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Reproductive disruptions in fertility research: Conceptual
re-integration and evidence from Germany

Nadja Milewski1 and Jasmin Passet-Wittig1

ABSTRACT The risks of infertility and pregnancy loss have been growing as women’s
ages at birth have been increasing. This raises the question of how such adverse repro-
ductive experiences (ARE) are associated with birth outcomes. We propose an analytical
framework to re-integrate infertility, miscarriage and abortion into the demographic study
of fertility. It reconnects to the classic framework on the proximate fertility determinants
by Davis and Blake and Bongaarts, and it draws on the rather recent approach of repro-
ductive careers proposed by Johnson et al. We use a subsample of 1862 female respon-
dents of the German family panel pairfam who participated in 11 consecutive waves,
covering the calendar period from 2008 to 2020. We follow three birth cohorts through
10 years of their reproductive ages. Women aged 35+ years have the highest probability
of having multiple ARE, but no births. They also have the lowest risk of having a birth
and no adverse experiences. The results suggest that integrating ARE into the analysis of
birth behaviour may help to explain age patterns in fertility and the association between
desired and realised fertility.

KEYWORDS Pregnancy loss • Miscarriage • Abortion • Infertility • Proximate fertility
determinants • Reproductive careers

Introduction

Theoretical and empirical research on fertility has expanded substantially over the past
two decades, particularly as scholars seek to explain the persistence of late and low
fertility in high-income countries. Rooted in the second demographic transition theory
(van de Kaa, 1987), dominant frameworks at the micro and macro levels emphasise
socioeconomic and cultural determinants of fertility (e.g. McDonald, 2000; Vignoli et al.,
2020) and the role of social policies in shaping fertility change across gender, time and
space (e.g. Goldscheider et al., 2015). Within this perspective, delayed parenthood is
largely interpreted as a response to broader social change. However, fertility postpone-
ment also has physiological consequences.

Higher maternal age is a non-modifiable risk factor for miscarriage and stillbirth
(du Fossé et al., 2020). An estimated one in five pregnancies ends in miscarriage
(Quenby et al., 2021). Despite its profound effects on women’s wellbeing, miscarriage,
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especially in the first trimester, remains socially trivialised and stigmatised (Coomarasamy
et al., 2021). Higher age likewise increases the risk of infertility, reduces the likelihood of
natural conception (Dunson et al., 2002; Evers, 2002) and lowers the success rates in
assisted reproductive technology (ART) treatments (Habbema et al., 2015). Almost
one in five women in high-income countries experiences infertility at some point in
her reproductive life (WHO, 2023). These developments have stimulated a new strand
of research that examines the “side effects” of late and low fertility by looking at phys-
iological determinants of fertility and their associations with reproductive outcomes
(e.g. Aitken, 2024).

At the same time, experiences such as infertility, miscarriage and abortion have received
attention within theoretical frameworks concerned with gender and social inequalities in
reproduction (e.g. Colen, 1986; Culley et al., 2009), and the reproductive load shouldered
predominantly by women (e.g. Johnson et al., 2018; Minello, 2025). This literature emp-
hasises that the burdens and risks of reproduction – psychological, physical, social and
economic – should not be reduced to the number of deliveries, and that these burdens
are unevenly distributed across social groups. Bringing the bio-demographic and sociolog-
ical perspectives together creates an opportunity to better understand women’s reproductive
patterns in demographic contexts with late and low fertility.

At the aggregate level, research has largely focused on the contribution of ART to overall
fertility and on its potential to counteract the effects of postponed childbearing (Hoorens
et al., 2007; Leridon and Slama, 2008; Habbema et al., 2009; Tierney, 2022; Lazzari et al.,
2023). At the micro level, family demography typically examines infertility, miscarriage/
stillbirth or abortion as separate and largely unrelated reproductive experiences. Much of
this work concentrates on the prevalence and risk factors of one specific type of reproduc-
tive experience (e.g. Helström et al., 2003; Väisänen and Murphy, 2014; Compans and
Väisänen, 2025). Fewer studies investigate the consequences of such adverse experiences
for individuals’ subsequent life courses in other domains, such as union dissolution,
employment and wellbeing (e.g. Shreffler et al., 2011; Huss, 2021; Huss and Kaiser, 2021;
Minkus and Drobnic, 2021; McQuillan et al., 2022). Only rather recently have fertility
researchers begun to examine how reproductive experiences that do not lead to a live birth
shape subsequent fertility intentions and behaviour (Shreffler et al., 2016; Beaujouan et al.,
2019; Erato et al., 2022; Beringer and Milewski, 2024; Greil et al., 2024).

Johnson et al. (2018, 2023) describe current fertility research as a fragmented landscape
in which studies focus either on the “outcome” of birth or fertility barriers like infertility,
but rarely on their interrelatedness. They call for an integrative research agenda capable of
capturing the reproductive load carried by women and offering a more comprehensive
understanding of fertility behaviour. Their concept of the “reproductive career” offers an
alternative perspective that views births, infertility and other reproductive experiences as
interlinked life course events. Empirical applications of this perspective, however, remain
limited, and a deeper understanding of the interrelations between disruptive reproductive
experiences and fertility outcomes still needs to be developed.

Our study contributes to this emerging empirical literature by proposing an analytical
framework of adverse reproductive experiences (ARE) that re-integrates infertility, miscar-
riage and abortion into demographic analyses of fertility. We use the term ARE to denote
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events that interrupt, prevent or terminate the progression to a live birth. We argue that
grouping these three types of experiences is analytically meaningful because each consti-
tutes a departure from the intended or potential reproductive trajectory and has potential
implications for subsequent behaviour and outcomes. While infertility and miscarriage
are involuntary biological barriers to reproduction, abortion differs in that it involves an
element of decision-making. However, abortion – like other ARE – marks a disruption
in the reproductive process: it may influence later reproductive behaviour; shape the timing,
spacing or likelihood of subsequent births; and often leaves physical, psychological and
social “traces” in a woman’s life course (Huss, 2021). Investigating abortion alongside
infertility and miscarriage thus allows us to capture a fuller range of disruptions or reorien-
tations in the reproductive phase. Studying ARE in this integrated way is important because
these events may help to explain observed fertility patterns, changes in these patterns over
time, differences between social groups and the persistent gap between women’s desired
and realised number of children.

Conceptually, our approach builds on the reproductive career perspective (Johnson
et al., 2018, 2023). It also reconnects to the classic framework of proximate fertility deter-
minants (Davis and Blake, 1956; Bongaarts, 1978, 2015), which originally emphasised
reproductive barriers in addition to social factors as determinants of birth patterns. In sub-
sequent theoretical frameworks and empirical studies, however, this focus has largely
receded, in part because of the scarcity of reliable data on ARE, and in part because of the
increasing emphasis on socioeconomic, cultural and policy-related determinants of fertility.
By revisiting this earlier insight, our framework highlights how infertility, miscarriage and
abortion are associated with birth outcomes.

Empirically, Germany serves as our study case. The setting is characterised by persistent
late and low fertility, high rates of childlessness and pronounced social group differences
in fertility (Bujard et al., 2022). We use a subsample of 1862 female respondents of the
German family panel pairfam who participated in 11 consecutive waves covering the
calendar period from 2008 to 2020. We follow three birth cohorts through 10 years of their
reproductive ages. We integrate infertility, miscarriages, abortions and births into analyses
of reproductive patterns. Our first research question is: What are the reproductive patterns
with respect to ARE and births across the life course? To account for the well-documented
age-related decline in fertility, we use age as our main stratifying variable. Given that fer-
tility is socially stratified and that the reproductive load is unequally distributed across
social groups, our second research question is: How do social inequalities moderate the
associations between age, ARE and births?

