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Evidence is accumulating that individual and environmental factors in childhood and

adolescence should be considered when investigating adult health and aging-related

processes. The data required for this is gathered by comprehensive long-term

longitudinal studies. This article describes the protocol of the Zurich Longitudinal Studies

(ZLS), a set of three comprehensive cohort studies on child growth, health, and

development that are currently expanding into adulthood. Between 1954 and 1961, 445

healthy infants were enrolled in the first ZLS cohort. Their physical, motor, cognitive,

and social development and their environment were assessed comprehensively across

childhood, adolescence, and into young adulthood. In the 1970s, two further cohorts

were added to the ZLS and assessed with largely matched study protocols: Between

1974 and 1979, the second ZLS cohort included 265 infants (103 term-born and 162

preterm infants), and between 1970 and 2002, the third ZLS cohort included 327 children

of participants of the first ZLS cohort. Since 2019, the participants of the three ZLS

cohorts have been traced and invited to participate in a first wave of assessments in

adulthood to investigate their current health and development. This article describes

the ZLS study protocol and discusses opportunities, methodological and conceptual

challenges, and limitations arising from a long-term longitudinal cohort recruited from a

study about development in early life. In the future, the ZLS will provide data to investigate

childhood antecedents of adult health outcomes and, ultimately, will help respond to the

frequent call of scientists to shift the focus of aging research into the first decades of life

and, thus, to take a lifespan perspective on aging.
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INTRODUCTION

The Zurich Longitudinal Studies (ZLS) are a set of comprehensive studies on child and adolescent
growth, health, and development that are currently expanding into adulthood. This article describes
the ZLS study protocol and discusses opportunities, methodological and conceptual challenges,
and limitations arising from these cohorts; the participants were recruited for this long-term
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longitudinal study from a previous study about development in
early life. In the future, the ZLS will provide data to investigate
childhood antecedents of adult health outcomes and, ultimately,
will help respond to the frequent call of scientists to shift the focus
of aging research into the first decades of life and, thus, to take a
lifespan perspective on aging (Sanders, 2016; Moffitt et al., 2017;
Williamson and Leroi, 2019).

Childhood and Adolescence Are Important
for Adult Health and Aging-Related
Processes
Evidence is accumulating that early life requires consideration
when investigating adult health and aging-related processes.
In fact, even prenatal life has been shown to be relevant
in this regard: for example, adults who were exposed to in
utero malnutrition during the Dutch famine in 1944/1945 were
reported to suffer from higher rates of coronary heart disease,
higher levels of stress reactivity, and poorer mental health and
premature brain aging (Roseboom et al., 2006; Franke et al.,
2018; Van den Broek and Fleischmann, 2019). Moreover, adult
outcome is known to be shaped by the socioeconomic and
psychosocial environment of childhood. Individuals who grew
up in a suboptimal environment have been found to experience
poorer health as adults, independent of their current living
conditions; this includes an increased risk of various chronic
conditions and poorer mental well-being in mid-adulthood
(McCrory et al., 2015; Stafford et al., 2015), lower cognitive
abilities (Cermakova et al., 2018; Aartsen et al., 2019), more
subjective memory complaints (Nishizawa et al., 2019), an
increased risk of frailty (Gale et al., 2016), and generally less
successful aging (Brandt et al., 2012) in late adulthood. Other
studies have focused on how characteristics of the child, most
prominently cognitive abilities and personality traits, are related
to adult health outcome and aging. Interestingly, lower childhood
and adolescent intelligence has been found to predict more
advanced biological age in mid- and late adulthood (Schaefer
et al., 2015; Stevenson et al., 2019). Potentially, this explains the
increased rates of later-life morbidity andmortality in individuals
with lower IQ earlier in life (Batty et al., 2007; Schaefer
et al., 2015). Furthermore, complex links have been described
between personality traits in childhood and adolescence and
adult outcome: For example, childhood sociability was found to
be related to better subjective well-being and family relationships
in mid-adulthood, and better relationships in mid-adulthood
and childhood conscientiousness were predictive of a longer life
(Kern et al., 2014).

These exemplary findings demonstrate how early life may
shape adult health and development and, ultimately, aging-
related processes. Appropriate long-term longitudinal studies are
required to advance this understanding.

Examples of Long-Term Longitudinal
Studies
Although a comprehensive overview is beyond the scope of
this article, this section describes some well-known longitudinal

studies, all of which have provided insights into how early life
impacts adult health, development, and aging-related processes.

A number of birth cohort studies have been ongoing for
decades and accordingly have tracked their participants from
early age into adulthood. For example, the MRC National Survey
of Health and Development (NSHD), the oldest of several British
birth cohort studies, was initiated in 1946 and included more
than 5,000 infants. The focus of the study has shifted from
an initial interest in the costs associated with pregnancy and
birth to how family and environmental factors impact child
growth, educational attainment, and cognitive development. As
participants have aged, pathways to physical and cognitive aging
have become of increasing interest (for a comprehensive cohort
profile, see Wadsworth et al., 2006). Currently, the NSHD cohort
members are in their eighth decade of life and are still being
followed (Kuh, 2016; Kuh et al., 2016). In the early 1970s,
the Dunedin Multidisciplinary Health and Development Study
enrolled more than 1,000 infants born in the city of Dunedin,
New Zealand. They have been tested repeatedly across childhood,
adolescence, and adulthood with comprehensive assessments of
their health and developmental status at each time-point. Most
recently, the 45-year follow-up was completed (Poulton et al.,
2015). Although participants have not yet reached old age, the
data of the Dunedin study has already contributed to longitudinal
aging research by quantifying the pace of aging in mid-adulthood
from parameters of biological age (Belsky et al., 2015).

The Fels Longitudinal Study was initiated in Ohio, USA,
in 1929 and aimed to describe normal child growth and
development. It enrolled 15 to 20 individuals annually over
the course of 70 years, either prenatally or at birth, and
followed them across life (Roche, 1992). The data continues to
provide insights into early-life antecedents of chronic diseases
in adulthood (e.g., Sun et al., 2008; Sabo et al., 2017). The
Intergenerational Studies (IGS) comprise datasets of three studies
(the Berkeley Growth Study, the Berkeley Guidance Study, and
the Oakland Growth Study) on typical patterns of child and
adolescent development. They were initiated in the late 1920s
and early 1930s in California, USA. The studies used different
protocols to follow their participants into young adulthood. All
assessed comprehensive data on physical, cognitive, and social
development. To increase statistical power, the three studies were
then merged, and collaborative follow-up assessments of the 500
individuals were added to the dataset in mid- and late adulthood
(see e.g., Grimm et al., 2011 for details on the study protocols).
The Lothian Birth Cohorts of 1921 and 1936 include individuals
who had participated in the Mental Surveys of 1932 and 1947,
two Scottish surveys that during the months of June 1932 and
1947 tested the intellectual abilities of all children born in 1921
and 1936, respectively. More than 1,500 individuals residing in
Edinburgh and the surrounding area were traced seven decades
later and have been assessed repeatedly since to study differences
in and causes of cognitive aging (Deary et al., 2012). The Terman
Study of the Gifted, another study set in California, included
more than 1,000 school-aged children born in the 1910s with an
IQ above 135 and assessed their health and development across
childhood, adolescence, and adulthood (Frey, 2018). A new team
of researchers then linked the archived datasets with publicly
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available death records of these individuals and, thus, established
a lifespan dataset (Friedman and Martin, 2011).

Reviving old studies has remained popular to date: Currently,
several research groups are working on identifying former
participants of childhood studies and following them up in
adulthood. For example, the Louisville Twin Study, a study on
child development related to multiple birth status, is currently
piloting the assessment of their former members, who are
now middle-aged (Davis et al., 2019). Moreover, a cohort of
individuals who were placed into infant care institutions in the
1950s in Switzerland are currently being tracked and invited to
participate in a study to describe their life stories (Lannen et al.,
2021).

The ZLS joins these long-term longitudinal studies in the
quest of understanding the importance of early life for later health
and development: The ZLS—initiated in the mid-1950s—are a
unique set of three cohort studies born two decades apart that
assess the development across a range of domains in more than
1,000 individuals. They span the time between birth and the
transition to old age and include typically developing individuals
and individuals at risk for neurodevelopmental impairments (i.e.,
born preterm) and dyads of parents and their children. This
makes the ZLS highly valuable for assessing early-life antecedents
of adult health and aging in different generations.

The Zurich Longitudinal Studies – a Brief
History
The International Children’s Center (ICC) Coordinated

Longitudinal Studies
In the first half of the 20th century, the majority of studies on
child health and development were initiated in North America
and were largely shaped by the US child welfare movement at the
time (Tanner, 1981, 1998). In Europe, the first cohort studies were
initiated only after WWII. For instance, in 1951, the Institute
of Child Health at the University of London started a multi-
disciplinary study on growth and development from birth to
maturity under the guidance of the pediatrician Alan Moncrieff
(1901–1971). About 2 years later, the Center Internationale de
L’Enfance (International Children’s Center, ICC), an institution
founded in 1950 by the French government and UNICEF,
began a similar endeavor in Paris under the direction of
Robert Debré (1883–1978). In 1954, these two eminent child
health experts joined with the American pediatrician Frank
Falkner (1918–2003) to initiate a set of harmonized European
longitudinal studies on child health and development: the ICC
Coordinated Longitudinal Studies. In the following years, more
cohorts were added from Zurich, Brussels, Stockholm and
two centers in Africa (Dakar, Senegal and Kampala, Uganda).
Falkner contributed broad expertise in longitudinal research as
coordinator of the Fels study and became the central figure
of the ICC Studies. By 1957, Falkner had moved from the
Fels Research Institute in Yellow Springs, Ohio to Louisville,
Kentucky. Louisville was the home of the Louisville Twin Study,
still regarded as the largest and most comprehensive twin study
worldwide (Davis et al., 2019). Subsequently, the Louisville
cohort joined the ICC cohorts.

