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ABSTRACT

Time of Change:
Health Effects of Motherhood®

This paper combines German claims and survey data to provide a comprehensive picture

of the health dynamics surrounding the transition into motherhood. Event-study estimates
reveal good mental health around birth, but declines afterward, as reflected by increasing
mental illness diagnoses and antidepressant and psychotherapy use during the first four
years of motherhood. Painkillers, headaches, obesity, and other potentially stress-related
physical illnesses, as well as survey evidence on well-being, show a similar pattern. A
sustained reduction in sleep, sports, and other leisure activities, coupled with childcare
obligations and possible psychosocial distress, may contribute to the long-term adverse
effects of motherhood.
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1 Introduction

The transition to motherhood is a particularly vulnerable time for women’s health. Care around
the clock, sleep disruptions, income decline, socio-psychological stress, and reduced time for
self-care put mothers at an increased risk for mental and physical health problems (Saxbe et al.,
2018). Maternal exhaustion is a viral topic in (social) media and popular readingsH But how
does stress-related health, measured by medicine use, medical diagnoses, and self-assessment,
evolve in the general population of mothers?

Health problems at the beginning of motherhood can have a long-lasting impact on physical
and mental health and chronic diseases in midlife (Stowe and Nemeroff, 1995; Rooney et al.,
20055 (Currie and Zwiers, 2023). Health constitutes an important component of life satisfac-
tion; it is associated with child well-being (Aizer et al., 2016; |Liu et al., |2017; Menta et al.,
2023} Kendall-Tackett, 2023) and may affect future fertility (Halla et al., 2020), as well as labor
market participation and wages (Biasi et al., 2021} Biitikofer et al., [2020). Restructuring care-
giving (e.g. by family policies that address fathers) and support programs (easy access to men-
tal health counseling, mother-child clinics, and health insurance-sponsored household helpers)
can alleviate maternal stress and health risks. To design and evaluate such policies, we need
to understand the health dynamics around the transition to motherhood. Taking into account
different ways of measuring health, such as prescriptions, diagnoses, and self-assessment, as
well as manifestations of potential stress and overload, such as depressive symptoms, pain,
increased susceptibility to infection, or obesity provides a comprehensive picture.

In this paper, we establish causality through visual event studies on a variety of stress-related
diagnoses and prescriptions from two years before to four years after entering motherhood.
As the first paper in the non-medical literature, we use claims data from the German Phar-

macoepidemiological Research Database (GePaRD), which covers approximately 20% of the

IConsider for example the following books and, if applicable, the number of followers the
author has on Instagram (as of February 2024): “Bindung ohne Burnout” [Attachment without
Burnout] Nora Imlau (116k), “Mama kann nicht mehr” [Mom Can’t Take It Anymore] Julia
Knoernschild (126k), “Der Supermutti Burnout” [The Supermom Burnout] Jessica Severin
in Germany and “Mommy Burnout” Sheryl Ziegler, “All Joy and No Fun: The Paradox of
Modern Parenthood” Jennifer Senior in the USA, or tools like the “MamaZen App - Parenting
Anxiety, Burnout & Stress Solution” (156k, US-based).



population in Germany. The detailed structure of the data, including in- and outpatient diag-
noses, procedures, and prescriptions, allows us to identify pregnancies ending in a live birth,
through data-specific algorithms, and to focus on different outcome dimensions. Prescriptions
are an important health measure because they signal a condition a physician deems serious
enough to recommend or approve medical intervention. Diagnoses add more specific infor-
mation about the nature of the condition and include cases that do not require treatment. We
focus on potentially stress- and lifestyle-related health outcomes. These include mental dis-
orders (depression, other mental disorders, and sleep disorder), obesity, and pain (back pain,
headache, prescriptions of painkillers)H We include respiratory diseases and antibiotic pre-
scriptions in our set of outcomes since stress, exhaustion, and general mood can suppress
immune resistance and increase the likelihood of infection, including the common cold (e.g.
Seiler et al., [2020).

We supplement our analysis of claims data with survey information from the German Socio-
Economic Panel (SOEP) and the Panel Analysis of Intimate Relationships and Family Dynam-
ics (Pairfam), covering subjective assessments of mood, mental health, and life satisfaction,
as well as information on sleep duration, time use, and breastfeeding. The focus of our paper
is on claims data for several reasons. First, longitudinal surveys lack a sufficient sample size
to measure specific illnesses in new mothers. Second, measuring well-being and health based
on surveys involves the drawback of desirability bias. This may be particularly relevant in the
context of entering parenthood, accompanied by strong social expectations of how parents are
supposed to feel. Claims data helps to overcome recall, desirability, and justification biases
(Baker et al., 2004). Third, the use of antidepressants may affect how survey participants eval-
uate their mood and related outcomes, as noted by |]Ahammer et al. (2023). However, survey
data complements our analysis due to its advantage of capturing slight adjustments in health

and mood, not resulting in changes in physician visits, diagnoses, or prescriptions.

2Whitaker et al.|(2014) show that stress from parenting, such as isolation, attachment, and
depressive symptoms, as well as overall life stress, are accompanied by postpartum weight
retention. Headaches, back pain, and the need for painkillers often coincide with stress (e.g.
Schramm et al., 2015; |Puschmann et al., [2020)



Our results indicate that the period immediately after childbirth is characterized by relatively
few prescriptions related to mental disorders and diagnoses of depression, other mental dis-
orders, and sleep disorder, suggesting a period of good mental healthE| With complementary
survey data, we further alleviate potential concerns that this improvement is merely attributable
to precautionary behavior against medication during pregnancy and lactation, or a reluctance
to record diagnoses. After the first childbirth, the prevalence of mental disorders, as captured
by claims data, increases each subsequent quarter, starting from relatively low levels. Four
years into motherhood, most records of mental disorders tend to exceed pre-pregnancy lev-
els. For mothers whose results are not confounded by a subsequent birth, the prescription of
antidepressants increases by 44%, 8% for depression diagnoses, and 18% for sleep disorder.
The probability of other mental disorders, such as anxiety and adjustment disorders, decreases
by 9% and mothers rely to a lesser extent on psychotherapy despite the increased incidence
of depression and the use of antidepressants. Additional survey questions on feeling happy
and sad, which encompass the full range of emotions beyond mental disorders, yield strikingly
similar findings, despite a small sample size. Physical illnesses and prescriptions that are po-
tentially stress- and lifestyle-related follow a similar pattern. While painkillers and antibiotics
are rarely prescribed during and shortly after pregnancy, motherhood increases these prescrip-
tions by 30% and 34% in the long termH Related diagnoses also show an increase, again to a
lesser extent than prescriptions. Finally, claims as well as survey data suggest an increase in
obesity rates.

Complementary analyses support the argument that a sustained reduction in sleep, sport, and
other leisure activities, coupled with extensive involvement in childcare and possible psy-
chosocial distress, may be important channels to explain the deterioration in health. We further
find that lactation cannot affect the results beyond the second year after birth, nor do adjust-
ments in physician visits play an important role. Our heterogeneity analysis on education

reveals substantial absolute pre-pregnancy differences for some outcomes, while the relative

3During pregnancy, the picture is more mixed, with high rates of diagnosis for some types
of mental disorders.

“Note that these numbers pertain to mothers for whom there is no confounding subsequent
birth.



effects of entering motherhood remain small. The effects of motherhood are similar across
East and West German mothers, with slightly higher relative effects for physical outcomes in
East Germany. One notable difference arises in the diagnoses of depression: in West Germany,

but not in East Germany, motherhood has a long-term effect on depression levels of about 10%.

This paper provides the first comprehensive picture of different margins of maternal health
and its dynamics around childbirth using nuanced process-generated claims data. Related to
our research, Hart et al.| (2023) measure mental health-related primary care consultations for
Norwegian parents. Similar to our findings, their event study shows a continuous increase
in consultations in the first years of motherhood after a small decrease before pregnancy. The
paper, however, does not explore underlying diagnoses or prescribed treatments. The increased
use of antidepressants we find also aligns with|/Ahammer et al. (2023)). Applying an event study
with Danish and Austrian claims data, they show that entering parenthood has strong and long-
lasting effects on antidepressant use for mothers, but much less for fathers. Mothers’ higher
investment in childcare seems to contribute to the gap in antidepressants between mothers and
fathers. In a similar vein, Angelov et al. (2020) and Fontenay and Tojerow (2020) analyze
the effect of motherhood relative to fatherhood on sick leave. While these studies, like our
paper, use claims data and a design-based approach, their focus is on examining and explaining
whether there is a motherhood penalty (relative to fathers) on health in addition to the well-
known motherhood penalty on earnings (Kleven et al., 2019)E|

We complement our analysis with survey data to gain further insights into perceived health
dynamics around birth. Thereby, our paper brings together two strands of literature: the event
studies based on claims data and the studies using more traditional longitudinal models based
on survey data. The latter studies examine self-assessed mental health or mental well-being
with panel survey data using fixed-effects or linear spline models. They find a peak in well-

being starting before or during pregnancy and later either a return to about baseline (e.g. |Assel-

JKravdal et al. (2017) compare the use of antidepressants between women with different
numbers of children and childless women with claims data from Norway and find that women
with one child are more likely to use antidepressants than childless women, but also more than
women with more children.



mann et al., 2022) or long-term effects of well-being above (e.g. Mckenzie and Carter, 2013
Metzger and Gracia, 2023) or below baseline levels (e.g. |(Giesselmann et al., 2018)). Gies-
selmann et al. (2018) and Asselmann et al. (2022) employ the Mental Component Summary
Score (MCS) of the German SOEP as we doH Based on the UK Longitudinal Household Sur-
vey, Metzger and Gracia (2023) break the effects down to specific domains of mental health,
such as role, vitality, and social and emotional functioning. They find that emotions such as
“feeling happy and cheerful” drive the positive results, while for more physical outcomes like
“vitality,” there is a pre-birth drop and levels remain below baseline.

