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In the process of fertility decline, the role and participation of men have hardly been considered in the
demographic literature. It has grown only as fertility was dropping dramatically in most Western
countries, but very little has been done to analyze such an issue in historical populations. Based on
individual-level data, the present paper aims at investigating, by means of hazard models, the role of
males in the reproductive pattern of the pre-transitional population of Alghero, Sardinia (1866–1935).
The results show a slower decrease of male fertility (-23% at 40–49 years; around -50% at 50+) compared
to female fertility (about -40% already at 35–49 years), with signiﬁcant differentials by socioeconomic
status (SES). Wealthier men present, in fact, lower fertility than poorest ones, with a gap that, however,
reduces with age and even reverses at 50+ years. The reason for such a change is likely to be partly
associated with the better health conditions of the wealthy group, developed especially in adulthood,
given the absence of a signiﬁcant relationship between height and fertility SES differentials.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
The twentieth century saw deep demographic changes affecting primarily the two classic natural components of population
growth: birth and death. The great transformations in fertility and
mortality have been measured, described and analysed as never
before thanks to modern data collection, innovative and powerful
data processing and a general improvement in statistical
techniques. However, there remains a strong asymmetry in the
methods of measurement and in approaches to studying
reproductive behaviours (Poston and Chang, 2005). In the process
of fertility decline and subsequent social evolution, the changing
role of men has hardly been considered in the demographic
literature. Fertility theories that are used for explaining changes in
human fertility have rarely included men and empirical demographic analyses of fertility tend to concentrate on women. This
occurred mainly in relation to the uniqueness of menopause,
which makes also more certain and precise the measure of fertility
when calculated on females.
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Only in recent years a new way of thinking about the role of
men has arisen in the demographic ﬁeld (Bledsoe et al., 2000),
stimulated by the numerous studies that have proved the
decline of male fertility with age (Nordfalk et al., 2015; Dinkel
and Milenovic, 1993; Schoumaker, 2017; Christiansen, 2002;
Bribiescas, 2006; Bribiescas and Burke, 2017; Ge Rondi and
Tanturri, 2008). Although there is general consensus among
researchers about the obvious and intrinsic differences between
menopause and male reproductive senescence (andropause)
and about the fact that reproductive decline is a key feature also
of male reproductive life-histories, especially after the age of 40,
some disagreement still exists about the causes and reasons for
such a decline. In fact, biomedical studies on the effects of male
age on semen quality and motility as well as on general
reproductive functions have produced results that are sometimes conﬂicting and only occasionally conclusive on the
effectiveness of such changes to produce signiﬁcant reductions
in fertility (Kidd et al., 2001; Auger and Jouannet, 2005; de La
Rochebrochard et al., 2003; De La Rochebrochard et al., 2006;
Bribiescas, 2006; Zitzmann, 2013; Sharma et al., 2015). Other
scholars have shown how biological changes related to old age
affects reproductive outcomes, increasing the chances of
preterm births, fetal deaths and congenital birth anomalies
(Lian et al., 1986; Alio et al., 2012; García-Ferreyra et al., 2018;
Brandt et al., 2019).
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Thus, while there is no doubt that the decline in male fertility
occurs as men get older, it is not clear yet whether such a decline is
attributable to just biological and/or to socioeconomic factors.
