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An estimated one in four pregnancies end in a miscarriage. Miscarriage may affect fertility intentions and
worsen mental and physical health. Yet, we know little about how social inequalities affect the risk of
experiencing miscarriage, and the few existing studies show mixed results. A social gradient in the risk of
miiscarriage may be related to societal structures shaping risk factors, such as stress, bealth behaviours, and
age at pregnancy. We use the British Cobort Study (1970) to investigate whether individuals’ socioeconomic
characteristics are associated with their likelihood of self-reporting a miscarriage over the reproductive life
course. We apply a multi-level discrete-time event-history model to examine this likelihood according to
occupational social class, income, and education. Onr results are affected by the sub-population studied:
among all women, those socioeconomically more disadvantaged have a bigher risk of miscarriage at younger
ages, but the direction of the association reverses towards the end of the reproductive life span. These
differences disappear when analysing only those who self-reported a pregnancy. Methodological work tackling
misreporting of miscarriage and other pregnancy outcomes is needed for more reliable estimates. A better

understanding of this common reproductive event can belp policy mafkers improve reproductive and population
health.

Introduction

Between 12 and 25% of recognised pregnancies are lost! (Delabaere et al. 2014, Larsen et al. 2013,
Quenby et al. 2021). Despite how common miscarriages are, and their known negative impact on health
and wellbeing (Farren et al. 2020, Geller et al. 2004, Morris et al. 2015, San Lazaro Campillo et al. 2019),
relatively little is known about their risk factors, particularly when it comes to social (dis)advantage.
Genetic abnormalities, which have been estimated to account for around 45% of first miscarriages and
39% for subsequent ones (van den Berg et al. 2012), and parental health factors (such as

U Pregnancy loss means all lost conceptions, but the focus here is on miscarriage, which is a pregnancy loss after a
recognised pregnancy and before 24 weeks’ gestation (ESHRE Early Pregnancy Guideline Development Group
2017).
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metabolic/endoctinological causes including thyroid disorders and autoimmune diseases; uterine or
genetic abnormalities) cause miscarriages (Christiansen et al. 2008, Larsen et al. 2013). However, there
are likely to be social and structural processes which affect the likelihood of miscarriage via these factors
as well as via other causes, such as health behaviours. For instance, genetic abnormalities of the
embryo/foetus increase by parental age (ESHRE Eatly Pregnancy Guideline Development Group 2017)
and the age at pregnancy is linked to social status. Parental health is also affected by socioeconomic
factors.

One reason for the limited amount of research on miscarriage is the lack of high-quality data.
Miscarriages are likely to be underreported in surveys making it difficult to study the social gradient of
miscarriage as underreporting is likely to vary by social status (Lindberg & Scott 2018). We discuss some
of these difficulties in measuring miscarriage and the potential consequences of these shortcomings on
research for this topic. Thus, we discuss potential social inequalities in experiencing a miscarriage, while
highlighting the need for further methodological work. We also demonstrate the need to carefully choose
the right denominator, as the results are greatly affected by these choices.

This study uses data from the British Cohort Study 1970 (BCS70), which collected data for 17,000
people born in the United Kingdom in 1970 over repeated sweeps (University College London, UCL
Social Research Institute, Centre for Longitudinal Studies 2024). Thus, we have data on almost the entire
reproductive span of the sample. Participants are asked to report their full pregnancy history (timing and
outcome of each pregnancy) and comprehensive aspects of their socio-demographic characteristics,
health, and partnerships, enabling us to take a life course perspective and examine miscarriage through
the intersection of age and socioeconomic position. This has not been studied previously, despite age
being an important risk factor for miscarriage.

Social Inequalities in the Risk of Miscarriage

Social disadvantage is associated with many adverse reproductive health outcomes, such as gestational
diabetes, preterm birth, and neonatal death (Christian 2012, Gissler et al. 2009, Hardie & Landale 2013,
Hein et al. 2014, Jardine et al. 2021, Joseph et al. 2007), but less is known about miscarriage. To date,
studies that explore the link between social inequality and the likelihood of miscarriage provide mixed
results across and within country contexts. Many studies are conducted using non-representative or
outdated data; do not correct for any potential underreporting of miscarriage and often do not take a life
course perspective, despite the likelihood of both pregnancy and miscarriage depending strongly on the
intersections of age and socioeconomic status.

Education has been inconsistently linked with miscarriage in Europe and the USA. In Italy from
the 1970s to 1990s, no link between women’s education and the risk of miscarriage was found (Osborn
et al. 2000). However, in the early 1990s, low education was associated with a higher risk of miscarriage
in Milan (Parazzini et al. 1997) and in the early 2000s, education had an inverted U-shape relationship
with the risk of miscarriage in Italy (Caserta et al. 2015). In 1996-2002 in Denmark, low education
increased the risk of miscarriage (Norsker et al. 2012), but in 2000-2009, high education did so (Hegelund
et al. 2019). In the UK, a population-based study in 2001 found no association between education status
and miscarriage (Maconochie et al. 2007). Updated evidence is needed, given the results overall are
inconsistent and all but two of these papers are more than 15 years old.