Background

In this section, we review how theoretical approaches contribute to our understanding of
ARE and birth outcomes. On the macro level, Davis and Blake (1956) laid the foundation
with their framework on social structure and fertility, which aimed to explain fertility
variation across countries and historical eras, from pre-industrial societies to modern socie-
ties undergoing the (first) demographic transition. They conceptualised reproduction as
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proceeding in three steps – sexual intercourse, conception and gestation/parturition – and
identified 11 intermediate physiological variables affecting these steps. Among these were
infecundity and foetal mortality, which they distinguished as voluntary (induced abortion)
or involuntary (miscarriage, stillbirth). Davis and Blake were the first to integrate such
physiological processes into a systematic framework for understanding fertility variation
across space and place as the outcome of the reproductive process.

Bongaarts (1978) built on this foundation and introduced the concept of proximate deter-
minants of fertility, focusing on the behavioural and biological factors that directly influ-
ence fertility outcomes. In his formulation, the original 11 intermediate variables were
reduced to four main driving forces, including induced abortion, while miscarriage was
excluded. Miscarriage is largely perceived as uncontrollable due to chromosomal errors
leading to embryo rejection (Brosens et al., 2022), in contrast to the successes of modern
medicine in reducing infant and child mortality. The relevance of infertility was at least
disputed (e.g. Stover, 1998). However, later on, infertility was reduced to postpartum infe-
cundability because sterility levels were perceived as low and, like miscarriage, irrelevant
for explaining cross-country variation (Bongaarts, 2015).

As a result, contemporary fertility theories in ageing societies have tended towards
an isolated event perspective in which births are treated primarily as outcomes of social
processes, socioeconomic conditions and cultural factors. The most prominent of these
theories – i.e. the second demographic transition theory (van de Kaa, 1987; Lesthaeghe
and Surkyn, 1988; Lesthaeghe, 1995) and its recent extensions – emphasises the dissocia-
tion of marriage (or union formation more generally), sexual intercourse (or sexual orien-
tation and gender identity more generally) and conception (Peri-Rotem, 2025). Broader
societal modernisation processes, like continuing changes in values and gender roles,
and socioeconomic changes are seen as contributing to the postponement of births. Higher
maternal age is recognised as a risk factor only insofar as it shortens the reproductive
window, potentially reducing the number of births.

One potential reason for the marginalisation of ARE in demographic theory and empiri-
cal research is the scarcity and inconsistency of available data. Miscarriages are often unre-
ported or recorded only when medically attended. While infertility can be captured through
self-reports or clinical diagnoses, it is often the case that neither of these potential data sour-
ces is available. Induced abortions are documented unevenly across countries due to legal,
institutional and political factors (e.g. Sedgh et al., 2016). As a result, reliable population-
level data or survey data that capture the wider spectrum of reproductive experiences are
rare, fragmented and difficult to compare across settings.

Nevertheless, a few individual-level studies suggest that ARE may contribute to the gap
between intended and realised fertility and to high levels of childlessness in Europe
(Sobotka and Beaujouan, 2018; Beaujouan and Berghammer, 2019). For example, Greil
et al. (2024) showed that experiences of perceived infertility are associated with variation
in subsequent fertility: some women with infertility have fewer children, while others have
more, highlighting the need to consider interactions among different types of ARE. Mis-
carriage, particularly recurrent miscarriage, is associated with increased risks in subsequent
pregnancies, such as pre-term birth, foetal growth restriction, placental complications and
stillbirth, as well as longer-term health consequences (Quenby et al., 2021;Wu et al., 2022).
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The level of distress women experience following miscarriage or stillbirth depends on fac-
tors such as their pregnancy planning, the timing of the loss, their history of infertility and
their subsequent live births (Shreffler et al., 2011). Miscarriage and the accompanying dis-
tress and psychological adjustments also influence women’s fertility ideals and long-term
goals. Empirical evidence suggests that after a miscarriage, the desired number of children
declines (Beringer and Milewski, 2024 for Germany), but the importance of motherhood
also increases (Erato et al., 2022 for the US).

By contrast, abortion does not show a strong age gradient and is more closely associated
with limiting childbearing or adjusting the timing and spacing of births, rather than repre-
senting a physiological barrier. Socioeconomic concerns are often cited as reasons for hav-
ing an abortion (Chae et al., 2017), while attitudes towards abortion in Europe tend to be
more accepting when the reasons for the abortion are medical rather than social (Milewski
and Carol, 2018). Medically induced abortions may increase with higher maternal age or
follow assisted conceptions (Edozien, 1998; ESHRE, 2017). Overall, the limited number of
empirical studies on ARE at the individual level highlights the need for greater consider-
ation of ARE in demographic fertility research. In particular, the interrelations among ARE
and of ARE with births deserve more attention.

To address this gap, Johnson et al. (2018, 2023) introduced the concept of “reproductive
careers”, which proposes that all reproductive events are embedded in and contribute to a
larger reproductive pathway in the life course. This notion aligns with the concepts of
“sequences” and “trajectories” in the life course framework (Giele and Elder, 1998). Unlike
life events that mark transitions between stages (i.e. a birth), such fertility barriers
(e.g. infertility, miscarriage and abortion) represent non-transitions, as they do not move
individuals between life stages (note: for this reason, we speak in our framework of expe-
riences rather than of events). The reproductive career concept captures the duration of
biological and social reproductive processes (the span during which individuals or couples
pursue family formation), and the interconnected nature of past, present and future repro-
ductive experiences, attitudes and behaviours.

By considering the frequency (“density”) and types (“complexity”) of reproductive
experiences, this perspective allows researchers to describe the reproductive load across
the life course (Johnson et al., 2018, 2023). For example, a person who experienced one
miscarriage and two births would have a density of three events and a complexity of
two event types. Another person with one birth and two abortions would also have a density
of three events and a complexity of two event types. With these measures, their framework
is also useful for examining how reproductive experiences accumulate differently across
social groups. Johnson et al. (2023) found that Black and Hispanic women in the US,
particularly those with lower socioeconomic status or limited healthcare access, experience
denser and more complex reproductive careers – indicating a higher reproductive load –

than their more advantaged peers. However, while the reproductive careers approach
captures the total reproductive load through the integration of multiple reproductive expe-
riences and allows for group comparisons, it does not distinguish between ARE and births.
Consequently, it does not allow for an analysis of how ARE relate to birth outcomes and
whether these associations vary by age and across social groups, leaving an important gap
that our proposed framework seeks to fill.
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Before describing our analytical approach to implementing ARE in fertility studies,
we conclude the background section by outlining a set of analytical aims that guide our
empirical work. Because our study introduces a new way of integrating ARE and births
within the context of fertility ageing, these aims serve as orienting expectations, rather than
as formal hypotheses to be tested.

To address our first research question –What are the reproductive patterns with respect to
ARE and births? – we begin by describing age-specific patterns of infertility, miscarriage
and abortion. Drawing on Johnson et al. (2018), we consider the “quantity” and “complex-
ity” of reproductive experiences, focusing specifically on the three ARE central to our
framework. This allows us to observe how the accumulation and co-occurrence of ARE
vary between different age groups. In a second step, and reconnecting to Davis and Blake
(1956) and Bongaarts (1978, 2015), we examine how ARE relate to births within indivi-
duals. By distinguishing four types of reproductive patterns, based on whether women
reported any ARE and/or any birth, we explore how the combination of ARE and births
varies across age. Our second research question – How do social inequalities moderate
the associations between age, ARE and births? – builds on the concept of “stratified repro-
duction” (Colen, 1986), which describes marginalising processes in reproductive and peri-
natal health among less privileged groups, including amongmigrant women, which are also
documented in Europe (e.g. Väisänen et al., 2022; Milewski et al., 2025). Using education
and migration background as indicators of social stratification, we examine how the distri-
bution and combination of ARE and births differ across social groups. Rather than predic-
ting the effects of social risk factors, our aim is to explore how social inequalities moderate
age patterns of reproductive experiences.