Some recent studies, in fact, would not seem to exclude a possible
role of social and/or behavioural factors (Matorras et al., 2011).
Some anthropologists have introduced the concept of “social
andropause” just to identify the “inability or unwillingness of older
men to procure access to fecund females” (Bribiescas, 2006, 137),
and the lower reproductive value of men after the age of 40. In this
view, the decline in male fertility with age would be the result of
their lower ﬁtness, associated with physical degradation and
somatic changes that may cause unattractiveness and limited
access to younger and more fertile women. Besides, somatic
degradation, which was quite early in the Sardinia of that time,
may well also mitigate sexual desirability and sexual desire,
thereby reducing the frequency of sexual intercourses and,
consequently, overall fertility. It is likely, then, that this behaviour
could be more relevant among poor people than among wealthy
ones, thus contributing to create socioeconomic differentials in
fertility. The consequence of the above assumptions is that male
fertility in old age cannot be studied independently from woman’s
age, which implies that the younger the woman, the larger the
expected offspring size for males of whatever age.
It is evident, then, that all the elements above mentioned are
strictly connected with health status and lifestyle factors. The
association between health status and male sub-fertility or
infertility is well-known, and it has been assessed for many
pathologies, such as cancers, diabetes, high blood pressure or
metabolic syndromes (Glenn, McClure and Lewis, 2003; Ventimiglia et al., 2015; Michalakis et al., 2013; Cazzaniga et al., 2018;
Salonia et al., 2009). Similarly, there is a growing literature on the
negative impact of some lifestyle elements on male fertility, such
as stress (Li et al., 2011; Ilacqua et al., 2018). They can all affect male
reproduction through alteration of the spermatogenesis as well as
through a further reduction of the ﬁtness. In this view, bad health
status and/or the existence of chronic health conditions in old age
should be good predictors of reduced fertility.
Unfortunately, interest in male fertility and its decline with age
has grown as fertility has fallen in most western countries, casting
some doubts that the reduced reproductive outcome of older
males might be the consequence of industrialization and birth
control rather than real reduction of the male fertility potential. In
order to overcome, at least in part, these difﬁculties, the age effect
on male fertility can best be studied for pre-transitional
populations when no deliberate attempt was made to limit family
size (Henry, 1961). The few studies investigating male fertility in
(pre-)transitional populations, however, are all basically based on
aggregate-level data (Karmel, 1947, 1948a, 1948b; Brouard, 1977;
Kuczynski, 1932; Tietze, 1938; Anderson, 1975; Payeur, 2008;
Payeur and Desjardins, 2009; Ge Rondi and Tanturri, 2008).
In this paper, we will investigate the pattern of male fertility in
an Italian population not yet deliberately controlling fertility. The
use of a life-history approach will allow us to not only to study in
depth the age-related reduction in males but also to examine
some characteristics of such a pattern, in particular whether it
may change with socioeconomic status. In historical communities, where the access to resources could vary a great deal by
social group, males and couples with better social status may
have suffered less from hard work, physical hardship, deprivation
and stress in their life, thereby showing a less precipitous process
of reproductive aging with respect to individuals from poorer
social strata. The starting point is the population of Alghero, one
of the most important cities in Sardinia, located in the northwestern coast of the island and characterized by a diversiﬁed
socioeconomic structure. The analysis covers the period from
1866 to 1935.

