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Sex differences in the association
between repetitive negative thinking and
neurofilament light
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Emerging evidence suggests that repetitive negative thinking (RNT; i.e., worry and ruminative

brooding) is associated with biomarkers of Alzheimer’s disease. Given that women have a greater risk

of many neurodegenerative diseases, this study investigated whether worry and brooding are

associated with general neurodegeneration and whether associations differ by sex. Exploratory

analyses examined whether allostatic load, a marker of chronic stress, mediates any observed

relationships. Baseline data from 134 cognitively healthy older adults in the Age-Well clinical trial were

utilised. Worry and brooding were assessed using questionnaires. Plasma neurofilament light chain

(NfL), a biomarker of neurodegeneration, was quantified using a Meso Scale Discovery assay. We

found a positive interaction between brooding and sex on NfL, with higher brooding associated with

greater NfL levels in women. No associations were observed between worry/ruminative brooding and

allostatic load. These results offer preliminary support that RNT is associated with worse brain health,

specifically in women.

In the absence of established disease-modifying treatments for dementia,
research has shifted towards identifying potentially modifiable factors that
may influence risk1, and themechanisms throughwhich theymay act. Brain
changes in dementia precede cognitive impairment2, allowing us to examine
premorbid associations between risk factors and pathology. Repetitive
negative thinking (RNT) is a modifiable risk factor of recent interest in
dementia3, and is a transdiagnostic process that encompasses both future-
directed worry and past-directed ruminative brooding4. RNT describes the
thought process, rather than the content of the thoughts. Although RNT
levels are elevated in clinical populations (e.g., depression and anxiety5),
non-clinical populations also engage in RNT, albeit to a lesser degree6.

Whilst psychiatric disorders (e.g., depression7, anxiety8, post-traumatic
stress disorder [PTSD]9) have been associated with increased risk of
dementia, they have primarily been considered independently. The Cog-
nitive Debt hypothesis proposes that RNT may be a common underlying
cognitivemechanism that explains the associations between these disorders
and increased Alzheimer’s disease (AD) dementia risk3. Recent empirical
research provides initial support for the Cognitive Debt hypothesis. Higher

levels of RNT have been associated with subjective cognitive decline10 and
more rapid decline in objective cognitive domains affected early in AD
dementia, specifically global cognition, immediate and delayed memory11.
Further, higher levels of RNT have also been associated with hallmark
biomarkers of AD (amyloid and tau [PET imaging])11, greater brain age12,
and altered functional connectivity within brain networks associated with
AD13. However, further evidence is needed to establish whether RNT is
associated with neurodegeneration and dementia risk more broadly,
beyond AD.

Neurofilament light chain (NfL) is a cytoskeletal protein within neu-
rons that is released following axonal damage or neuronal degeneration14.
Studies have shown high correlations between elevated NfL levels and
standard measures of neurodegeneration such as measured through mag-
netic resonance imaging15,16, underscoring NfL’s role as a robust surrogate
marker of neurodegeneration.A recentmeta-analysis found increased levels
of NfL in all common neurodegenerative illnesses of advanced age,
includingAD, LewyBody dementia, vascular dementia and frontotemporal
dementia17. Notably, many of these dementia types are not associated with
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amyloid and tau aggregation. Research has further supported the predictive
value of increased NfL levels for the later development of dementia in
healthy older adults18 and individuals at risk of dementia19. Since raised NfL
levels are common across different types of dementia, the current study
examined the relationship between RNT and NfL to determine whether
RNT could be broadly associated with dementia risk.

Women have a greater lifetime risk of developing AD and dementia,
thus there is increasing acknowledgement that potential sex and gender
differences need to be examined in dementia research20,21. There are sex and
gender differences in risk factors for AD. For instance, depression (a psy-
chosocial risk factor of dementia1) is more prevalent in women than men22.
There are also sex and gender differences in the progression of cognitive
decline and AD, with women having faster deterioration than men23.
Additionally, there is evidence of sex differences in different inflammatory
markers24 (increased levels of inflammatory markers have been associated
with increased risk of dementia25). This highlights the importance of con-
sidering sex and gender differences when investigating RNT and neuro-
degenerative biological markers, and potential pathways of action.

Accumulating evidence provides support for a prospective association
between stress and dementia. In addition to the link between PTSD and
dementia9, recent meta-analyses have shown positive associations between
psychological stress, trauma and dementia26,27 and revealed that older adults
who experienced more stressful life events are at higher risk of developing
dementia28. Based on existing evidence showing associations between RNT
and markers of stress (e.g., cortisol, blood pressure)29, one potential
mechanism linking RNT with poor brain health could be via a ‘stress
pathway’. Longitudinal studies have found that trait rumination (of which
brooding is a maladaptive subtype) and trait worry predict the onset of
PTSD symptoms after exposure to a traumatic event30.

