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Background  One of the most robust risk factors for developing a mood disorder is having a parent with a mood 
disorder. Unfortunately, mechanisms explaining the transmission of mood disorders from one generation to the next 
remain largely elusive. Since timely intervention is associated with a better outcome and prognosis, early detec-
tion of intergenerational transmission of mood disorders is of paramount importance. Here, we describe the design 
of the Mood and Resilience in Offspring (MARIO) cohort study in which we investigate: 1. differences in clinical, 
biological and environmental (e.g., psychosocial factors, substance use or stressful life events) risk and resilience fac-
tors in children of parents with and without mood disorders, and 2. mechanisms of intergenerational transmission 
of mood disorders via clinical, biological and environmental risk and resilience factors.

Methods  MARIO is an observational, longitudinal cohort study that aims to include 450 offspring of parents 
with a mood disorder (uni- or bipolar mood disorders) and 100-150 offspring of parents without a mood disorder 
aged 10-25 years. Power analyses indicate that this sample size is sufficient to detect small to medium sized effects. 
Offspring are recruited via existing Dutch studies involving patients with a mood disorder and healthy controls, 
for which detailed clinical, environmental and biological data of the index-parent (i.e., the initially identified parent 
with or without a mood disorder) is available. Over a period of three years, four assessments will take place, in which 
extensive clinical, biological and environmental data and data on risk and resilience are collected through e.g., blood 
sampling, face-to-face interviews, online questionnaires, actigraphy and Experience Sampling Method assessment. 
For co-parents, information on demographics, mental disorder status and a DNA-sample are collected.

Discussion  The MARIO cohort study is a large longitudinal cohort study among offspring of parents with and with-
out mood disorders. A unique aspect is the collection of granular data on clinical, biological and environmental risk 
and resilience factors in offspring, in addition to available parental data on many similar factors. We aim to investigate 
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the mechanisms underlying intergenerational transmission of mood disorders, which will ultimately lead to better 
outcomes for offspring at high familial risk.

Keywords  Mood disorder, Major depressive disorder, Bipolar disorder, Intergenerational transmission, Resilience

Background
Between 15 and 28% of all children have a parent with a 
mental illness [1–3]. Mood disorders (i.e., major depres-
sive disorder or bipolar disorder) are among the most 
common mental illnesses with lifetime prevalence rates 
in the general population ranging from 1–6% for bipolar 
disorder [4, 5] to approximately 10% for major depres-
sive disorder [6]. In 2019, 280 million people world-
wide were suffering from depression, among whom 23 
million children and adolescents, and 40 million peo-
ple were suffering from bipolar disorder [7]. Mood dis-
orders severely impact the lives of patients as well as 
their family members, and are ranked among the lead-
ing causes of burden of disease by the World Health 
Organization [8]. Since a large proportion of patients 
with mood disorders have offspring, many children and 
adolescents are exposed to the stressors linked to paren-
tal mental illness (e.g., hospitalization, job loss, family 
conflict and other stressful life events). This, in addition 
to their increased genetic vulnerability [9], increases 
their risk of developing mood symptoms. Indeed, find-
ings from prospective, cross-sectional and registry 
studies show that having a parent with a mood disor-
der is a strong risk factor for developing a mood disor-
der in their offspring [10]. For instance, offspring with 
a parent with bipolar disorder are 4 times more at risk 
of developing a mood disorder compared with children 
of healthy parents [11] and 50–65% of children with a 
parent with a mood disorder develop a mood disorder 
themselves before the age of 35 [12, 13]. Although clini-
cal, biological and environmental factors are known to 
contribute to intergenerational transmission of mood 
disorders precise mechanisms underlying intergenera-
tional transmission remain rather unclear [14].

Mood disorders often develop early in life, often dur-
ing adolescence or young adulthood [15]. Experiencing 
mood symptoms during this sensitive developmental 
period can have long-lasting consequences for social, 
educational- and occupational functioning, underscor-
ing the importance of early identification for timely treat-
ment. In order to improve early identification of mood 
symptoms in youth at high familial risk, it is essential to 
understand which factors contribute to risk and resil-
ience during the developmental period of adolescence 
and young adulthood. In the Mood and Resilience in 
Offspring (MARIO) project, we investigate the influence 
of clinical (i.e., type of parental disorder, illness severity, 

age at onset of the mood disorder, whether both par-
ents are affected), biological and environmental (includ-
ing psychosocial factors, substance use and stressful life 
events) factors explaining why some offspring develop a 
mood disorder while others do not. Here, we describe the 
rationale, objectives and methods of the study.

Biological pathways for transgenerational transition 
of mood disorders
The development of mood disorders is partly influenced 
by biological factors. Family and twin studies show that 
mood disorders are moderately to highly heritable, with 
estimates around 37% for major depressive disorder [16] 
and 85% for bipolar disorder [17]. Genetic studies have 
shown that mood disorders are largely polygenic, which 
means that many genetic variants each have a small effect 
on the development of a mood disorder. Currently, 178 
genetic loci have been associated with major depressive 
disorder [18]. For bipolar disorder, 64 genetic loci have 
been identified and it is expected that more genetic loci 
will be identified when sample sizes increase [19].