Empirical material

Study context, data and sample

Our study context is Germany, which makes a good case study for several reasons. The
country exhibits various characteristics associated with fertility ageing. It has a long-
standing low fertility rate. At over 20%, Germany has a high rate of childlessness. Themean
age at childbearing is rather high (31.8 years), and it is still rising (Destatis, 2026a). The
share of women with perceived infertility is estimated at about 6% (Passet-Wittig et al.,
2020). The societal climate allows for a direct question about induced abortion to be asked
in a family demographic survey. Germany’s legal context regarding abortion appears to be
somewhat mixed, as the country has relatively liberal regulations concerning the reasons for
abortion, but rather restrictive conditions in practice. The total number of abortions per year
registered in national statistics is about 106,000, corresponding to a rate of about 62 per
10,000 women (Destatis, 2026b). There are differences in fertility quantum and timing
based on social determinants, such as differences by education and between majority
and migrant subpopulations (Bujard et al., 2022). Germany has been a major destination
for migrants in western Europe for decades. Immigrants and their descendants make up
about 30% of the population as of 2023. Among younger adults aged 20 to 45, i.e. those
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of reproductive age, the share of immigrants or their descendants is increasing. Socioeco-
nomic characteristics, such as education and income, vary widely between non-migrants
and the various migrant groups (Grigoriev & Körner, 2024).

We use data from the German family panel pairfam, release 12.0 (Huinink et al., 2011;
Brüderl et al., 2021a). The survey started in 2008/09 with a nationwide representative
sample of 12,402 women and men from three birth cohorts (1991–1993, 1981–1983,
1971–1973) who were aged 15–17, 25–27 and 35–37 years, respectively, upon their first
interview. Data were collected yearly using computer-assisted personal interviews. We fur-
ther employ data from DemoDiff, a complementary panel survey of 1489 East Germans
from the two older birth cohorts. As the DemoDiff study started one year after pairfam
(i.e. 2009/10), DemoDiff wave 1 is matched to pairfam wave 2, and so on. From wave
5 onwards, DemoDiff was fully integrated into pairfam. We do not use data from the pair-
fam refreshment sample or from cohort 4 (children) because they were not implemented
until wave 11 (2018/19). The full merged data set consists of 83,695 observations from
13,891 respondents.

In our study, we compare the reproductive experiences (RE) of women included in pair-
fam and DemoDiff in a 10-year observation window, i.e. the calendar period from 2008 to
2020. All men were omitted from the sample, leaving 7129 women (42,153 observations).
Pairfam data contribute to all three age groups, while DemoDiff data contribute only to the
two older age groups. The time period differs slightly for participants from the Demodiff
study because it started one year later (see Table 1 for an overview of the sample structure

Table  Sample structure, by age group

Survey
wave

Calendar
years1

Pairfam DemoDiff (subsample)

Age
year

Cohort 1 Cohort 2 Cohort 3

Age
year

Cohort 2 Cohort 3

(born
1991–93)

(born
1981–83)

(born
1971–73)

(born
1981–83)

(born
1971–73)

1 2008/09 0 to 1 15 to 17 25 to 27 35 to 37

2 2009/10 1 to 2 16 to 18 26 to 28 36 to 38 0 to 1 26 to 28 36 to 38

3 2010/11 2 to 3 17 to 19 27 to 29 37 to 39 1 to 2 27 to 29 37 to 39

4 2011/12 3 to 4 18 to 20 28 to 30 38 to 40 2 to 3 28 to 30 38 to 40

5 2012/13 4 to 5 19 to 21 29 to 31 39 to 41 3 to 4 29 to 31 39 to 41

6 2013/14 5 to 6 20 to 22 30 to 32 40 to 42 4 to 5 30 to 32 40 to 42

7 2014/15 6 to 7 21 to 23 31 to 33 41 to 43 5 to 6 31 to 33 41 to 43

8 2015/16 7 to 8 22 to 24 32 to 34 42 to 44 6 to 7 32 to 34 42 to 44

9 2016/17 8 to 9 23 to 25 33 to 35 43 to 45 7 to 8 33 to 35 43 to 45

10 2017/18 9 to 10 24 to 26 34 to 36 44 to 46 8 to 9 34 to 36 44 to 46

11 2018/19 25 to 27 35 to 37 45 to 47 9 to 10 35 to 37 45 to 47

12 2019/20 36 to 38 46 to 48
1Data collection in pairfam took place from October of one year to May of the next year.
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by age group). As our aim is to cover RE in a complete 10-year observation window,
we include only those women who participated in 11 waves. The exclusion of women
who participated in fewer than 11 waves reduced the sample to 1863 women. In addition,
one case was dropped because the individual did not provide information on abortions and
miscarriages in any of the waves. Our analytical sample thus consists of 1862 women
(20,493 observations).

The distribution of respondents by age group is as follows: The youngest age group, who
were aged 15–17 at the start and aged 25–27 at the end of the observation window, make up
about 26% of our sample. The second age group, who were aged 25–28 at the start and aged
35–38 at the end of the observation window, account for about 33% of our sample. Finally,
around 41% of the observations come from the oldest age group, who were aged 35–38 at
the start and aged 45–48 at the end of the observation window. By including RE occurring
among three birth cohort groups in our sample in three 10-year age segments, we gain a
picture of the full reproductive life span of women from age 15 to age 48. As the three age
groups spent their 10-year segments in the same calendar time, they experienced similar
period effects, which supersedes controlling for calendar period.

Measures of adverse reproductive experiences and births

We consider miscarriage, infertility, abortion and births as RE. For the analysis, we use
aggregate indicators to describe whether women reported any of these experiences and
the number of times each occurred. The information is derived from the data collected
in each panel wave. Therefore, we describe in this section for each type of RE how they
were surveyed and operationalised before they were aggregated, which is then described
in the Independent variables section on methods. Table 2 provides the prevalence for all
four types of RE by age group.

Note: In the pairfam survey, the module on “Sexuality and contraception”, which con-
tains all three ARE we use, was asked in CASI mode (computer assisted self-interview), as
these are sensitive questions. Therefore, the risk of bias due to interviewer presence or social
desirability should be considerably reduced compared to interviews conducted solely in
face-to-face mode. It is also noteworthy that the questions were asked in each wave, which
should minimise the recall bias.