Depending on context, #nemployment and income might be linked with miscarriage. A Danish study
found a positive association between aggregate unemployment and miscarriage rates (Bruckner et al.
2016), but did not examine the association at the individual-level. A longitudinal study between 2009 and
2022 in the UK showed an increased risk of miscarriage and stillbirth if the pregnant person or their
partner lost their employment during pregnancy (Di Nallo & Koéksal 2023), but an earlier study in the
UK found no association between unemployment and miscarriage (Maconochie et al. 2007). Studies in
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Denmark (Norsker et al. 2012) and the USA (Nguyen et al. 2019) found a link between low income and
higher risk of miscarriage.

A better understanding of such a gradient, and how it varies over time and contexts, can provide
a better understanding of this common reproductive event. Such understanding may give tools for policy

makers to improve reproductive health by tackling modifiable risk factors and structural inequalities in
health.

Mechanisms and Conceptual Framework

Miscarriage risk may have a social gradient because structural conditions in the society tend to increase
experiences of stress, poor health (and related behaviours) and obesity among those from poorer backgrounds,
with less education, with a low occupational status, and/or living in a deprived area (Cockerham et al.
1997, Link & Phelan 1995). These groups may be disproportionally more likely to experience a
miscarriage, as poor health (and some health behaviours), obesity, and stress are known risk factors
(Cohen et al. 20006, Jurkovic et al. 2013, Larsen et al. 2013, Magnus et al. 2019, Marmot et al. 2020, Quenby
et al. 2021, Temple et al. 2002). Higher age at pregnancy, on the other hand, is a risk factor that is more
common among those with higher education, income, and/or occupational status (de La Rochebrochard
& Thonneau 2002, Quenby et al. 2021). The relevant risk factors and vulnerabilities associated with
miscarriage risk are specific not only to the wider context in which the individuals operate, but also to
their socioeconomic and reproductive life course pathways, as reproductive strategies might develop out
of intersecting socio-demographic characteristics and how these interact with the dominant culture
surrounding them (Geronimus 2003).

The mechanisms linking social disadvantage and miscarriage are likely to function via the four risk
factors mentioned above: health and health bebavionrs, low/high Body Mass Index (BMI), stress, and age at
pregnancy. First, there is a social gradient in health (Marmot et al. 2020), whether measured by individual
characteristics like education and income or area-level structural socioeconomic deprivation. Various
health issues, including metabolic (e.g. low or high BMI) or hormonal (e.g. hyperthyroidism) conditions
and many bacterial and viral infections increase the risk of miscarriage (Antoniotti et al. 2018,
Giakoumelou et al. 2016, Kakita-Kobayashi et al. 2020, Quenby et al. 2021). As those in
socioeconomically deprived situations as a result of structural inequalities are more likely to suffer from
these health issues, this may lead to a higher risk of miscarriage for them.

In terms of health bebavionrs during pregnancy, there is some evidence on the relationship between a
higher miscarriage risk and: alcohol consumption (Andersen et al. 2012, Delabaere et al. 2014, Garcia-
Enguidanos et al. 2002, Larsen et al. 2013, Quenby et al. 2021); smoking (Delabaere et al. 2014, Feodor
Nilsson et al. 2014, Garciia-Enguidanos et al. 2002, Pineles et al. 2014, Quenby et al. 2021, Wisborg et al.
2003), and caffeine consumption (Andersen et al. 2012, Delabaere et al. 2014, Feodor Nilsson et al. 2014,
Garcia-Enguidanos et al. 2002, Greenwood et al. 2010, James, 2021, Larsen et al. 2013). Health
behaviours are not independent of social status, which could consequently increase social inequalities in
miscarriage risk.

Both bigh and low BMI have been linked with a higher miscarriage risk (Quenby et al. 2021).
However, it is not clear whether BMI alone or other factors associated with it, such as physical activity,
diet, or insulin resistance cause this association (McLean & Boots 2023). Nevertheless, in the UK obesity
is more common among socioeconomically disadvantaged individuals, which could increase social
inequalities in the likelihood of miscarriage.

There are no studies proving a direct cansal link from stress to (recurrent) miscarriage, due to lack of
prospective studies measuring stress both before and after miscarriage (ESHRE Early Pregnancy
Guideline Development Group 2017), but many studies have found an association (Qu et al. 2017,
Quenby et al. 2021). Stress may be linked to miscarriage via immune parameters: stress affects the
immune response, which can lead to inflammation resulting in preterm contractions (Christian 2012).



