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Abstract

We study the effects of retirement on cognitive functioning among women aged 63 to 67 by exploiting a
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1 Introduction

Cognitive abilities are crucial for individual decision-making across the lifespan (Tymula
et al., 2013; Li et al., 2013) involving, for instance, financial decisions or health behavior
(Christelis et al., 2010; Cutler and Lleras-Muney, 2010). However, it is widely known that
cognitive abilities decline with age (Salthouse, 2009), while the prevalence of conditions
such as mild cognitive impairment (MCI) or dementia increases. The ongoing demographic
change will lead to a rise in the population with cognitive impairment, putting even more
pressure on already stressed health and long-term care systems (Rechel et al., 2013). Many
studies from various disciplines examine whether this age-related decline is inevitable or
malleable, ideally to derive policy recommendations to address it.

We investigate how retirement — a major choice in an individual’s life — adds to cognitive
decline. Rohwedder and Willis (2010) argue that retirees face fewer mental challenges
than labor force participants, particularly when they leave a cognitively stimulating work
environment. This is known as the “use-it-or-lose-it hypothesis”. Our study is not the
first to examine this. Dufouil et al. (2014), Grotz et al. (2015) and Sundstrom et al. (2020)
find a correlation between retirement age and risk of dementia. Individuals who retire
later (and spend less time in retirement) are less likely to receive a dementia diagnosis.
In terms of causal claims, the recent economic literature has focused particularly on the
effects of retirement on measures of cognition, such as the word recall test. Rohwedder
and Willis (2010) and Bonsang et al. (2012) suggest that retirement negatively affects
cognitive abilities. Other studies confirm these findings and additionally find that length
of retirement increases this negative effect (Celidoni et al., 2017; Mazzonna and Peracchi,
2012, 2017). Furthermore, there is heterogeneity as regards the type of former work
(Mazzonna and Peracchi, 2017; Coe et al., 2012) and also for gender (Atalay et al., 2019;
Mazzonna and Peracchi, 2012; Mosca and Wright, 2018). Schmitz and Westphal (2021) find
heterogeneous negative average effects of retirement on cognitive abilities up to 10 years
after retirement entry: early retirees only experience small or no negative effects, while
late retirees lose up to 20% of their cognitive abilities.

We believe that we can contribute substantially to the existing literature for two reasons.
First, most of the established literature in this field relies on cross-country differences in
retirement regulations for identification (exceptions are Atalay et al., 2019, for Australia
and Mosca and Wright, 2018, for Ireland). This approach has been criticized for potentially
conflating retirement effects with other cross-country differences that may influence cog-
nition. In contrast, we exploit a German pension reform of 1999 that introduced a sharp
increase in early retirement age (ERA) for women from 60 (until birth cohort 1951) to 63
(as of birth cohort 1952). This reform led to a discontinuous and substantial decline in
retirement rates of affected women, as shown by Geyer and Welteke (2021). Hence, we

add to the literature by imposing a different set of assumptions than most previous work
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in studying the effects of retirement on cognition. Second, while all previous literature
lies exclusively on survey data, we are, to the best of our knowledge, the first to use
administrative data and diagnoses of cognitive disease as an outcome in a study that

exploits exogenous variation in estimating retirement effects on cognition.!

We use data from two different sources. The first is the German National Cohort (NAKO),
an ongoing examination that, in its first wave (2014-2019), carried out medical evaluations
of 205,000 individuals aged between 20 and 69. We use the NAKO to estimate retirement
effects on neuropsychological cognition measures. These are word recall, semantic fluency,
and the Stroop effect. Word recall and Stroop effect are considered measures of fluid
intelligence, that is, very briefly, the ability to solve novel reasoning problems, abstract
and logical thinking. Semantic fluency also includes learned procedures and knowledge
and, thus, also reflects crystallized intelligence. The second source is a large, nationally
representative dataset from a German health insurer covering about 10% of the German
population from 2012-2019. We utilize this information to explore diagnoses of cognitive
disorders (CD) such as dementia and MCI. Our analysis is based on a sample of German
women born 1949-1954, that is, around the pivotal cohort affected by the retirement reform.
Cognition is measured at ages 63-67. Each data source has its advantages and limitations,
and we argue that combining them offers a comprehensive view of the medium-term
effects of retirement on cognition. The administrative dataset provides a large sample size
(more than 400,000 women in the mentioned birth cohorts) and detailed information on
diagnoses and retirement behavior. However, dementia, while not completely uncommon
among individuals in their 60s usually develops — and, possibly more important, is
diagnosed — at later ages (OECD, 2018). Here, the experimentally retrieved measures of
cognition from the NAKO are crucial, as they allow to observe medium-run effects on
cognition that are below the level of clinical diagnoses. Yet, the sample size for women
born between 1949 and 1954 is smaller (around 9,000), and retirement status is self-reported
in that data set.

We find that an additional year spent in retirement reduces measures of fluid intelligence
(word recall and Stroop test results) significantly by around 12% of a standard deviation
among the studied women. The measure of crystallized intelligence (semantic fluency) is
reduced by around 6 percent of a standard deviation, which is not statistically significant.
We do not find significant effects on medical outcomes related to cognitive health. The
probability of receiving a relevant diagnosis of a cognitive disorder increases by just 0.011
percentage points per year of retirement, compared to an overall prevalence of 0.6 percent
within the studied age range. However, our findings do not preclude the possibility
that the effects on cognitive disorders may become more pronounced later in life. All

More generally, our paper also relates to the literature on the impact of old-age retirement on health.
Here, some studies utilize diagnoses and drug prescriptions from public health insurance administrative
data to indicate health outcomes such as mental health, musculoskeletal diseases, or obesity (Barschkett
et al., 2022; Kuusi et al., 2020; Nielsen, 2019; Hagen, 2017; Horner and Cullen, 2016).
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in all, our results of retirement effects on the cognition of women are in line with some
studies (Mazzonna and Peracchi, 2012, 2017; Schmitz and Westphal, 2021) that also find
effects but diverge from others (Mosca and Wright, 2018; Atalay et al., 2019) that do not
tind such effects. It is important to note that our results identify local average treatment
effects for a specific group of women within a defined age range. We do not claim that
these effects are generalizable to other cohorts, different types of compliers, or across
countries. Nevertheless, our results imply that postponing retirement ages, which is
done and discussed in almost all countries to sustain financial stability of pay-as-you-go
retirement schemes — and which is exceptionally unpopular — might also bring positive

aspects in some dimensions for individuals.

The paper is structured as follows. Section 2 describes the background of the pension
reform for women that we use as exogenous variation. Section 3 presents the data and the
variables used. The estimation strategy is outlined in Section 4, followed by the results in

Section 5. Section 6 concludes.

