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Background: In the field of assisted reproductive technology (ART), family rate is a neglected but emerging issue. 
The aim of the study was to investigate the epidemiological impact of ART on the second birth during the period 
2007–2020 in Lombardy, Northern Italy. 
Methods: We conducted a population-based study using administrative data from regional healthcare databases of 
Lombardy including first and second births occurred from 2007 to 2020. The proportion of deliveries after ART 
was calculated separately among first and second births. The probability of undergoing ART to achieve second 
birth compared to first one was estimated computing odds ratio (OR), crude and adjusted for maternal age, 
education, and nationality. We also assessed changes with age and calendar period. 
Results: We obtained a cohort including 553,190 first births and 317,976 second births. The proportion of ART 
babies among first and second births was 4.3% and 1.0% respectively (p < 0.001). The probability of undergoing 
ART to achieve second birth compared to first one, adjusted for age, education, and nationality, was 0.14 (95% 
CI: 0.13–0.15). The proportion of deliveries after ART increased with maternal age and along the calendar period 
but remained always markedly higher among first births rather than among second births. 
Conclusion: ART played a significantly lower role in the determinism of the conception of a second birth in 
comparison to the conception of a first one.   

Introduction 

Infertility is typically defined as a medical condition characterized by 
the inability of an individual or a couple to conceive a child or carry a 
pregnancy to full term after a year or more of regular, unprotected 
sexual intercourse. However, if the individual or couple is above the age 
of 35 years, the diagnosis may be made after only six months of un
successful attempts. Moreover, many couples may have fewer children 
than they would ideally like to have. Among other causes, this may be 
consequent to a delay in childbearing and secondary infertility [1]. In 
the field of assisted reproductive technology (ART), poor attention was 
given to the capacity to have the desired number of children [2], and 
most studies and registries simply reported on the cumulative live birth 
rate per couple [3–5]. The family rate, i.e., the capacity of a couple to 
achieve the number of desired children, may be a more complex but 

appropriate outcome. Several years may be needed to obtain complete 
data on this outcome but information on this issue is warranted because 
it may influence also clinical strategies. For instance, if a 35 years old 
infertile woman desires two or more children, one could envisage to 
preliminary perform up to three retrieval cycles and store oocytes or 
embryos prior to initiate the transfers. This may overcome the well- 
known and rapid decline in in vitro fertilization (IVF) success after 35 
years [6]. 

Information on the rate of infertile women who needed ART to 
conceive their first child and referred again to ART centres for other 
children is very limited [2]. Using the Australian and New Zealand 
Assisted Reproduction database, Paul et al. reported a 43% rate 
returning to treatment after an ART-conceived live birth. They also 
estimated that between 61% and 88% of them could achieve the second 
child [7]. We failed to identify additional studies on this topic. 
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To investigate the epidemiological impact of ART on the number of 
children, we evaluated the relative contribution of these techniques to 
first and second births during the period 2007–2020 in Lombardy, 
Northern Italy. 

Materials and methods 

We conducted a population-based study of collected data regarding 
all deliveries that occurred in Lombardy during the period 2007–2020. 

The regional healthcare utilization databases, in particular the hos
pital discharge forms [scheda di dimissione ospedaliera (SDO)] and the 
certificate of delivery assistance (CedAP) registry were used as data 
sources. The first reports, among other information, diagnoses and 
procedures of inpatients of public or private hospitals. The second is the 
main source for the collection of data related to the birth event; at de
livery, midwives collect these data including parents’ socio- 
demographic characteristics, previous obstetric history, current obstet
ric history, type of conception, mode of labour and delivery, gestational 
age at birth, neonatal characteristics, and outcomes. This study was 
conducted according to the guidelines laid down in the Declaration of 
Helsinki. As all these administrative data were handled anonymously, 
ethical approval is not required in Italy. 

We identified all the deliveries recorded in Lombardy between 1st 
January 2007 and 31st December 2020 through the linkage of CedAP 
and SDO databases, including those of mothers aged 18 to 45 years old 
and those occurred between 22 and 42 weeks of gestation (we excluded 
women delivering after 42 weeks gestation because it could be a 
compilation error since in Lombardy full-term pregnancies are induced 
before 42nd week). Exclusion criteria were the following: (i) deliveries 
with missing or not clear information concerning the type of conception, 
(ii) deliveries with missing information concerning vitality of newborn, 
stillbirths, or neonatal deaths, and (iii) third (or higher birth order) 
deliveries or those with missing information concerning the birth order. 
We performed the cohort selection in September 2022. 

The total number of first and second births was obtained. Descriptive 
statistics were used to summarize characteristics of women who deliv
ered their first or second birth, such as age at birth, nationality, and 
educational level. Differences on the observed variables between the 
two groups were tested by using Chi-squared test. 