Heini Viisanen and Katherine Keenan 9

Stress attenuates inflammatory responses, which can increase the risk of miscarriage. Such responses can
be higher for those with social disadvantage, but they are not well understood among pregnant people
(Christian 2012). Higher cortisol levels may also increase the risk of miscarriage (Nepomnaschy et al.
20006). Precarity in the labour and/or housing market, for instance, increases stress (Julia et al. 2020)
through processes like social marginalisation (Macmillan & Shanahan 2022), again those with fewer
economic resources may face a higher miscarriage risk.

Finally, older age at pregnancy (often considered as 35 years or older for the pregnant person and 40
and above for their partner) is a key risk factor for miscarriage and linked to a risk of aneuploidy (that is,
the embryo/foetus being genetically abnormal) (de La Rochebrochard & Thonneau 2002, Garcia-
Enguidanos et al. 2002). As childbearing postponement in Europe is concentrated among those with
higher education (Kneale & Joshi 2008, Berrington et al. 2015), the risk of miscarriage among these
groups might increase. However, in age-adjusted analyses, low education may be expected to increase the
risk of miscarriage, due to the mechanisms discussed above. Taking into account the complex interplays
of structural conditions, social status, age, health, and health behaviours, these aspects are of key
importance for understanding miscarriage risk.

Although not the focus of this paper, there are also many contextual or area-level factors
postulated to contribute to higher risk of adverse pregnancy outcomes, including miscarriage. These may
include area-level deprivation, environmental exposures such as air pollution and pesticides (Ha et al.
2022, Quenby et al. 2021), and public policies. As many of these environmental harms cluster, and
socioeconomically disadvantaged individuals are more likely to live in areas with these kinds of contextual
exposures, these may exacerbate social gradients observed.

The conceptual framework of this project is based on the mechanisms discussed above (Figure 1),
summarising socio-behavioural paths to miscarriage.

Contextual factors: environmental hazards, local area deprivation, birth cohort and public policies
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Figure 1: Conceptual framework.
Notes: aspects not measured in this study indicated in grey.
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Aims and Research Questions

We aim to understand whether there are social inequalities in the risk of experiencing a miscarriage over
the life course, and to explicate the key methodological challenges in estimating the relationships between
social inequalities and miscarriage risk. We study the experiences reported by the same women followed
up over time from age 16 until age 42. Our research questions are:

1) Are education, income, and occupational status associated with the risk of reporting a

miscarriage?

2) Do these associations vary by age or depend or the denominator used?

We also discuss whether underreporting of miscarriage is likely to affect our empirical results.

Methods

Data Sources and Variables

We use sweeps 4 to 9 of the British Cohort Study (BCS70), which collects data on individuals born in
1970. These sweeps took place at ages 106, 26, 30, 34, 38 and 42, thus capturing most of the reproductive
life span of participants. If a respondent missed a sweep(s), they were included again at their return.

Our outcome variable is self-reported miscarriage collected within a pregnancy history module, which
records the month, year and outcome of each pregnancy between the most recent report (or start of
reproductive life span when first asked) and the interview. The same individual may experience more
than one miscarriage throughout the follow-up period of the study. We measure whether they reported
at least one miscarriage between two sweeps to simplify our statistical analyses. The BCS70 collected
retrospective information about full pregnancy histories at sweeps 0, 7 and 8. At sweep 9, full histories
of pregnancies not leading to live births were collected, but live births were excluded. However, we
inferred this information from the survey’s person grid by analysing the ages of the members of the
household and their relationship to the respondent. At sweep 7, due to a routing error in the survey tool,
while information about the number of miscarriages was collected, we have no information about the
year they took place. Thus, if the respondent had missed sweep 6, we did not know whether the reported
miscarriages took place between sweeps 6 and 7 or earlier. We thus imputed the years by randomly
generating integers within a plausible range, which was taken from other pregnancies reported in the
survey for which information on timing was available. There were 330 miscarriages in sweep 7 for which
the year was missing. However, 298 of these happened to respondents who took part in sweep 6 and
therefore we assumed that the miscarriage took place between sweeps 6 and 7. The value was thus
imputed for 24 pregnancies where the respondent did not take part in sweep 6 but timing information
was available also on eatlier and/or later pregnancies, which narrowed the possible range. Eight
miscarriages did not fall into any of these categories and were dropped.

We use individual-level variables to measure social inequalities, although future studies should also
consider including partner’s and parent’s characteristics or local area deprivation for a more
comprehensive view of the relevant socioeconomic aspects. We measure education based on age at leaving
education (up to 16, 17-18, or post 18 years of age). Occupational status has three categories (non- or partly
skilled workers; skilled workers; and managerial positions or higher). Income is measured in relation to all
other respondents of the survey in three categories: bottom 20%, middle 60% and highest 20%.