2 Pension Reform Background

The German pension system differentiates between an official retirement age (ORA) and
an early retirement age (ERA). Individuals born before 1947 could officially retire at the
age of 65. For those born in 1947 and later, the ORA is raised step-wise to 67 by 2031 (birth
cohort 1964 and later). Moreover, the pension system allows to retire early. The German
pension 1999 reform changed the possibility to retire early for women born in 1952 or later.
Before the establishment of the reform, the German pension system offered women the
opportunity to retire early at age 60 while the ORA was 65.2 This regulation was commonly
known as the “pension for women.” The precondition to enter early retirement included
coverage by the statutory pension insurance for at least 15 years and contributions to the
pension fund for 10 years after their 40th birthday.> Women who choose to retire early face
a permanent pension benefit deduction of 0.3 % for each month they undercut the ORA.
Before the pension reform came into force, women who retired at 60 faced a permanent

deduction from their pension benefits, which accumulated to 18%.

The reform of 1999 abolished the pension for women, intending to increase female par-
ticipation in the labor market. In particular, the ERA for women born in 1952 or after
was adjusted to 63, whereas women born before January 1st, 1952, could still retire at 60.
Consequently, this reform implied a strict demarcation regarding the ERA for different

2By opportunity to retire early we mean the opportunity to retire due to age with the receipt of retirement
benefits. Of course, individuals can retire at any time without retirement benefits. Moreover, retirement due
to disability is possible at younger ages, too.

3Geyer and Welteke (2021) show that 60 percent of women born in 1951 were eligible for the pension for
women.



birth cohorts. Geyer and Welteke (2021) examine the effects of the reform on different
labor market outcomes. They find that the pension reform increased employment rates by
13.5 percentage points among women aged 60-62 who were affected by the reform. This is
a 30% increase compared to the pre-reform mean. Geyer et al. (2020) also investigate the
labor market effects of the reform. They find that the reform led to a significant drop in
retirement rates for the affected birth cohorts. 60-62-year-old women born after the cutoff
are 16 percentage points less likely to be retired, which equals a 50% drop compared to pre-
reform means. Moreover, they report an increase in employment rates by 8.4 percentage
points. Hence, women born after January 1, 1952, extended their labor force participation
compared to women born before. We build on this by instrumenting the years spent in

retirement by the reform.

Other studies analyze the effects of the German pension reform on various further out-
comes. Etgeton et al. (2023) find that households decrease savings rates and increase
leisure spending in response to the reform. Households with married women drive these
effects. Fiirstenau et al. (2023) show the positive effect of the reform on participation in
on-the-job training with a sharp RD design indicating positive employment effects. The
pension reform also has been used to show effects on health (care) outcomes. Barschkett
et al. (2022) find that increasing the early retirement age — or, put differently, spending less
time in retirement — increases the likelihood of mental health diagnoses, musculoskeletal
diseases and obesity. Furthermore, in a follow-up study, the authors show that healthcare
costs increased due to more years in the labor force (Geyer et al., 2023).

3 Data

3.1 Data sets

We use data from two sources. The first is the German National Cohort (GNC), known
in German as the "NAKO Gesundheitsstudie”, a large biomedical study comparable to
the UK Biobank. It is an examination that covers information on medical inspections and
sociodemographic and socioeconomic factors of individuals living in Germany (Peters
et al., 2022). As a second source, we use administrative health records for nine million
individuals (over ten percent of the German population) insured with one of Germany’s
largest public health insurers (Grobe and Szecsenyi, 2023).

NAKO - The German National Cohort
The NAKO is the most extensive epidemiological examination in Germany to date, which

involves the interdisciplinary collaboration of 27 German scientific institutions, including



15 universities, four Helmholtz health centers, four institutes of the Leibniz Association,
and four other national research institutes. The NAKO aims to investigate the causes
and the development of major chronic diseases. Starting in 2014, the NAKO examined
about 205,000 individuals aged between 20 and 69 in one of their 18 different study centers
throughout Germany, covering both rural and industrial areas. It is an ongoing, long-term
population study. The first investigation of the participants, the Level-1 baseline exami-
nation, took place between 2014 and 2019 and assessed basic medical and socioeconomic
factors. A share of 20% of the participants undergo further medical examinations (Peters
et al., 2022). The second wave with identical study protocol was in the field from 2018
to 2024, but the data are not yet ready to be used by scientists not involved in the data

collection. Thus, we use the cross-section of the baseline examination for our analysis.

Unfortunately, the NAKO does not include information on individuals” exact birth years.
Instead, we estimate the birth year by subtracting the age at examination from the respec-
tive examination calendar year. This approach introduces a potential misspecification
for the 1952 birth cohort. To address this limitation, we conduct a robustness check by
excluding the 1952 cohort and show that our results remain unchanged.

Administrative health insurance data

Our second data source is a panel dataset of administrative health records from 2012 to 2019.
Figure A1 displays the geographical distribution of insured individuals across Germany.
In addition to all inpatient and outpatient health records, diagnoses, prescriptions, and
medical billings, it includes individual-level characteristics such as birth year, exact date

of retirement entry, type of retirement, and sex.

3.2 Sample selection and retirement

We study retirement behavior and its effects on the cognition of women born three years
before and after the pivotal cohort of the pension reform. Specifically, we use data on
women born between 1949 and 1954 in both data sets. Table 1 shows the number of
observations by age and (calculated) birth cohort for both datasets. Since the NAKO
baseline study was conducted between 2014 and 2019, birth cohorts 1949-1951 are between
63 and 70 years old at the day of the assessment (60-70 in the health insurance data). Birth
cohorts 1952-1954 are between 60 and 67 in the data. We use an estimation sample of
women aged 63 to 67 to have the same age range covering both the cohorts affected and
unaffected by the reform. This age interval leaves us with 4,788 and 845,000 observations
in the unaffected group and 4,414 (667,000) observations in the affected group.