Information on miscarriage and abortion is based on two questions asking the re-
spondent whether each was experienced in the time since the last interview (starting in
wave 2 for the main pairfam sample and in wave 3 for the DemoDiff subsample). Both
questions were posed to all women who ever had sexual intercourse. Women who repor-
ted that they never had intercourse were grouped as not having had any miscarriage or
abortion in that year. We calculate a prevalence in our 10-year observation window by
using the information from waves w2 to w11, corresponding to the age years at t1 to t10.
The exact number of times a miscarriage and/or an abortion occurred between the waves
is unknown. We count each wave in which a miscarriage and/or an abortion was repor-
ted as one of these ARE. Thus, our measures of the frequency of miscarriage and of
abortion are likely conservative.
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Perception of infertility is based on two questions in which the respondents were asked to
assess their own and – if they had a partner – the partner’s “ability to conceive” (women) or
“procreate naturally” (men). The questions were asked fromwave 1 onwards and referred to
the time at interview. Therefore, we used the information on infertility in waves w1 to w10,
corresponding to our age observation window t1 to t10. In addition, we were faced with
some situations in the data that required us to make decisions. These situations resulted
mainly from the filtering in the pairfam questionnaire or from changes in the survey design
and are described below:

• Women who were pregnant at the time of the interview were not asked about their own
and their partner’s infertility in this wave, assuming that they were fertile. Hence, we
categorised these women and their partner as fertile in the respective year. We have
no information on whether the pregnancies occurred with or without medical help.
However, considering the still low share of children conceived with assisted reproduc-
tive technology, assuming that these women were fertile seems reasonable.

Table  Frequency of reproductive experiences in 10 consecutive years (%)

15–27 years 25–38 years 35–48 years Total

lb ub lb ub lb ub lb ub

Number of times infertility mentioned

0 92.5 76.0 76.5 64.4 55.8 46.1 72.1 59.9

1 5.2 14.6 8.4 12.2 9.3 11.8 7.9 12.7

2 1.7 3.8 4.7 7.7 5.4 6.6 4.2 6.2

3 0.4 4.0 2.6 4.0 3.9 4.7 2.6 4.3

4+ 0.2 1.7 7.9 11.6 25.6 30.8 13.2 16.9

Number of miscarriages

0 92.9 89.4 87.0 83.3 93.3 87.3 91.1 86.5

1 4.4 6.9 10.0 12.9 4.3 7.7 6.2 9.2

2+ 2.7 3.8 3.1 3.9 2.4 5.0 2.7 4.3

Number of abortions

0 95.0 91.2 92.4 88.7 96.5 90.2 94.7 90.0

1 4.2 6.7 5.8 8.4 2.8 6.4 4.1 7.1

2+ 0.8 2.1 1.8 2.9 0.8 3.4 1.1 2.9

Number of live births1

0 85.6 37.2 82.0 68.0

1 10.6 32.5 14.8 19.7

2+ 3.8 30.3 3.1 12.4

N 479 621 762 1862

% 25.7 33.4 40.9 100

Notes: Calculations based on: pairfam waves 1–12 (2009–2020). lb = lower bound, ub = upper bound.
1There is no lower and upper bound for the number of live births.
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• Women who mentioned that they themselves or their current partner were sterilised
were not asked about their perceived infertility. We grouped women as infertile in
the year when they first mentioned their own sterilisation and in all waves thereafter
as they were no longer able to conceive. Women who mentioned that their current
partner was sterilised were only grouped as infertile in that year. It should be noted
that pairfam data do not allow us to identify the year of sterilisation because in
waves 1 to 7, sterilisation was mentioned only as a method of contraception, and
only respondents who reported currently using contraception were asked about it.
However, people who are sterilised may not consider themselves as contracepting.
Starting in wave 8, a separate question on sterilisation status was posed to all
respondents.

• The questions on perceived infertility were only posed to women aged 21 and
older, presumably because it was assumed that younger women were fertile or,
if asked, would not know whether they were fertile because they had not yet tried
to conceive. Thus, women under age 21, and their partner (if they had one), were
grouped as fertile.

• Women who reported that they had finished menopause were not asked about their
own and their partner’s infertility; we treated them as infertile.

• In waves 2 and 3, preloaded information was used in pairfam and women who had
mentioned being infertile in the previous wave were not asked again, as it was assumed
that they were sterile. These cases were grouped as infertile in the wave(s) with missing
information.

However, all these coding decisions did not affect the question of whether a respondent
was ever infertile (which was captured in our aggregate measure of the complexity of ARE);
it affected only its frequency (which was captured in our measure of the quantity of ARE)
(see Independent variables section).

Information on a woman’s infertility and the infertility of her partner (if she had one)
was combined to a couple indicator. Infertility (1) was assigned if infertility was perceived
for at least one partner, while fertility (0) was assigned if the woman or both partners were
perceived as fertile. Note: Using the available data in pairfam to define the start and the end
of infertility was hardly possible for individuals. In many cases, individuals underwent a
gradual process starting with the suspicion that they had fertility problems and leading to
the recognition that they were infertile. The subsequent process of getting a diagnosis and
perhaps receiving treatment may have spanned (at least) several months. For some indi-
viduals, infertility may have been temporary, while for others it would have been a recur-
rent experience (Passet-Wittig et al., 2020). In order to account for the relatively long time
dimension of these processes, we count each wave in which infertility was reported as one.

Our fourth indicator of RE is the number of births. It includes all children born reported
by women in waves w2 to w11 for the previous year, i.e. our observation window t1 to t10.
Note that the number of live births does not necessarily reflect the number of pregnancies/
deliveries, as women may have had twins or multiples. In such cases, we count each child
born as one birth.

10 Nadja Milewski and Jasmin Passet-Wittig

https://doi.org/10.1553/p-3fdh-k3g2



Accounting for uncertainty

Questions on ARE in surveys are not only sensitive, and therefore vulnerable to social
desirability bias; they also involve a substantial degree of subjectivity and uncertainty.
Infertility and miscarriage, in particular, are experiences that women may define or
interpret differently. A common strategy to detect under- or overestimation in survey
data is to compare reported prevalence with official statistics. In our case, however,
administrative sources or register data do not constitute a more reliable benchmark
because they capture only cases that enter the medical system. For both infertility
and miscarriage, a considerable share of affected women may never seek medical care,
especially when treatment is not required. Moreover, our aim extends beyond documen-
ting “strictly medical” events. We seek to capture the broader experience of reproduc-
tive barriers, interruptions and disruptions, recognising that women’s subjective
perceptions of these events are central to their wellbeing and decision-making (Minello,
2025).

At the same time, we acknowledge that respondents may have felt uncertain about how
to classify their own experiences. For example, if a woman did not seek medical care for
an early pregnancy loss, she may have questioned whether it should be considered a
miscarriage. Similarly, without a formal diagnosis, she may have hesitated to label her
difficulties conceiving as infertility. To account for this, we incorporated response
categories that explicitly captured uncertainty and included them in our analyses, i.e. “don’t
know” or “I don’t want to answer that”.

Common approaches for dealing with such non-substantive answers or item non-
response are listwise deletion or some kind of imputation, including multiple imputation
(Young, 2012). However, listwise deletion because of non-substantive responses on one
ARE would most likely result in a considerable loss of information, also with respect to
other ARE and births. Imputation approaches require assumptions of the researcher about
the true value that could be more or less realistic. These assumptions are then applied to all
cases with missing values. Our approach, however, is based on the premise that in the case
of very sensitive questions such as those on ARE, non-substantive responses are informa-
tive. We assume that “don’t know” and “I don’t want to answer that” offer the respondents
the option to avoid saying “yes”when “no”would have been wrong (Milewski et al., 2025).
Interpreted in this way, such non-substantive answers can be used to create a range of
results, i.e. a lower and an upper bound, in a situation where the true prevalence is not
known, but it is expected to be in that range. A similar approach has been applied previously
(Milewski et al., 2025). For the lower bound, we assumed that all women with non-
substantive responses did not have such an experience and assigned a value of zero. For
the upper bound, we assumed that women did have this experience and assigned a value
of one.1

1 Non-substantive responses here include “don’t know” and “I don’t want to answer that”, as well as a very few cases with a filter
error/incorrect entry. The lower and the upper bound were imputed for 124 observations with item non-response on abortion,
159 observations with item non-response on miscarriages and 787 observations with item non-response on own infertility,
as well as for 506 observations with item non-response on partner’s infertility.
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In the total sample, the share of women who reported having an abortion in the 10-year
period ranges from 5.3% to 10.0%. The estimated share of women who experienced a mis-
carriage in 10 years is between 8.9% and 13.5%. The range for infertility is from 27.9% to
40.1% in the full sample (see Table 2).