Few studies have investigated the contribution of genetic 
load to risk of developing psychopathology in offspring of 
parents with mood disorders. One study found that a higher 
genetic load for bipolar disorder was related to increased risk 
of transmission of bipolar disorder in offspring of parents 
with bipolar disorder [20] A study pooling data of 8 cohorts 
of offspring of parents with mood or psychotic disorders 
and controls (N = 1,884) found that genetic load for neuroti-
cism and subjective well-being were, independent of family 
history, related to improved identification of risk of onset of 
major mood disorder and psychotic disorders [21]. These 
studies indicate a potential influence of genetic load on trans-
mission of mood disorders over and above family history.

There is also evidence for epigenetic mechanisms to be 
associated with mood disorders [22, 23], but few studies 
have investigated this in offspring of parents with mood 
disorders. One study on 844 mother–child pairs from 
the Avon Longitudinal Study of Parents and Children 
(ALSPAC) found preliminary evidence for DNA meth-
ylation in cord blood of newborns with a mother with 
depression during pregnancy [24], but they did not rep-
licate this finding in the Dutch longitudinal cohort study 
Generation R.

Other biological factors that are related to mood dis-
orders involve stress system mechanisms, specifically 
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the hypothalamic–pituitary–adrenal (HPA) axis [25, 26] 
and immune system [27]. However, results from high-
risk offspring studies are equivocal. Whereas some stud-
ies showed HPA-axis hyperactivity measured in salivary 
cortisol in offspring of bipolar disorder patients [28] and 
daughters of mothers with a history of recurrent depres-
sion [29] as compared to offspring of parents without a 
mood disorder, others did not find a difference [30, 31]. A 
recent systematic review of 87 studies showed higher cor-
tisol levels in offspring of parents with depressive disor-
ders compared to controls [32]; it was also reported that 
only few studies have investigated cortisol levels in off-
spring of parents with bipolar disorder. In addition, sev-
eral studies have shown signs of aberrant inflammation 
in offspring of parents with a mood disorder [30, 33–38]. 
The heterogeneous findings on the role of the stress and 
immune systems on mood disorders in offspring of par-
ents with a mood disorder warrants further investigation.

Environmental factors and mood disorders
Besides biological factors, environmental factors includ-
ing psychosocial factors, substance use or stressful life 
events, also contribute to the risk of developing a mood 
disorder. Offspring of a parent with a mood disorder are 
raised in an environment that can pose more challenges 
(for instance because of hospitalization of the parent) as 
compared to offspring of parents without a mood dis-
order. Possibly as a result, offspring of parents with a 
mood disorder experience a higher load of stressful life 
events and more chronic stress exposure compared to 
children of parents without mood disorders [39, 40]. It 
is well-known that experiencing negative life events is 
an important contributor to increased risk of mood dis-
orders [41, 42]. Importantly, offspring of parents with 
mood disorders are not only more often exposed to neg-
ative life events but may also be more susceptible to their 
effects compared to offspring of parents without a mood 
disorder; adolescents and young adults with a positive 
family history of depression experience more depressive 
symptoms or a greater risk of major depressive disorder 
after stressful life events compared to those without a 
positive family history of depression [43, 44]. However, 
contrasting findings are also reported. Findings from a 
longitudinal study show that although offspring of par-
ents with bipolar disorder and major depressive disor-
der report more adverse environmental stressors than 
offspring of controls, these factors do not contribute to 
the transmission to (hypo)manic episodes [45]. In that 
study, traumatic experiences partially mediated the rela-
tionship between parental early onset major depressive 
disorder and elevated risk of major depressive disor-
der in offspring. In conclusion, although environmen-
tal factors are known to play an important role in the 

intergenerational transmission of mood disorders, it is 
still largely unclear how they influence intergenerational 
transmission precisely.

Resilience
Despite the high emergence of mood disorders among 
offspring of parents with a mood disorder, many of these 
children will never develop mood symptoms and may 
be considered resilient. Resilience refers to the capacity 
of successful adaptation in the context of risk or threats 
[46–48]. It is a multi-system dynamic concept, indicating 
that it involves different systems, for instance at the indi-
vidual, family, and community (e.g., school or neighbor-
hood) level. Protective factors contribute to resilience of 
adolescents in different systems; positive coping styles 
(individual level), closeness with and support from par-
ents (family level), and availability of support services 
(community level), all have an impact on the resilience 
of offspring [49, 50]. Although this does not apply to all 
offspring of parents with a mood disorder, studies sug-
gest that protective factors are less present in this group 
of offspring. For example, studies suggest that offspring of 
parents with mood disorders show less optimal emotion-
regulation and coping styles compared to offspring of par-
ents of controls [51, 52] when exposed to stressors. Less 
optimal emotion-regulation and coping styles are related 
to the onset and recurrence of depression [53–56], and 
therefore important targets for prevention [57]. The pre-
sent study was designed to investigate both risk and resil-
ience factors in order to understand why psychopathology 
develops in part of our offspring sample while not in the 
remaining of the sample.