Both data sets have different but comparable information on retirement. The NAKO

includes information on the labor force status, differentiating between three categories:
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Table 1: Number of observations by age and calculated birth year

NAKO Health insurance claims data

1949 —1951 1952 -1954 1949 - 1951 1952 — 1954
Age Not affected  Affected  Not affected Affected
60 0 103 216,523 211,418
61 0 490 217,500 209,209
62 0 1,028 216,916 206,182
63 103 1,594 215,634 203,274
64 583 1,476 213,558 201,273
65 1,231 939 210,426 197,326
66 1,545 347 208,320 131,609
67 1,326 58 205,557 66,127
68 714 0 202,794 0
69 250 0 134,155 0
70 23 0 54,049 0
Observations
Total 5,775 6,035 2,095,432 1,426,418
Sample 63-67 4,788 4,414 1,053,495 799,609

Notes: This table displays the number of observations by age and birth cohort in both datasets.
Note that the year of birth in the health insurance data is exact, while it is derived from the age
and year of interview in the NAKO. Age is age at the interview. Birth cohorts 1949-191 and
1952-1954 are summed up. The Appendix reports disaggregated data by birth cohort in Tables
A2 and A3 in the Appendix.

employed, unemployed and not in the labor force. Moreover, individuals state the date of
retirement if retired. We consider women retired if they declare their status as not part of
the labor force and state a specific retirement age. Women who simultaneously mention
a date of retirement and current part- or full-time work are not treated as retired. In the
administrative dataset, we do not fully observe the labor force status, but the retirement

status and the type of retirement (e.g., retirement due to age or retirement due to disability).

Since we know the retirement date, we can infer the retirement status at ages younger
than 63, even though individuals in the data set are at least 63. In Figure 1, panel (a), we
use the sample and the retirement information to create a pseudo-panel where women
appear once per age in years with their retirement status. We observe the well-known gap
in the retirement status of women between the ages 60-62 in pre- vs. post-reform cohorts.
Similarly to Geyer and Welteke (2021), who show this with administrative data from public
pension insurance accounts, we observe that the retirement rate is around 20 percentage
points lower for women born after the pivotal cohort. In contrast, as can be expected, there
are no striking differences in retirement status between cohorts younger than 60 and older
than 62. Even though retirement information in the NAKO is self-reported and the birth
year is derived, it is reassuring that we observe a similar reform effect on retirement as the
literature. This makes us confident that the data allow to exploit the reform in order to
estimate retirement effects on cognition. Note that the pseudo-panel was only generated

to create Figure 1, but we use the cross-section in the regression analysis.



Panel (b) in Figure 1 also displays the share of retired women but with the administrative
dataset. We see notable similarities and differences. The similarity is the large gap in
retirement at ages 60 to 62 between cohorts. Differences are the shares in retirement in
general. This is due to different definitions and differences in sample selection. We exclude
women who have been retired for more than 10 years in both datasets. We have to assume
in the NAKO that this is for reasons other than old age retirement — e.g., due to bad health.
Nevertheless, this is an imperfect approach, and we still have around 20 percent of women
classified as retired even though they do not qualify for old-age pensions.* Moreover, we
allow women to be non-retired even at ages older than 67 if they report to have a job. In
the health insurance data, we exclude individuals who explicitly mention other reasons for
retirement than age, for example, due to a health-related inability to work. Moreover, we
do not observe if women have an additional job besides retirement, leading to a retirement

rate of almost 100 percent at ages older than 66.

Our explanatory variable of interest in the analysis will be the retirement duration, mea-
sured in years. It is calculated as a current date minus the date of retirement. We use the
gap in retirement due to the reform as an identifying variation to estimate the effects of

retirement duration on cognitive abilities.
Figure 1: Differences in labor force status between birth cohorts

(a) NAKO (b) Administrative Dataset

100 100
75 75
50

50

25 25

Share of Retired in Percent
Share of Retired in Percent

58 59 60 61 62 63 64 65 66 67 58 59 60 61 62 63 64 65 66 67
Age in Years Age in Years

— 1949-1951 =+ 1952-1954

Note: Panel (a) shows the labor force status of women by their age and year of birth based on an artificial panel constructed with
the NAKO. Panel (b) shows the share of retired individuals in our administrative dataset. The solid and dotted lines correspond to
women affected and unaffected by the reform, respectively. Information on the examination year, the age of an individual in the
examination year, and her age at the year of retirement are provided by the NAKO.

4This is not a problem for the estimation results. These 20 percent may be termed always-takers who
anyway do not contribute to the estimated local average treatment effects we estimate below.
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3.3 Outcome variables

Cognitive abilities are the “ability to understand complex ideas, to adapt effectively to the
environment, to learn from experience, to engage in various forms of reasoning to over-
come obstacles by taking thought” (American Psychological Association, 1995). The sum
of these abilities is referred to as intelligence. Psychologists differentiate between two sorts
of intelligence — fluid and crystallized intelligence. While fluid intelligence measures the
innate cognitive ability to capture memory and processing speed, crystallized intelligence
measures abilities and knowledge developed during the lifetime due to education and
experience (Rohwedder and Willis, 2010).

The NAKO employs a variety of cognitive tests, referred to as the Level 1 cognitive test
battery. This battery consists of six tasks. We use these tasks to generate three cognitive
scores representing our outcome measures.” We use word recall, semantic fluency, and
the Stroop effect. These neuropsychological tests aim to assess verbal episodic memory,
processing speed, or executive control.® From the insurance claims data we include
diagnoses of MCI and dementia. The dataset is on individual-year level, with our outcome
variable equal to 1 if an individual is diagnosed in the current year.

Word recall

In step 2 of the NAKO test battery, after other health assessments, participants were asked
to undertake an immediate recall test. A digitally recorded list of 12 different German
nouns was presented to the participants. Each word was presented for two seconds.
Subsequently, participants were asked to recall as many words as possible. This procedure
was repeated twice. Following this, participants were informed that they would undergo
a delayed recall test at the end of the test battery. The sum of words recalled, which is
calculated by adding the number of words from the two immediate word recall tasks and
the delayed word recall task, gives our first measure of cognitive abilities in the application.
This means that this score can range between 0 and 36 words. Measures of word recall are
used in many economic papers that analyze cognitive abilities, for instance, Rohwedder
and Willis (2010), Coe et al. (2012), Mazzonna and Peracchi (2012), Celidoni et al. (2017),
Schmitz and Westphal (2021) or Freise et al. (2022). Word recall is a measure of fluid

intelligence.

Semantic fluency
Participants were asked to name as many animals as possible within one minute. The

number of animals mentioned provides the measure of semantic fluency. Schiele and

SA detailed description of the test battery and the different cognitive measures can be found in
Kleinedamm et al. (2022).
®See Figure 2 and Table 2 for summary statistics of outcome variables and individual characteristics.
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Schmitz (2023) use the number of animals mentioned to measure verbal fluency in examin-
ing the effect of health shocks on cognitive abilities. Freise et al. (2022) use verbal fluency
to investigate the effects of late-career unemployment on cognition. Verbal or semantic
fluency is mainly present in neuropsychological research, specifically on Alzheimer’s dis-
ease or dementia, e.g., Murphy et al. (2006), Mueller et al. (2015), and Nikolai et al. (2018).
Semantic fluency is considered a combined measure of fluid and crystallized intelligence,
as it acquires both knowledge obtained due to education and the property of processing

speed.