We also relate to the medical and psychological literature with its primary focus on causes,
prevalence, and treatments for depression in early motherhood (Kendall-Tackett, 2023). In
early motherhood, depression affects a relatively high share of otherwise healthy women with-
out a history of depression. The prevalence increases six months postpartum (Shorey et al.,
2018)) and involves a risk of chronic depression (Stowe and Nemeroff, 1995). There is less ev-
idence on the development of other mental disorders and on the relative use of antidepressants
versus psychotherapy after entering motherhood. Studies on how physical illness is related to
the transition to motherhood are scarce. Migraine is known to often go into remission during
pregnancy and to recur in the first months after childbirth (Hoshiyama et al., 2012). With its
focus on physical functioning, the study by Asselmann et al.[ (2022) uses the ST12 physical
component score from the SOEP, including physical fitness, pain, limitations, and perceived
general health. The results suggest a large decline in physical functioning during pregnancy,
an improvement up to pre-pregnancy levels after birth, a small decline after the first year of
motherhood, and a stable pattern thereafter. The risk of obesity has been studied more inten-

sively among young mothers. |Whitaker et al. (2014) show an association of stress and isolation

®Related to mental health outcomes Myrskyli and Margolis (2014) and Baetschmann et al.
(2016) both use the SOEP and focus on feeling happy and satisfied with life. Myrskyla and
Margolis| (2014) find that feeling happy increases in the years around entering motherhood
and later returns to baseline levels. Baetschmann et al.| (2016) state that inappropriate con-
trol groups or neglect of prior trends may have led to overly negative views of the effect of
parenthood on feelings of happiness. They find strong positive effects of motherhood on life
satisfaction around childbirth, and some of this persists over the long term. A discussion of
older studies, which often use cross-sectional comparisons between mothers or small selective
samples, is summarized e.g. in|/Baetschmann et al. (2016) and Giesselmann et al.| (2018).



with postpartum weight retention. Rooney et al. (2005) find that postpartum weight loss, ex-
ercise, and prolonged breastfeeding are associated with a lower BMI 15 years after entering
motherhood, with a high BMI being a predictor of (pre)diabetes and heart disease in this study.
Umberson et al. (2011) find that parents gain weight more rapidly compared to adults without
children. We complement these findings by focusing on the extent of overweight with medical
implications and by revealing a long-term positive effect of motherhood on obesity based on a
design-based approach.

The manuscript is organized as follows. Section [2]describes the data, while Section [3|explains
our event-study approach. Section 4] discusses the findings on mental health and stress-related
physical health. Section [5] explores possible explanations and Section [6] important hetero-

geneities. Section [7|concludes.

2 Data

2.1 German Pharmacoepidemiological Research Database (GePaRD)

For our main analysis, we use data from the German Pharmacoepidemiological Research
Database (GePaRD) for the years 2004 to 2019. GePaRD covers process-generated data on
claims of roughly 25 million individuals (approximately 20.7% of the German population)
from four major statutory health insurers from all regions of Germany (Haug and Schink|
20215 Scholle et al., 2022). The database contains demographic characteristics, information
on medication dispensations, and in- and outpatient diagnoses and services.

Identifying mothers in German claims data poses a challenge, as this information is not directly
reported. We identify pregnancies ending in live births based on database-specific algorithms
by [Wentzell et al. (2018) and Schink et al.| (2020), which consider maternal in- and outpatient
diagnoses, operations and procedures (OPS), and outpatient treatments (EBM). This allows us
to accurately determine live births and hence biological mothers without relying on the co-
insurance of children or the take-up of prenatal care. The anchor date or event time zero is the

quarter that we identify as the first childbirth

"The quarter of childbirth is estimated by applying the algorithms by Wentzell et al. (2018)
and |Schink et al.| (2020) to maternal information.



We exclude mothers who gave birth before age 15 or after 49. By this means, we obtain a
sample of 1,468,892 women with at least one live birth between 2004 and 2019. A comparison
with administrative birth statistics by age and the share of C-sections across federal states and
years confirms the overall representativeness of our approach, despite minor discrepancies
(Figure |A.1)).

To estimate the effect of the transition to motherhood, we restrict the sample to the first ob-
served childbirth of women. We aim to capture mothers 8 quarters (2 years) before and 16
quarters (4 years) after childbirth. However, we do not observe the full timeframe around
childbirth for all mothers. If a childbirth occurs before January 2006 or after December 20135,
we are left with fewer quarters, as GePaRD covers the years 2004 to 2019 only. Similarly, the
timeframe is incomplete if a mother joins the insurance less than 8 quarters before childbirth
or if she terminates coverage within 16 quarters after childbirthﬂ

A major strength of GePaRD lies in its inclusion of both diagnoses and prescriptions, as well
as in- and outpatient data. The inclusion of in- and outpatient data alleviates concerns about
shifts between both groups related to motherhood, although most diagnoses and prescriptions
typically originate from outpatient data. Finally, the large sample size allows a precise analysis

of rare diagnoses such as sleep disorder.

Outcome Variables

For the previously defined sample of mothers, we obtained a customized dataset originating
from GePaRD. It includes indicator variables for pre-selected diseases and prescriptions, as
well as count variables on the number of physician and psychotherapist visits and diagnoses,
along with additional demographic characteristics. If not stated otherwise, diseases’ dummies
turn one if a mother receives one or more diagnoses associated with a certain disease in a spe-
cific quarter. We include depression, other mental disorders — such as anxiety, somatoform, and

adjustment disorders — sleep disorder, back pain, headaches, obesity, and respiratory diseases.

8We use an unbalanced panel, but obtain similar results, with some deviations at the end
of the observation period under the extreme choice of using a completely balanced sample of
mothers observed over the full 25 quarters.



Table outlines the ICD-10 codes of each outcome. To indicate potentially acute diseases
like back pain, headaches, and respiratory conditions, we only require the occurrence of one
quarterly incidence, either in the inpatient or outpatient data. The definition of obesity relies on
a confirmed inpatient or outpatient diagnosis, or a weight loss surgery during the correspond-
ing quarter (Schroder et al., 2020). The coding of chronic diseases, including depression, other
mental disorders, and sleep disorder, follows slightly stricter conditions to avoid overestima-
tion of diseases. Respective dummies turn one if a hospital codes a diagnosis, or if outpatient
diagnoses in the relevant quarter are followed by at least one in- or outpatient coding in the
same quarter or in the subsequent three quarters.

Regarding medication, GePaRD contains information based on the German modification of
the Anatomical Therapeutic Chemical (ATC) Classification System. The database includes
information on medication that is dispensed in a pharmacy and reimbursed by the health in-
surance provider. Information on over-the-counter (OTC) medicine purchases is unavailableﬂ
Dummy variables equal one if medication from a certain group of substances is dispensed
during the respective quarter. We focus on antidepressants (ATC: NO6A), painkillers (N02),
and antibiotics (JO1). In addition, we consider the number of days spent in hospital, outpatient
physician visits based on the number of distinct treatment cases, and a dummy variable for at
least one psychotherapist visit in a given quarter. Based on the first three digits of the ICD-
10 codes, we also include a count variable on the number of distinct inpatient and outpatient
diagnoses. Dividing this variable by the number of physician and psychotherapist visits and
days spent in hospital, we obtain the number of diagnoses per visit.

Table presents pre-pregnancy summary statistics of the outcome variables. In the fifth
quarter before birth, 2% of all mothers in our sample receive prescriptions for antidepressants
and 2.9% undergo psychotherapy; 4.6% are diagnosed with depression, 8.1% with another

mental disorder, and 0.5% with a sleep disorder. Each quarter, 13.2% of the women receive

Note the relatively strict regulations on drug dispensation in Germany. Particularly,
stronger medications such as antibiotics, antidepressants, as well as common painkillers at
higher doses require a valid prescription from a doctor and are not available over the counter.



antibiotics and 3.3% painkillers. The most prevalent illness under consideration is respiratory
diseases (17.7%), followed by back pain (10.6%). The headache incidence is 6.7% and obesity
is at 3.1%. On average, mothers see a physician 2.2 times during the fifth quarter before birth,

receiving 1.4 diagnoses per visit, including new and follow-up diagnoses.