The work is divided into six sections including this one. In the
next, we describe the social and economic characteristics of
Alghero. The third section is dedicated to a description of the
dataset characteristics and to illustrate the statistical methods
used. Section four provides a descriptive analysis of the male
fertility pattern in Alghero in the relevant period. We then proceed,
in the ﬁfth section, to investigate male fertility at the micro-level.
In particular, we applied extended Cox regression models in order
to analyse the inﬂuence of the husband’s age on fertility, after
controlling for some possible confounding factors. The results are
ﬁnally discussed in the last section.
2. A slowly-changing community: Alghero, 1866-1935
The analysis concerns couples that had children between 1866
and 1935. During this period Alghero gradually changed, but the
effects of these changes only became clear in the decades following
the Second World War. According to the data collected in the ﬁrst
census after the uniﬁcation of Italy (1861), Alghero was, in
population terms, the third largest centre in Sardinia, behind
Cagliari and Sassari. The population of Alghero increased gradually
between 1861 and 1936, rising from 8831 to 15,998 inhabitants.
However, the socioeconomic characteristics of Alghero remained
stationary in this period of growth: the primary sector (agriculture,
zootechny, forestry, hunting, and ﬁshing) employed, in fact, more
than 70 percent of the active population of the town. Numerous
were also the activities in the handcraft and in the trade and
services sector (about 25%). Only a small number of persons –
about 6% of the population – enjoyed much better living conditions
than the rest. This small group was made up of skilled middle-class
professionals – as deﬁned by the HISCLASS code (Van Leeuwen and
Maas, 2011). The typical inhabitant of Alghero lived, instead, in
humble conditions and often suffered from illnesses like trachoma,
tuberculosis, and malaria (Cau et al., 2007; Melis and Pozzi, 2010)
whose effects were ampliﬁed by poor domestic hygiene and by
poor nutrition: the diet, in fact, was essentially based on
vegetables, often consumed in a single meal per day and largely
insufﬁcient to cover the caloric requirements (Niceforo and
Galeotti, 1934). Conversely, the upper class could expect better
health, tended to be 10 cm taller and, more generally, had lower
mortality both in their early years and in childhood (Breschi et al.,
2011; Cau et al., 2007; Mazzoni et al., 2017).
The population of Alghero, like that of the entire island, did not
typically use birth control. Moreover, Sardinia was, before the most
recent falling off in fertility, the Italian region with the highest
levels of legitimate fertility (Livi Bacci, 1977). To sum up, in the
period under study here, the very largest part of the population of
Alghero did not control fertility and tried to maximize the
reproductive capability to the limit of the biological threshold.
In the next sections, we will, therefore, provide a descriptive
analysis of the fertility pattern, focusing on speciﬁc features of
male fertility and in particular on socioeconomic differentials.
3. Materials and method
To reconstruct the demographic history of Alghero, we used the
ofﬁcial documentation in the Historical Archive of the Municipality. The individual records on births, deaths, and marriages have
been integrated and controlled for coherence with data from other
different kinds of civil sources (parts of the population register;
family sheets taken from the 1921 population census; parish
registers; military recruitment lists, etc.). Lastly, the demographic
information derived from the civil status registers was combined
with data in the parish registers of baptisms, burials, and
marriages. The linkage procedure across sources have involved a
deterministic approach, which compares an identiﬁer or a group of
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identiﬁers (i.e. name, surname, birthdate, etc.) across the different
databases and creates a link when they all agree. The ﬁnal result
has been then veriﬁed through a direct check on the sources, which
also allowed us to reﬁne the results obtained through the record
linkage procedure. Eventually, we have reconstructed a unique
historical dataset at individual and family level. Based on this
documentation, it was possible to analyse the reproductive history
of couples who lived and had children in Alghero between 1866
and 1935. The complete dataset has about 18,000 births which
mean approximately 65,000 couple-years, and a total of 5325
Alghero couples. For the Italian context, it is the largest individuallevel dataset before the onset of fertility control. Moreover, it deals
with an urban population, which presents, unlike rural communities, a large population size, a diversiﬁed socioeconomic structure
and, most of all, a group of rich and wealthy families belonging to
the upper class.
The use of married couples as a unit of analysis implies that the
study will be limited to marital fertility. This restriction prevents us
from investigating some of the socio-anthropological mechanisms,
noted above, associated with “social andropause”. Moreover, we
decided to analyse only couples observed for at least 4 years of
marriage as a way to limit the analysis to unions minimally stable
and not touched by a premature dissolution. The dataset is
therefore of longitudinal nature and Cox regression models were
estimated to investigate the effect of the father’s age, once the
mother’s age has been controlled for, on the risk of having an
additional child. The models are based on episode-structured data
in order to estimate event-history models. The time is measured as
time (years) from the previous event (birth) and where the “clock”
is reset to zero after each event interval. The resulting model is
therefore
hðt; X Þ ¼ h0 ðtÞexpðbi X i Þ
where h is the hazard at time t and Xi the vector of explanatory
variables. Actually, we have estimated extended Cox regression
models, which represent one of the possible choices when the
assumption of hazards proportionality is not respected, as
occurred in our models for some of the covariates. This technique,
which has been already used in fertility studies (Rahman and
Hoque, 2015), extends the basic form of Cox regression to a model
that includes time-varying variables and their products with a
function of time (Zhang et al., 2018). The resulting equation is
hðt; X Þ ¼ h0 ðtÞexpðbi X i þ s i X i gðtÞÞ
where g(t) is a function of time, expressed in years since childbirth
in our models. In other words, the coefﬁcients are formed by a ﬁxed
part at time t = 0 - namely, childbirth - and a time-varying part
which indicates the variation of the coefﬁcient for each time unit
since t = 0. For obvious reasons associated with the biology of
reproduction, the comments will concern only hazards for t  1,
that is starting from one year after the previous birth.1
The population at risk is formed by all the fertile couples who
had children in Alghero between 1866 and 1935, that is only those
couples who have already had at least one child. Firstborns are
excluded from the analysis, which decreases to 4544 the number of
couples analysed. The advantage of this choice, as noted by
Goldman and Montgomery (1989), is in comparing the same kind
of intervals, that is to say, intervals always preceded by a postpartum period.
To evaluate the improvements in model ﬁt between models
without interaction and models with interaction terms the