Stroop effect

The Stroop effect effect quantifies the temporal difference between two Stroop task tests
carried out in the test battery. In the initial Stroop test, participants were instructed to
name the colors of 36 differently colored boxes (red, green, blue, yellow). In case of
an error, participants were interrupted and corrected. The score is defined as the time
to name the colors of all the boxes. For the subsequent Stroop test, participants were
presented 36 printed color names where the color of the letters did not match the color
names. Participants were asked to identify the color of the letters (e.g., if the word “"RED”
was printed in green, the correct response would be ”“green”). Again, participants were
interrupted and corrected in case of errors. The time to name all 36 colors was recorded.
The Stroop effect is calculated as the time difference between the second and first tests.
A large difference between the two test measures indicates poorer cognitive ability. We
recode the Stroop effect by multiplying it with the factor —1 to make the direction of
potential effects consistent with the other cognitive measures. The Stroop effect measures
fluid intelligence and refers to response inhibition. This is the ability to consciously inhibit
dominant or automatic responses (Miyake et al., 2000). The time difference between a
baseline and a more complex Stroop task shows whether a person has better control over
response inhibition. Different works on the association of aging, mental diseases, and
cognitive functioning rely on the Stroop test, for instance, Spieler et al. (1996) or West and
Alain (2000). These works are predominantly located in the field of neuroscience.

Administrative data: Diagnoses of cognitive disorders

We use all ICD-10-GM codes listed in Table Al in the Appendix to identify dementia
and mild cognitive impairment in our data as diagnoses of cognitive disease (CD). Since
individuals born around the reform cutoff are 67 years old in 2019 we do not only rely on
the use of dementia for our analysis as incidence is still very low at that age. Instead, we
add the preliminary diagnosis of MCI and combined it with dementia, resulting in our
pooled medical outcome for diagnoses of CD. Put differently, our outcome variable is 1
if a women is diagnosed with any ICD-10-GM code for MCI or dementia. Petersen et al.
(1999) define MCI as follows: “Subjects with a mild cognitive impairment (MCI) have a
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memory impairment beyond that expected for age and education yet are not demented”.
A recent medical guideline for German physicians on dementia highlights ICD-10-GM
F06.7 (Mild cognitive impairment) as an unspecific diagnosis of cognitive impairment
without the severity of dementia DGN e. V. and DGPPN e. V. (2023). A German ICD-10
classification manual by the Zentralinstitut kassendrztliche Versorgung (2024) recommends
using MCI as a diagnosis if a patient shows symptoms of cognitive impairment such as
mild forgetfulness without fulfilling the criteria for dementia or having other mental or
behavioral disorders (ICD-10 F10 to F99).

3.4 Descriptive statistics

We plot our outcome measures of cognitive abilities and CD diagnoses by age and reform
exposure in Figure 2. All outcomes of cognitive abilities show a clear trend with increasing
age. Cognitive abilities decline while the share of CD diagnosis increases.

Figure 2: Outcome variables by age

(a) NAKO: Word recall (b) NAKO: Semantic fluency

25 26

24 8 25
3 5
IS c
S o
L 23 £ 24
n %)
= =
S £

22 é 23

21 22

60 61 62 63 64 65 66 67 68 69 70 60 61 62 63 64 65 66 67 68 69 70
Age in years Age in years
(c) NAKO: Stroop effect (d) Administrative Dataset: CD

=20 2.0
3 g
& 24 £
< g 10
(8]
g -26 5
= (&)
L " 505
= _ Ny
o n

=30 0.0

60 61 62 63 64 65 66 67 68 69 70 60 61 62 63 64 65 66 67 68 69 70
Age in years Age in years

Note: This figures show means of the outcome variables in our sample by age and year of birth. Diagnoses are defined as shown in
Table Al.

Table 2 presents descriptive statistics for both datasets separately by reform eligibility. As
expected, average retirement duration is shorter in the treated group (1.3 and 2 years)
compared to the untreated group (2.5 and 4 years). Figure 1 verifies this observation and

reveals that individuals in the treated cohorts tend to retire at a later age than those in
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the untreated. However, it is noteworthy that the average age at retirement is lower in
the treated group (62.1 years) compared to the untreated group (62.2) in the NAKO. The
reason is that this number is conditional on being retired. Since more women in the treated
group are not yet retired, more weight is given — in calculating this descriptive statistic —
to women who retired for other reasons than age and at younger ages in the treated group.
Both Figure 1 and the first stage regression results show that — conditional on current age
—women in the treated group have higher retirement ages also in the NAKO data. This
discrepancy is not observed in the administrative data because women who retired due to
other reasons than age are excluded.

Table 2: Descriptive statistics by reform eligibility

Born Born
1949-1951 1952-1954
Not affected Affected
Mean (SD) Mean (SD)
NAKO
Socioeconomic factors
Age 65.72 (1.06) 64.05 (1.00)
Birth year 1950.2 (0.79) 1952.8 (0.77)

Retired (in %)

Age at retirement (if retired)
Years retired

Born in Germany (in %)

Cognition measures
Word recall
Semantic fluency
Stroop effect

Observations:

Insurance claims data
Socioeconomic factors
Age
Birth year
Retired (in %)
Age at retirement (if retired)
Years retired

Cognitive diagnoses
Cognitive Disorder (in %)
Dementia (in %)
MCI (in %)

Observations:

86.81

6221 (2.36)
402 (2.73)
90.95 (28.69)

22,66 (4.77)
23.86 (6.28)
26.35 (14.25)

4,788

64.98 (1.41)
1950.0 (0.81)
72.8

63.19 (2.17)
254 (2.27)

0.66
0.5
0.19

1,053,495

65.58

62.09 (2.19)
2.08 (2.30)
89.96 (30.05)

2323 (4.77)
2423 (6.41)
24.96 (12.36)

4,414

64.57 (1.26)
1952.8 (0.80)
58.28

64.14 (1.42)
132 (1.45)

0.59
0.41
0.21

799,609

Note: This table shows descriptive statistics for women in the selected samples.

The prevalence of dementia in the administrative dataset is 0.5% in the untreated group
while the prevalence of MCl is lower at 0.19%, given its role as a preliminary diagnosis
for dementia. The low prevalence in the dataset could also reflect underreporting in the

administrative data, possibly due to mild symptoms in the relatively young age group
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preventing individuals from seeking medical help or a tendency among physicians not to
diagnose MCI. The prevalence of diagnoses in our administrative dataset, along with MCI
often serving as a preliminary diagnosis for dementia, underscores the need to use the
pooled outcome measure CD. With such a small number of individuals diagnosed with
each condition, estimates are prone to high noise due to limited variation in the outcome
variable. Pooling the outcomes reduces this noise, resulting in more stable and precise

estimates.