The ICC studies aimed to assess child health and development
in various cultures and included various disciplines such as
pediatrics, psychology, education, and social sciences. The ICC
studies may be considered the first multidisciplinary longitudinal
cohort studies on child health and development to include
several nations across Europe and Africa. The ICC studies were
concluded when the participants reached young adulthood in the
mid-1970s; however, some of the involved centers had ceased
data acquisition before then.

The ZLS as Part of the ICC Coordinated Studies and

Beyond
The first principal investigator of the Zurich branch of the ICC
studies and the first ZLS cohort (ZLS-1) was the renowned Swiss
pediatrician Guido Fanconi (1892–1979), medical director of
the University Children’s Hospital Zurich, Switzerland. Besides
collaborating with the investigator of the other branches of
the ICC studies, he was also in close contact with Dr. Marie
Meierhofer, the city physician of Zurich, who initiated a study
on the health and development of individuals placed in infant
care institutions at that time (see Lannen et al., 2021 for details
of that study). Fanconi was succeeded in 1962 by pediatric
endocrinologist Andrea Prader (1919–2001), who was keenly
interested in understanding the growth mechanisms of children
and adolescents. Ultimately, Prader was able to turn ZLS-1
into the most successful of all the ICC studies – as the ZLS-1
became the largest cohort to have been followed up from birth
to maturity (Tanner, 1981, 1998). In 1974, the developmental
pediatrician Remo H. Largo (1943–2020) continued the ZLS
and aimed to expand the scope of the studies beyond the
understanding of growth mechanisms. Thus, he added two
additional cohorts, largely following the initial protocol of ZLS-1:
ZLS-2 enrolled children born preterm and at term, and ZLS-
3, the Generation Study, enrolled children of the participants
of ZLS-1. Although the vast majority of the ZLS-2 and ZLS-
3 participants reached young adulthood in the 1990s and early
2000s, the assessments were only completed in 2020, when the
youngest ZLS-3 participant turned 18 years old. The data assessed
within the scope of these three studies will together be termed
ZLS-Childhood. Since 2005, the last author of this article (OGJ)
has been the principal investigator of the ZLS.

Aims and Selected Findings of ZLS-Childhood
The aims of ZLS-Childhood were (1) to describe developmental
trajectories of individual children in the physical, motor,
cognitive, and social domains from birth into young adulthood
in three independent cohorts born approximately two decades
apart; (2) to understand the mechanisms of growth and
development through longitudinal analysis; (3) to compare
patterns of typical and atypical development (e.g., in preterm
children); and (4) to investigate generational effects between
parents and their children. Selected findings that have emerged
from the ZLS-Childhood datasets to date are presented in the
following section.

Intraindividual trajectories of child and adolescent
developmental were a key interest of many analyses. For
example, the most innovative statistical techniques at that time
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were applied to understand growth patterns and mechanisms
across development; Figure 1A illustrates growth velocity and
height acceleration in individual participants of the ZLS-1 using
spline functions and kernel estimation (Largo et al., 1978; Gasser
et al., 1984). Further, infant motor milestones were found to
be poor predictors of neuromotor and intellectual functions
at school age and beyond (Jenni et al., 2013), and neuromotor
development between early school age and young adulthood was
shown to exhibit only moderate stability whereas intellectual
abilities and growth variables were more stable (Jenni et al.,
2011). Intraindividual developmental trajectories were also
described for behavioral variables [e.g., sleep behavior (Jenni
et al., 2007)].

Moreover, the development of term- and preterm-born
children was compared in detail and, for instance, differences
in language development in the first 5 years were described
(Largo et al., 1986). Further, comparing the different ZLS cohorts
provided insights into the effect of parenting on development:
For instance, the timing and intensity of toilet-training changed
markedly between the cohorts of ZLS-1 (early and intensive
training) and ZLS-2 (later and less intensive training) whereas
the development of becoming dry and clean did not differ
between the two generations. The conclusion drawn was that
the development of bowel and bladder control is a maturational
process that cannot be accelerated by early onset and high
intensity toilet-training (Largo et al., 1996).

Clinical Applications and Further Studies From

ZLS-Childhood
Over the years, a number of clinical applications have been
developed with ZLS-Childhood data. For example, the personal
research interest of the principal investigator Remo H. Largo
led to the development of a test battery to assess neuromotor
function in clinical practice: the Zurich Neuromotor Assessment
(ZNA; Largo et al., 2001a,b). The test battery was recently
updated and is applied in the current assessment wave in

adulthood (ZNA-2; Kakebeeke et al., 2018). BoneXpert©,
another frequently used clinical tool, was developed by Danish
researchers from the hand X-rays of ZLS-1 participants. This
enabled the automatic determination of bone age (Thodberg
et al., 2009). Further, reference charts have been published for
various developmental domains and continue to inform health
care professionals and parents to date [e.g., on growth (Prader
et al., 1989), sleep duration—see also Figure 1B (Iglowstein et al.,
2003), the Draw-a-Person Test (Jenni, 2013) and play behavior
(Bonhoeffer and Jenni, 2018)]. In fact, Zurich Play Behavior is an
informal test battery which is used for developmental testing in
clinical practice (Bonhoeffer and Jenni, 2018).

In tradition of the ZLS, a number of other comprehensive
studies on child development were initiated at the University
Children’s Hospital Zurich over the past decades. These include
the Research and Child Health Outcome (ReachOut) study,
a prospective cohort study on children with congenital heart
disease who underwent cardiopulmonary bypass surgery (Naef
et al., 2019), and a prospective cohort study on children with
congenital hypothyroidism (Dimitropoulos et al., 2009).

The Future of the ZLS: ZLS-Adulthood and

ZLS-Lifespan
The dataset of ZLS-Childhood is very rich but to date, only a
fraction of the available data has been analyzed and published.
Although analyzing the archived ZLS-Childhood data will
provide further insights into child and adolescent development,
the main goal of the next years is to expand the studies into older
ages and examine how factors in early life contribute to aging-
related processes. Thus, the ZLS-Childhood data is currently
complemented with data on health and development assessed in
adulthood, namely in mid-adulthood and at the transition to old
age. These ZLS-Adulthood assessments, eventually, set the basis
to initiate a lifespan study, ZLS-Lifespan.

METHODS AND ANALYSIS

In the following sections, the recruitment process, study
procedure, and assessment protocols are detailed separately for
assessments between birth and young adulthood (i.e., ZLS-
Childhood) and the first assessment wave in mid- and later
adulthood (i.e., ZLS-Adulthood). A final paragraph illustrates
how the data will be linked and expanded to form a lifespan
data set: ZLS-Lifespan. Figure 2 illustrates the set-up of the three
ZLS cohorts.

Recruitment and Study Procedure
ZLS-Childhood
Between 1954 and 1961, a total of 445 infants were enrolled in
ZLS-1. They were eligible for the study if they were born into a
Swiss family living in the area of Zurich, Switzerland, and were
born at the former Women’s Clinic of the Cantonal Hospital of
Zurich (today the University Hospital Zurich). Eligible parents
were approached at random immediately after the birth of
their child and informed about the study (Falkner, 1960). If
they agreed to participate, they were enrolled, and demographic
information was recorded. Because some parents inquired about
the enrollment of later-born children into the study, a number of
younger siblings were also enrolled at birth.

Between 1974 and 1979, participants for the ZLS-2 were again
recruited from the Women’s Clinic of the Cantonal Hospital
of Zurich and other women’s clinics in the Zurich area. A
total of 265 infants, 162 born preterm (i.e., before 37 weeks of
gestational age) and 103 born at term, were enrolled immediately
after birth. Families were eligible if the parents were fluent in
German. Parents were approached at random. If parents agreed
to participate, the infants were enrolled, and data was collected at
the time of birth from preterm and term-born infants and again
at term-equivalent age from most preterm infants. Similarly to
ZLS-1, some younger siblings were also enrolled at birth.

ZLS-3 enrolled the children of the ZLS-1 participants. After
the ZLS-1 participants had reached young adulthood and, thus,
had completed their own study participation, they were sent
yearly letters inquiring whether they had become parents. If they
indicated that they had, they were asked to enroll them in ZLS-3.
This resulted in a total of 327 infants of 174 ZLS-1 participants
enrolled in ZLS-3 between 1970 and 2002.

Frontiers in Human Neuroscience | www.frontiersin.org 4 January 2021 | Volume 14 | Article 612453

https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/human-neuroscience#articles


Wehrle et al. Zurich Longitudinal Studies

FIGURE 1 | Selected findings derived from ZLS-Childhood data. (A) Growth

velocity (in cm/year) of individual participants of the first ZLS cohort between 3

and 18 years of age using spline functions and kernel estimation. Blue lines

indicate girls, black lines indicate boys. Thick lines indicate group means. (B)

Reference chart on sleep duration between 3 months and 16 years of age.

Data is derived from the second and third ZLS-cohorts (see also Iglowstein

et al., 2003).

In all three cohorts, regular assessments were then scheduled
at 1, 3, 6, 9, 12, 18, and 24 months of age and annually thereafter
until the age of 9 years. For the remaining duration of the studies,
the timing of the visits differed between the cohorts: For ZLS-
1, the children were assessed every 6 months (girls from the
age of 9.5 years, boys from the age of 10.5 years) until the
annual increment in height was <0.5 cm per year. Thereafter,
the children were seen annually and finally discharged when the
increment in height had become<0.5 cm in 2 years (Prader et al.,
1989). For ZLS-2, children were assessed at 10, 14, and 18 years of
age onsite and were sent a number of questionnaires at the ages
of 12 and 16 years. For ZLS-3, assessments continued annually
(except at age 17 years) until children turned 18 years old. For all
three cohorts, assessments were scheduled at intervals of±2 days
(1 month assessment),±1 week (3–18 months assessments), and
±2 weeks (for all remaining assessments) from the birthday of
the child (Falkner, 1960). For preterm infants, the assessments
were planned at the child’s age corrected for prematurity across
the entire study period.