Sociodemographic Characteristics

Table presents summary statistics on individual characteristics included in GePaRD. The
average age at the first identified birth is 30.7 years. Since individuals with strong labor market
attachment are typically self-insured in Germany, we consider mothers who have been self-
insured throughout the full two years before childbirth as workingm According to this proxy,
before pregnancy, approximately 81.2% of women work. We also measure the educational
attainment of an individual with the degree most frequently reported for her. In principle, the
employer should transmit an occupational code indicating the type of employment and educa-
tion level at least annually for each self-insured worker. As we only observe the occupational
code for women with some employment history, only 4% of mothers have low education lev-
els, 43% have intermediate education levels, and 20% are highly educated, while for the other
33% there is no information.

Two-thirds (67%) of women have no additional child. These mothers represent a crucial sub-
group for our analysis, as health dynamics are not confounded by subsequent pregnancies and
births. While some of these women never have more than one child, some may have additional
children that we do not observe in our data. The latter are births that occur before 2004, after
2019, or while a woman is insured with another provider. We refer to mothers with a single

birth in our dataset as “one-child mothers.”

10Statutory health insurance providers allow free co-insurance of children, spouses, or regis-
tered partners if their monthly earnings are below 570 EUR or if they spend less than 18 hours
per week on self-employment (Rieder, 2022). Because an individual must be self-insured if she
exceeds these thresholds, we can interpret insurance status as a proxy for labor market attach-
ment. It is however important to note that self-insurance covers many women under parental
leave who maintain an employment contract but are currently not working. Consequently, this
approximation is only applicable to women before motherhood.



Table compares the overall sample of mothers to the subsample of “one-child mothers”
along basic demographics. At first birth, “one-child mothers” are 0.8 years older. Other dif-
ferences are small and tend to be mechanically driven by missing information, which is more
prevalent for individuals with shorter observational periods. Pre-pregnancy health outcomes
(Table are also quite similar, with a slightly higher incidence of overall diagnoses and

prescriptions among ‘“one-child mothers.”

2.2 SOEP and Pairfam

By integrating survey data from the German Socio-Economic Panel (SOEP) and the Panel
Analysis of Intimate Relationships and Family Dynamics (Pairfam) into our analysis of admin-
istrative claims data, we enhance our understanding of health dynamics around birth. While
claims data provides an objective measure of health, it lacks insights into individual living
conditions, occupational status, and physical activities (Haug and Schink, |2021)). In addition,
claims data may not capture adjustments in health that do not result in physician visits, di-
agnoses, or prescriptions. Conversely, claims data may show changes in medication aimed
at protecting the fetus instead of revealing improvements in health. Particularly, before con-
ception, during pregnancy, and while breastfeeding, prescriptions may therefore not reflect
changes in maternal health accurately.

We use the SOEP to gain additional insights into personal well-being, life satisfaction, daily
activities, and breastfeeding. The SOEP is an annual representative survey of households and
their members (see Wagner et al., 2007). Currently, approximately 30,000 individuals in nearly
15,000 households are surveyed, covering aspects of their living, housing, family, and labor
market situation. It is the largest and oldest German long-term study. Following the GePaRD

analysis, we include the survey years 2004 to 2019 in our analysis.

10



Pairfam is an annually conducted representative panel survey on partnership and family dy-
namics in Germany covering the years 2008 to 2023. The dataset comprises three birth cohorts
(1971-73, 1981-83, 1991-93) based on more than 12,000 initially selected anchor persons,
along with their respective partners and children. We include waves 1 to 11 (2008 to 2019),
using data release 14.0 (see Briiderl et al., 2023/ and a detailed description by |Huinink et al.,
2011). Regarding health and family, SOEP and Pairfam include several similar questions. We
pool the datasets to increase sample size.

The SOEP allows one to extend the pre-birth period to four years before and after the birth of
the first child. Some information, for instance on the BMI and breastfeeding, is only available
in certain waves of one of the two surveys. This results in different numbers of observations per
outcome. In Table we provide an overview of the included survey waves and data sources
for each outcome, along with the overall number of observations. Table complements this
overview and outlines summary statistics prior to pregnancy for each outcome. Depending on
the sample size, we report the outcomes on a quarterly, half-yearly, or yearly level. At baseline,
roughly 1.5 years before birth, women indicate, for instance, that they sleep 8.6 hours per night,
spend 2.8 hours per week on leisure activities and hobbies, and 0.8 hours on sport. The means
are quite similar for the whole sample and the subsample of “one-child mothers.”

Table shows basic demographic characteristics of the combined SOEP and Pairfam sam-
ple. Overall, differences to GePaRD are small and plausible. Educational attainment is higher
in GePaRD, as it is only observable for mothers closer attached to the labor market. Finally,
the share of mothers with no further observed children (‘“one-child mothers™) and age at birth

tend to be higher in GePaRD due to the limited number of pre-periods.

3 Empirical Strategy

Drawing on a visual event-study approach, we leverage differences among mothers in the
timing of their first childbirth. In doing so, we follow recent studies investigating the child
penalty on earnings (e.g. Kleven et al., [2019; |Andresen and Nix| [2022), with the notable dif-

ference that we refrain from using fathers as a comparison group. Equation (1| formalizes our

11



empirical approach:

16
(1) Yi’rt — Z 6]'1 [] - T] + aage,-, + 0y + Eiy
j=— 875

with Y;z; indicating a measure of health, like a dummy variable for a particular diagnosis, for
individual i at event-time quarter T and calendar-year quarter . Using T = —5 as the omitted
category, we compare health dynamics around birth with the event time approximately one
quarter before conception. We also include a full set of maternal age dummies, defined as
Olage;, = 223:] 4 Bi1[k = agejq], to control for confounding age patterns. With year quarter fixed
effects, captured by o = Z;Z 21(;12%043/11[1 = t], we flexibly account for time-varying shocks.
0; provides the effect of entering motherhood at event time 7. Note that later pregnancies
and further childbirths may still confound post-birth dynamics if we consider the sample of
all mothers. We therefore always outline the results for the full sample of mothers and the
subsample of women identified as “one-child mothers.”

For a causal interpretation of our estimates, the parallel trends assumption has to hold. This
assumption requires that women giving birth in different calendar quarters would have experi-
enced the same health changes over time in the counterfactual situation of not having a child.
Because this assumption is not testable, we provide indirect evidence, looking at pre-trends
and potential anticipation effects between event time T = —8 and T = —SM In case of short-
term pre-trends, we further consider the eighth quarter before birth as a reference point. For
outcomes where we observe pre-trends beyond the observation period, we interpret our esti-
mates as a descriptive picture of the health dynamics around motherhood, accounting for age

and time effects. Without any control variables, §; is equal to the mean value of the outcome

"'Some outcomes are likely to be correlated with the transition to parenthood: mothers
may be more likely to plan a pregnancy in phases of remission of chronic illnesses, while
improvements in physical and mental health might increase the chances of conception. Some
women may also resign from medication when attempting to conceive, while others may rely
more heavily on healthcare in this phase due to spontaneous abortions or fertility treatments.

12



variable at event time 7. The means are informative about the overall health dynamics around
birth, without being prone to econometric issues that may arise in event studies relying for
instance on the assumption of homogenous treatment effects (Roth et al., [2023). For the main
outcomes, we show the raw means in addition to our regression results.

Following Kleven et al.| (2019), we interpret the coefficients of our event-time dummies in
E(Ym*f[m‘f)
E(f/m“)
the counterfactual without a child. E (Ymh) defines the predicted value of Y;;; at event time

percentage changes. Py = captures the effect of childbirth in quarter 7 relative to
7, having a child, and E (¥i|7) the predicted value at event time 7, leaving out the effect of

having a child, i.e. Yiee = Vi — 37.

4 Results

The results section has two subsections: The first presents our findings on mental health out-
comes and the second our analysis of physical health. In both subsections, we consider treat-
ments (prescriptions of medication and psychotherapy) first. In a second step, we examine
respective diagnoses. In a third step, we complement our analysis of claims data with survey

evidence.

4.1 Mental Health
Antidepressants and Psychotherapy

We first assess mental health by focusing on the prescription of antidepressants as it signals
a condition that a physician deems severe enough to require medication. Figure [1| shows the
unconditional prescription rate of antidepressants surrounding the transition into motherhood:
in the left panel for the overall sample of mothers and in the right panel for the subset of
“one-child mothers”, meaning women for whom we observe no subsequent birthH The use

of antidepressants follows a V-shaped pattern. Before pregnancy, 2.0% of all women (2.2%

12For other outcomes, we only discuss event-study graphs and show the figures with uncon-
ditional means in the Appendix (for the main outcomes) (Figures to[A.8). The graphical
representation of unconditional means and conditional event-study estimates reveal quite sim-
ilar patterns, which alleviates potential concerns about econometric issues that may arise in
event studies.
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of “one-child mothers”) receive prescriptions for antidepressants in a given quarter. During
pregnancy, the rate drops to 0.5% (0.6%). After entering motherhood, the rate gradually in-
creases and reaches 2.8% (3.7%) four years later. Hence, women use 40% (68.2%) more

antidepressants in the first four years after becoming a mother.