1
Children born less than one year after the birth of the previous sibling amount
to just 1.6% of total births.
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Table 1
Mean age at ﬁrst marriage by Socioeconomic status (SES). Alghero.1866–1935.
SES

TMFR20-49

m

Age at ﬁrst marriage

High profession
Other SES groups
Total

5.3
7.3
7.4

0.105
0.060
0.057

M
30.5
26.8
27.2

F
24.5
21.9
22.2

Diff.
6.0
4.9
5.0

Likelihood-Ratio test (LR) was used. This test checks whether
the difference in log-likelihood between two nested models is
signiﬁcantly different from zero.
4. The reproductive pattern in Alghero: males vs females
Legitimate fertility in Alghero did not decline much in the
seventy years between 1866 and 1935, with a TMFR20-49 which
ﬂuctuated around 7.4 children per married woman and a
correspondent ﬁgure of 9.4 children per married man. These
values indicate a population not practicing any form of birth
control, as conﬁrmed by the little value (0.057) of the CoaleTrussell’s m index (Table 1).2 The pattern is similar across SES
groups, although the levels of marital fertility are deﬁnitely
different. The group of high professions (see section 5 for a more
detailed description of this SES category) shows, in fact, deﬁnitely
lower fertility levels compared to the other socioeconomic
categories (5.3 and 7.3 children per married woman, respectively),
which could be attributed to lower infant mortality rates, with
associated limited replacement levels, and to the late access to
marriage, 30.5 years on average for males, 24.5 for females, about
three years later than the rest of the population.
The differences in marital fertility by socioeconomic status
emerge much more clearly looking at the age-speciﬁc marital
fertility rates (Fig. 1, left). The gap is maximum at the age of 20–24
and then decreases to be almost null at the age of 45–49 years. Men
displays the same pattern, apart the shift in the age group showing
the highest SES differential, which is here the 25–29 group. Thus,
the fertility rates of wealthy and not wealthy individuals appear
converging in the course of the reproductive life. Ultimately, the
population controlled marriage behaviour (late marriages and high
levels of celibacy among both men and women) to limit the total
number of births and adapt family and population size to available
resources (Corridore, 1902; Breschi et al., 2014). The typical family
formation system, characterized by “simple neolocal households
and late marriage for both sexes” (Viazzo, 2003), in which spouses
were expected “to arrive at the wedding with the means necessary
for creating a self-sufﬁcient household” (Oppo, 1990b, 1990a: 486),
provides further explanation of the reasons why in Sardinia (and in
Alghero) total fertility was much lower with respect to the Italian
average while, on the other hand, married couples had higher
marital fertility and started to reduce family size later than in other
areas of Italy (Livi Bacci, 1977).
The age pattern of legitimate fertility of the population of
Alghero, separately for females and males, is shown in the right
graph of Fig. 1. It depicts the classic pattern of legitimate fertility
typical of pre-transitional populations that did not attempt to
reduce fertility. As expected, legitimate fertility decreases more
slowly for males than for females. For the latter group, fertility
peaks at 20–24 years, to start a rapid decline from the age 25–29
onwards. Female fertility appears then to stop at the age of 45–49
when menopause sets in. For males, the peak occurs earlier (15–19
years) and the drop is slower, with a clear decrease only starting at

2

Usually, the ﬁrst signs of fertility control are reported for m>0.2.
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Fig. 1. Marital age-speciﬁc fertility rates by socioeconomic status (left) and gender (right). Alghero, 1866-1935.

Table 2
Age-speciﬁc marital fertility rates (ASMFR) according to age combination of spouses.Alghero.1866–1935.
Wife age

Husband age
<25

25–29

30–34

35–39

40–44

45–49

50–54

55+

15–19
20–24
25–29
30–34
35–39
40–44
45–49
Total

364
404
378
355
228
–
–
384

380
396
370
331
265
134
–
380

380
373
367
341
289
171
–
356

423
356
355
338
286
184
56
322

367
394
310
311
270
175
39
256

–
320
359
299
240
123
19
154

–
476
203
290
211
98
13
79

–
–
199
214
184
75
4
50

Total

375
387
361
329
263
131
15

Notes: – removed because of few cases; italics rates with fewer than ﬁfteen births. Six males were excluded due to age misreporting.

about 40 years of age. Such a decline appears to slow down from
the age of 50, when we count 79 children per 1000 married men in
the age group 50–54 and 50 children per 1000 married men in the
group 55 + . Thus, the gap between male and female fertility
appears to widen with age, being narrow until 30–34 years (+7.6%),
and then more and more ample: At 45–49 years of age, in fact, male
fertility is 90% higher than female fertility.
Table 2 displays marital fertility rates according to the age
combination of the two spouses. For each female age group,
legitimate fertility does not appear to decline substantially as the
husband’s age increases, at least up to 50 years of age. Conversely,
the drop in marital fertility within male age groups is more
remarkable as wife’s age increases, owing to the obvious fact that
biological constraints are stronger among females. This proves
once again that in populations not experiencing any form of birth
control fertility is largely controlled and regulated by woman’s age.
The analyses above show clearly that age affects negatively also
male fertility. At this point, however, it is not possible to say to
what extent such a depressive effect should be linked to a
reduction in male fertility (reproductive senescence), to a decline
in coital frequency, or to an increase in the frequency of conception
that does not end with a birth.3

3
Permanent sterility also seems to be an important factor. If we consider, in the
analysis, complete couples with women married between the ages of 20-34, the
percentage of women who did not have any children is 6.0%. The older the wife’s age
at marriage, the higher the proportion of couples in this situation: 4.1, 8.0 and 9.8
per cent for, respectively, women married at 20-24, 25-29 and 30-34 years of age.
These values have the tendency to increase when the husband is much older (at
least ten years older than his wife). Actually, the percentage of sterile couples
reaches 9.1% (with an increase of more than three points) and have the tendency to
go up from women aged 20-24 (5.4%) to those aged 25-29 (8.3%). They, then, double
(17.2%) in the admittedly small group of wives aged 30-34 years married with
“much older” husbands, i.e. at least ten years older.