Other high‑risk offspring studies
In a systematic literature review, we identified 12 longi-
tudinal studies in offspring of parents with major depres-
sive disorder and bipolar disorder that have been carried 
out [58]. At baseline, these studies included between 129 
and 701 (mean = 264) offspring. Notably, only 1 study 
included more than 500 offspring at baseline, and one-
thirds did not include a control group of offspring with 
parents without a mood disorder, whilst a control group 
is important to identify risk and resilience factors that 
are specific to intergenerational transmission of psycho-
pathology. In addition, we showed that in only 25% of 
the studies mental health problems in the co-parents, 
i.e., the partner of the parent with a mood disorder, were 
assessed directly, indicating that the majority of the stud-
ies had limited opportunities to examine the impact of 
both (biological) parents on risk of disease in the off-
spring. This is an important limitation, since it has been 
shown that psychiatric problems in the co-parent may 
further increase the risk of a mood disorder in offspring 



Page 4 of 15Vreeker et al. BMC Psychiatry          (2024) 24:227 

of psychiatric patients [13], whilst on the other hand, 
support from the co-parent can significantly reduce the 
risk for children to develop a mood disorder [59]. Fur-
thermore, only few studies examined both children of 
parents with major depressive disorder and bipolar dis-
order (25%); examining both groups of children enables 
a cross-disorder approach, which is essential given the 
fact that bipolar disorder often starts with a depres-
sive episode in offspring at risk for bipolar disorder [60]. 
Moreover, whereas many studies focused on risk factors 
of psychopathology, only few studies examined resilience 
factors in offspring. The present study was designed to 
investigate both risk and resilience factors in order to 
understand why psychopathology develops in part of our 
offspring sample while not in the remaining of the sam-
ple. Last, only 50% of the studies reported on biological 
factors in the parents and none of the studies investigated 
how genetic vulnerability in both parents was related 
to genetic vulnerability in their offspring. For a detailed 
description of earlier high-risk offspring studies, see [14].

What is needed?
To improve our understanding of the intergenerational 
transmission of mood disorders, we urgently need lon-
gitudinal studies in which extensive data on clinical, bio-
logical and environmental factors is collected in a large 
sample of both high-risk and control offspring. In addi-
tion, clinical and biological data should be examined for 
both the index-parent and co-parent, as this will allow 
studying the unique contribution of risk through each 
parent. We believe that novel studies including these data 
will significantly contribute to existing longitudinal high-
risk offspring studies and will provide important infor-
mation on risk and resilience in high-risk offspring.

Objectives of the current study
With a 3-year, 4-wave longitudinal, richly phenotyped 
observational study among offspring of parents with 
and without mood disorders, the Mood and Resilience 
in Offspring (MARIO) project aims to examine pat-
terns of mood symptom development and resilience in 
high-risk offspring compared to control offspring. This 
study examines 1. differences in clinical, biological and 
environmental risk and resilience factors in children of 
parents with and without mood disorders, and 2. mecha-
nisms of intergenerational transmission of mood disor-
ders from both parents to children via clinical, biological 
and environmental risk and resilience factors.

The MARIO project provides a novel research infra-
structure that adds to the existing offspring literature by 
various aspects. In particular, we will: 1. Create a new 
high-risk offspring longitudinal cohort study including 
a sample between 550 and 600 participants, 2. With not 

only offspring of patients (450 high-risk offspring) but 
also a control group of participants with parents without 
a mood disorder (100–150 controls), 3. Utilize detailed 
information on the index-parent which was already col-
lected before the start of MARIO, including extensive 
data on psychopathology, genetics, immune markers, 
neuroimaging, and data on life events, and personality, 
4. Obtain DNA and information on psychopathology of 
the co-parent, 5. Focus on both risk and resilience fac-
tors over time, 6. Examine both categorical and dimen-
sional factors of psychopathology in offspring, allowing 
the study of a broad spectrum of symptoms, which is 
particularly important in young individuals who may not 
fulfill the criteria for a clinical diagnosis yet, 7. Investi-
gate which factors contribute to potential sex differences 
in the development of depression, and 8. Study real-time 
daily emotions and behaviors through the Experience 
Sampling Method (ESM) to investigate whether mood 
dynamics are predictive of mood symptoms.

Methods
Design
MARIO is an observational, longitudinal cohort study in 
offspring of parents with a mood disorder and offspring 
of controls aged 10–25  years. Offspring were recruited 
from existing patient studies. Over a period of three 
years, 4 assessments will take place.