In our multivariable analyses we control for the following variables, updated at the beginning of
each sweep: parity (number of live births), whether reported having a cohabiting/matital partner, whether
reported currently smoking, and whether suffered from at least one long-term health issue. These variables
were chosen as they have been linked with the likelihood of expetiencing a pregnancy and/or miscarriage
in previous research. Our analytical strategy (as explained below) also takes into account the respondent’s
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age, which is divided into five categories based on their age when interviews were conducted: 16-25, 26-
29, 30-33, 34-37, and 38-41 years.

In order to divide the studied population into relevant sub-groups, we include information about
other pregnancies (self-reported retrospectively at sweeps 6-9 as explained above): lve births, induced
abortions, and stillbirths. First, we analyse all respondents identifying as women and having participated at
least once between sweeps 4 and 9 (from now on ‘full sample’). We examine this group to estimate
inequalities in miscarriage risk among women overall and to overcome any issues of underreporting of
non-live birth pregnancy outcomes, which affects the second group we examine: respondents who
reported a pregnancy in an age group, identify as women, and took part at least once between sweeps 4
and 9 (from now on, termed the ‘pregnancy sample’). This analysis better captures the population at risk
of experiencing the event, as one cannot experience a miscarriage without first being pregnant, but we
likely miss some respondents from the analyses due to underreporting.

Previous studies examining socio-demographic risk factors for miscarriages have used similar
designs to our ‘full sample’ (Caserta et al. 2015) and ‘pregnancy sample’ (Hegelund et al. 2019, Norsker
et al. 2012, Osborn et al. 2000). Other denominators have also been used, including live births only, to
study miscarriage/birth ratios (Bruckner et al. 2016, Nguyen et al. 2019, Parazzini et al. 1997, de La
Rochebrochard & Thonneau 2002), all pregnancies continuing beyond 13 gestational weeks (Maconochie
et al. 2007), or all pregnancies except induced abortions (Di Nallo & Kéksal 2023). We rejected these
latter approaches, as we wanted to include all pregnancies observed in our dataset in the ‘pregnancy
sample’ for the denominator to be as accurate as possible.

Analytical Strategy

We ran multi-level discrete-time event-history models including a woman-level random intercept to
account for clustering among those who experience more than one miscarriage. The model is specified
as follows:

MISCy;
og (1 — MISC“) = aD“- + ﬁlSESti + ﬂZCONti + B3SESti * D“' + u;

Where MISC'is the probability of miscarriage during interval # for individual 7, aD is the baseline
logit hazard and D;;is a vector of function of time # (i.e. the five age categories described above). Vectors
of explanatory variables pertaining to socioeconomic status (SES) and the control variables (CON) listed
above of individual 7 at time 7 are added. An interaction is allowed between SES and age (SES;; * Dy;).
u; represents an error-term capturing unobserved time-invariant woman-specific factors associated with
the risk of miscarriage (including biological woman-level risk factors). These effects are assumed to be
normally distributed with a mean of zero.

After conducting descriptive analyses, we ran six multi-level discrete-time event-history models
representing the three measures of socioeconomic position (occupational class, income and education)
and the two analytic samples (full sample and pregnancy sample). We first included age and all the control
variables mentioned above, but as long-term illness’ was not significant in any of the models, it was
dropped from the final models presented here.

Results

Descriptive Statistics
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There were 8,943 women included in our analysis. They reported 1,908 miscarriages for which the year
of pregnancy was known or imputed (see above), but as our outcome variable measures was whether at
least one miscarriage was reported within each of the five age-groups included, we analysed 1,534
instances of such reports. Table 1 shows the number of respondents reporting at least one pregnancy or
at least one miscarriage in each age group and the percentage of all pregnancy reports that were
miscarriages.

Age Pregnancy, N Miscarriage, N %o miscarried*
16-25 2,339 390 16.7
26-29 2,470 368 14.9
30-33 2,081 276 13.3
34-38 1,490 286 19.2
39-41 605 214 35.4

Table 1: Number and percentage of respondents reporting at least one pregnancy or miscarriage by age.
Notes: * % miscartied calculated based on teporting at least one pregnancy/miscartiage within each age group
rather than the ‘raw’ pregnancy/miscartiage numbers.

Figures 2a and 2b show the percentage of respondents reporting at least one miscarriage by age
group and socioeconomic characteristics for full and pregnancy samples, respectively. Among younger
age groups lower socioeconomic status is associated with a higher likelihood of reporting a miscarriage,
but the direction of the association is the opposite for those in their 30s and 40s in the full sample,
whereas in the pregnancy sample the risk varies less by socioeconomic group. Appendix I shows the
exact number of women in each age- and socioeconomic group. The number of respondents in each
group varies due to some respondents skipping sweeps and item non-response.