5. Reproduction from a micro-level perspective
As it has been previously pointed out, the “male age effect on
(marital) fertility” has a complex framework. Descriptive analyses
only take us so far. In this section, we will analyse this effect using
risk models, on the copious information from individual and
couple life stories in our sample. There is little evidence, based on
longitudinal micro-level data, from which marital fertility
combined with parent’s ages can be followed over time.
The combined effect of the father’s age and mother’s age is
estimated taking a series of possible confounders into consideration. The ﬁrst covariate included in the model is the marriage
order. We will contrast marriages between two never-married
individuals against any other type of marriage. This in the
hypothesis that unions involving remarried individuals present
peculiarities, with respect those involving only never-married
persons, that may affect their fertility (Breschi et al., 2009;
Manfredini and Breschi 2006). Another categorical variable
controls for the effect on fertility of the survival status of the
previously born child. Although still subject to scientiﬁc debate,
this variable is aimed at capturing the replacement effect on
fertility, that is an acceleration of reproductive behaviour, and,
therefore, a reduction in the intergenesic interval after the death
of the previous child. Then, the complex effects of speciﬁc
historical events on fertility (such as the effects of the First
World War or the Spanish Flu of 1918) are controlled for with a
time categorical variable in which the entire period is
subdivided into four sub-periods, namely <1900, 1900-14,
1915-18, and 1919-35.
The age variables of husband and wife have been categorized
according to the fertility curve shown in Fig. 1 (right). The rationale
is to highlight possible fertility differentials at old ages with
respect to younger ones. Finally, the socioeconomic status. Here,
we have used the husband’s occupation as a proxy (the wife’s
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Table 3
Cox regression: Schoenfeld hazard-proportionality test. Males, Alghero.1866–1935.

Period (ref. < 1900)
1900-14
1915-18
1919-35
Marriage order (ref. ﬁrst marriage)
Remarriage
Unknown
Previous child status (ref. alive)
Dead
Father’s age (ref. < 40)
40–49 years
50+ years
Mother’s age (ref. < 35)
35+ years
Father’s SES (ref. Not wealthy)
High Professional

Rho

Chi2

p-val

0.001
0.012
0.030

0.02
2.58
16.44

0.878
0.108
<0.001

0.019
0.015

6.52
4.23

0.011
0.040

0.217

908.26

<0.001

0.005
0.064

0.44
80.05

0.537
<0.001

0.022

9.26

0.002

0.022

9.12

0.003

occupation is not usually informative), differentiating between
high professionals, as deﬁned by the HISCLASS code (Van Leeuwen
and Maas, 2011), and the rest of the population. The high
professionals’ category includes here people who have occupations
in the public administration or services and a small number of men
employed as doctors, pharmacists, lawyers, as well as the wealthy
and landowners. This variable has been introduced because of its
close connections with health status, access to resources,
education level, and, consequently, with fertility. It is therefore
expected that people in the highest social strata may display higher
fertility especially at old ages, in which health status and physical
conditions are likely to be more effective in conditioning fertility.4
As anticipated in the Methods section, application of the Cox
regression model violates the assumption of hazards proportionality for some of the above variables, as proved by application of
the Schoenfeld test on residuals (Table 3).
Thus, the extended Cox regression was applied (Table 4), which
allows to estimate time-varying coefﬁcients for Marriage order,
Survival status of the previous birth, Mother’s age, Father’s age, and
Father’s SES. As for the effect of age on male fertility, the hazard
model conﬁrms substantially what emerged at the descriptive
level. There is, in fact, evidence of a fertility decrease with age, but
slower than that of females. At 40–49 years, the hazard of having a
further child is 23% signiﬁcantly lower compared to married men
younger than 40.
Then, the risk drops signiﬁcantly and more precipitously for
men of 50+ years, being -51% one year since the birth of the
previous child and -58% after two years. As a comparison, females
35+ run a 45% lower hazard of having a further child compared to
younger ones just one year after childbirth, hazard ratio which
then reduces to -43% after two years.5
By introducing in the model an interaction term between
father’s and mothers’ age (Table 5 and Fig. 2), it is possible to
appreciate to what extent female fecundability conditions couple’s
fertility. Every man married with a woman of <35 years shows,
regardless of his age, a hazard of having another child which is