Consortium
The MARIO project (www.​mario-​proje​ct.​nl) is funded 
through a grant of the Netherlands Scientific Organiza-
tion that stimulates research of psychiatric disorders 
(ZonMw, projectnumber 6361 00004). The MARIO 
Consortium exists of a large group of Dutch institutes, 
including 5 academic hospitals (Amsterdam Univer-
sity Medical Center, location VUmc, Erasmus Univer-
sity Medical Center, Leiden University Medical Center, 
University Medical Center Utrecht, University Medi-
cal Center Groningen), 4 universities (Vrije Universiteit 
Amsterdam, Leiden University, University Utrecht, 
Erasmus University), 6 mental health care institutions 
(Dimence, GGZ inGeest, GGZ Drenthe, GGZ Fries-
land, Lentis, GGZ Rivierduinen), 2 patient associations 
(PlusMinus, the Depression Society), 3 knowledge cent-
ers (Kenniscentrum Kinder- en Jeugdpsychiatrie, Ken-
niscentrum voor Bipolaire Stoornissen and Nederlands 
Kenniscentrum Angst, Dwang, Trauma en Depressie), 
a knowledge institute (Trimbos institute), experience 
centers (stichting me Me Mam, Augeo foundation), the 
association of Dutch municipalities (VNG) and health 
insurers (Zorgverzekeraars Nederland). In addition, we 
have a youth and adult panel consisting of offspring of 
parents with a mental illness and parents with a mood 

http://www.mario-project.nl
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disorder. This panel was involved in the design of the 
study and was consulted during the study; for instance, 
input was used for the choice and wording of question-
naires, design of the MARIO app (which was used to 
measure daily mood and behavior), recruitment material 
and the website.

Sample
The sample consists of offspring of parents with a mood 
disorder and offspring of parents without a mood dis-
order in the age of 10–25  years at baseline. We aim 
to include 550–600 participants with an equal gen-
der distribution; at least 450 offspring of parents with 
a mood disorder and 100–150 offspring of controls. 
Participants are recruited from existing cohort stud-
ies; the Netherlands Study of Depression and Anxiety 
(NESDA) [61, 62], the Dutch Bipolar Cohort [63–65], 
Onderzoeksprogramma Peripartum Psychiatrie Eras-
mus MC Rotterdam (Research Program Peripartum 
Psychiatry Erasmus MC Rotterdam; OPPER) [66], 
IMAGE_AL [67], Dutch Bipolar and Schizophrenia 
Offspring Study (DBSOS) [68], MOod Treatment with 
Antidepressents or Running (MOTAR) [69], BIpolar 
Netherlands Cohort (BINCO) [70] and NormQuest 
[71]. These cohorts included either adult participants 
with and without mood disorders or offspring of par-
ents with bipolar disorder and healthy controls. Off-
spring of parents with a main diagnosis that overlaps 
the mood disorder spectrum, i.e., anxiety disorder or 
psychotic disorder, were not excluded. Participants are 
excluded when the index-parent is not the biological 
parent and/or if the participant suffers from cognitive 
impairments based on information given by the par-
ent. Parent diagnoses were confirmed through psychi-
atric interviews. Extensive clinical and environmental 

data as well as biological data from the index-parents 
or offspring are available within these cohorts. More 
information on these cohorts is provided in the Supple-
mental Material. Supplemental Table 1 shows an over-
view of the cohorts.

Procedure
During this 3-year longitudinal study, data are collected at 
4 time points (baseline (T0), 1 year (T1), 2 years (T2) and 
3 years (T3) after baseline). The procedures for offspring, 
parents and co-parents differ (see Figs. 1 and 2). Offspring 
are invited for both face-to-face and online assessments 
(see for instruments Tables 1 , 2, 3 and 4). Index-parents 
can be invited for collection of saliva or a blood sample, in 
case DNA is not available from the initial cohort studies. 
For their other phenotyping we rely on the initial cohorts 
that already collected detailed clinical and demographic 
data. Co-parents are invited for online assessments and 
saliva or blood collection. One of the parents is invited to 
join the face-to-face interview of their offspring in case 
the age of the offspring is below 18 years.

Offspring
Face‑to‑face assessments
At T0 and T3, face-to-face assessments take place. The 
face-to-face assessment takes approximately four hours 
to complete. Assessments are conducted at five Dutch 
research sites: Amsterdam University Medical Center, 
Erasmus University Medical Center, Leiden University 
Medical Center, University Medical Center Utrecht, 
and  University Medical Center Groningen. After pro-
viding information on study participation and answer-
ing questions from participants, informed consent forms 
are signed. For participants under the age of 16, parents 
or the legal representatives of the participants co-sign 

Table 1  Assessment of mental health in offspring

Online yes indicates online questionnaire that can be filled out at the test location or at home, no face-to-face assessment

Domain Instrument Online Age Assessment

Psychopathology Computerized Kiddie Schedule for Affective Disorders 
and Schizophrenia (K-SADS) – present and lifetime; DSM 5 
version [72]

No  ≥ 10 T0, T3

Depression/mania/ care use/care needs Self-developed questionnaire ‘MARIO-check’, existing of: 
Depression items from (simplified) Patient Health Question-
naire (PHQ-9) [73], Mania items (questions based on K-SADS 
[72] and General Behavior Inventory (GBI) [74]; Items on psy-
chotic symptoms, functioning, care use and need for care are 
self-developed