The type of conception was our focus. The relative information was 
dichotomous, i.e., natural or through ART. Births achieved after ART 
were obtained with ovarian stimulation, intrauterine insemination (IUI), 
conventional IVF, or intracytoplasmic sperm injection (ICSI). The pro
portion of deliveries after ART was calculated separately in the two 
groups (i.e., first and second birth) according to maternal age at birth 

and calendar period. 
In Lombardy during the whole study period, there was no limitation 

on the number of cycles covered by the public health system. The de
cision on the appropriate number of cycles to be performed and age 
limitations were demanded to physicians who decided based on risks- 
benefits balance. There are also no limitations on the number of chil
dren that can be obtained with ART. 

The odds ratio (OR) of ART use among second births compared to 
first births was estimated and further adjusted for maternal age, na
tionality, and educational level. 

Two sub-analyses were performed. First, to exclude those cases who 
had a twin pregnancy at first delivery, we selected a sub-cohort of 
women who had a first singleton births from 2007 to 2017. Second, we 
selected a sub-cohort of women who had first birth after ART during the 
period between 2007 and 2017 to quantify how many couples conceived 
naturally a second birth after having had one successful ART. 

All analyses were performed using the Statistical Analysis System 
Software (version 9.4; SAS Institute, Cary, NC, USA). 

Results 

A total of 1,100,058 deliveries occurring in Lombardy from the 1st 
January 2007 to the 31st December 2020 were identified. We excluded 
(i) 4481 deliveries with missing or not clear information concerning the 
type of conception, (ii) 3453 deliveries with missing information con
cerning vitality of the newborn, stillbirths or neonatal deaths, and (iii) 
220,958 deliveries of third (or higher birth order) children or with 
missing information concerning the birth order. 

We obtained a final cohort of 871,166 deliveries. Overall, 553,190 
were first births and 317,976 were second births. The baseline charac
teristics of the two groups are shown in Table 1. Significant differences 
emerged for age, nationality, and educational level. Mothers who had a 
second birth after ART were more common not Italian and less educated 
compared to those who had a first birth after ART. 

Overall, 27,037 deliveries were obtained with ART (3.10%, 95%CI: 
3.07–3.14%). They included 9901 IVF procedures, 10,672 ICSIs, 2280 
IUIs, 1438 ovarian stimulations alone, and 2746 unspecified treatments. 
The number (proportion) of ART babies among first and second births 
was 23,989 (4.3%) and 3048 (1.0%), respectively (p < 0.001). The 
probability of undergoing ART among second compared to first births 
was reduced (OR = 0.21, 95%CI: 0.20–0.22). When we adjusted for age, 
education, and nationality the OR was 0.14 (95%CI: 0.13–0.15). 

The proportion of ART births among first and second births re- 
analysed according to maternal age is shown in Fig. 1. The relative 
percentage of births obtained with ART increased with age for both first 

Table 1 
Maternal characteristics of women who delivered their first or second birth.  

Maternal characteristics First birth Second birth 

Natural 
N (%) 

ART 
N (%) 

Natural 
N (%) 

ART 
N (%) 

Age 
<30 211,022 (39.9) 1801 (7.5) 78,812 (25.0) 172 (5.6) 
30–34 190,053 (35.9) 6653 (27.7) 115,142 (36.6) 657 (21.6) 
35–39 104,401 (19.7) 9657 (40.3) 98,952 (31.4) 1406 (46.1) 
≥40 23,725 (4.5) 5878 (24.5) 22,022 (7.0) 813 (26.7)  

Citizenship 
Italian 409,827 (77.4) 21,109 (88.0) 229,672 (72.9) 2586 (84.8) 
Not Italian 119,374 (22.6) 2880 (12.0) 85,256 (27.1) 462 (15.2)  

Education a 

Middle school 113,682 (21.6) 3069 (12.8) 83,678 (26.7) 461 (15.1) 
High school 237,343 (45.1) 9992 (41.7) 139,381 (44.4) 1292 (42.4) 
University 175,581 (33.3) 10,908 (45.4) 90,604 (28.9) 1292 (42.4)  

a The sum did not reach the total due to missing values. 
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and second birth. The probability of undergoing ART to achieve a second 
birth compared to first one was higher in younger mothers (OR = 0.27, 
95%CI: 0.23–0.31 for women aged <30 years). 

The proportion of ART among first and second births according to 
the different calendar periods is reported in Fig. 2. Over the period 
observed, ART rate increased for both first and second birth (p for trend 
< 0.001). However, the probability of undergoing ART to achieve a 
second birth compared to first one remained almost constant (data not 
shown). 