4
The category of “High Professionals” presents indicators of socioeconomic
wellbeing and health that are signiﬁcantly different from the rest of the population.
There is evidence of their highest stature, lower risk of death, and better economic
conditions (Breschi et al., 2011; Mazzoni et al., 2017). This is the reason why we have
decided to contrast this sole group with the rest of the population, which, vice versa,
was deﬁnitely more homogeneous with respect to living standards and health
conditions.
5
The hazards reported are calculated as products of the main coefﬁcient and the
TVC coefﬁcient. For example, the hazard of having a further child for men 50+ one
year since the birth of the previous child is given by 1ð0:5670:861Þ¼ 0:488.

5

Table 4
Extended Cox regression: hazard ratios of higher-order births. Males, Alghero 1866–
1935. Model 1.

Period (ref. < 1900)
1900-14
1915-18
1919-35
Marriage order (ref. ﬁrst marriage)
Remarriage
Unknown order
Previous child status (ref. alive)
Dead
Father’s age (ref. < 40)
40–49 years
50+ years
Mother’s age (ref. < 35)
35+ years
Father’s SES (ref. Not wealthy)
High Professional
N = 4544
Log likelihood = -167,900.2
LR chi2(17) = 5115.8; p < 0.001

Main (t = 0)

TVC

HR
1.000
0.980
0.749
1.038
1.000
1.233
0.942
1.000
5.952
1.000
0.770
0.567
1.000
0.532
1.000
1.139

HR

p-val

0.002
0.348

0.938
0.992

0.010
0.741

<0.001

0.584

<0.001

<0.001
<0.001

0.989
0.861

0.527
<0.001

<0.001

1.032

0.086

0.095

0.906

<0.001

p-val
0.295
<0.001
0.054

Mean
41.5
24.2
6.6
27.7
79.3
9.3
11.4
80.4
19.6
53.5
32.3
14.2
54.8
45.2
94.1
5.9

Table 5
Hazard ratios of the interaction Mother’s age vs Father’s age. Model 2.

Father’s age (ref. < 40)
40–49 years
50+ years
Mother’s age (ref. < 35)
35+ years
Father’s age 40–49 x Mother’s age 35+
Father’s age 50+ x Mother’s age 35+

Main (t = 0)

TVC

HR
1.000
0.665
0.762
1.000
0.497
1.213
0.651

HR
1.000
1.069
0.951
1.000
1.100
0.876
0.886

p-val
<0.001
0.232
<0.001
0.043
0.087

p-val
0.006
0.557
<0.001
<0.001
0.184

Note: For the sake of space, the table shows only the coefﬁcients of the interaction.
TVC = Time-varying coefﬁcients.

always higher than the hazard of men of whatever age married
with women aged 35+, after two years since the birth of the
previous child (Fig. 2).6
In particular, the combination of old men 50+ with women 35+
shows the lowest hazard of having a further child, -79% compared
with the youngest couple formed by a man <40 years and a woman
<35 two years since the birth of the previous child (Fig. 2). Old men
over 50 years of age present also the largest differential in marital
fertility when contrasting marriages with women <35 years and
marriages with women 35+ (-69%), against a reduction of 44%
among men 40–49 and of 40% among those aged <40.
As for control variables in model 1 (Table 4), we will limit the
comments to Father’s SES. The coefﬁcients suggest that, one year
since the birth of the previous child, both SES groups present
similar hazards of having a further child.
However, the sign of the SES differential changes over the birth
interval: -7% after two years and -15% after three years from
childbirth. These results conﬁrm that the lower fertility of wealthy
individuals was also due to their slower pace of reproduction,
which was likely not motivated, however, by parity-dependent
fertility-control behaviours, but by other mechanisms, such as
household economy (Van Bavel, 2004). Differential rates of
miscarriage and fetal deaths by SES may be also involved in
producing differentials in the length of the birth interval (Palloni

6
The coefﬁcients plotted in the interaction ﬁgure are reparametrization of the
coefﬁcients reported in the table after change of the baseline, which is the couple
formed by fathers <40 and mothers <35.
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Fig. 2. Hazard ratios of interaction (Model 2). Two years since the birth of the previous child.