Yes  ≥ 10 T0, T1, T2, T3

Psychopathology (dimensional) Youth Self Report (YSR) [75] or Adult Self Report (ASR) [76] Yes YSR: 10–17
ASR: ≥18

T0, T1, T2, T3

Depression symptoms Quick Inventory of Depressive Symptomatology-Self-Rated 
(QIDS SR) [77, 78]

Yes  ≥ 13 T3

Obsessive–Compulsive Disorder (OCD) symptoms Short OCD screener [79] Yes  ≥ 13 T0, T3
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the informed consent forms. The face-to-face assess-
ment starts with a computer-assisted personal interview 
in which data on background, mental health, childhood 
trauma and sexual behavior are collected. Subsequently, 
biological measures (blood, a hair sample, blood pres-
sure, height, weight, hip circumference and length) are 
collected. Two cognitive tasks are conducted to measure 
fluid intelligence (subtask Matrix Reasoning) and crystal-
lized intelligence (subtask Vocabulary). The face-to-face 
assessment ends with an explanation about the online 
questionnaires and the ESM questionnaires. At T3, actig-
raphy measures are also administered.

Self‑report questionnaire
At T0-T3 all offspring are asked to fill out online ques-
tionnaires on psychopathology, personality, activity, 
substance use, medication use, social media use, resil-
ience, self-esteem and coping strategies. At T0 and T3 
online questionnaires can be filled out at home or at the 
research site, depending on the preference of the par-
ticipant. At T1 and T2, participants fill out the online 

questionnaire at home. It takes between 45 and 75  min 
to complete the online questionnaire, depending on age 
(i.e., younger participants fill out fewer questions than 
older participants). The online questionnaire can be filled 
out over several days to make it easier for children to 
complete.

Experience Sampling Method
At T0-T3 all offspring are asked to fill out ESM ques-
tionnaires on an application (the MARIO-app) on their 
mobile phone. For a period of 14  days, participants 
receive 5 micro-questionnaires per day on whereabouts, 
mood, coping strategies, activities, and substance use. 
At T3 participants are also asked to wear an actigraphy 
watch for 14  days (the same period in which the ESM 
questionnaires are filled out), which registers sleep and 
activity. At the same time, passive mobile phone data on 
social behavior is collected for a period of 6 weeks.

Participants receive a gift card for participating in the 
study and travel costs are reimbursed. Figure 1 shows the 
assessments for offspring.

Fig. 1  Overview of assessments in offspring (T0, T1, T2, T3)
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Index‑parent and/or co‑parent report on offspring
When offspring are under the age of 18  years, one of 
the parents (the index-parent or the co-parent) is asked 
to join the face-to-face assessment of the offspring at 
T0 and T3 and participate in the psychiatric interview 
on their offspring. In addition, all index parents and co-
parents are asked to fill out an online questionnaire about 
their participating offspring on mental health, exercise 
and education. This questionnaire can be filled out at 
home or at the test location, depending on the preference 
of the parent.

Index‑parent and/or co‑parent report on own health
All parents (biological and non-biological), who did 
not yet participate in one of the initial cohort studies 
are asked to provide information on demographics and 
mental health status through an online questionnaire. 
Index-parents and co-parents (only biological parents) 
for whom DNA is not available in the initial cohorts are 
asked to provide a blood or saliva sample for DNA anal-
yses. Figure 2 shows the assessments for index-parents 
and co-parents.

Fig. 2  Overview of assessments parents (T0, T1, T2, T3)
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Table 2  Assessment of risk and resilience factors in offspring

Online yes online questionnaire that can be filled out at the test location or at home, no face-to-face assessment, DBSOS Dutch Bipolar and Schizophrenia Offspring 
Study

Domain Instrument Online Age Assessment

Sociodemographic
Demographics Self-developed No

Yes
 ≥ 10 T0, T3

T1, T2

Cognition
Cognition Wechsler Intelligence Scale for Children fifth edition (WISC-V, subtests 

matrix reasoning and vocabulary) [80]; Wechsler Adult Intelligence 
Scale fourth edition (WAIS-IV, subtests matrix reasoning and vocabu-
lary) [81]

No WISC-V: 10–16
WAIS-IV: 17–28

T0, T3

Psychological
  Impairment Impairment questions of fatigue scale from PROMIS [82] Yes  ≥ 10 T0

  Resilience Connor-Davidson Resilience Scale – 10 item version [83] Yes  ≥ 10 T3

  Coping Utrecht Coping List – Adolescent version (UCL-A) [84] Yes  ≥ 13 T0, T3

  Self-esteem Rosenberg Self-Esteem Scale [85] Yes  ≥ 13 T0, T3

  Personality Big 5 Short version Next Big Five Inventory (BFI-2) [86] Yes  ≥ 13 T0, T3

  Body image Picture body image [87] and (questions body image and diet) 
from TRAILS [88]