Figure 3 provides an overview of the number of individuals
who were enrolled in the three ZLS cohorts and how the
participation rate developed across childhood and adolescence
(note: in the processes of digitizing the ZLS-Childhood archives,
minor adaptations of these numbers may be necessary if further
information on study participants becomes available). After
the initial enrollment, the participation rate dropped markedly
because some families failed to participate in any of the
assessments (for these infants, only information of enrollment
is available; ZLS-1: n = 13; ZLS-2: n = 0; ZLS-3: n =31).
Additionally, in the ZLS-2 cohort, the initial drop is partly
explained by the fact that 30 preterm and 1 term infants died in
the neonatal period. In the ZLS-3 cohort, a number of children
were only enrolled at 3 months of age with data on birth being
assessed retrospectively. In the ZLS-1 cohort, 2 participants and
in the ZLS-3 cohort, 1 participant died during childhood. At
the 18-year final assessment common to all three cohorts, of
the initially enrolled participants, 66.1% participants of ZLS-1
(n = 294), 73.6% participants of ZLS-2 (n = 195), and 73.4%
participants of ZLS-3 (n= 240) attended.

Study participants were assessed at the former Growth and
Development Center (today the Child Development Center)
at the University Children’s Hospital Zurich. Visits lasted
approximately half a day. The children’s physical, motor,
cognitive, and social health and development was assessed by
a pediatrician. Figure 4A illustrates some of the tools that
were used. The accompanying parent, mostly the mother, was
interviewed by a study coordinator and reported on a variety
of aspects of the child and the family (see “ZLS-Childhood”
for details of the assessment protocol). Parents were not
compensated monetarily, but children received a small gift or
a small amount of money when they were older, and travel
expenses were reimbursed. Feedback on the developmental and
health status of the child was provided to the parents, and inmost
cases the family physician or pediatrician received a short report.

Data was collected on standardized paper record forms and
as drawings, analog hand X-rays, and photographic negatives.
A large amount of data was subsequently saved as punched
card data or on magnetic bands and in some cases, manually
typed into Excel files over time. To date, no overarching digital
study database has been established. Hard copies of the data
and documentation of the study procedure are stored at the
University Children’s Hospital Zurich, Switzerland. Figure 5

illustrates one of the archives hosting the raw data. Since August
2020, the study data of all ZLS-Childhood waves is being
scanned to make digital copies available for data extraction and
subsequent inclusion into a study database. Digitization of the
ZLS-Childhood data, likely, continues for several years to come.
An inventory of the study documentation material is underway.

The ZLS Over the Years
After the completion of assessments for ZLS-Childhood in young
adulthood, contact with former participants was maintained for
some years. Initially, yearly letters were sent to inquire about
current contact details, and the study-specific address database
was updated accordingly. Participants of the ZLS-1 were further
asked whether they had become parents during the past year,
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FIGURE 2 | Schematic illustration of the set-up of the three ZLS cohorts. Hexagons indicate ZLS-Childhood assessments, diamonds indicate sub-studies on motor

abilities and rectangles indicate the first assessment wave of ZLS-Adulthood. Dots refer to potential future assessments (please refer to text for details).

FIGURE 3 | Overview of the number of individuals enrolled in the three ZLS

cohorts and the participation rate over the course of the studies. Semi-annual

assessments and assessments after 18 years of age in the ZLS-1 cohort are

not shown. In the process of digitizing the ZLS-Childhood archives, minor

adaptations of these numbers may be necessary if further information on study

participants becomes available. E, Enrollment; B, Birth.

and if so, whether they were willing to enroll their children in
ZLS-3. Those who did remained closely engaged with the ZLS as
their children grew up and were assessed as study participants.
At selected time-points, for some of them, information on their
own health was assessed as part of the assessment of their children
(e.g., IQ assessment of one parent when the participating child
was 14 years old). Over the years, a number of events were
organized to inform former participants about the study results.
Between 2002 and 2004, 98 ZLS-1 participants took part in a
substudy investigating the motor abilities of parents of ZLS-3

FIGURE 4 | Illustration of example assessment tools used for the ZLS

assessments. (A) ZLS-Childhood. (B) ZLS-Adulthood (first assessment wave).

participants, and in 2007/2008, a subset of ZLS-2 (n = 77) and
ZLS-3 participants (n = 50) took part in an independent study
on motor abilities (both unpublished).
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FIGURE 5 | One of the archives hosting the raw data of ZLS-Childhood.

The data acquired in ZLS-Childhood was continued to
be analyzed, with the main focus shifting from physical
development to the development of cognitive and motor abilities
(see “Aims and Selected Findings of ZLS-Childhood” for
example findings).

In 2014, substantial changes in the legal regulation of
research projects with humans came into effect in Switzerland
(see “Ethics” for details). As a consequence, all former ZLS
participants were contacted by letter and informed about their
options to consent to or decline the continued use of their
childhood data for future research projects. To achieve this, the
study-specific database containing the last-known contact details
required comprehensive updating. This was done in two ways.
In Switzerland, individuals are registered with their municipality
of residence and are required to inform the respective residents’
registration office of their new address if they move to a different
town. This information is accessible to public institutions,
including universities (for details on the legal aspects concerning
this search strategy, see Lannen et al., 2021). The current contact
details of the majority of individuals were identified in this way,
through a number of iterations in case of multiple relocations.
A second source of information was other ZLS participants:
Alongside the letter with information on the legal changes,
participants were sent a return form to indicate whether they
knew any other ZLS participants and asked to provide their
current contact details. This approach proved fruitful because the
cohorts includemany pairs of parents and their children (ZLS-1 –
ZLS-3) or siblings, particularly within ZLS-3. Information letters
were sent to all participants whose current contact details were
retrieved (refer to “Ethics” for details on the response options for
the continued use of data for future research projects).

The tracing of former study participants is still ongoing, and
in the future, the contact details of further individuals are likely to
be retrieved (e.g., disclosed by other ZLS participants or through
contact with the Swiss Federal Department of Foreign Affairs
for participants who emigrated). To date, of the 445 participants
enrolled in ZLS-1, 399 participants have been located. Of these,
213 consented and 18 declined consent to the continued use

of their data. Of the 265 participants enrolled in ZLS-2, 255
have been located. Of these, 125 consented, and three declined
consent. Finally, of the 327 participants enrolled in ZLS-3, 299
have been located. Of these, 173 have consented and one has
declined consent (note: individuals who have died either during
ZLS-Childhood or since are considered in the number of located
individuals but not in the number of individuals who provided
or declined consent). For participants who do not reply to the
information letter within 2months, whose current contact details
cannot be retrieved despite all efforts, or who have died, the
data is retained in the dataset for further analyses (see “Ethics”
for details).

Consequently, childhood data of 427 ZLS-1, 262 ZLS-2, and
326 ZLS-3 participants is available for further analyses. Placing
the ZLS datasets on a sound legal basis is of utmost importance
for the continued use of the data and the recruitment of
participants into ZLS-Adulthood, as described below.

ZLS-Adulthood
The information on health and development assessed between
birth and young adulthood (i.e., ZLS-Childhood) is currently
being complemented with additional information in adulthood:
At the time of the first assessment wave as described in this article,
ZLS-1 participants are approximately between 60 and 65 years
old, and ZLS-2 participants are approximately between 40 and
45 years old. The first assessment wave for ZLS-3 has not yet
been scheduled.

Individuals who fulfill the following inclusion criteria are
eligible for assessments in adulthood: They have participated
at least once in a ZLS-Childhood assessment (i.e., those who
were only enrolled but never participated are not eligible), their
current contact details can be identified, they have not declined
continued use of their childhood data for research, and they are
able to provide written informed consent for study participation.

Eligible prospective participants are contacted through a letter
and invited to participate in the assessment of ZLS-Adulthood.
Detailed information is provided about the aim of the study and
the study procedure. Participants are asked to contact the study
team to schedule an assessment if they agree to participate. If
they do not reply, eligible participants are contacted by phone
or email a few weeks after the information letter has been sent.
Those who cannot be reached after several weeks or for whom
no phone number or email is available are sent a brief final letter
that highlights the importance of their participation in the study.
They are asked to complete and return the enclosed short-form
study questionnaire with the signed consent form.

If eligible individuals agree to participate, an assessment is
scheduled. Similarly to the assessments during childhood, the
onsite assessment of physical, cognitive, motor, and social health
parameters lasts about half a day. Figure 4B illustrates some of
the tools used for the onsite testing. Assessments are scheduled
either in the morning or in the afternoon, whichever is most
convenient for the participants. Prior to the onsite assessment,
participants complete a questionnaire on their health and well-
being, their personality, and their current living situation. They
also keep a sleep–activity diary for seven consecutive days prior
to the onsite assessment. Participants are asked to participate
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in specific parts only if they do not want to complete the full
assessment protocol (e.g., only the short-form questionnaire).

Onsite testing is conducted in a quiet room specifically
designed and equipped for this study in a venue provided
by a private foundation (see “Acknowledgments”) by research
staff extensively trained in neuropsychological and motor
testing. This provides optimal conditions for standardized
assessments. Participation is compensated with CHF 125.- for
onsite testing and questionnaire and CHF 25.- for questionnaire
only, and travel expenses are reimbursed. Participants receive a
summarized written feedback on their assessment if they wish.
The recruitment of the ZLS-1 and ZLS-2 cohorts was initiated in
April 2019, and assessments are planned to be completed within
2 years. However, assessments were suspended for 3 months due
to restriction measures issued by the Swiss authorities to halt the
spread of the Coronavirus disease 2019 (COVID-19) pandemic.
The assessment of the ZLS-3 cohort is planned for after the
completion of ZLS-1 and ZLS-2 assessments.

The data is entered and stored in a study-specific electronic
case report form implemented in Redcap (Harris et al., 2009,
2019). Video recordings and photographs are saved on a server
at the University Children’s Hospital Zurich. Hand X-rays are
taken at a private health clinic close to the onsite testing venue
and stored on a server at the University Children’s Hospital
Zurich. Blood samples are drawn at the onsite testing venue
and analyzed and stored at the University Children’s Hospital
Zurich. Due to logistic reasons, these measures are not always
taken at the same time-point during the assessment. The exact
time of the assessment is recorded to take potential effects of
timing into consideration for further analyses as appropriate.
Both measures are voluntary subparts of the assessment protocol.
For individuals who have deceased, the time and nature of death
is recorded.