and Rafalimanana, 1999), along with the higher rates of infant and
child mortality among the poorest. In this latter case, the couple
may put in place replacement behaviours which did not depend
solely on the death of the last child (which is controlled for in the
model), but also by the deaths of other young children in a context
where quantity-quality trade-off issues were not present yet in this
SES group.
However, being part of the well-to-do social group could have
brought, thanks to the better general levels of health and the
higher living standard of this class, a reproductive advantage
especially in that phase of life where the male is apparently notably
less fertile, after 50 years. Pathologies that characterize the lower
strata of the local population have, we might suspect, less
incidence among these professionals and some factors detrimental
to male fertility may be reduced. Malaria, for example, induced
conditions favourable to a reduction in sperm quality (Singer et al.,
1987); tuberculosis, another typical disease, could generate an
infection of the gonads and, thus, reduce fertility (Lenk and
Schroeder, 2001; Paick et al., 2000; Tzvetkov and Tzvetkova, 2006).
In short, better health conditions can conserve male reproductive
capacity, while precarious health, can dampen or damage male
fertility (Delamater, 2012; Karraker et al., 2011).
Obviously, such considerations may well concern wives, too.
The lower fertility of poorer males beyond ﬁfty years of age could
be also a consequence of the poorer health status of their wives,
due in part to the greater burden of the higher number of previous
deliveries. Essentially, the socioeconomic context may obviously
condition the health status of both the members of the couple.
Therefore, it was decided to test the hypothesis that men belonging
to the better-off part of the population, despite having reduced
fertility, could still enjoy a reproductive edge at the most advanced
ages. An interaction between the variables related to the age of the
man and the professional category was then added to the model.7
The results are shown in Table 6 and Figure 3, which show the
hazard ratios of the sole interaction. The time-varying coefﬁcients
resulted almost all statistically signiﬁcant. This leads to a situation
in which, after either two or three years since childbirth, the hazard
of having a further child for the poorest SES decreases with age at a

7
Even in this case, the improvement in model ﬁt of the interaction model was
statistically signiﬁcant with respect to the model without interaction (LR chi2(4)
=28.0, p-value=<0.001).

Table 6
Hazard ratios of the interaction Father’s age vs Father’s SES. Model 3.

Father’s age (ref. < 40)
40–49 years
50+ years
Father’s SES (ref. Not wealthy)
High Professional
Father’s age 40–49 x High professionals
Father’s age 50+ x High professionals

Main (t = 0)

TVC

HR
1.000
0.790
0.584
1.000
1.551
0.662
0.655

HR
1.000
0.975
0.843
1.000
0.774
1.244
1.341

p-val
<0.001
<0.001
<0.001
0.013
0.149

p-val
0.165
<0.001
<0.001
<0.001
<0.001

Note: For the sake of space, the table shows only the coefﬁcients of the interaction.
TVC = Time-varying coefﬁcients.

faster pace compared with high professionals. However, whilst the
poor category presents a higher hazard up to 49 years, the situation
changes at 50 + . At that age, the high professionals show a 9% and
14% higher hazard with respect to the poorer group, respectively
after two and three years since the birth of the previous child.
The higher fertility that characterizes wealthy men over 50
years of age can be driven, as above anticipated, by two reinforcing
effects. On the one hand, the higher wellbeing and health of the
wealthiest socioeconomic group, which could affect positively
sexual activity as well as decrease the chances of fetal deaths and
miscarriages at older reproductive ages. On the other hand, the
worse health conditions of the poorest men (and women) could
negatively affect the chances of possible replacement behaviours,
which was one of the causes of the faster pace of fertility of this SES
group.
In order to deepen our understanding of the relationship
between SES, health and male fertility, a further model including
the stature of men at 20 years of age was included. Height was
measured for all young men during the medical examination for
military service. Stature has been largely used in demographic
historical studies as a proxy of health and physical status,
especially with regard to early life conditions. Thus, the introduction of height in our models will precisely allow to disentangle the
effects more speciﬁcally associated with health and socioeconomic
conditions in early life from those more speciﬁc of adult life, such
as working conditions, diet, lifestyle, and so on. Unfortunately, this
piece of information is available only for a fraction of the total
sample here analysed, and precisely 979 husbands, 18.4% of total
couples.
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Fig. 3. Hazard ratios of interaction (Model 3).Two years (left) and three years (right) since the birth of the previous child.