Independent variables

Knowing the number of children women had at the beginning of the observation window
is important for understanding their subsequent reproductive experiences. Therefore, we
constructed a measure indicating women’s parity at t0. The variable captures biological
children in categories (none/one/two or more children) born prior to the respective 10-year
observation window. The women in the youngest cohort, who were 15–17 years old at their
first observation, were all childless at t0. In the middle group, aged 25–28 at t0, the share of
women who were childless at t0 was about 61%. Among the women in the oldest group,
aged 35–38 at t0, the share who were childless was about 20% (see Table 3 for a description
of the sample using all independent variables). We used the indicator for parity at t0 as a
control in the multivariable models. In addition, we carried out an analysis only on the
women who were childless at t0.

For themultivariable analysis, we constructed two socioeconomic determinants. Level of
education reflects the status at the beginning of the observation window (t0); it is based on a
revised version of the International Standard Classification of Education (ISCED) provided

Table  Independent variables by age group

15–27 years 25–38 years 35–48 years Total

% N % N % N % N

Parity (t0)

No child 100.0 479 61.2 380 20.1 153 54.4 1,012

1 child 0.0 0 25.4 158 28.1 214 20.0 372

2+ children 0.0 0 13.4 83 51.8 395 25.7 478

Level of education (t0)

≤lower secondary 37.0 177 8.1 50 6.8 52 15.0 279

Higher secondary + 63.0 302 91.9 571 93.2 710 85.0 1,583

Migrant generation

Non-migrant 81.0 388 80.0 497 76.8 585 78.9 1,470

1st generation migrant 4.6 22 11.6 72 9.3 71 8.9 165

2nd generation migrant 12.5 60 5.3 33 11.0 84 9.5 177

Missing value 1.9 9 3.1 19 2.9 22 2.7 50

N 25.7 479 33.4 621 40.9 762 100 1862

Notes: Calculations based on: pairfam waves 1–12 (2009–2020).
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in the pairfam dataset, whereby respondents who were currently enrolled were assumed to
have completed their education and were assigned the corresponding degree (see Brüderl
et al., 2021b). We use a two-category indicator, which differentiates between women with
lower secondary education or lower schooling (ISCED 1–3) and women with at least
higher secondary education (ISCED 4–8). Eleven women with missing information on
level of education were grouped together with women with lower education. The share of
women with higher education in our sample is considerably larger in the two older age
groups than in the youngest one. In order to account for migrant background, we construc-
ted an indicator for migrant generation based on the generated variable migstatus provided
in the data set. We distinguish between the first migrant generation, consisting of indivi-
duals who were born abroad and whose parents were born abroad; the second migrant
generation, consisting of the children of migrants who were born in Germany; and non-
migrant German-born women. The share of migrant women varies across age groups.
Overall, about 19% of the sample are migrant women with only minor differences between
the age groups.

Methods

While Table 2 displays the frequency of each ARE by age group, Table 4 provides a
description of the pairwise overlapping of the four types of RE in the full sample. This
gives us a first impression of to what extent women reported a combination of distinct
types of RE. For instance, of the women who reported having at least one miscarriage,
about 13% also reported having an abortion, about 33% indicated that they had infertility
and about 66% said that they had one or more births in the 10-year observation window
(using the lower bound). Table 4 highlights the heterogeneity in women’s reproductive
experiences with regard to the combinations of ARE and their interrelation with births.

In order to capture these different aspects of heterogeneity of RE, we proceed in
three steps:

Table  Pairwise overlapping of four types of reproductive experiences in 10 consecutive years (%)1

Infertility Miscarriage Abortion Birth

lb ub lb ub lb ub lb ub

% % % % % % % %

Infertility - - 10.6 17.3 ** 6.7 15.1 ** 31.0 ** 28.5

Miscarriage 33.1 51.2 ** - - 13.3 ** 39.3 ** 65.7 ** 52.0 **

Abortion 35.7 60.4 ** 22.5 ** 52.9 ** - - 41.8 * 32.1

Birth 27.0 35.7 ** 18.3 ** 22.0 ** 6.9 * 10.1 - -

Notes: Calculations based on: pairfam waves 1–12 (2009–2020). N = 1862 women. lb = lower bound, ub = upper
bound. Stars denote results from chi2 test of correlation: **p = 0.01, *p = 0.05.
1For respondents from the pairfam sample, the corresponding calendar years are 2008/09–2018/19, while for
respondents from the Demodiff sample, the corresponding calendar years are 2009/10–2019/20.
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First, we look at the “quantitative dimension” of ARE, i.e. miscarriage, abortion and
infertility, by summing up the number of times each of them was reported. This procedure
is similar to that suggested by Johnson et al. (2018), but excludes births:

QuantityARE = #miscarriagesþ #abortions

þ #infertility ðwith values ranging from 0 to 15Þ:
Second, we are interested in the “qualitative dimension” of these experiences, i.e. how

many types of these ARE occurred in the observation window. We define complexity of
ARE as the sum of distinct types, i.e. miscarriage, abortion and infertility. We count each
type as one, independently of the number of waves in which it was reported. This approach
bears similarities to that of Johnson et al. (2018) with respect to summing up the occurrence
of each type. Our approach differs from theirs by not further differentiating the intendedness
of pregnancies, and we do not include births in the measure of complexity because our
measure of complexity refers only to ARE:

ComplexityARE =miscarriage þ abortion þ infertility ðwith values ranging from 1 to 3Þ:

Third, we relate the complexity of ARE to having a birth. This is different from Johnson
et al. (2018) but connects to the framework of the proximate determinants of fertility (Davis
and Blake, 1956; Bongaarts, 1978). Table 5 shows the frequency and share of eight empiri-
cal variations of complexity of ARE in relation to also having a birth. Out of the eight com-
plexity patterns, the women in the groupwithout anyARE have a chance of having a birth of
between 29% in the lower bound and 30% in the upper bound. The women with the highest
chance of having a birth are those who reported only experiencing miscarriage, as their

Table  Combinations of infertility, miscarriage and abortion, and shares with live births in 10 consecutive years1

Lower bound Upper bound

Combinations of ARE N %
% with

live births N %
% with

live births

Infertility 439 23.6 27.1 575 30.9 25.4

Miscarriage 99 5.3 70.7 94 5.1 71.3

Abortion 51 2.7 39.2 45 2.4 40.0

Infertility and abortion 25 1.3 40.0 43 2.3 34.9

Miscarriage and abortion 12 0.6 58.3 29 1.6 41.4

Miscarriage and infertility 45 2.4 62.2 59 3.2 62.7

Infertility and miscarriage and abortion 10 0.5 40.0 70 3.8 21.4

None 1181 63.4 28.6 947 50.9 30.2

Total 1862 100 32.0 1862 100

Notes: Calculations are based on: pairfam waves 1–12 (2009–2020). Combinations of infertility, miscarriage and
abortion reflect whether women have ever experienced none, one, two or all types of events.
1For respondents from the pairfam sample, the corresponding calendar years are 2008/09–2018/19, while for
respondents from the Demodiff sample, the corresponding calendar years are 2009/10–2019/20.