All participants are being informed about and consent to
the consolidation of the databases of ZLS-Childhood and ZLS-
Adulthood into one joint database: ZLS-Lifespan.

Assessment Battery
ZLS-Childhood
The cataloging and preprocessing of the archived ZLS-Childhood
datasets is an ongoing process, and thus, no final overview of the
data is presented here. Instead, the structure of the assessment
batteries applied in the three cohorts is described, and examples
of the instruments used are provided. Details on the changes
and adaptations of the assessment protocols within the individual
cohorts over the course of the studies and the overlap and
differences between the three cohorts are detailed.

The general architecture of the study was the same for all three
ZLS-Childhood cohorts: The participants were tracked regularly
and at frequent intervals from birth to young adulthood to
capture the rapid developmental changes across the first two
decades of life. Further, all three studies assessed detailed aspects
of the child’s proximal and distal psychosocial environment.
Table 1 illustrates the domains assessed. The study team gladly
provides details on specific parameters that were traced across
childhood and adolescence as they become available in the course
of the ongoing cataloging, preprocessing and digitization of

the ZLS-Childhood data; readers are encouraged to contact the
authors. Notably, the developmental domains and environmental
factors that were assessed in ZLS-Childhood largely overlap with
those suggested more recently as requiring consideration when
establishing longitudinal birth cohort studies (see Golding, 2009a
for details). This highlights the foresight of the ZLS researchers
at the time. They understood the importance of considering
the central drivers of long-term development, which remain
important to the present.

The study design and assessment instruments were initially
decided upon within the context of the ICC Coordinated
Longitudinal Studies (see “The Zurich Longitudinal Studies –
A Brief History” for details on the ICC studies), of which
the first ZLS cohort was part. Subsequently, they were largely
retained for ZLS-2 and ZLS-3. The instruments were primarily
quantitative in nature and included standardized physical, motor,
and cognitive examinations by pediatricians and structured
interviews with the parents. Examinations were documented
on standardized record forms (see example for anthropometric
measures in Figure 6A; Supplementary Material 1 for English
translation). Parents reported on child health (e.g., illnesses
and accidents that had occurred since the previous visit), child
development (e.g., sleep and eating behavior) and environmental
factors (e.g., sociodemographic variables) by answering questions
with specified response options. Figure 6B illustrates this
standardized format for the assessment of sleep behavior
(Supplementary Material 1 for English translation). At specific
time-points, teachers reported on child personality, behavior,
and development through questionnaires sent by mail. Projective
tests [e.g., the Rosenzweig Picture Frustration Study (P-F Test)
(Rosenzweig et al., 1948), the Draw-a-Person Test (Goodenough,
1926; Harris, 1963)], open-ended questions to the parents and
teachers (e.g., “What are the child’s strengths?,” “What are the
child’s difficulties?”) and unstructured notes by the examiners and
study coordinators complemented the quantitative assessments.
Children prepared drawings at various ages (Figure 7A), and
hand X-rays to assess bone age (Figure 7B) and full-body
photographs to document the development of the physical
appearance were taken at various time-points. Although the
potential importance and value of collecting biological material
in longitudinal cohort studies has been noted recently (Jones,
2009), this was not done with ZLS-Childhood participants except
for the unsystematic collection of teeth from a subset of ZLS-2
and ZLS-3 participants.

Within the individual studies, assessment instruments were
retained from birth into young adulthood if possible and
reasonable. For example, the questions in the parental interviews
on the current health status of the child remained the same over
time, the assessment of anthropometric measures was repeated
at every visit in the same way, and sociodemographic data
was assessed repeatedly with an equivalent form. Questions
and tests were added, adapted, or removed as developmentally
appropriate. For example, questions related to breast-feeding
were complemented and finally replaced by questions on general
nutritional habits (e.g., intake of vegetables) as the child got older.
Similarly, standardized tests were chosen to accurately estimate
cognitive and motor abilities at specific ages (see Figure 8 for
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TABLE 1 | Overview of assessed domains of health and development during

ZLS-childhood.

Physical health and development

Pregnancy and birth

Neonatal development

Illnesses and accidents

General physical health status

Anthropometry

Neurology

Hearing and vision

Pubertal development

Bone age

Dental status

Orthopedic information and podogram

Bowel and bladder control

Feeding and nutrition

Sleep

Motor development

Motor milestones

Fine and gross motor abilities

Cognitive development

General intellectual abilitiesa

Visuo-motor abilities

Language development

Academic abilities

Social development

Attachment, parent-child interaction

Emotional development

Psychosocial development and integration

Environment

Socio-economic status

Living situation

Parenting behavior

Critical life-events

The study team gladly provides details on specific parameters that were traced

across childhood and adolescence as they become available in the course of the

ongoing cataloging, preprocessing and digitization of the ZLS-Childhood data; readers

are encouraged to contact the authors. aSee Figure 8 for detailed information on

how intellectual abilities were assessed across childhood and adolescence in the

three ZLS-cohorts.

an illustration of the tests applied to assess cognitive abilities at
different ages).

The assessment instruments overlapped considerably between
the three cohorts. In particular, the structured interviews with
parents to assess the current health status, various aspects of
child development, and factors of the psychosocial environment
remained the same across all three studies. In addition,
the longitudinal assessment of physical development across
childhood, which was a primary interest of the researchers
who initiated the ICC studies, remained an integral part of
the assessment protocol in ZLS-2 and ZLS-3. Accordingly,
parameters of physical development were documented in
the same way across the three cohorts (e.g., anthropometric
measures, see Figure 6A). Retaining the same instruments across

the three cohorts ensured comparability of data and allows the
investigation of developmental patterns between generations (see
“Aims and Selected Findings of ZLS-Childhood” for an example
of the comparison of parenting practices over time).

Despite this general overlap in the assessment protocols
between the three cohorts, a number of adaptations were
implemented over time to integrate advances in research and
technology or for other reasons.

The frequency of assessments was reduced in the second
and third cohorts compared to the first: In ZLS-1, more
than 30 assessments were conducted in most children. Visits
were scheduled at half-year intervals during puberty to track
growth patterns. Importantly, this allowed the growth spurt
in adolescence to be described (Largo et al., 1978; Gasser
et al., 1984). It was considered that such an intense assessment
protocol was no longer essential with the ZLS-2 and ZLS-
3 cohorts to answer questions about physical development.
Consequently, the semi-annual assessments, and in the ZLS-2
cohort also a number of yearly assessments, were omitted from
the assessment protocol.

Some of the assessments of physical development were
adjusted or omitted from the study protocols of the ZLS-
2 and ZLS-3 cohorts. To describe pubertal development,
children’s physical appearance in ZLS-1 was documented by
taking naked photographs from different angles. From this
data, the Tanner stages were derived and pubertal development
quantified (Tanner, 1962). Ethical considerations related to
children’s privacy led to the suspension of taking naked
photographs in ZLS-2 and ZLS-3. Instead, children were
photographed in underwear and later, full-body photographs
were omitted altogether.

Cognitive development was assessed with standardized tests
in all three cohorts, but the specific tests at particular ages
differed between the cohorts and, in some cases, even between
participants of one cohort. Reasons for the replacement of
specific tests included the availability of updated or more
appropriate tests or the personal preferences of the principal
investigator at the time. For example, in the ZLS-1 and ZLS-
2 cohorts, in accordance with the protocol of the ICC studies,
the Brunet-Lézine test of infant development (Brunet and Lézine,
1951) was applied in all participants for the assessments between
1 and 24 months of age. This test provides information on four
domains—posture, oculo-manual coordination, language, and
socialization—and it summarizes general infant development as a
developmental quotient. In the ZLS-3 cohorts, the Brunet-Lézine
test was used initially but was later replaced with the Bayley Scales
of Infant Development (BSID; Bayley, 1969). The BSID provides
separate estimates for mental and psychomotor development.

New assessment instruments were also introduced with
advancements in technology. For example, a computerized
tapping task to assess motor abilities was applied with the ZLS-2
and ZLS-3 cohorts.

In summary, the data that is available for the three
cohorts incorporated in ZLS-Childhood provide a detailed and
comprehensive description of child and adolescent development.
The study protocols have been designed to allow the investigation
of a multitude of research questions, and the data was carefully
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FIGURE 6 | Illustration of standardized record forms used for all three cohorts during ZLS-Childhood. (A) Assessment of anthropometric measures. (B) Assessment

of sleep quantity and quality (see Supplementary Material 1 for English translation).

recorded and archived. Nonetheless, their detailed understanding
and processing requires time, money, and creativity. It has
been noted that the time spent to acquire fresh data in a
primary data collection study may be equivalent to the time
spent understanding old, archived data (Jones, 2010). Future
publications using the ZLS datasets to study child and adolescent
development or to investigate how factors at the beginning of life
impact adult outcome will have to detail how the childhood data
was processed and made useable for such analyses.

ZLS-Adulthood
The assessment protocol of the first wave of ZLS-Adulthood is
equivalent for participants of the ZLS-1 and the ZLS-2 cohorts.
Potential adaptations for the assessment of ZLS-3 participants
will be kept minimal to ensure comparability between the
three cohorts. The assessment battery for ZLS-Adulthood
was designed to include several practical and theoretical
considerations. In childhood, development was assessed across
a number of domains, including physical, mental, motor, and
social domains. Following this precedents, the instruments for
ZLS-Adulthood sought to capture indicators of health and
development across a range of domains. Further, the assessment
battery was intended to incorporate the understanding of
health “as a state of physical, mental and social well-being
and not merely the absence of disease or infirmity” as
defined by the World Health Organization (WHO; World
Health Organization, 1948). Thus, alongside instruments for

assessing physical and mental symptoms, instruments were
included to gauge physical, mental, and social well-being
and quality of life. In the future, the datasets of the ZLS
seek to provide information about how developmental factors
contribute to aging-related processes later in life. To establish
a basis for this, the WHO’s definition of “healthy aging” was
considered: Healthy aging describes the process of developing
and maintaining functional abilities, that is, intrinsic capacities
such as physical and mental abilities and characteristics of the
proximal and distal living environment of individuals (World
Health Organization, 2016). Consequently, a number of physical
and mental abilities such as executive functions were assessed
and detailed information on the environment was sought (e.g.,
social relations). Further definitions of “healthy aging” (see
e.g., Aronson, 2020 for a review), that include aspects such
as satisfaction with life and well-being were also considered.
Lastly, in recent years, reports have provided evidence that aging-
related processes may be more closely related to biological age
than to chronological age (e.g., Belsky et al., 2015; Horvath and
Raj, 2018). Aligning with this research, biological markers that
allow the quantification of state-of-the-art aging parameters were
added to the assessment protocol.