4 Estimation strategy

As a benchmark, we run the following OLS regressions:
Y; = pOLS YearsRetired; + v, + Ac + X/ B+ ¢ (1)

The dependent variable, Y;, denotes measures of cognitive abilities (word recall, semantic
fluency, and the Stroop effect) and CD of women i. YearsRetired; is the retirement duration
measured in years. The parameter pOL° captures the association between retirement
duration and cognitive abilities. Furthermore, we control for regional (A;) and age in
years (7,) fixed effects. The vector X; may include further variables depending on the

specification and employed data, such as an indicator for the birthplace of Germany.”

One potential threat to a causal interpretation of the OLS approach is self-selection into
retirement: individuals with cognitive problems may choose or even have to retire such
that they are observed to be retired longer. To address this problem and estimate a
causal effect of retirement duration, we implement a two-stage least-squares model (2SLS)
exploiting the pension 1999 reform. This builds on Geyer and Welteke (2021) and Geyer
et al. (2020), who investigate the labor market effects of the reform, documenting the

relevance of our instrument.

Specifically, we instrument years retired with a dummy indicating women born in 1952 or
after. For them, the right to claim public pension benefits before age 63 was revoked.

Reform; acts as an instrumental variable and is expressed by the indicator function

"We control for birthplace since our measures of cognitive abilities are highly correlated to the proficiency
of speaking German (see Kleinedamm et al., 2022). While individuals born in a foreign country might not
have the same level of German fluency as someone born in Germany and would perform worse in cognition
tests compared to a native speaker, it is not essential to control for this variable, as it is uncorrelated with our
instrument. However, we may potentially gain some precision. Hence, it is not a problem that we do not
observe birthplace in our administrative dataset.
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Reform; = 1(BirthCohort; > 1952). Equations (2) and (3) refer to the first and second
stages, respectively, with coefficients indexed by FS and SeSt:

YearsRetired; = a Reform, +ES 4 AES 1 XIBES b (2)
Y; = p YearsRetired;+75¢5t + ASeSty X1 SeSt 4 g3eSt (3)

In the first-stage equation, « is the reform effect on retirement duration. In contrast, p is the
effect of the reform on the cognitive outcomes, (i) for individuals who have to retire later
due to the reform, and (i7) normalized to a one-year change in the retirement duration. In
short, this is the local average treatment effect (LATE). To interpret « and p as causal, and
more specifically, p additionally as a LATE, specific assumptions on the instrument need
to be fulfilled.

First, the reform needs to be exogenous. The date of an individual’s birth is not within their
control; the reform applies to every woman, and it is unlikely that women born shortly
before and after 1 January 1952 differ for other reasons. Hence, this assumption seems
plausible. Second, it is necessary to assume that the reform’s sole impact on individuals’
cognitive abilities is via its effect on retirement duration (i.e., the exclusion restriction).
Third, the pension reform should significantly affect the number of retirement years —a
property frequently demonstrated in the literature and verified in our data in Figure 1.
Fourth, it is necessary to assume the absence of defiers. That is to say, women who retire
earlier if affected by the reform than they would have preferred without the reform do not
exist. This is unlikely a strong assumption due to the stark financial incentives. Assuming
these conditions are met, p gives the average effect of retirement for women affected by the
reform (the compliers) adjusted to a one-year increase in retirement duration. Note that if
one were to interpret this effect as the complier’s marginal effect of retirement duration on
cognitive abilities, one would need to additionally assume homogeneous treatment effects

along retirement duration (which we are not willing to take).

Potential threats to the identification strategy

Examining women born a few years apart raises concerns about potential cohort effects
driving our results. Birth cohorts differ in initial conditions, shaped by environment, life
circumstances, or school quality. Case and Paxson (2010) show that health differences
between cohorts in early life are significantly associated with cognitive performance in
older ages. Moreover, the “Flynn Effect” explains that later-born cohorts have better
cognitive skills expressed by the IQ than earlier-born cohorts (Flynn, 1987). Mazzonna
and Peracchi (2012) additionally argue that cohort effects could also be driven by larger
mortality rates in older cohorts and use the longitudinal structure of the SHARE to prove
robustness. In contrast to our analysis, the authors look at a wide range of birth years from

1934 to 1956. In their first-differencing approach, the authors define birth year groups of
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tive years, thereby demonstrating robustness to possible effect heterogeneities. Combined
with our empirical approach, our samples do not allow for a proper separation of age and
cohort effects. Since NAKO is a cross-sectional dataset observed at different time points,
age is always observed at different birth years. It is, therefore, defined as a combination
of birth year and interview year. As our sample consists of only six different birth years,
we are confident that potential cohort effects represent a minor threat to our estimation
strategy. Previous literature usually looks at a broader set of birth years when investigating
cohort effects (Gerstorf et al., 2011; Zelinski and Kennison, 2007; Karlsson et al., 2015).
However, we provide a robustness check against cohort effects by controlling for linear
cohort trends on both sides of the cutoff at birth year 1952.

As mentioned above, the NAKO does not provide information regarding the exact year
of birth. We calculate the birth year from the difference between age and interview year.
Potentially, this may affect the reform assignment. If a person’s birthday in a specific
calendar year is after the interview date, there is a possibility of incorrectly assigning
exposure to the reform for the 1952 birth cohort. We will address this by excluding
individuals born in 1952 from our baseline regression as a robustness check.® We further
check for robustness to wave effects, confounding by a concurrent compulsory schooling
reform, and whether the results change when our sample is extended by age. Also, we
conduct placebo tests with a hypothetical reform cutoff.

5 Results

5.1 Main results

OLS results, first-stage estimates, and 2SLS results for the different outcomes are reported
in Table 3. The OLS results show significant correlations between retirement duration
and cognitive functioning. An additional year in retirement is associated with a decrease
in words recalled by 0.108. Estimates of semantic fluency show a negative correlation of
—0.118, while the Stroop effect exhibits a negative correlation of —0.205. An additional
year spent in retirement is associated with a 0.02 percentage point higher risk of being
diagnosed with CD. Nevertheless, since retirement duration is endogenous, OLS results

do not offer insights into the effects on cognitive functioning.