Multivariable Results

We present the results of our multi-level discrete-time event-history models as predicted probabilities of
reporting at least one miscarriage by age group and each of the three markers of social status. We first
analysed the ‘full sample’ (see Data Sources and Variables section). Figure 3 shows the predicted
probabilities of reporting at least one miscarriage by age group and each measure of socioeconomic status.
The models control for partnership status and smoking. The associations for the three variables of
interest are very similar: while more disadvantaged women are more likely to experience a miscarriage in
their teens and twenties, the direction of the association flips for those in their 30s or early 40s. However,
this analysis includes all women respondents, some of whom were not at risk of experiencing a pregnancy
(and subsequently a miscarriage), so in part we are capturing the likelihood of becoming pregnant rather
than the likelihood of reporting a miscarriage.

Next, we only included those respondents who reported at least one pregnancy within an age
group. Figure 4 shows the predicted probabilities of reporting at least one miscarriage by age group and
each measure of socioeconomic status among the pregnancy sample. The models control for partnership
status and smoking. In this analysis the differences by occupational status, income, and education seen
among the full sample disappear, suggesting that among pregnant respondents there are no
socioeconomic differences in the likelihood of reporting a miscarriage. However, we might have missed
some respondents in the denominator that were pregnant, as induced abortions and miscarriages tend to
be underreported in surveys (Lindberg & Scott 2018).

Full results of the six models presented in Figures 3-4 are shown in Appendix II.
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Figure 2: Percentage of respondents reporting at least one miscarriage by age and socioeconomic position
(occupational class, relative income and age left education).
Notes: the x-axes vary.
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3a. Occupational status, full sample
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Figure 3: Predicted probabilities of reporting at least one miscarriage by age and (a) occupational status, (b)
relative income, (c) age left education; full sample.
Notes: controlling for partnership and smoking.
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Figure 4: Predicted probabilities of reporting at least one miscatriage by age and (a) occupational status, (b) relative
income, (c) age left education; pregnancy sample.
Notes: controlling for partnership and smoking.
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Discussion
Who Is ‘at Risk’ of Miscarriage?

We show that socioeconomic differences in self-reported miscarriage risk are found when all women
respondents are analysed. Women with higher education, income and/or occupational status were less
likely to self-report a miscarriage at younger ages, but more likely to do so in their 30s and 40s. However,
the effect is probably due to the likelihood of experiencing a pregnancy, as these differences disappeared
when only pregnant respondents were analysed. Thus, the choice of denominator is crucial. Neither
strategy captures perfectly the group at risk of experiencing a miscarriage, as the first includes individuals
who are not at risk of experiencing a pregnancy (and subsequently a miscarriage), for instance due to the
specific nature of their sexual activities or lack of such activity, infecundity, or contraceptive choices. The
pregnancy sample, while it might be more appropriate from an epidemiological perspective, is likely to
undercount the denominator because it misses those who did not report their pregnancy: around half of
induced abortions tend to be underreported (Lindberg et al. 2020) and miscarriages are likely to be
underreported as well (Lindberg & Scott 2018), as discussed in more detail below.

Placing these results within a critical vulnerabilities framework to understand disparities in
miscarriage, we should consider how social structures condition the timing and likelithood of pregnancy
and childbearing. It is argued that reproductive strategies might develop out of intersecting socio-
demographic characteristics and how these interact with surrounding dominant cultures (Geronimus
2003). That is, on average, the timing of pregnancies may have been suitable for each person under the
structural and societal conditions in which they live, which would explain the lack of association between
socioeconomic characteristics and miscarriage risk. Future studies should investigate this in more detail,
as a lack of association is somewhat surprising given that many other reproductive outcomes have social
gradients (Christian 2012, Gissler et al. 2009, Hardie & Landale 2013, Hein et al. 2014, Jardine et al. 2021,
Joseph et al. 2007). The lack of association may also be due, in part, to the small number of pregnant
high-SES women among the younger pregnant sample and a lack of low-SES women in the older
pregnant sample.

Structural conditions intersecting with socio-demographic characteristics may affect miscarriage
risk through the likelihood of experiencing a pregnancy, because more pregnancies lead to more
miscarriages. In addition, among young people, a relatively high proportion of pregnancies typically end
in an induced abortion (Ashcraft et al. 2013, Viisinen & Murphy 2014). Thus, we may have observed
more miscarriages among those from socioeconomically disadvantaged backgrounds in the full sample,
because some pregnancies that would have ended in miscarriage were aborted, and those who abort are
more likely to be from advantaged backgrounds (Ashcraft et al. 2013, Viisdnen & Murphy 2014).