Tables 2 and 3 provide an overview of the assessment
instruments employed in ZLS-Adulthood. They were selected
because (i) they had been applied as part of previous assessments
in childhood and thus allowed intraindividual longitudinal
comparison of performance [e.g., Rey-Osterrieth Complex
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Figure, (Rey, 1941)]; (ii) they are established clinical tools,
enabling the comparison of results with clinical populations [e.g.,
S-words (Aschenbrenner et al., 2000)]; (iii) they have previously

FIGURE 7 | Illustration of drawings and hand X-rays. (A) Draw-a-Person-Test

of one male participant at 4, 6, and 8 years of age. (B) Serial hand X-rays of

one male participant.

been applied in the Swiss Household Panel (Voorpostel et al.,
2016) or the Swiss Health Survey (Bundesamt für Statistik, 2014),
two large, representative studies in Switzerland, and thus, their
results may be compared with the general Swiss population
[e.g., socio-demographic questions, Satisfaction with Life Scale
(Glaesmer et al., 2011)]; (iv) they have previously been described
in the literature as sensitive to aging-related changes [e.g., dual
task walking (Beurskens and Bock, 2012); grip strength (Cooper
et al., 2011)]; or (v) they are being used in other long-term
longitudinal cohort studies on health and development [e.g., in
the Dunedin study, (Poulton et al., 2015)].

The onsite physical examination and neuropsychological
and motor tests are applied in fixed order. This allowed the
definition of a short protocol by dividing the full protocol
into two parts (see Table 2). It also ensures similar cognitive
load between the encoding and recall trials of memory tasks
across all participants. The examination starts with a task to
assess initial alertness [i.e., Tests of Attentional Performance,
Alertness subtest; (Zimmermann and Fimm, 2009)]. Breaks
are taken at fixed time-points during the assessment and at
the request of participants. The assessment may be distributed
across two appointments if this is more convenient for the
participants. The start and end times of assessments are
documented to later investigate potential effects of daytime on
performance. The full protocol lasts between 4 and 6 h and
the short protocol approximately 2 h, including breaks. During
the COVID-19 pandemic, measures have been implemented to
ensure a safe environment for participants and staff. This includes
the installation of a plexiglass wall to shield participants from staff
for all assessments at the table and wearing of face masks for all
other tasks if the mandatory distance cannot be kept.

The study questionnaire is subdivided into several thematic
parts (see subheadings in Table 3). For the short form,
instruments or individual items are omitted from each part, but
the general order is retained. Participants receive a link to the

FIGURE 8 | Instruments to assess cognitive abilities in ZLS-Childhood. AH4: AH4 Group Test of General Intelligence (Heim, 1970). AID: Adaptives

Intelligenz-Diagnostikum (“Adaptive Intelligence Diagnostics”) (Kubinger and Wurst, 1985). Bender: Bender’s Visual Motor Gestalt Test (Clawson, 1962). BL,

Brunet-Lézine Test (Brunet and Lézine, 1951); BSID, Bayles Scales of Infant Development (Bayley, 1969); GR, Griffiths Test (Griffiths, 1954); PET, Psycholinguistischer

Entwicklungstest (German adaptation of the “Illinois Test of Psycholinguistic Abilities”) (Angermaier, 1974); RPM, Raven’s Progressive Matrices (Raven, 1947, 1956);

ROCF, Rey-Osterrieth Complex Figure (Rey, 1941); SB-L/SB-M, Stanford-Binet Test of Intelligence L-Form/M-Form (Terman and Merrill, 1937; Lückert, 1957); SB-16,

Stanford-Binet Test of Intelligence 1916-version (Terman, 1916); SB-60, Stanford-Binet Test of Intelligence 1960-version (Terman and Merrill, 1960; Terman et al.,

1965); SO, Snijders-Oomen Non-Verbal Intelligence Tests (Snijders-Oomen, 1977); WISC-R, Wechsler-Intelligence Scale for Children-Revised (German version; Tewes

and Titze, 1983; Willich and Friese, 1994). aApplied only in a small subgroup of study participants. bSelected subtests only (Similarities, Vocabulary, Digit Span, Picture

Arrangement, Block Design, Object Assembly). cTests were omitted from the assessment protocol over the course of the study (i.e., approx. after the 140th

participants). dTask was only introduced in the course of the study (i.e., approx. after the 120th participant). eUntil 1983: 1916-version was applied, after 1984:

1960-version was applied.
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TABLE 2 | Test battery of onsite assessment for the first wave of ZLS-Adulthood

(grouped by domain).

Domain Assessment instrument Order of

assessmenta

Physical health

Audiometry Interacoustics audiometer (AD629)

Blood pressure and

heart rate

Boso-Carat professional

Anthropometric

measures

Portable stadiometer (Seca 213), scale

(Seca)

16

Visual acuity Snellen Eye Test, Lang-Stereo Test

Lung function CareFusion MicroLab spirometer

Grip strength Martin Vigorimeter

Blood sample – nab

Hand X-ray Standardized X-ray of left hand nab

Motor abilities

Fine motor abilities Zurich Neuromotor Assessment – 2

(Kakebeeke et al., 2018)

3

Pure motor abilities Zurich Neuromotor Assessment – 2

(Kakebeeke et al., 2018)

11

Balance Zurich Neuromotor Assessment – 2

(Kakebeeke et al., 2018)

18

Cognitive abilities

Verbal

comprehension

Similarities (Petermann and Petermann,

2012)

7

Perceptual

organization

Block Design (Petermann and

Petermann, 2012)

13

Matrices (Petermann and Petermann,

2012)

14

Alertness Tests of Attentional Performance (TAP),

(Zimmermann and Fimm, 2009)

1

Processing speed Coding (Petermann and Petermann,

2012)

25

Symbol Search (Petermann and

Petermann, 2012)

24

Working memory Digit Span (Petermann and Petermann,

2012)

5, 22c

Fluency Phonetic (S-Words) (Aschenbrenner

et al., 2000)

21

Semantic (Animals, Fruits)

(Aschenbrenner et al., 2000)

4

Design (Regard et al., 1982) 8

Cognitive flexibility Trail Making Test (Strauss et al., 2006) 9

Inhibition/Interference Stroop (Strauss et al., 2006) 23

TAP Go/No-Go (Zimmermann and

Fimm, 2009)

2

Planning Tower Task (Unterrainer et al., 2019) 26

Verbal memory Hopkins Verbal Learning Test (Brandt

and Benedict, 2001)

12, 15d

Visuo-spatial

memory

Rey-Osterrieth Complex Figure (Rey,

1941)

6, 10e

(Continued)

TABLE 2 | Continued

Domain Assessment instrument Order of

assessmenta

Further assessments

Dementia screening Montreal Cognitive Assessment

(Nasreddine et al., 2005)

20

Dual-Task Walking Subtracting 7 from 250 while walking

(Abernethy, 1988); automatic

assessment of gait parameters with

Optogait (Lienhard et al., 2013)

19

Emotion perception Computerized emotional rating task

(Chiu et al., 2018)

27

Photograph Nonstandardized and standardized

facial photograph and full-body

photograph

17

Current mood Multidimensional Mood Questionnaire

(Steyer et al., 1997)

28

The assessment protocol is equivalent for participants of the ZLS-1 and the ZLS-2

cohorts. Potential adaptations for the assessment of ZLS-3 participants (initiated after

recruitment of ZLS-1 and ZLS-2 participants has been completed) will be kept minimal

to ensure comparability between the three cohorts. aTasks are applied in fixed order (1

= assessed first). Tasks 1 through 18 (and 28) are part of the short-form assessment

protocol. bDue to logistic reasons, these measures were not always taken at the same

time-point during the assessment. The exact time of the assessment is recorded to

take potential effects of timing into consideration for further analyses as appropriate;

both measures are voluntary subparts of the assessment protocol. c12: Digit Span

forward/backward, 22: Digit Span sequential. dLearning and recall/recognition condition.
eCopy and delayed recall condition.

online questionnaire implemented in RedCap (Harris et al., 2009,
2019) or are sent a paper version, whichever is most convenient
for them. Paper questionnaires are entered manually into the
database by the study staff. Completion time is between 90
and 120min for the full version and approximately 45min for
the short form. In the course of the COVID-19 pandemic, the
questionnaire has been expanded by a number of items to inquire
about the impact of the pandemic and the measures taken by the
authorities to halt its spread on the lives of the study participants
(see Supplementary Material 2). This will help to systematically
quantify a potential impact on health and well-being over the
course of the data collection.

ZLS-Lifespan
Linking the rich datasets of ZLS-Childhood with the
comprehensive data on health and development assessed
during the first wave of ZLS-Adulthood allows the investigation
of how early life impacts adult outcome. By adding additional
waves of ZLS-Adulthood in the future, a ZLS-Lifespan dataset
will develop and eventually provide information about health
and development across the lifespan. A number of considerations
will support this process. Firstly, the ZLS datasets need to be
placed on a solid ethical and legal basis, including considerations
related to making data available for other researchers [see e.g.,
the Concordat on Open Research Data (Concordat on Open
Research Data, 2016)]. The effort to collect written informed
consent from participants for the continued use of their
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TABLE 3 | List of questionnaires completed by participants during the first wave of ZLS-Adulthood assessments.