Figure 1: Unconditional Means — Antidepressants
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This figure shows health dynamics around the transition into motherhood, with the grey solid
line at + = O indicating the first live birth. Each point indicates the quarterly unconditional
mean of an outcome variable: in the left panel for the overall sample of women with at least
one live birth and in the right panel for the subset of “one-child mothers”, meaning women for
whom we observe no subsequent birth.

In Figure we present event-study estimates on the prescription of antidepressants as per-
centage changes relative to the pre-pregnancy baseline, while accounting for age and calendar
fixed effects. The inclusion of controls attenuates the postpartum increase slightly, suggesting
that prescriptions of antidepressants would also experience a modest rise with time or age in
the counterfactual case of not having a child. The overall pattern remains similar to the un-
conditional descriptives. Right before pregnancy, prescriptions of antidepressants decline by
8% for all mothers, possibly due to women fearing the risk of fetal malformations, despite
inconclusive evidence (Becker et al.,|2016; Muzik and Hamilton, [2016). Alternatively, women
may conceive during periods of improved mental health. During pregnancy, antidepressant use
decreases further by 73% in the last quarter before childbirth. This decline may coincide with
doctors being less inclined to prescribe antidepressants to pregnant women, even if they have

similar mental health problems as non-pregnant women.
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In the first four years after birth, the number of mothers receiving prescriptions for antidepres-
sants increases with each quarter. In the left panel of Figure this increase is attenuated by
subsequent pregnancies, since it includes the decrease in prescriptions due to further pregnan-
cies. The right panel with “one-child mothers” is not confounded by the mechanical effect of
subsequent births, but might suffer from selection effects, as people who experience mental
health issues after the first birth are probably less likely to have more children. The prescrip-
tion rate for “one-child mothers” (for all mothers) reaches pre-pregnancy levels one and a half
years (three years) after childbirth and continues to increase thereafter. Four years postpartum,
“one-child mothers” are 44% more likely to receive a prescription for antidepressants com-
pared to the pre-pregnancy quarter, taking into account maternal age and calendar time at this
point. Compared to two years prior to pregnancy, this increase still amounts to 36%.

The effect size for antidepressants is similar to what Ahammer et al. (2023) estimated for
Austria. Since the pre-trend could exceed the observation period, the true effect may be smaller
in magnitude. Overall, however, there is strong evidence that motherhood causally increases
antidepressant use over the medium to long term.

The decline in the uptake of psychotherapy prior to conception (Figure coincides with
antidepressant use, which mitigates the notion of precautionary behavior during pregnancy
against pharmacological treatments. During pregnancy, there is a further decline in psychother-
apy, possibly because expectant women refrain from starting therapy with a planning horizon
of several months, or because mental health issues requiring psychotherapy are less common
during this period. Similar to antidepressants, after childbirth the rate of mothers using addi-
tional psychotherapy increases every quarter over the four years observed. Unlike the antide-
pressant rate, the therapy rate does not exceed pre-pregnancy levels four years after childbirth.
For the overall sample of mothers (left panel of Figure [2a), the rate remains 17% lower, and
for the subset of “one-child mothers™ (right panel), it is 2% lower. The additional time re-
quired for each psychotherapy session poses a hurdle for mothers, which may contribute to

this difference.
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Taken together, our findings regarding the increase in antidepressants align with the analysis
by |Ahammer et al. (2023) on Austria and Denmark. In addition, we show that psychotherapy
increases to a lesser extent (and not beyond pre-pregnancy levels), potentially due to time

constraints.

Figure 2: Event Study — Mental Health Treatments

(a) Antidepressants
All mothers One-Child Mothers

=3
sl

50

0
4
.
L]
.
.
ge Chan%e
L

Percentage Change
.

-50
Percenta
.

-50

-100

1 & = 1
Event Time in Years Event Time in Years

(b) Psychotherapy
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Notes: This figure shows health dynamics around the transition into motherhood, with the
grey solid line at # = 0 indicating the first live birth. Each figure shows the event time coef-
ficients and the 95% confidence interval with robust standard errors estimated from equation
for different health outcomes and samples. Coefficients are depicted in percentage changes
compared to the counterfactual outcome without children, as defined in Section |3 In the left
panel, the sample consists of all women with at least one live birth. The right panel covers the

subset of “one-child mothers”, meaning women for whom we observe no subsequent birth.
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Mental Illness Diagnoses

In a next step, we look at diagnoses of depression and other mental disorders in Figure (3| The
additional value of using diagnoses on top of prescriptions is that they explicitly mention a spe-
cific illness and also identify cases not treated with medication or psychotherapy. Diagnoses
are recorded by physicians or psychotherapists, either upon detecting an underlying illness or
to state a reason for psychotherapy or medication prescriptions. The latter may imply that

fewer prescriptions during pregnancy may mechanically reduce diagnoses in the data.

Figure 3: Event Study — Mental Disorders
(a) Depression
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(b) Other Mental Disorders
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Diagnoses of depression follow a similar pattern as antidepressants and psychotherapy, but do
not reveal a pre-trend (Figure[3a). For all mothers, the rate of diagnosed depression amounts to
4.6% in the baseline quarter, the quarter before conception (Table |A.2), and decreases by 27%

until the end of pregnancy. In the quarter of childbirth, there is a temporary increase, probably
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driven by women experiencing postpartum depression. Four years after childbirth, the diagno-
sis rate remains below pre-conception levels for all mothers, while “one-child mothers” have
a 8% higher probability of being diagnosed with depression compared to the counterfactual
without a child.

After childbirth, the absolute rate of diagnosed depression also never exceeds 7% (in the last
observed quarter, for “one-child mothers”, Figure [A.3a). Even though this is a substantial
proportion of new mothers with depression, it is lower than what is found, for instance, in
a meta-analysis by [Shorey et al. (2018)) based on studies using clinical interviews or self-
assessments.

Given the potential reluctance of physicians to document depression and the quantitative im-
portance of other diagnoses, we complement the picture with other mental disorders (such as
anxiety, somatoform, and adjustment disorders). Compared to depression, these conditions
may have different symptoms (e.g. a more physical manifestation in somatoform disorder)
and often represent milder illness (e.g. a reaction to the stress of a new life situation).
Diagnoses of other mental disorders evolve differently from depression (Figure [3b). They
follow a slightly upward-sloping pre-trend and are relatively frequent right before and during
pregnancym Around the second trimester of pregnancy, diagnoses peak at a prevalence rate
of 16% (Figure M, indicating an 87% increase compared to the pre-pregnancy levelm
This increase could be driven by pregnancy-related stress, more intensive medical care, or
physicians coding adjustment disorder as something caused by exceptional life events rather
than depression. The latter might explain some of the opposite trends in depression and mental

disorder diagnoses before and during pregnancy.

3Note that pre-trend deviations might be driven by spontaneous abortions and psychologi-
cal distress accompanying infertility treatments (Jacob et al., 2019).

4Previous studies on prenatal anxiety disorders provide mixed evidence. Using survey
data, Vesga-Lopez et al.| (2008)) show that pregnant women have a lower risk of anxiety disor-
ders compared to non-pregnant women of the same age. A meta-analysis by |Viswasam et al.
(2019), in contrast, documents a higher prevalence of specific anxiety disorders such as panic
and obsessive-compulsive disorders among pregnant women compared to the general female
population.
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Diagnoses of other mental disorders drop sharply before birth, reaching their lowest prevalence
in the quarter immediately following birth, but increase each subsequent quarter. At the end of
our observation period, rates of diagnosed other mental disorders for “one-child mothers” are
similar compared to two years prior to birth, conditional on age and calendar time. It is striking
to observe that in case of a diagnosis of mental disorder (depression and other mental disorders
taken together), mothers have a higher probability of prescription of antidepressants compared
to the counterfactual case of not being a motherH We attribute this finding to the burden that
comes with motherhood. Due to time constraints and additional responsibilities, mothers may
have fewer resources and less resilience to cope with mental disorders than before pregnancy,
and therefore opt for antidepressants.

For sleep disorder, we observe a pattern similar to that of depression (Figure {). It should
be emphasized that this is a rare diagnosis, occurring in only 0.5% of women in the baseline
quarter. Note that sleep disorder refers to sleep-related mental illnesses and not simply to less
sleep, as often experienced during pregnancy (Reichner, 2015) or due to children’s needs. In
Figure |4, we see no pre-trend, but a decrease in the prevalence of sleep disorder in pregnancy.
After childbirth, diagnoses increase linearly. Four years after childbirth, “one-child mothers”
have a 18% higher risk of being diagnosed with a sleep disorder compared to a situation

without a child.