Yes  ≥ 10 T0, T1, T3, T3

Social environment
  Life events Chronic difficulties and negative life events questionnaire, based 

on TRAILS [88]
Yes  ≥ 10 T0, T1, T2, T3

  Childhood trauma Childhood Trauma Questionnaire (CTQ) [89] No  ≥ 10 T0, T3

  Parental rearing Parental bonding instrument (PBI) [90] Yes  ≥ 13 T0, T3

  Parentification Activity restrictions subscale of Young Carer of Parents Inventory 
(YCOPI) [91]

Yes  ≥ 10 T0, T3

  Sexting Sexual health of adolescents in the Netherlands anno 2017 [92] No  ≥ 13 T0, T3

  Media use Frequency of use, based on the study Grumpy or Depressed [93]; 
Problematic internet use, based on Internet Addiction Test (IAT) [94]; 
Influence of social media, based on CBS item about influenceability 
of social media [95]

Yes  ≥ 10 T0, T1, T2, T3 
(short version 
at T3)

Health and health behavior
  Sexuality Sexual health of adolescents [92] Yes  ≥ 13 T0, T3

  Pubertal development Physical Development Scale [96] Yes 10–17 T0, T3

  Sleep Adapted School Sleep Habits Survey, [97]; chronotype from morning-
ness-eveningness questionnaire [98]; sleep medication based on Not-
tingham Health Profile [99]

Yes  ≥ 10 T0, T1, T2, T3

  Sport Questions used in the GenerationR study [100] Yes  ≥ 10 T0, T1, T2, T3

  Medication Medication questionnaire used in the study DBSOS [68] Yes  ≥ 10 T0, T3

  Substance use Substance Use based on the study TRAILS [88] Yes  ≥ 13 T0, T1, T2, T3

Other
  Evaluation of on-site assessment Based on evaluation questionnaire used in the NESDA study [61, 62] No  ≥ 10 T0, T3

Table 3  On-site physical assessment in offspring

a In case a blood sample could not be collected; saliva was collected for DNA analysis
b In subsample of participants aged ≥ 16 years

Domain Description Assessment

Cardiovascular Heart rate; systolic & diastolic blood pressure T0, T3

Anthropometrics Weight, height, waist circumference, hip circumference T0, T3

Hypothalamic–pituitary–adrenal (HPA) axis activity Cortisol in hair T0, T3

Blooda DNA, plasma, serum, hematologyb PBMCb T0, T3
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Measurement
Offspring
Questionnaires were chosen for their excellent psy-
chometric properties and applicability for children and 
adolescents between 10–25  years. In addition, we have 
chosen instruments that overlap with instruments used 
in the Generation R study [100], TRacking Adolescents’ 
Individual Lives Survey (TRAILS) [88], NESDA [61, 62], 
Grumpy or Depressed [93], and DBSOS [68]); longitudi-
nal studies in The Netherlands that follow children and 
adolescents (and/or parents). Tables  1, 2, 3 and  4 show 
a detailed overview of the instruments that were used at 
T0-T3 for offspring.

Index‑parent and/or co‑parent report on offspring
For participants < 18  years old, the index-parent or co-
parent are invited at the on-site visits (T0 and T3) and 
interviewed on psychopathology of the child using 
the computerized K-SADS [72]. The visiting par-
ent is also asked to fill out an evaluation form on the 
onsite visit. In addition, parents are asked to fill out 

online questionnaires on demographics of the child, the 
MARIO-check (consisting of the simplified PHQ-9 [73], 
mania questions based on the K-SADS [72] and General 
Behavior Inventory [74], and self-developed questions on 
functioning, care use and need for care), psychopathol-
ogy of the child ((Child Behavior Checklist (CBCL; if 
child’s age < 18  years), Adult Behavior Checklist (ABCL; 
if child’s age ≥18 years.) [75, 76] and symptoms of autism 
spectrum disorder in the child (questions based on the 
K-SADS, [72]) at T0-T3.

Index‑parent and/or co‑parent report on own health
Index-parents or co-parents fill out online questionnaires 
at T0-T3 on the number and names of their children 
and (only for mothers) pregnancy and delivery (based 
on questions in TRAILS [88] and the expert opinion of 
one of the researchers (VB) in our consortium). When 
no DNA sample is available from the parent, we will also 
collect blood or saliva during the onsite visit (T0 or T3). 
For most index-parents, DNA is available through the 
initial cohorts. To obtain additional information on the 

Table 4  ESM, passive monitoring and actigraphy in offspring

a Social behavior through passive mobile phone measures

Domain When Instrument Assessment

ESM (14 days; 5 × per day)
  Sleep Only in morning (1 × per day) Self-developed, based on Grumpy or Depressed 

[93], GenerationR [100], NESDA [61, 62]
T0, T1, T2, T3

  Location 5 × per day Self-developed, based on Grumpy or Depressed 
[93], GenerationR [100], NESDA [61, 62]

T0, T1, T2, T3

  Company 5 × per day Based on Grumpy or Depressed [93], GenerationR 
[100], NESDA [61, 62]