The 2SLS results provide evidence of a negative local average treatment effect of retirement

duration on cognitive abilities for women who change their retirement entry due to the

81f the assumption that all individuals had their birthday before the interview date is violated, their true
birth year would shift to the next older cohort. The 1952 cohort is particularly exposed to this, as it is the
only cohort where the eligibility status for the reform would change. Therefore, there is no need to drop
other cohorts.
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Table 3: Main results - OLS and 2SLS

Insurance
NAKO data claims data
Word  Semantic  Stroop Diagnosis
recall fluency effect  of CD (in %)
1) 2 ©) 4)
OLS:
Years retired —0.108*** —0.118*** —0.205*** 0.02%**
(0.021) (0.026) (0.057) (0.004)
Reduced form:
Reform 0.368***  0.220 0.981***  —0.01
(0.131) (0.165) (0.363) (0.012)
First stage:
Reform —0.591*** —0.582*** —0.586***  —0.881***
(0.064) (0.064) (0.064) (0.002)
2SLS:
Years retired —0.623*** —0.379 —1.672%** 0.011
(0.228)  (0.283)  (0.642) (0.013)
Placebo reform: 1948-1949 vs. 1950-1951. Reduced form:
Reform —0.074 0.002 —0.143 —0.007
(0.142) (0.177) (0.395) (0.017)
Mean of DV: 22.93 24.05 —25.66 0.628
(4.78) (6.33) (13.39) (7.899)
Observations 9,283 9,382 9,280 1,853,104

Note: This table shows coefficients for the outcome variables of cognitive abilities
and CD. The first row shows the estimated coefficients from an OLS regression based
on Equation (1). The second and third row show the results from the reduced form
and the first stage based on Equations (2). The fourth row shows results from the
corresponding 2SLS estimation from Equation (3). The fifth row shows results from a
reduced form analysis using 1950 as a placebo cutoff comparing cohorts 1948-1949
to cohorts 1950-1951. The regressions in columns 1 to 3 include a dummy for the
birthplace of Germany. All regressions include age and regional fixed effects. Regional
fixed effects are on the study center level for columns 1 to 3 and the municipality
level for column 4. OLS and 2SLS coefficients in column 4 are multiplied by 100 for
better readability. Numbers of observations refer to regressions in rows 1-4. Robust
standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01

pension reform. The first stage effect is highly significant in both datasets giving credibility
to the strength of our instrument. Looking at the 2SLS results reveals that the direction of
the second-stage effects corresponds with the OLS results. We find effects that indicate a
decline in cognitive abilities due to an increasing duration of retirement. An additional
year in retirement significantly lowers the words recalled by 0.62 words, which is 3% of
the sample mean and 13% of the SD. Results for the Stroop effect confirm these findings.
An additional year in retirement increases the time difference between the two Stroop tests
by 1.67 seconds, which is 6% of the sample mean and 12% of a SD. Even though estimates
for semantic fluency are not statistically significant they correspond to the other estimates
and indicate a negative relationship. Regarding the effect of years in retirement on the

risk of being diagnosed with CD we only find a very small and statistically insignificant
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effect of an increase in the risk of being diagnosed by 0.011 percentage points by the year
of retirement. This equals 2 % of the sample mean risk of a CD diagnosis. Thus, while
extremely small in absolute terms, the relative size of the effect is not too far away from

the estimated effects in columns 1 to 3.

Our results indicate that an additional year in retirement causes a significant decline
in women’s cognitive functioning. This contradicts results of Atalay et al. (2019) and
Mosca and Wright (2018) who find zero effects for women in Australia and Ireland.
However, our findings correspond to Mazzonna and Peracchi (2012), who find significant
negative effects of an additional year spent in retirement on delayed word recall when
controlling for education. Yet, their effect size is smaller than our findings and amounts
to less than 2% of their sample mean. Contrary to our analysis, they also find significant
negative effects on verbal fluency. The authors later confirm their findings in an extended
analysis (Mazzonna and Peracchi, 2017). Moreover, our findings align with literature in
neuropsychological research that portrays age-specific patterns in different intelligence
tields during an individual’s lifespan (Rohwedder and Willis, 2010; McArdle et al., 2002).
Semantic fluency, expressed by enumerating animal names, corresponds to crystallized
intelligence, whereas word recall and the Stroop effect show fluid intelligence. Our findings
appear reasonable since fluid intelligence is exposed to a more substantial decline than

crystallized intelligence.

In the lowest set of results in Table 3 we report results of a placebo regression. Here, we
set the year 1950 as a hypothetical reform cutoff and compare cohorts 1948-1949 with
1950-1951 to ensure that all cohorts are not affected by the actual reform. Note that we
cannot go further back in birth cohorts as these are hardly filled in the NAKO that stops
data collection at age 69, leaving only a handful of observations in birth cohorts 1947 and
before. Again, we only include ages that are present in both the treated and untreated
groups. These are now the ages 66 to 69. Significant effects on the outcome measures
disappear completely and the coefficients of the reduced form clearly move towards zero.
This makes us confident that significant positive effects in the reduced form of our main

specification are driven by changes in retirement regulations.

5.2 Robustness checks
5.2.1 Cohort effects

Cognitive ability in later life may be affected by cohort effects. This could be due to
differences in early life environments such as health, education, or socio-economic status
(Case and Paxson, 2010; Currie, 2009). However, as our analysis is based on cross-sectional

data observed at different points in time, we cannot fully disentangle age and cohort effects.
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Despite this limitation, we are confident that our findings—derived from a sample of only
six birth cohorts—are not substantially driven by potential cohort effects. Nonetheless, it
is essential to acknowledge this issue and provide further evidence of robustness. As part
of our first robustness check, we control for a linear cohort trend that allows for different
slopes at each side of the cutoff, as defined by the birth year 1952. We extend Equation (3)

with a linear birth cohort trend BirthYear; centered at the pivotal cohort of 1952. Since a
cohort trend is highly correlated with age and the IV, we reduce overall collinearity in this
specification by running the regression without age fixed effects. Equation (4) displays
this approach with an OLS regression:

—_——— —_—

Y; = p YearsRetired; + 6 BirthYear; + 0 - Reform; x BirthYear; + A; + XiB+¢; 4)

The corresponding first stage is adjusted accordingly. Table 4 shows the results of our
robustness check.