I5From regression coefficients we calculated that the prevalence of diagnosis for depression
or other mental disorders is 0.9 percentage points lower in quarter 16 in a situation with a
child compared to the counterfactual of not having a child. At the same time, however, the
prevalence of antidepressant take-up is one percentage point higher involving a child compared
to not having a child. Thus, motherhood increases the risk of being prescribed antidepressants
more than receiving a diagnosis.
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Figure 4: Event Study — Sleep Disorder
(a) Sleep Disorder
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Overall, our analysis of GePaRD data reveals a period of favorable mental health surrounding
childbirth, characterized by only a few corresponding prescriptions and diagnoses, except for
prenatal other mental disorders. However, it is important to acknowledge that precautions, time
constraints, or reservations to record diagnoses remain plausible driving mechanisms, which
cannot be dispelled with claims data alone. Second, all five outcomes of mental health increase
each subsequent postpartum quarter, starting from low levels at childbirth. This increase is the
highest for prescriptions of antidepressants, with a significant rise above pre-conception levels.
For “one-child mothers”, all measures exceed pre-conception levels at some point, except for
other mental disorders and psychotherapy. We explore these findings further by adding survey

data to our analysis.

Self-Assessed Mental Well-Being

To gain additional insights into the dynamics of perceived mental health and well-being, we
pool SOEP and Pairfam data on emotional states (within four weeks before the interview). By
doing that, we add more nuanced measures of perceived mental health information to secured
diagnoses of mental illnesses. In addition, our outcomes are not susceptible to diagnosis-

related concerns or behavioral adjustments regarding medication. The sample however has
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fewer observations and a reduced number of survey periods, with SOEP and Pairfam account-
ing for only 1% of the GePaRD samplem We therefore restrict the time scale in our figures to
years or half-years and do not control for calendar time. Because individuals self-report their
mood, the analysis may also be prone to survey bias.

For feeling happy, there appears to be a slight positive pre-trend before pregnancy, followed
by a substantial rise with the first childbirth and a sequential decline thereafter (Figure [5a).
For “one-child mothers”, happiness feelings return to pre-pregnancy levels by the time the
child is two years old, and fall below respective levels one year later. The coefficients are
less pronounced for the sample of all mothers, as subsequent pregnancies act as confounders.
Findings for “one-child mothers” remain unaffected by subsequent births, yet the sample might
be selective[”]

Results on anger mirror those on feeling happy after birth, as shown in Figure[5b] The intensity
of anger exceeds pre-pregnancy levels in the third and fourth year after the first childbirth, for
all mothers as well as “one-child mothers.” In Appendix Figure we further illustrate a
tendency for women to report feeling sad less often in the year of childbirth and immediately
afterward. For anxiety (Figure in the Appendix), there is no evidence of a lasting moth-
erhood effect; only in the year around birth, anxiety exhibits a one-time increase. This aligns

with a peak in other mental disorders during pregnancy, as reported in Figure

16Tn the survey data, we have usually one observation per year, while we have four observa-
tions each year in GePaRD.

"These results are more negative than the findings on “feeling happy and cheerful” by
Metzger and Gracial(2023) for the UK, where feeling happy stays above pre-pregnancy values.
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Figure 5: Event Study — Survey Questions on Emotions: Feeling Happy and Angry
(a) Feeling Happy
All Mothers One-Child Mothers
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(b) Feeling Angry
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all women with at least one live birth. In the right panel, we exclude mothers for whom we
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Other studies that investigate mental health with the SOEP use the Mental Component Sum-
mary Scale (MCS) and models with more parametric assumptions than our event study. Our
event study based on the MCS (Appendix Figure has large standard errors. Consistent
with |Giesselmann et al.| (2018)) and |Asselmann et al. (2022)), self-assessed mental health, as

measured by the MCS, is better around childbirth and deteriorates thereafter. The medium- to
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long-term decline below baseline levels, as identified in these studies, can neither be supported
nor ruled out by our event studym Since the analysis of MCS does not include additional Pair-
fam data and is limited to fewer survey years, the resulting sample is smaller compared to our
event study on feeling happy and angry.

In conclusion, the self-reported survey evidence supports our finding that women enter a period
of high well-being beginning with, and to some extent even before, pregnancy. It supports the
interpretation that the decline in antidepressant use, psychotherapy, and diagnoses of depres-
sion and sleep disorder observed in the claims data is not solely attributable to caution and time
constraints. The persistent deterioration of mental health within four years after entering moth-
erhood is also evident in the self-reported measures of feeling happy or sad. For mothers who
did not experience another birth during our observation period, prescriptions of antidepres-
sants, diagnoses of depression, anger, and sadness significantly exceed pre-pregnancy levels
(and those two years before birth). Consistently, feeling happy declines below pre-pregnancy

levels.

4.2 Physical Health

Next, we present findings on physical health. Our selection of relevant diagnoses and pre-
scriptions was guided by the recognition that their (re)emergence or need for treatment can be
linked not only to predisposition or adverse events but also to stress and lifestyle choices. This
applies in particular to obesity, headaches, back pain, and painkiller use. Respiratory diseases
and the use of antibiotics are primarily related to infections transmitted from children to their
mothers. The frequent reappearance of infections or the need for medication may however
also be related to exhaustion and stress, which suppresses resistance (e.g. Seiler et al., [2020).

In the following section, we look at each outcome separately.

!8This is also because the baseline half-year seems to be an outlier in the MCS event study

(see Figure [A.10).
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Painkillers and Antibiotics

Figure [6a/shows the prescription dynamics of painkillers surrounding the transition into moth-
erhood. From a prescription rate of 3.3% at baseline (Table [A.2), we detect a large decline
during pregnancy similar to antidepressants, but no pre-trend before conception. After child-
birth, mothers continuously resort to painkillers. Unconfounded by subsequent births, the
postnatal prescription of painkillers for “one-child mothers” increases by up to 30% compared
to the counterfactual case of not having a child.

The prescription of antibiotics — as outlined in Figure [6b]— also decreases during pregnancy, but
to a lesser extent than painkillers or antidepressants. Entering motherhood increases the use
of antibiotics after the child turns one year old, with an additional increase when the child is
three years old and a slight decrease afterward. This often reflects the treatment of respiratory
diseases that children contract at the daycare center and then pass on to their mothers, as
discussed below. Overall, entering motherhood has a long-term impact on the prescription of

antidepressants, painkillers, and antibiotics.
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Figure 6: Event Study — Painkillers and Antibiotics
(a) Painkillers
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Pain and Respiratory Diseases

Relevant and common diagnoses correlated to painkillers include headaches and back pain,
with baseline rates of 7% and 11%, respectively (Table [A.2)). For headaches, we observe a
higher prevalence around the second trimester of pregnancy (Figure [7a), aligned with a re-
duction around the third trimester as expected from findings in the medical literature (Negro
et al., 2017). As a subcategory of headaches, migraines tend to recur a few months after the
end of pregnancy, as reflected in our results and supported by Hoshiyama et al.[| (2012). The
rate of women diagnosed with headaches increases each quarter during the first four years
of motherhood; by the end of the observation period, the rate is 8% higher for “one-child
mothers” compared to the counterfactual case. This pattern mirrors the observed dynamics

in mental health diagnoses, particularly those among “one-child mothers.” The risk for back
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pain increases during pregnancy (Figure [7b]), caused for instance by the increased spinal load
(Mogren and Pohjanen, 2005). Back pain decreases after childbirth but exceeds pre-pregnancy
levels at the end of the observation period by 12% for “one-child mothers.” The increase for
one-child mothers is particularly striking, as these estimates are not upward biased due to
back pain in future pregnancies. Our results show that although the prevalence of back pain
decreases right after birth, becoming a mother increases the risk of back pain in the long runlﬂ

Figure 7: Event Study — Pain
(a) Headaches
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The prevalence of respiratory diseases reaches pre-pregnancy levels relatively soon after the
first childbirth compared to other outcomes (Figure [8). Similar to antibiotics, we detect a
sharp increase in respiratory diseases around the child’s first birthday and after the child’s

third birthday. At these ages, many children enter institutional childcare. With access to

19Tn 2023, back pain and related disorders accounted for almost a fifth of all days absent
from work, after respiratory diseases and before mental disorders (Hildebrandt-Heene et al.,
2023).
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childcare, Barschkett (2024) also finds a temporary increase in respiratory diseases among
children, and |Barschkett and Bosque-Mercader (2023)) and |Dehos et al. (2024) document a
corresponding increase among mothers. Four years after entering motherhood, the rate of
diagnosed respiratory diseases is much higher than in the counterfactual case of not having
a child (26% for “one-child mothers”), but still below the increase in antibiotic prescriptions.
We cannot separate whether this increase is entirely due to more intense contact with infectious
children or also due to weaker body defenses. In short, motherhood has an undesirable long-

term impact on the incidence of headaches, back pain, respiratory diseases, and related medical

treatments.
Figure 8: Event Study — Respiratory Diseases
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Obesity

Obesity poses a major health risk, and a high BMI in the years following childbirth is a pre-
dictor of long-term overweight (Rooney et al., 2005). Previous literature indicates that stress
from parenting, including feelings of isolation, attachment issues, and depressive symptoms
correlate with postpartum weight retention (Whitaker et al.,|2014)). Since obesity diagnoses are
only recorded when weight is relevant, such as before surgery or a planned weight loss treat-

ment, we observe a lower rate in our data compared to its actual incidence in the population.
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Preceded by a positive pre-trend, diagnoses of obesity become approximately 97% more likely
during pregnancy, as illustrated in Figure[9] Four years after giving birth, mothers have a 41%
(“‘one-child mothers™) higher risk of being diagnosed with obesity compared to pre-pregnancy

levels conditional on time and age.