On the other hand, the results among the pregnancy sample show that older age at pregnancy
increases miscarriage risk, which is in line with other studies (de La Rochebrochard & Thonneau 2002,
Garcia-Enguidanos et al. 2002). This aligns with the biomedical construction of advanced age mothers
as ‘high risk’. Yet, the relationship between age and miscarriage risk might be more complex, as
associations between maternal age and pregnancy outcomes may depend on the societal context and
cohort examined. For instance, in the UK, advanced age at childbearing used to be linked with lower
birthweight and reduced cognitive ability of the child, but the relationship has since reversed (Goisis et
al. 2017, Goisis et al. 2018). This provides an interesting opportunity to consider how vulnerability is
constructed, develops from biomedical and social understandings in the context of miscarriage, and
intersects (or not) with individual-level socio-demographic characteristics. Future research should
investigate whether the interactions between age, socioeconomic status and miscarriage risk have changed
by cohort.
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Misreporting of Pregnancies and Implications

Miscarriages may be underreported in surveys due to miscarriage stigma, for example (Bardos et al. 2015,
Bommaraju et al. 2016), but there are few studies on the topic. One study in the USA showed miscarriages
were underreported in face-to-face interviews, but less than abortions (Lindberg & Scott 2018). The
probability of reporting may depend on social status, as is the case for abortion: those with high income
in the USA were more likely to report their abortions, but paradoxically those with higher education were
less likely to do so (Lindberg et al. 2020). If the likelihood of reporting a miscarriage by social status is
similar to that of induced abortion, our results might miss some miscarriages experienced by women with
lower education or higher income. However, the US context is different from that of the UK and the
underreporting mechanisms for abortion may differ from those for miscarriage. Thus, a careful analysis
of levels of and social inequalities in reporting patterns of miscarriage is needed in future studies before
definitive conclusions regarding the link between social status and pregnancy loss in the UK are drawn.

Recall problems may result in underreporting in retrospective studies. In this study this is likely to
affect particularly the reporting of miscarriages experienced at a young age, as a full pregnancy history
was collected for the first time at age 30. After that, data on miscarriage was collected every four years,
which is likely to reduce recall problems. Miscarriages could also be underreported in a pregnancy history
module by starting with asking the number of pregnancies ever experienced, as some respondents may
not include miscarriages in the count. Cognitive interviews could shed further light on this issue.

Another matter complicating miscarriage reporting is that it can only be reported if the respondent
knew that they were pregnant before the miscarriage took place. Circumstances surrounding the
pregnancy and characteristics of the pregnant individual may be associated with the likelihood of
detecting an early pregnancy. Those in a more advantageous socioeconomic position and those planning
a pregnancy are more likely to detect an early pregnancy (Watson & Angelotta 2022). In addition,
pregnancies are typically detected very early in the context of fertility treatments, which are more likely
among those close to the end of their reproductive span and among more wealthy respondents, given
both groups are more likely to postpone childbearing and be able to afford such treatments (Goisis et al.
2020). This could increase the number of miscarriages reported particularly among more
socioeconomically advantaged individuals in their mid- to late 30s and eatly 40s in our study. On the
other hand, the concept of pregnancy planning differs by socio-demographic groups and is particularly
problematic among young people with limited economic prospects, thus making it less likely for these
groups to detect an early miscarriage (Gomez et al. 2021).

Strengths and Limitations of the Study

There were limitations in the study in addition to the potential underreporting of miscarriage discussed
above. First, as this is a longitudinal study, some respondents drop out over time or skip sweeps (the
number of respondents included in our analytic sample in sweeps 4 to 8 were n=5,799, n=4,900, n=5,790,
n=5,038, and n=4,665, respectively). Attrition tends to be dependent on socioeconomic characteristics,
which could affect the results of this study. In BSC70 respondents from higher socioeconomic
backgrounds are less likely to drop out (Mostafa & Wiggins 2014), which may mean that we missed some
miscarriages at later ages among those with lower socioeconomic position if they dropped out from the
panel. This would overestimate the miscarriage risk of those with higher socioeconomic position.
Second, as noted, due to a routing error in the survey instrument, timing of miscarriages was not
recorded for most respondents at sweep 7. While we imputed these values using the strategy described
above, some of the miscarriages may have been attributed to the wrong time window. However, we
decided to use this strategy rather than, for instance, multiple imputation, because: it is not
straightforward to specify the model in a way that would take into account the plausible timeframe of the
event for each individual; it applied to only around 30 miscarriages; and we were able to infer the timing
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of miscarriage based on timing of births in some cases, as the pregnancy histories are collected in an order
starting from the most recent pregnancy and the timing of pregnancy was collected for births. Future
studies could explore other strategies such as Bayesian approaches for imputing this information.

Third, we were not able to study or control for all variables that might be relevant for miscarriage
risk (see Figure 1), as they were not measured in the dataset used. These include, for instance, pregnancy
specific health behaviours (smoking, alcohol consumption, and caffeine intake); environmental factors
(e.g. pollution or pesticide levels); or stress levels of the pregnant person before and after miscarriage.
However, we included proxies of such variables whenever possible, such as smoking at the time of each
survey interview or reporting long-term health issue(s). Future studies with these variables should
investigate whether these explain any socially diverse pathways to miscarriage.