Table 4: Cohort effects — 2S5LS

Insurance
NAKO data claims data
Word  Semantic  Stroop Diagnosis
recall fluency effect  of CD (in %)
@ 2) 3) (4)

Reduced form: Cohort effects
Reform 0.452**  —0.006 0.831 —0.0002
(0.197) (0.251) (0.563) (0.0002)

First stage: Cohort effects

Reform —0.406*** —0.401*** —0.405*** —0.762***
(0.107) (0.106) (0.106) (0.006)
2SLS: Cohort effects
Years retired —1.113** 0.014 —2.050 0.021
(0.548) (0.626) (1.468) (0.032)
Mean of DV: 22.93 24.05 —25.66 0.628
(4.78) (6.33) (13.39) (7.899)
Observations 9,283 9,382 9,280 1,853,104

Note: This table shows coefficients for a 2SLS estimation based on Equation (4). First, results from the
first stage are presented, followed by results from the corresponding 2SLS estimation. The regressions
in columns 1 to 3 include a dummy for the birthplace of Germany. All presented regressions include
regional fixed effects on the study center level for columns 1 to 3 and on the municipality level for
column 4. OLS and 2SLS coefficients in column 4 are multiplied by 100 for better readability. Robust
standard errors are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01

Except for semantic fluency, the reduced form effects are hardly changed compared to
the baseline specification. Yet, the standard errors increase. The effect of retirement on
semantic fluency is zero in this specification. Important differences compared to above are
the increased 2SLS effects for word recall and the Stroop test. Apparently, this is due to a
smaller first stage. Changes in the estimates for CD diagnosis are unremarkable.
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Although the effects of fluid intelligence measures (word recall, Stroop test) are larger,
we argue that this specification is not our preferred one. The (first stage) reform effect
on retirement duration is probably underestimated. The regression specification may
exacerbate the influence of the misspecification of the 1952 birth cohort because the cohort
trend assigns more weight to the cutoff, i.e., 1951 vs. 52 comparisons. A quick back-on-the-
envelope calculation also shows this underestimation. While there is no estimate in the
literature on the effect of the pension reform on retirement duration, Geyer and Welteke
(2021) find that 60-62-year-old women affected by the reform have a 27.6 percentage
points lower likelihood of receiving old-age pensions. For women aged 63 and older, this
translates into an average reduced retirement duration of three times 0.276 = 0.828 years,
comparable to the 0.881 first stage using the insurance claims data in Table 3. Since the
basis of the retirement definition in the NAKO is the status out of the labor force, the first
stage results compare best to Geyer and Welteke (2021)’s combined effects on old-age
pension receipt, disability pension and their “residual category”. This would be a three
times 0.221 = 0.663 years effect, much closer to our first stage in Table 3 than in Table 4.
Thus, we believe that the first stage in the baseline specification is close to results that use
detailed data from the German pension insurance while it is underestimated when we
control for cohort effects. We therefore proceed with the estimates from Equation (3) as our
preferred specification, as we believe that they more closely correspond to the true effect.

5.2.2 Further robustness checks

Misspecification of birth year

As discussed, the NAKO does not provide information on individuals’ birth years. There-
fore, we calculate the birth year using the examination year and the respondent’s reported
age. This method introduces the risk of incorrectly classifying women born in 1952 as
affected by the reform, even though they may not be. As a result, this could lead to under-
estimating the first-stage effect in absolute terms and underestimating the reduced-form
effects. Specifically, cohorts that may have already retired by age 60—and potentially show
lower cognitive performance due to more years spent in retirement—could mistakenly be

treated as if they were affected by the reform.

We address this issue by excluding women born in 1952 from our sample. This approach
allows us to distinguish between individuals exposed and unexposed to the reform more
accurately. However, a significant drawback is the loss of statistical power, as excluding
this cohort reduces the sample size by approximately 20 percent and necessarily also
excludes correctly classified individuals. To assess the robustness of our results given this
limitation, we re-estimate our models with the revised sample and present the findings in
Table 5. The first row repeats the 2SLS estimates obtained in Table 3. The second row shows
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estimates obtained with the revised sample, excluding the 1952 cohort. As can be seen,
the effects for the Stroop effect are larger and remain statistically significant. Effects on
word recall are smaller and lose significance. However, effects are statistically significant
at the 10%-level and indicate a negative effect. Effects on CD increase and turn significant
at the 10% level, which is surprising given that the birth year is correctly specified in the
insurance claims data. In general, negative effects persist and do not suggest a potential
bias due to a misspecification of birth year.

Table 5: Robustness checks

Insurance
NAKO data claims data
Word  Semantic  Stroop Diagnosis
recall fluency effect of CD (in %)
1) (2) 3) 4)
25LS regression results:
Main results
Years retired —0.623*** —0.379 —1.672%** 0.011
(0.228) (0.283) (0.642) (0.013)
Without 1952 cohort
Years retired —0.467* —0.488 —2.033*** 0.026*
(0.255) (0.322) (0.743) (0.015)

Without waves 2014 and 2019
Years retired —0.616"* —0.329 —1.746** —0.016
(0.257) (0.324) (0.735) (0.016)
Sample expansion: Age 60 to 67
Years retired —0.582*** —0.344 —1.620*** 0.011
(0.220) (0.274) (0.622) (0.012)
Without 1953 & 1954 cohorts
Years retired —0.928"** —0.381 —1.859** —0.011
(0.329) (0.395) (0.880) (0.02)

Note: This table shows coefficients for the outcome variables of cognitive abilities. 25LS results of Table 3 are
shown in the first row. In the second row, individuals born in 1952 are excluded as a robustness check for the
calculated birth year. In the third row, waves 2014 and 2019 are excluded to show robustness against wave
effects. In the fourth row ages 60 to 67 are included. In the fifth row, cohorts 1953 and 1954 are excluded.
The observations without the 1952 cohort range between 7,289 and 7,293 in NAKO and take 1,516,073 in the
administrative dataset. The numbers of observations without waves 2014 and 2019 range between 8,766 and
8,770 in NAKO, while the number in the administrative data takes 1,443,280. The numbers of observations
including ages 60 to 67 range between 10,913 and 11.034 in NAKO and take 3,130,852 in the administrative
dataset. The numbers of observations without cohorts 1953 and 1954 range between 6,823 and 6,892 in
NAKO and 1,390,523 in the administrative dataset. The regressions in columns 1 to 3 include a dummy
for the birthplace of Germany. All presented regressions include age and regional fixed effects. Regional
fixed effects are on the study center level for columns 1 to 3 and the municipality level for column 5. OLS
and 2SLS coefficients in column 4 are multiplied by 100 for better readability. Robust standard errors in
parentheses. * p < 0.1, ** p < 0.05, ** p < 0.01

Wave effects

In our specifications, observations from the 2014 wave are only available for birth years not
affected by the reform, specifically ages 63 (born in 1951) to 65 (born in 1949). Conversely,
observations from the 2019 wave exclusively capture birth years affected by the reform,
namely ages 65 (born in 1954) to 67 (born in 1952). This discrepancy raises the concern of
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potential bias stemming from wave-specific effects in 2014 and 2019, which could confound
our estimates. To address this potential source of bias, we exclude both the 2014 and 2019
waves and re-estimate the models to examine whether the results change. The findings
in row three of Table 5 show that second-stage estimates remain consistent with those in
Table 3, with no significant changes.