T0, T1, T2, T3

  Positive and negative affect 5 × per day Items on positive and negative affect based 
on a previous studies [101], Grumpy or Depressed 
[93], GenerationR [100], NESDA [61, 62]

T0, T1, T2, T3

  Coping Only in the evening (1 × per day) Based on Utrecht Coping List – Adolescent 
version (UCL-A) [84], adapted in Grumpy 
or Depressed [93]

T0, T1, T2, T3

  Events Only in the evening (1 × per day) Based on a previous study on mood in adoles-
cents [102]

T0, T1, T2, T3

  Quality relationships Only in the evening (1 × per day) Based on Network of Relationships Inventory 
(NRI) [103]

T0, T1, T2, T3

  Exercise Only in the evening (1 × per day) Self-developed, based on Grumpy or Depressed 
[93]

T0, T1, T2, T3

  Substance use Only in the evening (1 × per day) Self-developed, based on Grumpy or Depressed 
[93], NESDA [61, 62], GenerationR [100]

T0, T1, T2, T3

Passive monitoring (6 weeks)a

  Location, calls & text, WIFI Access Point scans, 
screen states, real time app usage, ambient light, 
motion and step count

Continuously Behapp smartphone app [104] T3

Actigraphy (14 days)
  Physical activity Continuously Wrist-worn accelerometer GeneActiv [105] T3

  Sleep In the evening/night for 2 weeks Wrist-worn accelerometer GeneActiv [105] T3

  Activities of daily living Continuously Wrist-worn accelerometer GeneActiv [105] T3
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co-parent (i.e., for index-parents detailed phenotype data 
is available through the initial cohorts), we ask co-parents 
to fill out online questionnaires at T0 on demographics, 
depression (using the Lifetime Depression Assessment 
Self-report (LIDAS) [106], symptoms of bipolar disorder 
(using the Mood Disorder Questionnaire (MDQ) [107] 
and care use (using the Trimbos and iMTA question-
naire on Costs associated with Psychiatric Illness) [108]. 
In addition, when the co-parent is not present during the 
onsite visit and no DNA sample is available, a saliva sam-
ple is collected through mail.

Statistical analysis
Our aim is to build a large infrastructure with data that 
can be used for multiple research questions with multiple 
up-to-date statistical methods that are not described here 
(e.g., network analyses, machine learning approaches).

Objective 1: To examine differences in biological, clinical 
and environmental risk and resilience factors in children 
of parents with and without mood disorders
To analyze differences in symptoms, risk and resilience 
factors between high-risk and control offspring, we 
apply different statistical analyses, such as (non)linear 
latent growth curve (LGC) models, with parental psy-
chopathology (mood disorder versus no mood disorder) 
as predictor and longitudinal data on clinical, biological 
and environmental risk and resilience factors as outcome. 
This will allow us to investigate whether the presence of 
a mood disorder of the parent can be related to both the 
levels (intercept) and change (slope) in symptoms, risk 
and resilience factors.

Objective 2: To examine mechanisms of intergenerational 
transmission of mood disorders from both parents to children 
via clinical, biological and environmental risk and resilience 
factors
We will examine which factors contribute to (differences 
in) the development of mood disorders and resilience. 
A statistical model that can be applied for this is growth 
mixture models (GMM). GMM are used to investigate 
subgroups in longitudinal developmental trajectories. 
These trajectories can be associated with biological and 
environmental factors using Structural Equation Mod-
eling (SEM) to investigate differences in developmen-
tal trajectories (for instance to examine which factors 
are predictive of resilience in offspring of parents with a 
mood disorder). ESM data will be analyzed within sub-
jects and between subjects to indicate whether changes 
in daily mood, measured over a period of two weeks, are 
predictive of the development of a mood episode. Daily 
mood profiles will be associated with transition to a 
mood episode using multilevel mixture models.

Power calculation
We performed general power calculations to establish 
minimal detectable effect sizes (MDES) given the sample 
size of n = 550 for two basic situations. For the situation 
of a dichotomous outcome, the MDES is given in terms 
of Cohen’s h. Using the ’pwr.2p2n.test’ from R Package 
’pwr’, setting alpha = 0.05 and power = 1–beta = 0.80, we 
obtained Cohen’s h = 0.268 as the MDES. For continu-
ous outcome measures, the MDES is given in terms of 
Cohen’s d. Assuming within subject correlation r = 0.5, 
number of measurements of m = 4, sd = 1 (because we 
are evaluating the standardized effect size of Cohen’s d), 
using the formula of Twisk [109] and setting alpha = 0.05 
and power = 1–beta = 0.80, we obtained Cohen’s d = 0.218 
as the MDES. In conclusion, a sample size of 550 chil-
dren (450 high-risk offspring and 100 control offspring) 
is sufficient to find small- to medium-sized effects for our 
research questions.