14 Nadja Milewski and Jasmin Passet-Wittig

https://doi.org/10.1553/p-3fdh-k3g2



probability of having a birth is about 71% in the lower and the upper bound. The women
who experienced miscarriage and infertility have the next-highest chance of having a birth,
of between 62% and 63% (lower and upper bound).

While Table 5 suggests overall heterogeneity in RE in our sample, it also becomes clear
that we need to combine the three types of ARE due to small sample sizes for individual
ARE and combinations. We construct an indicator for the reproductive pattern capturing
whether any ARE and any births were reported in the 10-year observations window.

Our indicator of reproductive pattern across 10 years has the following four categories:

(1) adverse experience/no birth;
(2) adverse experience/birth;
(3) no adverse experience/no birth;
(4) no adverse experience/birth.

We use the reproductive pattern variable as the outcome in multivariable regression
models. As the four categories are not ordered, we can estimate multinomial regression
models to assess group differences in reproductive patterns with age group as the main
predictor. In the base model, we control for parity at t0 (M1). In the second model,
we add migrant generation and education at t0 (M2). Note: We use parity at t0, migrant
generation and education at t0 primarily as moderators for the main association of interest,
i.e. between age and reproductive patterns. Previous research demonstrates significant var-
iation in the quantity and the timing of fertility between and within these social groups
(Bujard et al., 2022; Milewski and Adserà, 2023). Thus, women belonging to different
social groups may be in different life course stages when observed in the same age group.

We carry out all described steps for the analytical sample once using the lower bound and
once using the upper bound. Thus, all results will be described as a range rather than as a
point estimate, based on the assumption that the true value lies somewhere between the
lower and the upper bound. We believe that this procedure is appropriate especially for
research topics like this one, which are associated with sensitivity and uncertainty. To dis-
play the results, average marginal effects (AME) are shown. In contrast to coefficients and
relative risk ratios, AME can be interpreted as predicted probabilities. Stata/SE 19.0 was
used for all analyses.

Data limitations and robustness

Ideally, we would have data covering the complete reproductive life course of about
30 years for each woman, from age 15 onwards, covering all types of ARE and births.
However, we are not aware of recent data that are available for our research purposes
in Germany. Our demands on the data are rather large, in particular with respect to the
ARE. The frequency of the three types of ARE is relatively low compared to that of births.
Therefore, we would actually need a large data source, such as register data. It is, however,
likely that the three types of ARE are under-recorded in such data or national statistics.
Like in the case of miscarriage, not every affected individual will need or seek treatment.

Reproductive disruptions in fertility research 15

https://doi.org/10.1553/p-3fdh-k3g2



Moreover, some individuals who are infertile may have a feeling that they cannot have a
child but have not (yet) received a diagnosis. Although such cases would not be recognised
in, for example, health care data, they contribute to the lived experiences of women.

At the same time, there are some drawbacks to using survey data. Our dataset is not only
smaller than population data would be, it becomes even smaller after applying our sample
selection criteria. The decline in cases resulted mainly from our criterion that we needed 11
consecutive observations for each woman. We compared the occurrence of reproductive
experiences in the full sample (all women before our selection criteria were applied) and
in the analytical sample of women who participated in all waves (not shown, available upon
request). As would be expected, all types of reproductive experiences are mentioned
less often in the full sample than in the sample with complete cases. By using the full
sample, i.e. including incomplete cases, we would considerably underestimate the occur-
rence of reproductive experiences, including births, in the 10-year observation window.

Regarding the sociodemographic indicators, Table S.3 shows the distribution of age
groups and covariates used in the full sample and the analytical sample. For age groups,
the analytical sample has fewer women in the youngest age group and more women in the
oldest one, while the share of respondents in the middle age group is similar across samples.
For the number of children at t0, we see a lower share of women without children in the
analytical sample than in the full sample and a larger share of women with one child.
Furthermore, those women who participated in all waves, i.e. our analytical sample, have
higher education and are somewhat more likely to not have a migration background than
those in the full sample. To conclude, we believe that the level of selectivity in our analytical
sample is at most moderate, and that it represents the sociodemographic structure of the full
pairfam sample quite well. In the multivariable analyses, we use social group belonging
mainly as a control in the analysis of the association of age and reproductive pattern; thus,
we do not perceive these deviations to be problematic in terms of introducing bias into our
analysis.

In addition, we carried out all analyses for women who were childless at t0 only.
The overall results for this group are similar to those for the full sample and for mothers
(results available upon request).

Results

Quantity and complexity of ARE

Table 2 provides a descriptive overview of the quantity of the three types of ARE by age
group. For infertility, we find the expected pattern of prevalence increasing with age. In the
35–48 age group, infertility prevalence ranges from about 44% (lower bound) to 54%
(upper bound). The number of times infertility was reported increases with age, as well.
This demonstrates that infertility is a rather common experience, and that it tends to be
long-term in nature, or a recurrent condition. For miscarriage, we see a somewhat different,
inverted U-shaped age pattern (see Table 2). Up to 5% of the women in our sample reported
having a miscarriage two or more times over the 10-year period. For abortion, there is little
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variation across age groups. The quantity of ARE appears to be partially driven by our
operationalisation of infertility, because we counted each year of its reporting as one “time”
to account for the temporal nature of infertility. However, taken together, the lower frequen-
cies of miscarriage and abortion in this oldest age group, among whom infertility is also
relatively common, is indicative of the age-related decline in the probability of conceiving.
The prevalence of both infertility and miscarriage suggests that a considerable share of
women in our sample may have attempted to get pregnant and to have a child, and that this
share is highest between the mid-twenties and mid-thirties.

Table 5 displays overlapping patterns of all three types of ARE, thus accounting for
the complexity of ARE. The share of women who did not report any ARE over the 10-year
period is only about 63% in the lower bound and as low as 51% in the upper bound. In other
words: almost every second woman in this sample reported experiencing at least one of the
three ARE over 10 years. We find that 32% to 38% of the respondents experienced one type
of ARE while about 5% to 11% experienced several types of ARE over 10 years. Patterns
consisting of infertility (either with miscarriage or abortion) appear more likely than pat-
terns consisting of miscarriage and abortion.

Figure 1 shows the quantity of ARE, i.e. the sum of all reported infertility episodes,
miscarriages and abortions. We see the expected continuous increase in ARE across age
groups, with women in the 35–48 age group reporting up to three ARE over 10 years. For
the complexity of ARE, which is calculated only for the women who reported any ARE,

Figure  Average quantity of ARE, complexity of ARE and number of births in 10 consecutive years, by age
group
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no such increase can be observed by age. The average number ranges between 1.2 and 1.3,
with hardly any differences between the lower and the upper bound or between the
age groups. These slight differences may be partially attributable to statistical reasons,
e.g. we take only three distinct types of ARE into account, and two of these tend to occur
rather infrequently. Our results may also be related to the different “natures” of the ARE.
Our finding of a higher coincidence of infertility/miscarriage than of infertility/abortion and
miscarriage/abortion (see Table 5) seems plausible in a family demographic context with
widespread contraceptive use, like Germany. This may explain why the joint occurrence of
all three ARE is rare.

ARE in relation to birth

Table 5 also displays the patterns of ARE in relation to having a birth. Women who experi-
enced a miscarriage in any combination of the types of ARE were also relatively likely to
have also had a birth, with the probability ranging from about 21% to 71%, while those who
reported only having infertility had the lowest probability of having a birth, ranging from
27% to 25%. Among the respondents who reported having an abortion (with or without
experiencing other types of ARE), rather large shares also had a birth over the observation
window (ranging from roughly 21% to 58%). Note: About 38% of our sample in the 25–38
age group already had children at t0, as did as much as 80% in the 35–48 age group
(see Table 3). These two age groups likely used abortion to limit their number of children.
In the youngest age group, by contrast, abortion may have also had a fertility timing
component.