The strengths of the study include opening new avenues for research by examining a neglected
topic and highlighting the need for further methodological work on miscarriage. The dataset used, even
if it may not cover all miscarriages, is exceptional in collecting comprehensive data on socio-demographic
and health characteristics, and life events, repeatedly over time, allowing us to take a life course
perspective. This study is one of the first steps in a larger research programme investigating social
inequalities in the risk and consequences of miscarriage in Europe using individual and contextual-level
measures of inequalities. Thus future work will expand a more comprehensive understanding of this
phenomenon.

Conclusions and Implications for Policy

In order to better understand who is at risk of miscarriage, better data are needed. While surveys are an
important source of such data, and undoubtedly more could be done around improving miscarriage
reporting in them, governments could also tackle the issue of lack of data by routinely collecting data on
miscarriage. Currently most countries (including the UK) that routinely collect information about
miscarriage only include miscarriages that were treated in a hospital. Routine data collection in primary
care would help us capture more of uncomplicated early miscarriages, which do not need an intervention
in a hospital. If these data were linked to socio-demographic information and made available for
researchers, it could be used alongside surveys to better understand the phenomenon.

Researchers should pay careful attention to denominators they use. It is important to acknowledge
that as long as data on all pregnancy outcomes is not reliably recorded and reported, we are not able to
correctly identify the population at the risk of experiencing a particular pregnancy outcome. In addition,
more comprehensive longitudinal information on contraceptive use and sexual activity could help better
identify the population at risk of conception. While such information might be collected in specialist
surveys on sexuality and sexual behaviours, such as Natsal (University College London et al. 2024), these
sources often lack information on socioeconomic variables and/or are cross-sectional.

Understanding the health burden of miscarriage is important, because it is a common experience
and it can have consequences for population health. An increasing number of people postpone
pregnancies until the last years of the reproductive life span. Since higher age at pregnancy is a risk factor
for miscarriage, we can expect the number of miscarriages to increase. However, seeing those with older
age at pregnancy as a homogenous vulnerable group with a high miscarriage risk without considering why
some people postpone pregnancies, or how age intersects with socioeconomic characteristics, is unlikely
to provide productive policy solutions. Since structural conditions influence both timing of pregnancy
(Geronimus 2003) and the association between older age and various pregnancy and child outcomes
(Goisis et al. 2017, Goisis et al. 2018), policy interventions should aim to tackle these conditions to
provide individuals the possibility to time their pregnancies at the most suitable moment for them.
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Appendix I — Percentage of respondents in ‘full’ and ‘pregnancy’ samples reporting a
miscarriage by socioeconomic variables and age, N of miscarriages and respondents

%
% full pregnancy
sample w/ sample w/ N
miscarriage  miscarriage miscarriage N total

g:f;"ati"nal Age 16-25  Un-/partly skilled 6.3 18.0 27 429
Skilled 4.9 15.8 86 1764
Managetial/professional 3.8 19.6 48 1255

Age 26-29  Un-/partly skilled 5.1 15.2 27 533
Skilled 6.0 16.6 98 1634
Managerial/professional 4.9 14.8 69 1414

Age 30-33  Un-/pattly skilled 2.3 9.0 13 574
Skilled 4.1 12.4 80 1966
Managerial/professional 5.7 16.1 97 1701

Age 34-37  Un-/partly skilled 3.6 24.7 20 561
Skilled 4.6 20.6 66 1436
Managerial/professional 6.9 22.3 119 1729

Age 3841 Un-/partly skilled 1.3 233 7 528
Skilled 2.7 29.3 36 1335
Managerial /professional 5.7 42.0 100 1766

Eecl(?:;": Age 1625 Lowest 20% 6.2 142 45 728
Middle 60% 5.5 17.9 131 2376
Highest 20% 3.1 17.4 16 515

Age 26-29  Lowest 20% 5.5 14.4 74 1343
Middle 60% 5.7 15.4 146 2566
Highest 20% 4.7 16.7 43 906

Age 30-33  Lowest 20% 2.8 9.7 22 785
Middle 60% 4.5 13.5 106 2340
Highest 20% 6.4 17.9 50 781

Age 34-37  Lowest 20% 2.7 15.0 19 699
Middle 60% 5.5 23.0 108 1980
Highest 20% 8.7 24.7 58 666