Data management
During the study, personal data (such as contact informa-
tion, demographic variables and information concerning 
inclusion) is stored in an administrative/ electronic data-
base at the secure server of the participating university 
medical center. Databases are only accessible by MARIO 
staff members. A six-number participant ID-number is 
created for every participant in the study to link the par-
ticipant to the research data. Identifiable information will 
be kept separate from the collected research data. Only 
the local research staff at the different university centers 
have access to the key that connects the ID number to a 
person. Moreover, for biological data, laboratory person-
nel, biobank coordinators and researchers from the study 
will have access to the raw and processed biological data.

A Computer Assisted Personal Interview is used to col-
lect interview data (locally on network drive or laptop). 
The online questionnaires are collected with an online 
data collection tool. A processor agreement is present at 
Amsterdam UMC for this. IP addresses are not collected 
from the online questionnaires. The MARIO App data 
is stored securely at a DMZ server at Erasmus MC. The 
data from the diagnostic interview (K-SADS) is stored 
on a server in the United States. In order to conform to 
the European privacy standards, a European Standard 
Contractual Clauses and a Data Processor Agreement is 
signed with the party that developed the online version 
of the K-SADS. Furthermore, we have added a section 
in the informed consent forms regarding storing of the 
data outside of The Netherlands as advised by the Pri-
vacy officer of the Erasmus MC. Researchers can only 
receive data—without privacy-sensitive data—from data 
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management if the Principal Investigators have approved 
the analysis plan.

Pseudonymized data will be used for all statistical anal-
yses. A structured protocol will be developed for data 
delivery, aggregation and integration of all data collected 
at different sites. These data are centrally cleaned by the 
data management team and delivered to researchers via 
safe data transfer methods. Quality control will be exe-
cuted (out of range analysis, cross validation of variables, 
completeness of data) and a data dictionary will be devel-
oped for issuing of data. Personal and study data will be 
stored for 15 years after the study has ended and the per-
sonal data will be destroyed after this time period.

Staff training and supervision
Assessments are administered by PhD students, research 
assistants or master students in the field of (mental) 
health. Research assistants and PhD students receive 
extensive training in conducting the T0 and T3 assess-
ment according to the protocol. This training consists 
of two days of explaining and practicing the instruments 
that are used in the study, observing assessments con-
ducted by an experienced interviewer and conducting 
assessments under supervision of an experienced inter-
viewer. In order to maintain adherence to protocol and 
monitor data quality, supervision sessions take place 
every two weeks to discuss complex cases and reach 
consensus. Clinicians are available for consultation, for 
instance when consensus is not reached or in the event a 
participant reports serious mental health issues. Further-
more, local and central fieldwork meetings are organized 
to discuss practical issues related to the execution of the 
study. Protocols are in place for handling suicidality and 
suspicions of child abuse or neglect.

Timeline and follow‑up assessments
Recruitment for the MARIO cohort study started in 
November 2019 and will finish in the spring of 2024, 
which has been delayed due to the COVID-19 pandemic. 
The T1-assessment started in November 2020 followed 
by the T2-assessment in November 2021. The T3-assess-
ment has started in August 2023. It is expected that T3 
will end in the spring of 2027.

Discussion
The MARIO study will be one of the largest longitu-
dinal studies among offspring of parents with mood 
disorders worldwide. By examining extensive data on 
clinical, biological and environmental factors and data 
on risk and resilience in offspring of parents with a 
mood disorder, controls and their parents, our study 
aims to contribute to a better understanding of the 

mechanisms underlying intergenerational transmission 
of mood disorders, which will lead to improved identi-
fication of mood symptoms.

We have experienced delays in data collection (i.e., 
according to the original planning the baseline assess-
ment should have already ended in 2021), mainly 
because of security regulations (i.e., the use of online 
assessments such as the ESM application and K-SADS 
online interview was carefully assessed by the Erasmus 
MC security officers), difficulties in recruitment and 
related to COVID-19 (i.e., research sites were closed 
for visits for several months, some participants were 
hesitant to come for an onsite visit because of infec-
tion risk, there were strict regulations in terms of symp-
toms of participants and interviewers which resulted in 
rescheduled visits).

The MARIO study will yield a new infrastructure for 
collaboration with other consortia and studies on high-
risk offspring. Since we carefully selected instruments 
that are used in other longitudinal studies in The Neth-
erlands, the MARIO study provides an excellent oppor-
tunity to compare youth at-risk of mood disorders with 
youth from the general population, which will result in 
a better understanding of the development of psychopa-
thology in offspring of parents with a mood disorder.

Knowledge resulting from the MARIO study will 
improve early identification of mood disorders in off-
spring at high risk of developing a mood disorder. Early 
identification of mood disorders will facilitate early inter-
vention and treatment, which may ultimately result in 
reduced treatment delays and improved outcomes for 
patients. The MARIO longitudinal cohort study is part of 
the broader MARIO consortium. In the MARIO study, 
we will, in two separate studies, further investigate the 
validity of an online tool to improve early identification of 
mood symptoms (MARIO screening study) and the effi-
cacy of an online intervention platform (MARIO inter-
vention study) [14, 110]. It is our ultimate goal to improve 
identification and early intervention for offspring at 
familial high risk, to reduce mental health problems and 
improve outcomes.
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