Figure 9: Event Study — Obesity
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Considering the measurement issue of obesity in claims data, we enhance our analysis with
BMI information from SOEP and Pairfam, as outlined in Figure [I0a. In the year after child-
birth, we observe a 4% higher BMI compared to the counterfactual case of not becoming a
mother. Due to the small sample size, confidence intervals tend to be large. For “one-child
mothers”, we detect a small significant increase in BMI that persists until the end of the ob-
servation period. In Figure we further define an obesity dummy if the reported BMI is
greater than 30. The results for “one-child mothers” show an increased obesity risk in the years
following motherhood, with a incidence more than 50% higher in the fourth year compared
to a pre-pregnancy rate of 9% (Table[A.6). While some caution is warranted in light of pre-
trends, our analysis of claims and survey data suggests an increased risk of obesity through

motherhood.
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Figure 10: Event Study — Survey Evidence on BMI and Obesity
(a) BMI
All Mothers One-Child Mothers
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5 Mechanisms

In this section, we explore different mechanisms that might underlie our findings. Our previ-
ous analysis indicates that on average mothers experience a phase of good mental and physical
health throughout the period of conception and pregnancy (with some exceptions, such as
back pain). With complementary survey data, we provide further evidence that this improve-
ment is not only mechanically driven by precautionary behavioral adjustments. Upon entry

into motherhood, health and mood steadily deteriorate over the next 16 quarters. Especially
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for “one-child mothers”, several outcomes are worse than before pregnancy. In the follow-
ing subsection, we first examine mechanical effects through the cessation of breastfeeding
and potential adjustments in the number of doctor visits. Subsequently, we explore potential

channels, such as sleep and time use, as well as health-protective behaviors.

Breastfeeding

During pregnancy as well as lactation, prescriptions might be lower due to concerns about
risks for the child. Based on SOEP data, we outline the proportion of mothers who breastfeed
in Figure Respective precautions are likely to be relevant for the 69% of women who
breastfeed one quarter after childbirth and for the 48% who do so two quarters after childbirth.
This implies that medication might not reflect the true (mental) health status of mothers in
this period. Many mothers may hesitate to take antidepressants or painkillers to protect their
child, even if they are facing depression or pain. Two years postpartum, virtually all women
have stopped breastfeeding. This coincides with the point in time when the rate of antidepres-
sant prescriptions among “one-child mothers” reaches pre-conception levels. The continuing
increase in prescriptions for antidepressants, painkillers, and antibiotics can therefore not be

related to more mothers stopping breastfeeding, at least for “one-child mothers.”

Physician Visits

Pregnancy and family planning may mechanically increase diagnoses due to increased inter-
actions with the healthcare system. This could drive the steep pre-birth increase in diagnoses
of obesity and other mental disorders, such as somatoform disorder. Quarterly physician visits
indeed show a positive pre-trend and a notable increase during pregnancy (Appendix Figure
M@ But the number of diagnoses per visit (including standard pregnancy-related diag-
noses) also rises the year before childbirth (Figure in the Appendix). In the postpartum

period, the number of physician visits per quarter increases to a lesser extent than most di-

20The pre-trend could be driven by planned pregnancies following assisted reproductive
treatments (Rauprich et al., [2011) or by earlier pregnancies with spontaneous abortions (see
e.g. Biitikofer et al., 2024).
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agnoses and prescriptions. At the same time, there is a more pronounced rise in the number
of diagnoses per visit. We therefore conclude that the increasing rates of prescriptions and
diagnoses are unlikely to be explained by mothers going to the doctor more often (e.g. for sick

notes once they resume employment).

Sleep

Sleep deprivation and poor sleep quality are common after childbirth and contribute to fatigue,
postpartum depression, and overweight (Spaeth et al., 2013). Nevertheless, the medium- to
long-term effects of motherhood on sleep remain relatively understudied (see Richter et al.,
2019, and the literature therein). Figure shows a substantial drop in mothers’ sleep
duration after childbirth. Despite a slight recovery after the first year, event-time coefficients
consistently remain 8% to 9% below baseline until the end of the observation period. These
results align with an analysis by Richter et al. (2019) based on fixed effects models. In addition,
Richter et al.| (2019) show that sleep satisfaction follows the same pattern and does not recover
within six years after entering motherhood. Persistent reductions in sleep duration, along with
interruptions due to the child’s needs, are likely to exacerbate issues such as headaches, mood,
the frequency of respiratory diseases, and obesity, but may also contribute to the development

of sleep disorder, as measured in Figure or depression (e.g. Kendall-Tackett, 2023)).

Childcare and Market Work

The transition to motherhood comes with huge changes in time use. In the first half-year
after childbirth, mothers indicate spending about 16 hours per day on childcare, 12 hours
when the child is two years old, and still about 11 hours when the child is four years old
(Figure [A.15). By the time the child turns two, almost 40% of the children are in institutional
childcare (Figure . At that time, “one-child mothers” dedicate on average 11.3 hours a

day to childcare, along with 3.5 hours of market work and 2.5 hours of housework, resembling
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a remarkable total workloadﬂ This may eventually contribute to worse mood and mental
and physical health. At the beginning of motherhood, women may be highly motivated and
possess sufficient energy for extensive caregiving, which may diminish over time, explaining

the upward trend in many outcomes.

Self-Care and Physical Activities

Motherhood comes with a reported 50% long-term reduction in time spent on physical activi-
ties and in time spent on other leisure activities and hobbies (Figure lA_Mb@ Related to this,
mothers report higher consumption rates of sugar-sweetened beverages, saturated fat, and total
calories compared to childless women (Berge et al., 2011)). Interestingly, mothers do not seem
to return to more sport or leisure activities as the baby grows older, even though childcare du-
ties lessen (as shown in Figure[A.15). Reduced physical and leisure activities can in the long
term increase the risk of obesity, back pain, and headaches, and influence the propensity for

(or the recurrence of) mental illness.

Life Satisfaction and Psychosocial Distress

A qualitative strand of literature, as summarized by Giesselmann et al. (2018), argues that
social expectations and the ideal of intensive mothering, with the pressure to devote oneself
entirely to the child, lead to tension. Together with the social norm of working mothers,
there might be conflicting demands and feelings of guilt that increase psychological distress,

depression, and anxiety.

2Hours of housework and market work calculated from SOEP, with market work referring
to weekdays.

22Bellows-Riecken and Rhodes (2008) outline that parents, especially mothers, are less in-
volved in physical activity and exercising than childless individuals.
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This situation, alongside other aspects of life, may be reflected in a measure of overall life
satisfaction. Appendix Figure shows high levels around and after childbirth. For “one-
child mothers”, life satisfaction declines subsequently, reaching pre-pregnancy levels when the
child is 18 months old, and falling 7% below pre-pregnancy levels (accounting for maternal
age and time) when the child turns fourEHﬂ On the one hand, declining life satisfaction may
predispose mothers to health issues. On the other hand, life satisfaction may itself be affected
by (mental) illnesses.

To summarize potential mechanisms underlying the health patterns around entering mother-
hood, breastfeeding cannot affect the upward trend beyond the second postpartum year, nor
do behavioral effects regarding physician visits play an important role. Our results support
the argument that permanent reductions in sleep, sport, and other leisure activities, together
with extensive childcare responsibilities and potential psychosocial distress, may be key fac-
tors contributing to worsening health, as reflected in increased use of medication, back pain,

and obesity.

6 Effect Heterogeneity

Heterogeneity by Education

In this section we examine whether observed health dynamics differ by education. Lower
education correlates with limited financial resources, which makes parenting more difficult.
Women with higher education tend to have intellectually and time-wise more demanding jobs
and may also be more stressed by recent mothering ideologies (Hart et al., 2023; Metzger

and Gracia, 2023). In Appendix Figures to we divide the sample by the highest

23When focusing on “one-child mothers”, our conclusion on long-term effects tends to be
more negative than studies by [Myrskyld and Margolis (2014)) and Baetschmann et al.| (2016).

24van Scheppingen et al. (2018) detect a decline in maternal self-esteem and relationship
quality in Norway from the sixth month after childbirth onwards.
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obtained degree into low, medium, and high education levels, including all individuals with
available information@ Both panels refer to “one-child mothers”, with left panels showing
the unconditional means of the outcome variables and right panels respective event studies
conditional on age and calendar years.