Table 7
Extended Cox regression: hazard ratios of higher-order births for the interaction SES
vs Height. Alghero 1866–1935. Model 4.
No interaction
Father’s SES (ref. Not wealthy)
High Professional
Height (ref. Shortest)
Average
Tallest
High professionals / Average
High professionals / Tallest
N
Log-likelihood
LR test

HR
1.000
0.840
1.000
0.947
0.955

979
39,945.9
1.6 (2)

p-val
0.016
0.120
0.244

With interaction
HR
1.000
1.662
1.000
0.948
0.959
0.511
0.493

p-val
0.313
0.130
0.287
0.194
0.168

39,945.1
0.449

The Sardinians of this sample were 157.9 cm tall on average,
but the variable has been categorized for linearity reasons,
thereby differentiating between short, average (medium), and tall
individuals. The height intervals were based on quartiles: the
shortest 25% (<154 cm), the medium 50% (154161 cm), and the
tallest 25% (162+ cm). The results are shown in Table 7, which
refer to models with and without interaction between SES and
height. For the sake of space, only the coefﬁcients of these two
variables and its interaction are displayed, but the models still
control for the same variables shown in Table 4. 8 The model
without interaction shows that high professionals have a
signiﬁcant 16% lower hazard of having a further child compared
with the poorer SES group (Table 7). On the other hand, the effects
of stature are limited in size and not statistically signiﬁcant. The
pattern does not change if we look at the model with the
interaction between socioeconomic status and height. In that
case, in fact, the introduction of the interaction does not even
improve signiﬁcantly the model ﬁt (Likelihood ratio test = 1.6, pvalue = 0.449), making useless any comment about the single
coefﬁcients of height. Thus, there is no evidence of the role of
early life conditions on male fertility, either in absolute terms nor
by socioeconomic status.
6. Conclusions
In the dynamics of the natural decline of human fertility, man’s
age is certainly less determinant than woman’s age, but it is,
nonetheless, still important. Only in recent years has scholars from

8
The table does not report TVC coefﬁcients for Father’s SES, Height, and their
interaction because such variables did not result statistically signiﬁcant according
to the Schoenfeld test for hazards proportionality in this model.

many disciplines paid some attention to male fertility. However,
this interest has mainly concerned the medical and clinical
contexts of male infertility problems, due not least to the ever
higher age at which men have their ﬁrst child. As regards the study
of past populations male fertility has been much more neglected
there and the effects due to man’s age have often been considered
as marginal or negligible. And this is quite surprising as the
relationship between age and male fertility can be best approached
just in those contexts where fertility control does not bias and/or
confound our interpretation of the male pattern.
In the present work, we have studied legitimate male fertility in
an Italian population with very low birth control using the most
complete and extended dataset at the individual level for
pretransitional and early transitional Italian populations. In this
context, we found evidence that male fertility does decline
signiﬁcantly with age once controlled for women’s age and other
confounding factors. This male pattern was probably associated
with biological factors, such as aging, physical stress and
worsening health status as well as with increased chances of
miscarriage. It is also possible, though, that a reduction in sexual
activity could play a role here, a factor potentially hindering shared
family planning (Das et al., 2011). Nevertheless, such a decline is
deﬁnitely much slower than that of females, with a gap that
increases with age and the absence of any biological age-related
limit such as menopause.
The effects of health status on the decline of male fertility with
age can be best highlighted just in poor societies where health
status worsened quite quickly for the very large part of the
population, and only a small part of it could count on sufﬁcient
resources. In such cases, in fact, a better state of health, as well as
the lower impact of diseases and, more generally, a higher quality
of life, might guarantee better use of the couple’s and husband’s
biological capabilities. In the case-study here analysed, the results
appear to go exactly in that direction. In fact, despite persistent
lower fertility among the wealthiest (and healthiest) men, they
show a slower reduction of fertility over the life course with
respect to the poorest strata of the population. And more than that,
we found evidence of a reversal of the male fertility SES pattern at
50+ years, when the wealthiest males show higher fertility than
their poorest peers, other factors being equal. Obviously, part of
these effects could be due also to healthier wives. Nevertheless, the
substantial equivalence of age-speciﬁc marital fertility rates at 45+
years makes this hypothesis less tenable.
Moreover, contrary to ﬁndings from other studies (Hayward
et al. 2013), we found evidence of the ineffective role of early life
conditions, here proxied by height. Although some selection effects
due to a lower access to marriage for unhealthy and shorter men
could partially inﬂuence the outcome (Manfredini et al., 2013), our
data lead to suppose that male fertility was rather inﬂuenced by
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health conditions developed in adulthood and likely caused by
different lifestyles, different working conditions, different diet, and
so on. This seems in line with what has emerged from some
previous studies on contemporary populations (Trost et al., 2014),
which found evidence that male fertility was mostly and
negatively affected among the less wealthy categories, which
had often a poorer health status, frequently associated with a poor
and often insufﬁcient diet as well as with unhealthy living
conditions.
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