In Figure 1, we compare the quantity of ARE and births by age group. Note that the
number of ARE is at least as high as the number of births in all age groups. The quantity
of ARE increases by age. Up to their mid-twenties, women reported having less than one
ARE. At the same time – and as expected – the number of births in the observation
window was rather low, with an average of about 0.2. When using the upper bound,
women are three times as likely to have had an ARE than a birth in the youngest
age group. In the middle age group, the quantity of ARE is considerably higher, ranging
from one to 1.5. Among the women in the oldest age group, for whom the quantity of
ARE increased sharply while the number of births decreased, the number of ARE they
experienced was up to 15 times higher (upper bound) than the number of births, indi-
cating that their reproductive load was much higher than would be inferred from birth
statistics only.

Reproductive patterns

After exploring the heterogeneity of ARE, Figure 2 reduces the information to four patterns
of reproductive experiences accounting for having an ARE (or not) and a birth (or not), by
age group. Note that the estimates for the lower bound are higher than those for the upper

18 Nadja Milewski and Jasmin Passet-Wittig

https://doi.org/10.1553/p-3fdh-k3g2



bound for patterns including births. This is because patterns with ARE are more common in
the upper bound, resulting from our operationalisation.

Clearly, the age windowwith the lowest number of any reproductive experiences is up to
the mid-twenties. For this age group, 76% to 60% of our sample reported having neither
ARE nor births. The share without any RE is only 24% to 19% in the 10-year period up
to the mid-thirties, indicating that this age window has the highest reproductive load.
At the same time, the middle age group has the highest share of women who had no
ARE, but who had a birth, ranging from 39% to 32%. However, already in the middle
age group, the share of women who had both ARE and at least one birth is about four times
greater than that in the youngest age group, ranging from 24% to 30%. In the oldest age
group, the pattern of having only ARE but no births is almost as likely as that of having
no RE at all, ranging from 39% to 48%.

In the final step of our analysis, we use this variable of reproductive patterns for the
multinomial regression with age group as the main predictor. In the base model, we control
for parity at t0 (M1). In the second model, we also use migrant generation and educa-
tion (M2). Full regression tables are available in supplementary Table S2. Notably, the
association of age with reproductive pattern is virtually the same in the base model and
the model adjusting for social indicators, which is why Figure 3 shows only results from
the latter. The middle age group – from the mid-twenties to the mid-thirties – who have the
highest share of births, serves as our reference group. In multivariable analyses, this age
group has the lowest risk of having no ARE and no births, and their risk of having no births
but any type of ARE is relatively low. Compared to the middle age group, women from their
mid-thirties to mid-forties have the highest risk of having only ARE and no births, and this
risk increases from 27 percentage points to 32 percentage points. Similarly, among women
in the oldest group, the chances of having anyARE and at least one birth are decreased by 12
percentage points (lower bound) to 18 percentage points (upper bound), and their chances of

Figure  Reproductive patterns over 10 consecutive years, by age group (in %)

10
26

13 19
39

48

6

7
24

30
10

1176
60

24
19

43
34

8 7

39 32

8 7

0%

20%

40%

60%

80%

100%

Lower bound Upper bound Lower bound Upper bound Lower bound Upper bound

15–27 years 25–38 years 35–48 years

ARE/no birth ARE/birth No ARE/no birth No ARE/birth

Notes: Calculations based on: pairfam waves 1–12 (2009–2020). N = 1862 women

Reproductive disruptions in fertility research 19

https://doi.org/10.1553/p-3fdh-k3g2



having no ARE but at least one birth are even lower, ranging from minus 22 percentage
points to 27 percentage points compared to the middle age group.

The likelihood of having no reproductive experience at all is highest in the youngest age
group. But from their mid- thirties to mid-forties, women’s risk of having no RE also increa-
ses by seven percentage points to 13 percentage points, compared to the middle age group.
Many of the oldest women in our sample have finished their childbearing. Moreover, for
those who want children, their reproductive experiences are accompanied by adversity or
consist only of adverse experiences.

Finally, we turn to our second research question on the association between social strati-
fication and reproductive patterns. Supplementary material Table S1 (available online at
https://doi.org/10.1553/p-3fdh-k3g2) displays a bivariate description of the reproductive
patterns by our explanatory variables. Our multivariable results (see Figure 3) are mostly
in line with what was expected from the theoretical considerations and previous evidence on
stratified patterns in reproduction. Women with higher education have lower probabilities
of having any ARE and no births compared to women with lower education. Higher
educated women are also more likely to have no reproductive experiences at all. First-
generation migrants have a higher probability of experiencing ARE, either with or without

Figure  Results from the multinomial model of reproductive patterns, average marginal effects (95% confidence
intervals)

15–27 years
35–48 years

No child
2+ children

Higher secondary +

1st gen. migrant
2nd gen. migrant

Age group (r. 25–38 years years)

Parity at t0 (r. 1 child)

Education (r. ≤lower secondary)

Migrant gen. (r. non-migrant)

15–27 years
35–48 years

No child
2+ children

Higher secondary +

1st gen. migrant
2nd gen. migrant

Age group (r. 25–38 years years)

Parity at t0 (r. 1 child)

Education (r. ≤lower secondary)

Migrant gen. (r. non-migrant)

–.3–.2–.1 0 .1 .2 .3 .4 .5 –.3–.2–.1 0 .1 .2 .3 .4 .5

ARE/no birth ARE/birth

No ARE/no birth No ARE/birth

Lower bound Upper bound

Notes: Calculations based on: pairfam waves 1–12 (2009–2020). N = 1862 women. Results of Model 2.
r = reference group. Migrant generation (gen.) contains a category with missing values that is not displayed
(see supplementary Table S2).
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births, compared to non-migrant natives. Women of the first migrant generation also have
the lowest probability to have no RE at all, while women of the second generation do not
differ from non-migrant women in a statistically significant way. As controlling for these
variables hardly changes the main associations between age and reproductive patterns,
it appears that higher age is a primary driver of ARE and their associations with births in
our analyses. This conclusion is also supported by the rather large effect magnitudes of
higher age.

Discussion

Summary of the main findings

This study set out to advance research on late and low fertility in Europe by re-integrating
infertility, miscarriage, abortion and births into a joint analytical framework. Rather than
examining these experiences in isolation, we conceptualised them as interconnected com-
ponents of women’s reproductive life courses, drawing on the earlier frameworks of the
proximate fertility determinants and the more recent concept of reproductive careers. Using
data from 1862 female respondents in the German family panel pairfam, we estimated
the patterns of adverse reproductive experiences and their associations with births in three
10-year age segments. Germany represents a good setting for this analysis, given its per-
sistently late and low fertility, high levels of childlessness and pronounced social stratifi-
cation in fertility patterns. By examining the full spectrum of reproductive experiences in
this context, the study provides a comprehensive understanding of the heterogeneity of
women’s reproductive patterns and their variation by age.