Topic or construct Questionnaire Abbrev. Included in

short form

General information about yourself

Socio-demographic

information

Questions based on the SHP and SHS or study specific: Education, current working and living situation,

income, civil status, children

– yes (less

detailed)

General information about

personal life

Questions based on the SHP and SHS or study specific: Leisure activities, political and religious

engagement

– yes

Your health

General perception of own

health

Question of the SHS – yes

Information on current health Questions based on the SHP and SHS or study specific: Drinking, smoking, drug consumption,

medication intake, current illnesses, support measures (e.g., hearing aid)

– yes

Information on previous

illnesses and accidents

Based on the questionnaires applied as part of ZLS-Childhood – yes

Health-related quality of life Short Form Health Survey (Morfeld et al., 2011; Wirtz et al., 2018) SF-12 yes

Handedness Edinburgh Handedness Inventory – Short Form (Veale, 2014) EHI no

Physical activity Based on the questionnaires applied as part of ZLS-Childhood and on the SHP and SHS – yes

Diet Based on the questionnaires applied as part of ZLS-Childhood and a questionnaire of the “Swiss Society

for Nutrition”

– no

Sleep quantity and quality Pittsburgh Sleep Quality Index (Hinz et al., 2017) PSQI yes

Subjective memory complaints Memory Complaint Questionnaire (Crook et al., 1992) MAC-Q no

Your life

Biographical transitions Study specific questions: Age at and appraisal of different biographical transitions and critical life events

(e.g., puberty, transition to parenthood, serious illness, unemployment,…)

– yes

Sense of Coherence Sense of Coherence L9 (Schuhmacher et al., 2000) SOC-L9 yes

Your well-being

Life satisfaction Satisfaction with Life Scale (Glaesmer et al., 2011) SWLS yes

Psychological Wellbeing Ryff Inventory (Ryff and Keyes, 1995; Staudinger et al., 1999) – no

Domain-specific satisfaction Study specific questions, partly based on the SHP and the PFB-K: Evaluation of satisfaction with various

life domains (e.g., health, work, personal relationships…)

– yes

Beliefs about Aging Essentialist Beliefs About Aging Scale (Weiss et al., 2016) – no

Mental health Mini-Symptom-Checklist (Franke, 2017) Mini-SCL no

Describing your personality

Personality traits NEO-Five-Factor Inventory – 30-item short form (Körner et al., 2008) Neo-FFI-30 yes

Empathy Saarbrücker Persönlichkeits-Fragebogen (based on the Interpersonal Reactivity Index) (Davis, 1983;

Paulus, 2011)

SPF/IRI no

Coping with difficult situations

Resilience Resilience Scale – 13-item form (Schuhmacher et al., 2000) RS-13 yes

Basic psychological needs Incongruence Questionnaire (Grosse Holtforth and Grawe, 2003) – no

Cognitive Emotion Regulation Cognitive Emotional Regulation Questionnaire (Garnefski et al., 2001; Loch et al., 2011) CERQ no

Self-Efficacy General Self-Efficacy Scale (Beierlein et al., 2012) – yes

Your relationships

Attachment behavior Adult Attachment Scale – Revised (Schmidt et al., 2016) AAS-R no

Attachment style Adapted from Relationship Scales Questionnaire (Bartholomew and Horowitz, 1991) RS-Q yes

Attachment to Parents Retrospective 1-item assessment (Neumann, 2002) – yes

Loneliness 6-Item Scale for Overall, Emotional, and Social Loneliness (Gierveld and Tilburg, 2006) – no

Social Support Social Support Questionnaire (Fydrich et al., 2007) F-SozU yes

(Continued)
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TABLE 3 | Continued

Topic or construct Questionnaire Abbrev. Included in

short form

Additional information

Evaluation of study

participation

Study specific questions – yes

Impact of COVID-19

pandemica
Study specific questions to assess the impact of the Covid-19 pandemic on the lives of study

participants (Supplementary Material 2)

– yes

Sleep–activity diaryb Study specific diary on sleep (at night and naps during the day) and activity (e.g., sports, alcohol

consumption) to be completed in the mornings and evenings for seven consecutive days.

– no

The assessment protocol is equivalent for participants of the ZLS-1 and the ZLS-2 cohorts. Potential adaptations for the assessment of ZLS-3 participants (initiated after recruitment

of ZLS-1 and ZLS-2 participants has been completed) will be kept minimal to ensure comparability between the three cohorts. Questionnaires are grouped thematically and presented

after the respective sub-headings. PFB-K, Partnerschaftsfragebogen Kurzform (Relationship Questionnaire Short Form) (Kliem et al., 2012); SHP, Swiss Household Panel (Voorpostel

et al., 2016); SHS, Swiss Health Survey (Bundesamt für Statistik, 2014). aThese questions were added to the questionnaire in June 2020. bThe diary is not part of the questionnaire but

completed on paper by all participants.

childhood data (see “Ethics” for details), to have them consent
to the assessment of further data in adulthood, and to link these
datasets is currently ongoing. Secondly, the individual data
storage units need to be replaced by one common database that
allows childhood and adulthood data to be linked and is readily
expandable in the future. The digitization of the ZLS-Childhood
data has been initiated in August 2020 by scanning all paper
forms. In the course of the next years, this data will be extracted
from the digital copies and merged in a common data base with
the data assessed as part of the first wave of ZLS-Adulthood
(e.g., in RedCap). Efforts are undertaken to ensure consistent
terminology and detailed documentation in this process. Thirdly,
to assess aging-related processes and lifespan trajectories, further
assessment waves need to be added to the dataset. Proper
planning is required in this regard, including timely grant
acquisition and keeping in touch with eligible study participants
between assessment waves. Currently, yearly newsletters are sent
to study participants to inform them about the progress and the
future plans of the ZLS. Updated study protocols to describe
the methods of future assessment waves will be published as
appropriate. Similarly, updates have been published previously
for long-term longitudinal birth cohort studies such as the
NSHD cohort (Kuh et al., 2011) and the Lothian birth cohort
study (Taylor et al., 2018).

It has been noted that it requires multiple generations of
researchers to establish long-term longitudinal and ultimately
lifespan studies (Mroczek et al., 2011). Accordingly, the efforts of
the researchers who initiated and nurtured the ZLS over decades
to improve the understanding of child health and development
will now be continued by others.

Data Analysis
To embrace the multitude of data that has been assessed
over the course of more than half a century will require a
number of statistical methods, some of which are proposed
here. Regression models will be considered to assess how
factors of health and development in the first two decades
of life may impact adult health outcomes. To this end, the
variables measured across child and adolescent development
will be considered potential predictors. Candidate variables will
be specified depending on the research question. Analyses will

be begun by employing classical regression models (i.e., linear
regression for continuous outcomes and logistic regression for
binary outcomes). When appropriately combined, the number of
potential predictors available through the comprehensive ZLS-
Childhood datasets may be reduced to increase their reliability
and potentially also their relevance. For example, some indicators
measured many times during childhood and adolescence (e.g.,
estimates of intellectual abilities) could be summarized by
individual trajectories, typically via random intercepts and
random slopes estimated from generalized linear mixed models
[of which growth curve models are a particular case (Verbeke
and Molenberghs, 2000)]. With this, autocorrelation can be
accommodated to take into account dependencies induced by
the repeated measurements in a longitudinal study (Diggle,
2002). Other examples include assessments of multidimensional
domains such as motor abilities, which are measured through
dozens of variables. This information may be summarized in
components using the technique of simple component analysis
(e.g., Rousson and Gasser, 2004). The summaries thus obtained,
instead of the original variables, may subsequently be used as
predictors in the regression models.

Further, neural networks may be used for data analyses
because many predictors will be available even after data
reduction. Neural networks are flexible models that allow
the identification of complicated interactions among various
predictors (Cheng and Titterington, 1994; Magoc and Magoc,
2011). Exploring the outputs of such models may provide
suggestions for interactions to be included in the classical
regression models.

Ultimately, which analyses are most suitable will be decided
by the specific research question. Previous similar endeavors to
study development from childhood into adulthood may guide
these choices (e.g., McArdle et al., 2009; Friedman et al., 2010;
Jones and Peskin, 2010). By employing appropriate statistical
approaches, the ZLS datasets, provide a rich source of data that
may help to answer questions about how health develops across
the lifespan.

Ethics
Over the course of a long-term longitudinal study, ethical
considerations and legal regulations are likely to change and
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thus require continuous monitoring (Birmingham and Doyle,
2009). In fact, the legal basis for the ZLS has changed several
times since their initiation. When they started, no approval
by a formal ethical committee was required for such studies
in Switzerland. Parents were informed about the aims and the
procedure of the study, that participation was voluntary, and that
they could withdraw at any time. They provided oral consent for
participating in the study with their child. At the beginning of
every visit, parents were informed about the planned assessments.
All ZLS-Childhood assessments were conducted according to
this procedure.

In 2008, the Ethical Committee of the University Children’s
Hospital Zurich classified the ZLS as unproblematic
(Unbedenklichkeitsbescheinigung; Certificate of Clearance).
This allowed the analyses of the data assessed as part of
ZLS-Childhood to continue. In 2014, the new Federal Act on
Research involving Human Beings, Human Research Act (HRA;
The Federal Assembly of the Swiss Confederation, 2014) came
in force in Switzerland. This required the ZLS to be evaluated
by the Ethical Committee of the Canton of Zurich, Switzerland.
The approval for the procedure with the ZLS-Childhood
data (detailed below) and the assessment of the first wave of
ZLS-Adulthood was granted in 2018 (Basec-Nr. 2018-00686).
Amendments for future waves of assessments will be submitted
as required.