Sample expansion by age

The main reason for restricting our sample to ages 63-67 is that these are the ages that we
observe for both treated and untreated women in NAKO. However, the administrative
data allows for analyzing a wider age range, as shown in Table 1. We therefore expand the
sample by including ages 60 to 67 and show 2SLS results in row five of Table 5. Estimates
show that effects remain unchanged for measures of cognitive abilities and the risk of
being diagnosed with CD. This is unsurprising since we expect effects to be particularly

pronounced in older ages.
Compulsory schooling reform

In our sample, we include individuals born up to 1954, while Geyer et al. (2023) limit their
sample to those born up to 1952, as individuals born after this year were affected by a
compulsory schooling reform that had positive health effects (Kemptner et al., 2011). In
our final robustness check, we align with Geyer et al. (2023) by restricting the sample to
individuals born between 1949 and 1952. Table 5 shows that the estimated effects for all
outcomes remain robust in both size and significance, consistent with our main results.
This finding is supported by literature (Kamhofer and Schmitz, 2016; Seblova et al., 2020).
For instance, Kamhofer and Schmitz (2016) found no impact of the compulsory schooling
reform on cognitive outcomes, and Seblova et al. (2020) reported no effect of a similar
reform in Sweden on dementia risk.

6 Conclusion

In this study, we investigate the impact of retirement duration on women’s cognitive
abilities and the diagnosis of cognitive decline (CD). We use data from the NAKO study,
supplemented by health insurance claims data, and exploit the 1999 German pension
reform, which raised the early retirement age (ERA) for women by three years, as an
instrument to measure these effects.

Our findings indicate that an additional year in retirement has a significant negative
effect on the cognitive abilities of women whose preferred retirement is deferred to the
age of 63 due to the pension reform. This holds in particular with respect to cognition

measures related to fluid intelligence. Effects are smaller and not statistically significant for
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a measure of crystallized intelligence. Moreover, up to the age of 67, we find no significant
effect of retirement duration on the risk of being diagnosed with a cognitive disease, which
includes conditions such as dementia and MCIL. However, such effects may emerge at
older ages, suggesting that the relationship between retirement and cognitive decline may

become more pronounced later in life.

Our findings contribute to the literature by focusing the analysis on a precise group in
a single country: women in Germany. We exploit a substantial retirement reform that
induced a pronounced change in women’s early retirement age and do not use, for instance,
country-specific fixed retirement ages. While our setting has the benefit of a high internal
validity, it may come at the cost of a limited external validity. For instance, we cannot
extrapolate the effects to other countries, males, or different hypothetical retirement ages
or durations (as, for instance, Schmitz and Westphal, 2021, who, however, need to impose
stronger assumptions for internal validity). Notably, our results are different from the
general health effects of the reform under study (Barschkett et al., 2022; Geyer et al., 2023),
making clear the importance of including multidimensional outcomes when retirement

effects are analyzed.

Of course, our study has limitations. One key limitation is the inability to observe long-
term effects, as women born around 1952 are just entering their 70s. Yet, the identified
effects on measures of fluid intelligence might be a precursor of diagnosed cognitive
impairment some years later. Ultimately, based on our results, we conclude that extending
the retirement entry to a later date could potentially mitigate the decline of cognitive

abilities induced by additional years in retirement.
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Appendix: Additional tables and figures

Figure A1: Regional distribution of insured individuals

15.0%
12.5%
10.0%
7.5%

Note: This figure displays the share of individuals in each state in the administrative dataset (Grobe and
Szecsenyi, 2023).
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Table A1l: ICD - Codes

Code  Description

Dementia

G30 Alzheimer’s disease

G31.0  Frontotemporal dementia

G31.82 Lewy body disease

G23.1  Progressive supranuclear ophthalmoplegia
(Steele-Richardson-Olszewski syndrome)

FOO Dementia in Alzheimer’s disease

FO1 Vascular dementia

F02 Dementia in other diseases classified elsewhere

FO3 Unspecified dementia

F05.1  Delirium superimposed on dementia

Mild Cognitive Impairment

FO6.

7

Mild Cognitive Disorder

Notes: This table shows the ICD-10-GM codes used for the outcome variable. ICD
selection as in Kasteridis et al. (2015); Doblhammer et al. (2015); Georges et al.
(2023); Zentralinstitut kassendrztliche Versorgung (2024); DGN e. V. and DGPPN
e. V. (2023).

Table A2: Observations by age and calculated birth year in NAKO

Calc. birth year Reform
Age 1949 1950 1951 1952 1953 1954 Not affected Affected
60 0 0 0 0 0 104 0 104
61 0 0 0 0 115 378 0 493
62 0 0 0 93 418 534 0 1,045
63 0 0 105 471 605 532 105 1,608
64 0 120 467 626 535 332 587 1,493
65 113 466 656 546 339 63 1,235 948
66 460 571 539 293 58 0 1,570 351
67 556 466 316 58 0 0 1,338 58
68 426 244 59 0 0 0 729 0
69 206 46 0 0 0 0 252 0
70 23 0 0 0 0 0 23 0
Observations
Total 1,784 1,913 2,142 2,087 2,070 1,943 5,839 6,100
Sample 63-67 1,129 1,623 2,083 1994 1537 927 4,835 4,458

Note: This table displays the number of observations by age and calculated year of birth in the NAKO dataset.
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Table A3: Observations by age and birth year in administrative dataset

birth year Reform
Age 1949 1950 1951 1952 1953 1954  Not affected  Affected
60 71,318 72,977 72,228 71,401 70,138 69,879 216,523 211,418
61 72,136 72,969 72,395 70,841 69,479 68,889 217,500 209,209
62 71956 72986 71,974 70,103 68429 67,650 216,916 206,182
63 71917 72,465 71,252 69,160 67,389 66,725 215,634 203,274
64 71,407 71,840 70,311 68,295 66,763 66,215 213,558 201,273
65 70,567 70,721 69,138 66,866 65,448 65,012 210,426 197,326
66 69,942 69,884 68,494 66,583 65,026 0 208,320 131,609
67 68,845 69,036 67,676 66,127 0 0 205,557 66,127
68 67,883 68,108 66,803 0 0 0 202,794 0
69 66,978 67,177 0 0 0 0 134,155 0
70 54,049 0 0 0 0 0 54,049 0
Observations
Total 756,998 708,163 630,271 549,376 472,672 404,370 2,095,432 1,426,418
Sample 63-67 352,678 353,946 346,871 337,031 264,626 197,252 1,053,495 799,609

Note: This table displays the number of observations by age and year of birth in the administrative dataset.
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