaneous abortion and |ive
birth)] according to the ages of nale and fenal e partners at
conception. The nunber of pregnancies is indicated between

par ent heses.

Man’ s age (years)
Wnman'’ <25 25-29 30- 34 35- 39 > 40 Tot al
s age
<20 10. 4 (48) 6.3 (16) 50.0 (2) 0.0 (3) (0) [10.1 (69)
20-24 |13.2 (242) 10.5 (343) 6.5 (62) 40.0 (10) (0) |11.4 (657)
25-29 [13.7 (51) 11.5 (550) 10.1 (316) 13.2 (53) 6.7 (15) [11.2 (985)
30-34 0.0 (1) 16.7 (66) 14.5 (249) 14.7 (102) 20.0 (15) |[15.0 (433)
35- 39 (0) 66.7 (3) 28.0 (25) 20.0 (65) 10.7 (28) |20.7 (121)
> 40 (0) (0) (0) 20.0 (5) 54.6 (11) |43.8 (16)
Total [12.6 (342) 11.6 (978) 12.2 (654) 16.8 (238) 18.8 (69) [12.7 (2281)
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Table 3: Estimated odds-ratio (OR) and p values (in
par ent heses) for spontaneous abortion according to nale and
femal e age at the tinme of conception (years). The OR fromthe
| ast line and columm were estimated by nodel in which the
only age variable was nal e age and fenal e age, respectively.
Adj usted for city (Bretagne=0, Nornmandi e=1l). Enpty cells

correspond to enpty age groups.

Wman’ s Man' s age

age <25 25-29 30- 34 35-39 > 40 Al rmen

<20 1.0 (.99)| 0.6 (.61) 2.3 (.52) 0.8 (.69)

20- 24 1.2 (.45)| 1 (ref)|0.4 (.17) |10.4 (.004) 1 (ref)

25-29 1.1 (.80)| 1.0 (.85)]0.9 (.79) |1.2 (.74) 0.9 (.57)
1.1 (.85

30- 34 ; 1.6 (.27)|1.4 (.27) |1.5 (.28) (-85 11 3 (.18

14.

35- 39 -03 4.3 (.01) 2.3 (.05) 1.0 (.99) |2.2 (.008)

> 40 1.9 (.63) 14.0 (.001) |6.9 (.002)

Al woren| 1.1 (.64) 1 (ref) 1.1 (.77) |1.7 (.02) 1.9 (.10)

10

Hi ghlighting indicates cell size < 15 pregnanci es.
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Table 4. Description of the various |ogistic regression nodel used to define the final nodel,
together with the p-value of sone variables (2281 pregnancies anong 1124 couples). Mdel 5

corresponds to the final nodel.

Model Linear term logit(P,)=> p-val ue Devi ance Likelihood-ratio test

(degrees of freedom”

(3) ot Ui+ [V +BOiXe + BUaXe) + BUa(Xe) I+ .. (B, ... BP1):0.45  1659.6
HW +BOiXe + BOAXE) + BU3(Xe)” 1 (B .. BP2):0. 44
+ [BOiXe +BV(Xe)? + BU5(Xe) 11 + 5., (B3, .. B¥3):0.42

(4 ot u+ [0+ BOAXe) + BOs(Xe) 1T Dy + .+ [P + BOy(Xe)? + (B ..y BP2):0.03  1664.3 0.45 (9)
Ba(Xe)* 114 + [BO2(Xe)? + BO3(Xe)* 11 + 5.T, (B3, .., p%5): 0. 02

(5) o+ u+ [y + Ba(Xe)? + Ba(Xe)’ 1Tucas + [B2(Xe)? + P'3s(Xe)* 1 Twsss +8.Ti (P2 B'2):  0.001 1671.9 0.58 (9)

(Bs,B's): 0.0003

(6) o +u+ Ba(Xe)? + Ba(Xe)® + 6.T, By 0.01 1679. 8 0.05 (3)
Bs: 0. 003
Linear termof the logistic regression nodel for the pregnancy j of couple i. The paraneters are witten with greek

letters. X stands for fenmle age at conception, 1™y, indicates that nale age is in group k, T stands for the city of

recruitment, u is the randomeffect. For variables X, |,, the index ij was onmitted.
"Degree of significance of the indicated parameters, as estimated by a |ikelihood ratio test. Parentheses indicate

par armet ers whose significance was tested simultaneously.
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# Degree of significance of the likelihood ratio test between the nbodel in the corresponding line, and the nodel from

the |ine above.
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FI GURES

Figure 1: Probability of spontaneous abortion according to
the age of both partners at the tine of conception (in years),
adjusted for the city of recruitnent. Sem parametric regression
(generalised partial linear nodel), 2281 pregnanci es anong 1224
coupl es. The probability of spontaneous abortion (vertical
axis) is given on the natural scale. Value of Akaike's

criterion: 1726

Figure 2. Predicted probability of spontaneous abortion in
function of the woman’s age, for 5 age groups of the male
partners. The arrows indicate nmale age. The data were fitted by
a logistic regression nodel with randomeffect in which fenale

age was coded by a pol ynonmi al of degree 3 (nodel 4, table 4).

Al t hough the nodels were adjusted for the city of recruitnent, the predicted val ues
are shown only for the Beaunont-Hague area, for reading convenience. In each nale
age group, the predicted values for the Saint-Brieuc area were very simlar to those

estimated for Beaunont-Hague, but very slightly higher.

Figure 3. Predicted probability of spontaneous abortion in
function of the woman’s age, when the nale partner is younger
(1980 pregnancies) or older than 35 years (301 pregnancies).
The arrows indicate nale age. The data were fitted by a) a
| ogi stic regression nodel with randomeffect in which femal e
age was coded by a polynom al of degree 3 (nobdel 5, table 4),
corresponding to our final nodel and b) by a quadratic spline
nodel . Both nodels were adjusted on the city of recruitnent of

t he COUp| €S. Same remark as in the | egend of figure 2 concerning the city.
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(a): Final paranmetric nodel (b): Spline nodel

+ Man's age <35 Man's age > 35 - Man's age <35 Man's age > 35
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