In the sub-cohort including only women who had a first singleton 
birth between 2007 and 2017, the proportion of ART among first and 
second births was 3.1% and 1.1% respectively (p < 0.001). The proba
bility of undergoing ART to achieve the second birth versus the first one 
was higher compared with that of the entire cohort (OR = 0.34, 95%CI: 
0.33–0.36; adjusted OR = 0.23, 95%CI: 0.22–0.24). 

Finally, when we considered only women who had a first ART birth 
between 2007 and 2017, the proportion of natural second births was 
73.5% (versus 99.4% in the group of women who had a first natural 
birth in the same period). 

Discussion 

In Lombardy, in the last fifteen years (2007–2020), ART played a 
significantly lower role in the determinism of the conception of a second 
birth in comparison to the role played for the conception of a first birth; 
among first births, the proportion of those conceived after ART was 4- 
fold higher when compared with second ones. 

Our study design did not allow us to investigate the determinants of 
this finding. One could speculate several reasons. The most plausible is 
represented by the extreme stress caused by the inability to bear chil
dren and the concomitant anxiety and distress associated with ART 
programs, especially when expectations are violated by unsuccessful 
treatment cycles. The ART journey is very stressful and requires strong 
adherence and persistency to the programs; therefore, it is associated 
with a significant drop-out rate. According to several studies [8–12], the 
key reasons for discontinuing reproductive treatments, in absence of an 
active censoring by their physicians due to clinical reasons, are psy
chological burden and perception of a medical failure. One may hy
pothesize that this resilience is lower for second children. In the 
countries where a whole insurance coverage is not provided, the 
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Fig. 1. The proportion of births after assisted reproductive technologies (ART) among first and second births according to maternal age groups.  
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Fig. 2. The proportion of births after assisted reproductive technologies (ART) among first and second births according to calendar period.  
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financial burden could also play a role in the decision to interrupt the 
reproductive procedures. This cannot be an explanation in our context 
because the procedures were entirely covered by the public health sys
tem. On the other hand, one could argue that couples who succeed could 
be more motivated to parenthood than their fertile peers and wish to 
approach ART procedures again to have more children. A recent study 
[8] reported that having a good prognosis have a positive effect on the 
probability to return to ART, especially with increasing age. Our results 
argue against this view. The negative perceptions associated with the 
previous ART experiences may overcome the desire for a second child. 
To note, parenthood commonly arises from conflictual forces, and most 
births are not consciously planned. This uncertainty, typical of natural 
conceptions cannot be contemplated within the group of infertile cou
ples requiring ART. We speculate that experiencing such difficult and 
painful programs could discourage a couple to return to fulfil their full 
reproductive wishes. 

Alternative explanations deserve consideration. First, natural con
ceptions following a first ART baby could occur. Even if this factor 
cannot explain per se the markedly lower rate of second children ob
tained with ART, this possibility deserves consideration. The rate of 
women conceiving naturally after having a child with ART has been 
poorly investigated but it is presumably not negligeable. According to 
our sub-analysis including only women who had a first birth with ART, a 
high proportion of natural second births emerged. Reasons cannot be 
explored but include the high frequency of subfertility rather than ab
solute sterility, the psychological benefit of being already parents, and 
pregnancy-related modifications of women genital tract that could 
somehow favour subsequent natural conceptions. Second, a lower rate 
of ART pregnancies may also reflect the relatively modest effectiveness 
of ART. A consistent proportion of women returning for ART fails and 
these women could not be captured with our study design. In other 
words, the lower rate of ART pregnancies among second births may not 
reflect a lower number of intended children. Finally, one must point out 
that, with the natural way, the completion of a second pregnancy is 
faster compared to ART and could be more satisfactory. One may 
hypothesise that, with the growth of the first child, the desire for second 
children progressively decreases. 

Nowadays in most Western countries, the cultural frame, and the 
new role of women in the society modified the reproductive strategies 
adopted. Contextual and socioeconomic factors, i.e., financial con
straints, competing educational, professional, and personal ambitions, 
delay the start of childbearing influencing indirectly the desired number 
of children and the actual family size. Maternal age at first birth plays a 
key role: postponing the transition to parenthood contributes signifi
cantly to the entity of the desired-actual fertility gap. Italy is one of the 
European countries with the highest discrepancy between desired and 
effective number of children; women aged 40 years or more, tend to 
close their reproductive window with 0.6 fewer children than the 
desired number, compared to 0.4 of the European average [13]. Ac
cording to a study evaluating the timing of first pregnancy required to 
have a high chance to realize the desired family size, couples need to 
start the reproductive journey at age 31 years at the latest [1]. In our 
cohort we observed a decline in the ratio second to first birth after ART 
in women aged more than 40 years. This finding could reflect the decline 
in the probability of success of ART cycles among older women as we 
were not able to identify women who returned for a new ART program 
and failed. Shedding more light on this issue may be helpful in planning 
and adopting clinical strategies to overcome the rapid decline in ART 
success after 35 years. For instance, proposing more than one retrieval 
cycles and the storing of oocytes or embryos prior to initiate the transfers 
may represent an opportunity. 