Age 3841 Lowest 20% 4.7 35.3 66 1417
Middle 60% 3.0 333 72 2372

Highest 20% 5.8 39.5 51 876
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[Appendix I table continned]
%
% full pregnancy
sample w/ sample w/ N
miscarriage  miscarriage  miscarriage N total
i\fsc:gz;‘ left 11625 under/at16 5.4 17.8 151 2771
Post 16 2.9 15.5 17 577
Post 18 2.9 17.0 9 311
Age 26-29  under/at 16 6.2 15.7 125 2022
Post 16 5.8 14.7 82 1416
Post 18 4.2 15.9 59 1398
Age 30-33  under/at 16 3.6 13.2 115 3200
Post 16 4.1 12.3 75 1821
Post 18 5.1 14.3 70 13061
Age 34-37  undet/at 16 3.5 21.0 105 2969
Post 16 4.1 18.7 69 1688
Post 18 5.7 18.6 105 1829
Age 3841 under/at 16 2.2 33.3 65 3010
Post 16 29 33.6 50 1702
Post 18 5.0 37.6 91 1831
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Appendix IT — Adjusted odds ratios of reporting at least one miscarriage by age and (a)
occupational status, (b) relative income, (c) age left education for full and pregnancy

samples
a. Occupational status
Full” sample Pregnancy’ sample

aOR p-valne aOR p-valne
Parity
Number of children 1.12 0.002 0.45 <0.001
Relationship status
No partner reported 1.00 1.00
Has partner 1.53 <0.001 1.10 0.423
Smoking status
Non-smoker 1.00 1.00
Smoker 0.83 0.066 0.99 0.915
Age
16-25 1.00 1.00
26-29 1.13 0.502 1.20 0.384
30-33 0.66 0.032 1.26 0.294
34-38 0.70 0.091 2.41 <0.001
39-41 0.34 0.000 3.81 <0.001
Occupational status
Un-/partly skilled 1.45 0.199 1.42 0.280
Skilled 1.00 1.00
Managetial/professional 0.79 0.321 1.17 0.568
Interaction: age*occupational status
26-29*¥Un-/pattly skilled 0.56 0.125 0.69 0.387
26-29*Managerial 1.03 0.930 0.66 0.200
30-33*Un-/pattly skilled 0.34 0.013 0.55 0.209
30-33* Managerial 1.88 0.026 1.10 0.769
34-38*Un-/pattly skilled 0.45 0.055 1.05 0.917
34-38* Managerial 2.05 0.014 0.90 0.763
39-41*¥Un-/pattly skilled 0.26 0.019 0.53 0.371

39-41* Managerial 3.17 <0.001 1.47 0.339
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[Appendix 11 table continned]

b. Relative income

Full’ sample Pregnancy’ sample

aOR p-valne aOR p-valne
Parity
Number of children 1.14 <0.001 0.47 <0.001
Relationship status
No partner reported 1.00 1.00
Has partner 1.49 <0.001 1.03 0.789
Smoking status
Non-smoker 1.00 1.00
Smoker 0.82 0.036 0.99 0.891
Age
16-25 1.00 1.00
26-29 0.92 0.591 0.86 0.392
30-33 0.65 0.009 0.99 0.945
34-38 0.72 0.057 2.02 0.001
39-41 0.35 <0.001 3.88 <0.001
Relative income
Lowest 20% 1.19 0.503 0.90 0.701
Middle 60% 1.00 1.00
Highest 20% 0.36 0.013 0.52 0.166
Interaction: age*relative income
26-29*Lowest 20% 0.74 0.317 1.66 0.131
26-29*Highest 20% 2.38 0.056 1.73 0.287
30-33*Lowest 20% 0.43 0.020 1.16 0.709
30-33* Highest 20% 4.36 0.001 2.52 0.073
34-38*Lowest 20% 0.35 0.005 0.95 0.913
34-38* Highest 20% 5.34 <0.001 1.75 0.284
39-41*Lowest 20% 1.08 0.806 1.41 0.380

39-41* Highest 20% 6.60 <0.001 1.83 0.270
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[Appendix 11 table continned]

c. Age when left education

Full’ sample Pregnancy’ sample

aOR p-value aOR p-value
Parity
Number of children 1.04 0.182 0.47 <0.001
Relationship status
No partner reported 1.00 1.00
Has partner 1.41 <0.001 0.94 0.564
Smoking status
Non-smoker 1.00 1.00
Smoker 0.84 0.055 1.01 0.888
Age
16-25 1.00 1.00
26-29 1.36 0.284 1.03 0.924
30-33 0.90 0.728 1.25 0.523
34-38 0.89 0.699 2.20 0.030
39-41 0.74 0.333 5.50 <0.001
Education
under/at 16 1.33 0.310 1.03 0.932
Post 16 1.00 1.00
Post 18 0.76 0.559 0.76 0.621
Interaction: age*education
26-29*under/at 16 0.79 0.474 1.22 0.606
26-29*Post 18 0.94 0.912 1.15 0.812
30-33*under/at 16 0.65 0.186 1.12 0.764
30-33*Post 18 1.04 0.335 1.21 0.748
34-38*under/at 16 0.64 0.185 1.02 0.960
34-38*Post 18 2.10 0.147 1.25 0.709
39-41*under/at 16 0.50 0.050 0.85 0.722

39-41*Post 18 2.05 0.166 1.12 0.861