Our analysis shows that adverse reproductive experiences are a widespread component
of women’s reproductive life courses. Within a 10-year window, 5% to 10% of respondents
reported having at least one abortion, 9% to 14% reported having at least one miscarriage
and 28% to 40% reported experiencing infertility, which clearly indicates that none of these
types of ARE are rare. To address age-specific reproductive patterns, we employed a step-
wise estimation strategy that captured both the quantity and the complexity of these expe-
riences and then related them to births. The results reveal substantial heterogeneity across
the age segments. The overall frequency of AREs is roughly three times higher after the
mid-thirties than in the preceding decade. After age 35, the ratio of AREs to births reaches
its lowest point, indicating diminishing returns on reproductive efforts as reproductive
attempts increasingly result in adverse outcomes. These developments coincide with the
well-documented cumulation of risks and side effects for the mother and the child associ-
ated with advanced maternal age.

Our analysis of social stratification adds important nuance to the interpretation of repro-
ductive patterns. Consistent with theoretical expectations and prior research on stratified
reproduction, women with higher levels of education exhibit lower probabilities of
experiencing any ARE without a birth and are more likely to report having no reproductive
events at all. First-generation migrants have elevated risks of AREs – both with and without
subsequent births – relative to non-migrants, while women in the secondmigrant generation
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occupy an intermediate position. These patterns reflect well-documented differences in
reproductive intentions, timing and constraints to reproduction across these social groups.
However, adjusting for socioeconomic and migration-related characteristics has only mini-
mal impact on the age gradient in ARE. The pronounced increase in the occurrence of
ARE after the mid-thirties remains largely unchanged and the magnitude of the age effects
is clearly greater than that of other predictors. This suggests that sociodemographic charac-
teristics may partially operate through selection into attempting reproduction, i.e. educa-
tional and migration backgrounds shape whether and when women engage in reproductive
“trying”. At the same time, lower education and having a migration background are asso-
ciated with higher risks of experiencing adverse outcomes and no births once attempts
occur. This may be indicative of economic and health disadvantages, as well as lower rates
of help-seeking or less effective medical or non-medical interventions in these groups
(Milewski et al., 2025).

Reflection

This study also has limitations that should be acknowledged. First, our measures rely on
self-reported reproductive experiences, which have elements of subjectivity and uncer-
tainty, particularly regarding early miscarriages or periods of unconfirmed infertility that
did not involve medical consultation. To address this, we explicitly included response
categories that capture uncertainty and incorporated them into the analysis rather than
omitting these cases from analyses or forcing classification. Second, while our data cannot
be cross-validated against medical or administrative records, the aim of this study is to
capture women’s lived and perceived reproductive experiences – not solely cases that
were clinically treated. In this context, personal reports are not merely a second-best sub-
stitute, but the most appropriate source for understanding how women experience, inter-
pret and act upon reproductive barriers. The prospective design of pairfam with annual
interviews further supports good recall of sensitive experiences. Third, although we
explored social inequalities as part of the analysis, this was not the central focus of
the study. Future research could examine in greater depth how education, migrant status
or belonging to an ethnic minority group, as well as other socioeconomic factors, shape
exposure to adverse reproductive experiences and their associations with births. Con-
straints related to sample size and cohort structure also limited the detail in which sub-
group patterns could be examined. We conducted several sensitivity checks to ensure
the robustness of key patterns.

Another limitation concerns the somewhat static nature of our typology. While the
10-year observation window allowed us to capture combinations of adverse reproductive
events and births over a substantial period of the reproductive life course, our typology
did not account for the timing, ordering or sequencing of these experiences. As a result,
qualitatively different trajectories, such as adverse events occurring before versus after a
(first) birth, or repeated adverse experiences followed by a later birth, were necessarily
grouped together. Such trajectories may have different meanings and implications from
a life course perspective, including potentially distinct psychological and behavioural
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consequences. However, the aim of this paper was not to model reproductive trajectories
dynamically, but to develop an analytical framework for assessing the cumulative
burden of adverse reproductive experiences in late fertility contexts. Given current data
constraints, particularly the limited number of cases for specific combinations of ARE,
more detailed sequence-based analyses would lack sufficient statistical power and risk
overinterpretation. Our approach therefore prioritised simple, analytical clarity and com-
parability across age segments, offering an aggregated view of how reproductive efforts
increasingly translate into disruptions rather than births at later ages. Future research
could apply the suggested framework to explicitly address timing, sequencing and tra-
jectory heterogeneity using larger samples or life course-based methods such as event
history or sequence analysis.

Outlook

Our study has documented the prevalence, accumulation and age gradient of adverse
reproductive experiences. Although individual findings may align with existing expec-
tations, the joint analysis of adverse reproductive experiences and births provides
insights that go beyond isolated event perspectives. In this final section, we outline the
implications of our integrated approach and highlight promising directions for future
research. Most importantly, adverse reproductive experiences should be more systemat-
ically incorporated into data collections, empirical research and theory on fertility. These
experiences appear today to be largely peripheral to demographic research on fertility.
Infertility has received growing attention and can be seen as a forerunner in re-introduc-
ing physiological and biological constraints into the study of the proximate determinants
of fertility. Our findings demonstrate that extending this perspective to include miscar-
riage and abortion is essential for a more complete understanding of reproductive behav-
iour, particularly in contexts characterised by delayed childbearing and heightened
exposure to reproductive barriers.

Along these lines, our results suggest that the commonly cited notion of “fertility post-
ponement” does not fully capture the range of reproductive experiences observed in age-
ing societies. At the individual level, postponement typically implies deliberate timing
decisions and assumes that postponed childbearing will eventually be realised. The
results point to substantial heterogeneity in reproductive processes that challenges this
assumption. The absence of a birth over a 10-year period does not necessarily indicate
a lack of reproductive activity. Many women – and their partners – may have actively
attempted to conceive but experienced only adverse reproductive events. In our sample,
a notable pattern consists of childless women who reported infertility or pregnancy loss
without any subsequent birth; in the oldest age group, this applies to up to one-quarter of
respondents. For these women, the concept of postponement appears insufficient.
Instead, their experiences are better described as forms of “fertility disruption”, as their
reproductive outcomes reflect physiological and psychological barriers rather than delib-
erate delay. This distinction raises important questions for future research, including
about how fertility “postponers” differ from those who experience fertility disruption.
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Current demographic theories of fertility predominantly emphasise social, institutional
and policy-related factors, such as gender equity, work-family reconciliation and family
support policies, while giving comparatively limited attention to biological and health-
related constraints. However, empirical evidence shows that infertility does not automati-
cally translate into having fewer children than intended, which raises questions about who
is able to compensate for infertility and under what conditions, and what role ART plays in
this context. These questions are closely linked to micro-level processes: adverse repro-
ductive experiences such as infertility or miscarriage can act as life course disruptions that
affect wellbeing and shape subsequent trajectories, e.g. through union instability, altered
partnership dynamics or a reduced willingness to pursue parenthood due to anticipated
psychological or physical burdens. At the same time, infertility and miscarriage share
many risk factors, and the use of ART may itself be intertwined with subsequent adverse
reproductive experiences, and be shaped by physiological, financial, ethical, cultural or
personal considerations.

At the macro level, our findings highlight age as a central risk factor for the occurrence
of adverse reproductive experiences and their associations with birth outcomes. While
much demographic research continues to focus on policy levers aimed at facilitating child-
bearing, a more systematic integration of reproductive barriers into fertility theory may
help to explain why such policies often have limited effects on fertility levels in late
fertility societies. Incorporating these dimensions would refine existing models of the
proximate determinants of fertility and provide a more realistic account of reproductive
decision-making under conditions of delayed childbearing. Further theoretical and empir-
ical progress in this direction critically depends on the availability of data that capture
adverse reproductive experiences. The pairfam study and recent data collections in other
European countries (Beaujouan et al., 2025; Minello, 2025) demonstrate that respondents
in demographic surveys are willing to report on these sensitive experiences and may even
value their recognition.
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