As a consequence of the new HRA coming into force in 2014,
the participants of ZLS-Childhood are contacted by letter and
informed about what the legal basis of the ZLS had been when
they were initiated and how the new HRA impacts the continued
use of the ZLS-Childhood datasets for future research projects.
Participants are explained the two types of ZLS-Childhood data:
The vast majority of the data is considered “coded,” i.e., the
data is linked to the specific person via a code (HRA Art.
3; The Federal Assembly of the Swiss Confederation, 2014).
This concerns for example the data on physical growth (see
Figure 6A) or on cognitive development. In contrast, some
data—most prominently the photographs—contain identifying
information and are, thus, considered “uncoded.” Participants
are asked to return the signed consent form and indicate whether
they provide (1) full consent for the continued use of their
data, i.e., the use of coded and uncoded data for projects of the
University Children’s Hospital Zurich and the sharing of coded
data with external institutions (without sharing of the respective
code) or (2) partial consent, i.e., limiting the use of the data
to either research projects of the University Children’s Hospital
Zurich (coded and uncoded data) or to external institutions
(coded data). Participants are further asked to contact the
principal investigator (OGJ) if they decline to consent to the
continued use of their data and are sent a confirmation letter
if they do. Their data is then removed from the ZLS archives,
and they are not contacted any further. Participants are further
informed that the Ethical Committee of the Canton of Zurich has
issued a consent surrogate in case of no reply within 2 months
after participants having received the information letter. This
allows the continued use of the data for future research projects.
The surrogate consent also covers the data of individuals who
have died during the study or since or of those whose current

contact details cannot be retrieved despite all efforts (HRA Art
34; The Federal Assembly of the Swiss Confederation, 2014).
All future research projects with ZLS-Childhood data require
individual ethical approval.

In the course of the process described above, several
individuals have declined to provide consent for the continued
use of their data (see “The ZLS Over the Years” for the
detailed numbers). Although some have done so without further
comment, others have voiced serious criticism of the way the
ZLS-Childhood data was assessed and, more generally, how
children were treated as study participants in the 1950s and
1960s. In particular, the naked photographs and the detailed
physical examinations to assess pubertal development were
described as traumatic by some individuals. The current study
team takes this criticism very seriously: Former study participants
are offered a personal dialogue with the principal investigator
(OGJ) and their feedback is forwarded to the Ethical Committee
of the Canton of Zurich, Switzerland to ensure independent
documentation. A detailed discourse on the role of the children in
the ZLS is needed to transparently describe the setting in which
the ZLS-Childhood data, particularly of the ZLS-1 cohort, was
collected and to acknowledge the distress the study has caused
some of the participants. Thus, a historical and ethical reappraisal
is intended of research and parenting practices and the treatment
of and attitude toward children in the 1950s and 1960s.

Individuals who participate in the first wave of ZLS-
Adulthood provide written informed consent for participating in
the assessment, the continued use of the respective data and the
linkage of the ZLS-Adulthood data with ZLS-Childhood data.

DISCUSSION

It has been argued that “longitudinal data are perhaps the
most valuable type of data in adult development and aging
research” (Mroczek et al., 2011, p. 128). The current article
illustrates how the ZLS, previously described as among the
most complete studies on child development worldwide (Tanner,
1998), are currently expanding into adulthood. The resulting
long-term longitudinal dataset allows the investigation of how
early life impacts adult health outcome and, ultimately, aging-
related processes.

Long-term longitudinal studies provide a number of
opportunities and challenges, some of which are discussed
here in the context of the ZLS. This article will conclude by
elaborating on some potential research questions that may be
approached within the ZLS dataset.

Opportunities of Longitudinal Studies to
Investigate the Impact of Childhood on
Aging
Intraindividual trajectories of health and development over
very long periods of time can only be studied with long-
term longitudinal studies. Noteworthy examples in this regard
are the Terman study, which followed individuals from mid-
childhood until death (Friedman and Martin, 2011), and the
NSHD, a birth cohort study whose members are currently
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70 years old (Kuh et al., 2016). With the first wave of ZLS-
Adulthood, comprehensive data will become available on health
and development from birth into mid-adulthood (ZLS-2 and
ZLS-3 cohorts) and to the transition to old age (ZLS-1 cohort).
The timespan assessed will gradually increase as ZLS-participants
age and additional waves are added. In addition to spanning
several decades, the study design of the ZLS has other unique
properties: The three cohorts include individuals born more
than two decades apart, individuals with and without risk
for neurodevelopmental impairments (i.e., born preterm or at
term), and dyads of parents and children. This makes the ZLS
highly valuable for assessing early-life antecedents of adult health
and aging.

In prospective studies, data is assessed at or close to the events
it relates to. For example, in the ZLS, health indicators were
assessed at every visit. Parents reported on illnesses and accidents
only for the period since the last visit (i.e., mostly for the past
year)—a period thatmay be remembered well. Such prospectively
collected information has been suggested to be more accurate
than information that is recalled later in life (Golding, 2010).
Arguably, this is particularly true when investigating the impact
of early life on adult health outcomes: the period between when
an event happened (i.e., childhood) and when it is remembered
(i.e., old age) may span several decades.

It is important to keep in mind that long-term longitudinal
studies are “semiarchival”: Data assessed at earlier time-points
becomes archival even if new waves of data are continuously
collected (Mroczek et al., 2011). This methodological peculiarity
comes with a number of challenges and limitations that are
addressed next.

Challenges and Limitations of Archived
Part of Longitudinal Datasets
Understanding the design and procedure of a study that was
planned and conducted by other researchers and whose data was
not originally intended to be used for what it is now is a major
challenge, and accordingly, it requires time to immerse oneself
into the study’s dataset (Jones, 2010; Pienta and Lyle, 2018).
Documentationmay be spotty (Jones, 2010), and the information
needs to be reviewed and inventoried carefully (Pienta and Lyle,
2018). The documentation of the three ZLS cohorts is scattered
across scientific publications (e.g., Falkner, 1960), countless
notebooks, and hand-written correspondence among members
of the study team and external collaborators. Studying these
documents has already and will continue to support the process
of understanding the design of the ZLS. Furthermore, former
members of the ZLS study team have previously consulted or still
continue to support the current team [e.g., the former director of
the Growth andDevelopment Center of the University Children’s
Hospital Zurich (RHL), the former study coordinator (EK), and
the former study statistician (LM)]. This likely clarifies some
of the gaps in the written documentation. Nevertheless, some
thoughts and decisions made by the previous study teams may
not be reproducible, and the corresponding data needs to be
treated accordingly in future analyses: for example, labeled as
missing or to be interpreted with care.

When expanding studies on child and adolescent
development into adulthood, it is important to keep in
mind that the study design and the assessment instruments
were decided upon with other research questions in mind than
those of interest now. Consequently, information that would
be desirable to have may not be available from the dataset.
For example, the ZLS participants were enrolled at birth.
Consequently, only a limited amount of data is available on the
prenatal environment. However, a number of recent studies have
reported that prenatal factors may considerably impact health in
later life and aging-related processes (e.g., Franke et al., 2018).
The detailed information on the medical history of pregnancy
provided by the parents and the early life anthropometric
variables which are available in the ZLS datasets provide some
information on prenatal development. Further, the comparison
of preterm and term-born individuals (ZLS-2 cohort) can inform
about how the respective environment during the last part of
pregnancy impacts later health outcome. However, for a detailed
analysis of prenatal factors, other datasets may be better suited
and should be used instead. It has been noted that prenatal
enrollment in prospective cohort studies is difficult (Golding,
2009b). Thus, studies that have succeeded in doing so (e.g., the
Generation R Study; Jaddoe et al., 2006) should be carefully
curated, so participants can be followed into adulthood.

Alongside the enrollment criteria, which may not have been
ideal to study the impact of early life on later life and aging,
the instruments, likely, were not chosen with a long-term
longitudinal study in mind either. For example, processing
speed has been suggested as an important mediator of changes
in cognition throughout the lifespan (e.g., Salthouse, 1996;
Nettelbeck and Burns, 2010; Gilsoul et al., 2019). However,
the ZLS-Childhood dataset contains very limited assessments of
processing speed. Consequently, this cannot be studied with the
ZLS datasets.

It is important to recognize and acknowledge the limitations
and shortcomings that are inherent in the archived datasets.
Making them transparent can help to manage the expectations
about what can be investigated (e.g., Wadsworth et al., 2006).

Challenges and Limitations of Expanding
Datasets Into Long-Term Longitudinal Data
Researchers who aim to expand a study on child development
into a long-term longitudinal and eventually even lifespan
study are confronted with both methodological and conceptual
challenges and limitations. Methodologically, first and foremost,
the study sample is predefined. The number and the type
of participants (e.g., representative population sample vs.
specific clinical sample) are determined by the originally
enrolled sample.

Two strategies have been described when deciding upon the
number of participants enrolled in a longitudinal cohort study
(Golding, 2010): Including a very large number of individuals
but not a large amount of data, the “huge-and-thin” strategy,
or including fewer individuals of whom in-depth data is
assessed, the “small-and thick” strategy. A good example of
the latter is the Dunedin study, an ongoing cohort study that
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has included approximately 1,000 individuals who are assessed
very comprehensively and at frequent intervals (Poulton et al.,
2015). Similarly, the ZLS enrolled a few hundred children in
each of the three cohorts, jointly accounting for approximately
1,000 study participants. Although a high follow-up rate is
always of importance in long-term longitudinal studies, this is
particularly true for relatively small studies such as the ZLS to
ensure a valid sample size. The first wave of ZLS-Adulthood
assessments began with an event to which former participants
were invited. Members of the study team informed the audience
about previous results and announced the upcoming assessment
wave. This social event resonated well with the study participants,
and similar events are planned for the future alongside yearly
newsletters. As ZLS-Childhood is expanded by ZLS-Adulthood
and, ultimately, will develop into ZLS-Lifespan, it is important
to build on previous experiences to maintain participation into
older age and ensure optimal follow-up. The NHDS team has
taught a number of valuable lessons in this regard (Kuh et al.,
2016).