The left panel of Figure[A.17|shows that pre-pregnancy prescription of antidepressants is high-
est among women with low education and lowest for women with high education. However,
the three groups follow a similar trend, and — as the right panel indicates — the relative effect
of entering motherhood on antidepressant use does not differ by education.

For psychotherapy, the highest uptake is observed among highly educated individuals and
the lowest among people with low education. Differences across groups persist over time.
For high- and medium-educated mothers, the take-up of psychotherapy in the event-study
findings (right panel) remains below pre-pregnancy levels, while low-educated mothers engage
in psychotherapy more often after becoming a mother.

The unconditional means for diagnosed depression (Figure closely resemble those for
antidepressant use. As also observed for psychotherapy, low-educated mothers experience
a slightly stronger long-term increase following motherhood compared to other groups (right
panel). Other diagnosed mental disorders do not involve effect heterogeneity (Figure Mm
Our findings on physical health reveal that low-educated mothers are most likely to receive
painkillers and antibiotics, both before and after pregnancy (Figure [A.19). The relative effect
of motherhood on painkillers proves the same for all groups, but varies for antibiotics, with
some catch-up for medium-educated and highly educated mothers whose children may be
more likely to enroll in public childcare at an earlier age. This pattern aligns with diagnoses

of headaches and back pain, although with the noteworthy observation that medium-skilled

2SWe define “low-educated” as individuals without a vocational degree or completed aca-
demic track, “medium-educated” as people with an apprenticeship or comparable degree or
with a completed academic track, and “high-educated” as people with university degrees.

26Results for sleep disorder exhibit similar patterns, but are not shown. Due to the rarity of
respective diagnoses, confidence intervals tend to be large.
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mothers exhibit the highest pre-birth incidence. For respiratory diseases, pre-birth levels are
the highest among low-skilled people, but relative increases following motherhood are the
strongest among highly skilled mothers, as also observed for antibiotics. For obesity we also
see strong differences in levels, but no differential effects of motherhood.

In summary, pre-birth levels of prescription and diagnosis rates differ substantially by edu-
cation. In particular, low-educated mothers are more prone to receive prescriptions and di-
agnoses, while highly educated mothers are more likely to visit a psychotherapist. However,

heterogeneity in the relative effects of entering motherhood is small.

East-West Heterogeneity

We also examine heterogeneities between East and West Germany, as differences in employ-
ment rates and social norms persist in the period under consideration (e.g. Boelmann et al.,
2021). Figures to show slightly higher pre-pregnancy diagnoses and prescription
rates for West German compared to East German women, possibly due to the latter having a
lower average age at first childbirth. The effects of motherhood are very similar across most
outcomes, but for physical health measures like painkillers, headaches, back pain, and obesity,
the relative effect tends to be slightly higher in East Germany. Respiratory diseases and an-
tibiotics show different patterns, probably reflecting early childcare enrollment of many East
German children at age one, while many West German children do not start until they turn
three. It is worth noting that motherhood has an increasing long-term effect on depression of
about 10% in West Germany and no long-term effect in East Germany, despite higher depres-

sion rates in West Germany already at baseline.

7 Conclusion

Based on claims and survey data, we provide a comprehensive picture of stress-related health
outcomes around the transition to motherhood. Prescriptions serve as an important health mea-
sure, since they signal a health condition a physician deems serious enough to recommend or
approve a medical intervention. Diagnoses add more specific information about the nature

of the condition, including cases that do not require treatment. We supplement our results
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from claims data with survey information from SOEP and Pairfam, which offer subjective as-
sessments of mood, mental health, and life satisfaction. The joint use of these three measures
provides a more comprehensive picture than studies relying on a single measure and enables us
to examine interconnections like a decrease in the importance of psychotherapy relative to an-
tidepressants after entering motherhood, or a decrease in antidepressants along with improved
mood during pregnancy.

The time immediately after childbirth is characterized by relatively few diagnoses for depres-
sion, other mental disorders, and sleep disorder and their respective treatments, suggesting a
period of good mental health. Survey evidence supports our finding that, on average, women
enter a period of good mental health during pregnancy. After childbirth, mental health mea-
sures included in our claims data become more unfavorable in each subsequent quarter. Four
years into motherhood, the prescription of antidepressants exceeds the pre-pregnancy level by
449% for observations not confounded by a subsequent birth, while the probability of depres-
sion is 8% higher compared to pregnancy and the probability of sleep disorder is 18% higher.
The probability of other mental disorders is 9% lower. The role of antidepressants relative
to psychotherapy increases. Survey questions on feeling happy and sad, which cover the full
range of emotions and not just mental illness as claims data, provide strikingly similar findings,
despite a small sample size.

Physical illnesses and prescriptions that are potentially stress- and lifestyle-related reveal a
similar pattern. While painkillers and antibiotics are rarely prescribed during and shortly after
pregnancy, motherhood increases the prescriptions by 30% and 34% respectively in the long
term. Related diagnoses also exhibit an increase, but again to a lesser extent compared to
prescriptions. Finally, both claims and survey data show an increase in obesity rates. Taken
together, the adverse long-term effects of motherhood on mental well-being and increased
medication are not limited to mental health, but manifest similarly in physical illness and

medication usage.
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Complementary analyses of mechanisms support the argument that a sustained reduction in
sleep, sport, and other leisure activities, together with extensive involvement in childcare and
possible psychosocial distress, may be important channels explaining the worsening in health.
We further find that lactation cannot affect our results beyond the second year after birth and
that behavioral effects related to doctor visits do not play an important role. The causal identi-
fication of the aforementioned mediators, such as sleep or sport, lies beyond the scope of this
study.

Heterogeneity in the relative effects of entering motherhood by education groups is small.
Overall health dynamics are also similar for East and West German mothers, with slightly
higher relative effects for physical outcomes in East Germany and a long-term increase in
depression beyond pre-pregnancy levels only for West German mothers. As such, the docu-
mented patterns are not only relevant for small social groups, but applicable to large parts of
the population.

In sum, this paper supports the impression conveyed through (social) media and popular read-
ings that many women live with exhaustion, commonly referred to as “maternal burnout.” Our
insights are relevant, as health problems during this critical period can have a lasting impact
on long-term health. Moreover, health constitutes an important factor of life satisfaction and
is closely associated with earnings as well as a child’s well-being.

It is important to emphasize that maternal health and mood around childbirth are particularly
good. The subsequent worsening thus starts from a favorable state. Concerning policies,
maintaining the good health status that many women enjoy before entering motherhood and
alleviating respective burdens should be paramount. Measures such as the provision of child-
care, parental leave schemes with potential incentives for fathers, easy access to mental health
counseling, mother-child clinics, or health insurance-sponsored household helpers could help

achieve this goal.
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Appendix

A.1 Data
Table A.1: List of Outcome Variables and ICD-10 Codes
Outcomes ICD-10
Depression F32, F330, F331, F332, F333, F338, F339, F341, F381, F53, 0993,

R452, R453
Other Mental Disorders | F40, F41, F430, F432, F438, F439, F444, F445, F446, F45, F54, F59,
F606, F680, R457, R52

Sleep Disorder F510, F511, F512, F515, F518, F519, G47
Back Pain M50, M51, M53, M54

Headaches G43, G440, G441, G442, G443, G448, R51
Obesity E65, E66, E67, E68

Respiratory Disease JOO, JO1, JO2, J03, J06, J09, J10, J11, J12, J13, J14, J15, J16, J18, J20,
J300, J31, J32, J40, J41, J42, J44

Mapping of ICD codes is based on|Beuchert et al. (2016); Persson and Rossin-Slater; (2019); Rouche
et al. (2019); Sandner et al.| (2018)) and [Steffen et al. (2020).
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Figure A.1: Birth Outcomes for GePaRD and Official Birth Records
(a) Maternal Age at Childbirth
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Table A.3: Basic Demographics

All One-Child
Mothers Mothers

Mean SD Mean SD
Other Nationality 0.096 0.295 0.103 0.304
German 0.819 0.385 0.808 0.394
Nationality Missing 0.085 0.279 0.089 0.284
Age at Childbirth 30.696 5.219 31.464 5.357
Lower Education 0.040 0.197 0.040 0.197
Middle Education 0.431 0495 0421 0494
Higher Education 0.200 0.400 0.180 0.384
Education Missing 0.329 0470 0.358 0479
West German 0.810 0.392 0.804 0.397
East German 0.187 0.390 0.194 0.395
Place of Residence Missing 0.002 0.048 0.003 0.052
Premature Birth 0.071 0.256 0.075 0.263
Cesarean Section 0.349 0477 0.367 0.482
Working Before Pregnancy (Proxy) 0.812 0.391 0.804 0.397
No Further Child Observed (“One-Child Mother”) 0.667 0.471 1 0
N 1468892 979900

Source: GePaRD. The table includes information on mothers with at least one live birth.