The desired number of children in the general population varies 
widely among subjects, from those do not wish to have more than one 
child to those aiming at 3–4 children. Among other factors, this may 
depend also on the potential capacity of the couple to reproduce, 
meaning if there are or not existent factors that can hinder an easy 

conception or not. On this basis, we plea for general population edu
cation on this issue. One may even claim the spread of preconceptionally 
check-ups in younger ages [14]. This evaluation could inform couples 
regarding their capacity to reproduce. Fertility assessments are not 
highly reliable in predicting conception but could be sufficiently infor
mative if properly interpreted. They may influence the reproductive 
plans of the couples (such as anticipating the initiation of natural 
pregnancy seeking or ART). At least, it could allow empowerment. This 
possibility is particularly relevant in European countries where women 
typically postpone their reproductive plans. 

If in general Italian couples have fewer children than they would 
ideally like to have, it is also true that couples often adjust the desired 
number of children. For this reason, to justify the low impact of ART in 
the determinism of the conception of a second birth, one could also 
speculate that second children are less stringently desired and intra- 
couple conflicts may be more severe. Unconscious conceptions may be 
more frequent for second children. A recent survey in the United 
Kingdom showed that hesitant couples are common. Betweeners (those 
who already have child(ren) and want more in the future but are not 
actively trying to conceive) and flezers (those who may or may not 
already have and are unsure but or open to have child(ren) in the future) 
represent 11% and 28%, respectively [15]. These subjects are unlikely to 
undergo a new ART cycle to conceive but may have children if fertile. 
This possibility remains however speculative, infertile couples may 
differ from the general population for this aspect. Noteworthy, other 
complex sociologic, economical, and personal factors may influence the 
decision to embark for a second child. These variables may vary between 
ART and non-ART conceptions and cannot be disentangled from our 
study. Modality of delivery as well as obstetrics complications at the 
time of the first child may also have a role. In other words, the differ
ences may not be exclusively related to ART-related direct burden. 

To make this cohort representative of general population we decided 
to include in our cohort women aged from 18 to 45 years old. First, in 
Italy, it is not common that women under age of 18 years undergo ART. 
Second, the number of deliveries over 45 years is very low (0.3%). In 
addition, since our intent was to assess the impact of ART, we decided to 
exclude third (or higher order) births, because the proportion of ART 
births among these was <1%. 

Some limitations of the current study should be considered. First, we 
were not able to establish for all mothers undergoing to ART procedures 
for the second birth if they achieved their first one after ART or natural 
conception. A study on the reproductive trajectories of all women would 
be required to address this aspect. This could be a valuable contribution 
to the field. However, in our setting, we lack information on women’s 
history before 2007. Therefore, a study focussing on trajectories would 
need a marked reduction of the study period (and sample size). Second, 
it must be considered that in Lombardy there is no limitations on the 
number of cycles covered by the public health system. This is a situation 
that is uncommon in Western countries and could lead to overestimate 
the role of ART for second children compared to other contexts. The full 
financial coverage may indeed be considered a factor favouring ART 
uptake. On the contrary, favouring public policies to assist couples for a 
second child or more (such as bonuses) are in place in Italy but they are 
inadequate and cannot be expected to play a major role. Results could be 
partly different in countries with a more supportive welfare for families. 
In addition, we were not able to identify women who changed the 
partner between the first and second birth. This may have introduced a 
confounder, albeit with a plausible minor role in the explaining the 
markedly lower rate of ART use for a second birth. Finally, women who 
had twin pregnancies at first ART pregnancy may not seek for a second 
birth. This can lead to underestimate the possible role of ART. However, 
the observation that the contribution of ART for second births only 
mildly changed over time argue against this criticism. Indeed, the rate of 
twin pregnancy markedly shrank during the study period in our context 
[16–17]. If twin pregnancies at first delivery played a crucial role in 
explaining our findings, one had to expect a significant increase in the 
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role of ART for second children over the calendar period, but this did not 
occur. Our sub-group analysis excluding women who had a first twin 
pregnancy confirms this view. 

Family size in ART is a neglected but emerging issue. Our study 
highlights a limited use of ART for the conception of a second preg
nancy. This issue needs to be addressed more in-depth because it can 
hide surmountable barriers among infertile couples. Further efforts 
should aim at better assessing the impact of ART on the desired family 
size using different study designs, as well as disentangling the 
determinants. 
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