Besides the number of potentially eligible participants,
representativeness of the study sample is important for the
generalizability the findings. First, the initial sample should be
representative of the population that it represents. In the ZLS-
1 and ZLS-2 cohort, the research teams recruited children born
into Swiss or German speaking families residing in the area of
Zurich. It is reported that parents were approached at random
(Falkner, 1960). Unpublished descriptive analyses of the ZLS-
1 study team suggest that the cohort was representative of
the population of Zurich with regard to paternal occupation;
however, this remains to be evaluated in more detail. Publicly
available census data (Federal Statistical Office, 2017) will be
used to clarify representativeness for the ZLS-1 and ZLS-2
cohorts. The ZLS-3 cohort was recruited from the children of the
ZLS-1 participants and representativeness needs to be assessed
with regard to the respective population of ZLS-1 participants.
Another concern in long-term longitudinal studies is whether
study participants remain representative of the original sample:
Selective study drop-out is a well-known issue (Young et al., 2006;
Launes et al., 2014) and was discussed already in the context of
the ICC studies in the 1960s (Falkner, 1960). Sociodemographic,
health, and other participant characteristics determine who
remains in the study over time. In the ZLS, participants
to be assessed in adulthood are likely not a representative
subset of those individuals enrolled at birth. This may limit
generalizability of the results, and potential bias needs to be
considered when interpreting future results. The data from
assessments prior to drop-out help to quantify a potential
shift in representativeness, for instance toward a study sample
with higher socioeconomic status. Further, publicly available
representative population datasets help in this regard: It has
been suggested that data from household panels may serve as
useful reference point for the general population (Siedler et al.,
2011). Accordingly, the ZLS-Adulthood study questionnaire
incorporates a number of questions from the Swiss Household
Panel (Voorpostel et al., 2016) and the Swiss Health Survey
(Bundesamt für Statistik, 2014), two large datasets assessed in
a representative population sample in Switzerland. With these,

characteristics of ZLS-Adulthood participants can be compared
to characteristics of the general population. This will help to
describe the ZLS cohorts in the future.

It has been noted that one of the major challenges in
longitudinal studies is to balance continuity of measurements
with keeping abreast of latest standards, and researchers are
likely to implement what is current in their period (Hofer
and Piccinin, 2009). In an attempt at appropriate balance, the
study protocol of ZLS-Adulthood was designed to retain the
general architecture of ZLS-Childhood: to assess parameters of
physical, motor, cognitive, and social health and development
and to closely describe the proximal and distal environment of
participants. Some of the methods that were employed for ZLS-
Childhood assessment were maintained for ZLS-Adulthood [e.g.,
standardized measures to assess anthropometric information,
hand X-rays to quantify bone health, and the Rey-Osterrieth
Complex Figure to assess visuospatial constructional abilities and
memory (Rey, 1941)]. Some methods applied in ZLS-Childhood
have been substituted by more modern ones, but the underlying
construct remains identical. For example, duration and quality of
sleep was previously assessed with a number of individual items
(illustrated in Figure 6B). These were replaced in ZLS-Adulthood
by the well-validated and clinically established Pittsburgh Sleep
Quality Index (Hinz et al., 2017). Finally, a number of new
methods have been added to the study protocol. For example,
blood samples were collected for the first time. This allows
the investigation of parameters of physical health (e.g., glycated
hemoglobin, HbA1c) and, possibly even more interestingly, the
quantification of biological age. Recently, a number of different
approaches to do so have been published, and biological age is
increasingly recognized as a reliable indicator of aging-related
processes (Belsky et al., 2015; Horvath and Raj, 2018). This
illustrates how advances in research may have an effect on the
protocol of a long-term longitudinal study.

Importantly, not only are the ways of assessing particular
constructs likely to change over the course of a long-term
longitudinal study but also the constructs themselves. In the
ZLS, some constructs were only formally introduced into the
study protocol recently as part of the assessment of ZLS-
Adulthood. Very likely, however, data touching on similar
or overlapping constructs has already been assessed across
childhood and adolescence without those labels. For example,
the concept of executive functions was first defined only in the
1970s, but a “control mechanism” was discussed in the mid-
19th century (Goldstein et al., 2014). Accordingly, the interviews
with the parents of the first ZLS cohort (initiated in the 1950s)
included a number of questions related to self-control and
self-regulation, for instance on the frustration tolerance of the
child, on strategies the child employs to self-sooth, and on
the child’s reactions to altered routines. Interestingly, similar
questions are currently included in the preschool version of
the Behavior Rating Inventory of Executive Functions (BRIEF-
P; Daseking and Petermann, 2013). However, unlike in such
psychometrically validated rating scales, the relevant questions
in the ZLS datasets were neither labeled as relevant to executive
functions nor arranged as specific scales; rather, they are scattered
acrossmany different records. If they are identified and combined
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appropriately (see below for examples of how other researchers
have previously approached this issue), they may reliably assess
the underlying construct and serve as potential predictor of adult
health outcome. In fact, child self-control has been shown to
predict adult physical health, substance dependence, personal
finances, and criminal offending outcomes in the Dunedin study
(Moffitt et al., 2011).

Innovative methods are needed to extract psychometrically
sound constructs from existing archival data of long-term
longitudinal studies. A number of researchers have presented
ways of accessing old data with new concepts. For example,
Jack Block developed the California Q-Sort (CQS) method
to derive a valid measure of personality from the diverse
interview and observational data assessed in the IGS (Block,
1961). His comprehensive book provides details of the methods
(Block, 2008). To date, his measure is used to study personality
development across life (e.g., Jones and Meredith, 1996; Chopik
and Grimm, 2019; Chopik et al., 2019) and how personality
traits early in life impact health in adulthood (e.g., Peskin
and Jones, 2015). Recently, one study has even derived a
new construct from the CQS personality measure: a subset
of items thought relevant to empathy was selected from the
original measure through correlational analyses and based on
theoretical considerations. Then, the newly developed measure
was validated in a contemporary undergraduate student sample
against an established rating scale of empathy, the Interpersonal
Reactivity Index (Davis, 1983). With this, the authors were able
to investigate longitudinal changes in empathy across the lifespan
(Oh et al., 2020). In the comprehensive ZLS datasets, a number of
such unlabeled constructs are likely buried, and they need to be
identified to become available for future analyses.

Even if the underlying construct is defined, the tools to assess
them were unlikely to have been constant over time (see Figure 8
for how cognitive abilities were assessed at different ages in ZLS-
Childhood). Researchers have advanced statistical methods to
cope adequately with this issue. For example, in the IGS datasets,
item response theory and latent curve modeling were combined
in a longitudinal growth model to bring different measures
of vocabulary and short-term memory into a common scale
(McArdle et al., 2009). Thus, these constructs became accessible
despite them being assessed with various age-appropriate tools
over time. Similar approaches may be employed to investigate
developmental trajectories in the ZLS datasets.

In summary, the ZLS will not constitute a final, static dataset
for a while. Instead, the datasets will continue to develop as
researchers engage in the tasks of working with the archived raw
data to develop appropriate measures for constructs of interest
and link them to adult outcome. A number of potential research
questions that can be answered with the ZLS datasets in the future
is outlined below.

Potential Questions to Be Addressed
Within the Scope of the ZLS
Presumably, an infinite number of research questions could
be addressed with the ZLS datasets. Some of those can be
directly translated into a hypothesis, others may be approached

in a data-driven and possibly, even exploratory, manner. The
benefits of the complementary use of these strategies has been
discussed previously (e.g., Kell and Oliver, 2004; Elliott et al.,
2016; Matsumuro and Miwa, 2019).

Potential questions include these: How stable are motor and
cognitive abilities between early childhood and late adulthood?
Does a constitutional delay or an acceleration of puberty have
a long-term impact on health and development in adulthood?
Is the association between motor and cognitive abilities in
adulthood stronger than their relatively weak association in
childhood? Do physical activity and motor abilities in early
childhood impact health in later adulthood? What are the
childhood factors that contribute to cognitive decline in aging?
How do personality traits in childhood impact adult health
and development? Are early developmental milestones in social
behavior predictive of adult outcome? How are emotional and
social development linked to resilience over the lifespan? Are
individuals with advanced biological age in childhood also
biologically older in adulthood? Do better cognitive abilities
in childhood protect against biological aging in adulthood?
What are the long-term effects of preterm birth on health,
wealth, and well-being? Are preterm-born adults biologically
older than term-born adults? Is aging accelerated after preterm
birth? Is the decrease in motor skill variability between
individuals in childhood followed by an increase in older age?
How do different parenting practices in the 1950s and 1970s
impact individuals’ long-term development? Is bone health
in childhood predictive of bone health in adulthood? Does
bone health change over generations, and if yes, why? Is the
well-described Flynn effect paralleled by a secular trend in
growth parameters?

CONCLUSION AND OUTLOOK

This article highlights the value of long-term longitudinal studies
for aging research using the example of the ZLS. The article aims
to foster the interdisciplinary discussion on how studies that were
established to investigate child health and development may add
to the understanding of adult health outcomes and aging-related
processes in cognition, behavior, and other domains. The rich
database of the ZLS includes data on physical, motor, cognitive,
and social health and development and on the proximal and
distal environment of individuals born with or without a risk
for neurodevelopmental impairments and on parents and their
children: a combination that makes these studies unique in
the quest to study the importance of early life for later health
and development.

In the future, the impact of the ZLS datasets may even be
multiplied by collaborating with other researchers in combining
datasets (see e.g., Friedman et al., 2014 for a call to integrate
existing longitudinal studies to study the link between personality
traits and health across the lifespan) and by the implementation
of modern scientific technologies in future assessment waves
(e.g., neuroimaging and genetic methods). Currently, the data
of ZLS-1 participants is being aligned and compared with
participants of the LifeStories study (see Lannen et al., 2021
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for details). This will provide insights into how the early
environment of an infant either placed in an infant care
institution or growing up in a family setting affects health and
development across the lifespan. Future comparison with further
cohorts may help to disentangle the factors in early life that shape
development into adulthood and across the lifespan.

A number of methodological and conceptual challenges
remain to be addressed and solved to expand ZLS-Childhood
with ZLS-Adulthood and to establish ZLS-Lifespan. However,
this endeavor will make the ZLS invaluable for studying
the importance of early life for health and development as
individuals age.

DISSEMINATION

The findings derived from the ZLS datasets will be disseminated
within the research community and beyond: Exchange and
discourse with experts in the field of aging research and
lifespan health development will be sought through contributions
in scientific journals, choosing open access options whenever
possible, and at scientific meetings. The study participants and
the general public will be informed about research findings
through media coverage, newsletters and information events. It
is expected that the findings derived from the ZLS datasets will
have a broad impact on society, as they have had in the past [e.g.,
with the long-term bestseller Babyjahre (Baby years) authored by
Prof. emer. Remo H. Largo, the former Director of the Growth
and Development Center of the University Children’s Hospital
and the former scientific leader of the ZLS and co-author of
this article].
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