Table A.2: Pre-Pregnancy Summary Statistics: GePaRD

All One-Child
Mothers Mothers
Mean SD Mean SD

Prescription of Antidepressants 0.020 0.139 0.022 0.147

Psychotherapy 0.029 0.167 0.031 0.172
Other Mental Disorders 0.081 0.272 0.087 0.281
Depression 0.046 0.209 0.051 0.219
Sleep Disorder 0.005 0.071 0.006 0.076
Prescription of Antibiotics 0.132 0.338 0.133 0.339
Prescription of Painkillers 0.033 0.179 0.035 0.183
Headaches 0.067 0.249 0.069 0.254
Back Pain 0.106 0307 0.111 0.314
Respiratory Diseases 0.177 0.382 0.179 0.383
Obesity 0.031 0.172 0.033 0.180
Physician Visits 2212 2107 2221 2.128
Diagnoses per Visit 1.430 1.460 1.439 1.478
N 1122167 751193

Source: GePaRD. This table shows different maternal outcomes
five quarters before childbirth of the first child. The outcomes
therefore correspond to the baseline period in the event-study
graphs. The left-hand panels refer to all first-time mothers and
the right-hand columns to mothers for whom we do not observe a
further birth in our data.
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Table A.4: Sample Overview — SOEP and Pairfam

Sources
N SOEP Pairfam
Feeling Within Last 4 Weeks. . .
Happy (1-4 Scale) 14076 2007-2019 W2-W1l1
Sad (1-4 Scale) 14079 2007-2019 W2-W11
Angry (1-5 Scale) 11752 2007-2019 W3-W5
Anxious (1-5 Scale) 11175 2007-2019 W4-W5
Life Satisfaction at
Present (0-10 Scale) 15881 2004-2019
BMI 10268 2004, 6, 8, 10, 12, 14, 16, 18 W1,3,5,7,9,11
Obesity (if BMI>30) 10268 2004, 6, 8, 10, 12, 14, 16, 18 W1,3,5,7,9, 11
Breastfeeding 4626 2007-2019
Childcare by Mother (h) 7234  2005,7,9,11, 12,13, 15,17, 19
Institutional Childcare 15333 2004-2019
Average Sleep per Day (h) 9080 2008-15, 17, 19
Physical Activities:
Sport, Fitness, Gymnastics 3006 2013, 15,17, 19
(h)

Other Leisure Activities

and Hobbies (h) 7216 2005,7,9,11, 12,13, 15,17, 19

Notes: This table shows the overall sample size for each outcome, along with the corresponding
waves that are available in SOEP and Pairfam data.
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Table A.5: Basic Demographics — SOEP and Pairfam

All One-Child
Mothers Mothers
Mean SD  Mean  SD
Other Nationality 0.109 0.312 0.107 0.309
German 0.891 0.312 0.893 0.309
Age at Childbirth 29.023 5.326 29.422 5.867
Lower Education 0.114 0.317 0.140 0.347
Middle Education 0.565 0.496 0.574 0.494
Higher Education 0.267 0.443 0.230 0.421
Education Missing 0.054 0.227 0.056 0.230
West Germany 0.733 0.442 0.699 0.459
East Germany 0.231 0422 0.265 0.441
Place of Residence Missing 0.036 0.185 0.036 0.187
Working Before Pregnancy (Proxy) 0.855 0.352 0.849 0.358
No Further Child Observed (“One-Child Mother”) 0.515 0.500 1.000 0.000
N 14076 7247

Note: This table shows demographic summary statistics for the sample of mothers who
are included in the analysis of being happy within the last four weeks (Table [A.4). We
cover mothers within four years before and four years after the birth of the first child.
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Table A.6: Pre-Pregnancy Summary Statistics: SOEP and Pairfam

All One-Child Baseline Period
Mothers Mothers Before Birth (b.b.)

Mean SD N Mean SD N

Feeling Within Last 4 Weeks. . .

Happy (1-4 Scale) 3.04 073 1037 3.03 0.74 629 2" year b.b.
Sad (1-4 Scale) 1.73  0.81 589 1.75  0.80 363 2" year b.b.
Angry (1-5 Scale) 2.95 1.01 510 3.03 1.00 305 2" year b.b.
Anxious (1-5 Scale) 2.09 1.02 487 2.18 1.04 295 nd year b.b.

Life Satisfaction at

rd 3
Present (0-10 Scale) 7.50 1.49 597 7.49 1.48 361 3" half-year b.b.

BMI 23.35 4.52 453 23.65 5.09 268 2" year b.b.
Obesity (if BMI>30) 0.08 0.26 453 0.09 0.29 268 2" year b.b.
Breastfeeding 0.00 0.00 546 0.00 0.00 317 5™ quarter b.b.
Childcare by Mother (h) 0.09 0.66 259 0.11 074 152 3" half-year b.b.
Institutional Childcare 0.00  0.00 607 0.00 0.00 368 3" half-year b.b.
Average Sleep per Day (h) 859 098 298 8.55 1.04 168 3" half-year b.b.
Physical Activities:

Sport, Fitness, Gymnastics 0.84 0.76 114 0.88 0.85 75 3™ half-year b.b.
(h)

Other Leisure Activities

rd -
and Hobbies (h) 2.80 2.06 268 2.93 2.14 155 3™ half-year b.b.

Notes: This table shows different maternal outcomes before the birth of the first child. The outcomes
therefore correspond to the baseline period in the event-study graphs.
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A.2 Unconditional Means

Figure A.2: Unconditional Means — Mental Health Treatments

All mothers

~®e

Absolute Values
0

1
Event Time in Years

All mothers

035 .04

Absolute Values
.03
.
.

025

02
.

%]
-
=

1
Event Time in Years

(a) Antidepressants

<t
=4

.02 03

Absolute Values

.01

(b) Psychotherapy

p g
=)

025 .03 .035

Absolute Values

02

w
—
o

One-Child Mothers

1
Event Time in Years

One-Child Mothers

1
Event Time in Years

Notes: The points show the average value of the outcome variable for each quarter around the birth of
the first child. No control variables. In the left panel, the sample consists of all women with at least
one live birth. In the right panel, we exclude mothers for whom we observe a subsequent birth. The
grey dashed line at + = 0 denotes the first live birth of each woman.
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Figure A.3: Unconditional Means — Mental Disorders
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Figure A.4: Unconditional Means — Sleep Disorder
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Figure A.5: Unconditional Means — Painkillers and Antibiotics
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Figure A.7: Unconditional Means — Respiratory Diseases
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Figure A.8: Unconditional Means — Obesity
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Figure A.9: Event Study — Survey Questions on Emotions: Sadness and Anxiety
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Figure A.10: Event Study — Mental Component Scale from Survey Questions
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Figure A.11: Event Study — Survey Questions on Life Satisfaction
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Figure A.12: Event Study — Survey Evidence on Currently Breastfeeding
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Figure A.13: Event Study — Physician Visits and Diagnoses
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Figure A.14: Event Study — Survey Evidence on Average Hours of Sleep per Day
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Figure A.15: Event Study — Survey Evidence on Childcare
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Figure A.16: Event Study — Survey Evidence on Activities
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A.4 Effect Heterogeneity

Figure A.17: Heterogeneity by Education — Mental Health Treatments
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Figure A.18: Heterogeneity by Education — Mental Disorders

(a) Depression
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Figure A.19: Heterogeneity by Education — Painkillers and Antibiotics
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Figure A.20: Heterogeneity by Education — Pain
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Figure A.21: Heterogeneity by Education — Respiratory Diseases
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Figure A.23: East-West Heterogeneity — Mental Health Treatments
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control variables. The right-hand panel shows event-study coefficients separately by East / West
(controlling for maternal age and calendar time).
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Figure A.24: East-West Heterogeneity — Mental Disorders
(a) Depression
Descriptives Event-Study
° &1
o
. <o 3 ] é
° 3
O L N S 34
o % 3 . 47
o s = $ 3 s 2 1 ¢
< c ¢ i 3 % I
o < 2 ] $ %
0 00094 o o %o 3 ] + ¢
0 ° ; ° N gm ¢ 5
XS s g o o g H et
o o ] ) ¢ 3 %
o a 5 ¢ Y
o = g &
Q &
8 o < ’ % I
(¢}
. <o
° o
so° 3.
-2 -1 1 3 4 -2 -1 1 3 4
Event Time in Years Event Time in Years
(b) Other Mental Disorders
Descriptives - Event-Study
34
° >
=g
@
2
2 ]
o
[V
6 © < gm P &
@
o - a s
< < O T e e e
3 <o
0:Q =i d 8
0 o 0 o 0 > 6 © o 8 8 8 8
g 8o 00205’0 : $s$88°
Qg0 8 @&
? g S (¢} 8 8
- . 3 5338
-2 - 3 4 -2 -1 1 3 4
Event Time in Years

Event Time in Years

Notes: See Figure

63



Figure A.25: East-West Heterogeneity — Painkillers and Antibiotics

(a) Painkillers
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Figure A.26: East-West Heterogeneity — Pain

(a) Headaches
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Figure A.27: East-West Heterogeneity — Respiratory Diseases
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Figure A.28: East-West Heterogeneity — Obesity
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