Stress not only has an impact on the brain, but also has an effect on the
body more broadly. To describe the biological consequences of chronic
stress on the body, BruceMcEwen conceptualised the term allostatic load31.
The concept of allostatic load is derived from the term allostasis, which is an
adaptive response that refers to the body’s ability to adapt to the needs of
different situations (including activation of the stress response systemwhen
under threat)32. When chronically stressed over time, the body’s stress
system becomes overactivated, which in turn increases allostatic load (a
maladaptive response). Higher levels of allostatic load are associated with
cognitive decline in older adults33, which in turn, has been associatedwith an
increased risk of developing dementia1. Biological and physiological mar-
kers of stress are commoncomponents of an allostatic load index.Cortisol is
onemarker which has been linked to cognitive decline as part of an index to
measure allostatic load33. Other components include waist-to-hip ratio,
blood pressure, and cholesterol34. Allostatic load affects multiple bodily
systems, including anthropometric, cardiovascular and respiratory, meta-
bolic, immune, and neuroendocrine systems; therefore comprehensive
allostatic load indices include measures from each system.

Extant evidence demonstrates associations between anxiety and
depression and increased allostatic load35, yet the direct association between
RNT and allostatic load is unknown. Studies have however shown asso-
ciations between state level or induced RNT and some of the biomarkers
commonly included in allostatic load composites, for example higher heart
rate, cortisol levels, and blood pressure29. However, it is unknown whether
trait RNT is associatedwith allostatic load andwhether allostatic load could
mediate any association observed between RNT and neurodegeneration
biomarkers.

We sought to further understand the relationship between RNT and
neurodegeneration, andapossiblemechanism throughwhichRNTmayact.
More specifically, we aimed todetermine (1) the cross-sectional relationship
between twomeasures of RNT (worry and ruminative brooding) andNfL in
cognitively healthy older adults and whether this relationship is moderated
by sex. We further sought to understand whether allostatic load mediates
this relationship in exploratory analyses.We hypothesised that higher levels
of RNT would be associated with greater NfL and that this relationship
would be mediated by allostatic load.

Materials and methods
Study design
The current study utilised cross-sectional baseline data from the Age-Well
randomised clinical trial of the Medit-Ageing European project. Details of
the recruitment method and eligibility criteria can be found in the Age-well
protocol36.

Participants
137 participants were recruited from the general population (Caen, France),
screened, and included in the trial. All participants were required to be aged
65 or over, have at least seven years of education, and be retired for at least
one year. They also performed normally on standardised cognitive tests
measuring various domains (global cognitive functioning, executive func-
tions, and verbal episodic memory) according to study-specific standards
(age, sex, and education level). Detailed descriptions of performance
requirements for each test are provided in the Supplementary Material 1.
Key exclusion criteria included the presence of major neurological or psy-
chiatric disorder, chronic disease or acute unstable illness thatmay interfere
with cognitive functioning. Further details relating to inclusion and exclu-
sion criteria can be found in the trial protocol paper36.

Written informed consent was obtained from all participants. The
Age-Well randomized clinical trial was sponsored by the Institut
National de la Sante ́ et de la Recherche Med́icale (Inserm), approved by
the ethics committee (Comité de Protection des Personnes Nord-Ouest
III, Caen, France; trial registration number: EudraCT: 2016-002441-36;
IDRCB: 2016-A01767-44) and registered on ClinicalTrials.gov (Identi-
fier: NCT02977819).

Repetitive negative thinking (RNT)
Worry. Worry was measured using the self-report 16-item Penn State
Worry Questionnaire (PSWQ)37. Each item is rated on a 5-point Likert
scale, ranging from1 (“not at all typical ofme”) to 5 (“very typical ofme”).
Total scores range from 16 to 80, with higher scores being indicative of
higher levels of worry. Previous research has demonstrated good internal
consistency and adequate convergent validity in older adults38.

Ruminative brooding. Ruminative brooding was measured using the
5-itembrooding subscale of the self-report 22-itemRuminative Response
Scale (RRS)39. Each item is rated on a 4-point Likert scale, ranging from 1
(“almost never”) to 4 (“almost always”). Total scores range from 5 to 20,
with higher scores being indicative of higher levels of ruminative
brooding. Previous research has demonstrated acceptable internal con-
sistency in older adults40.

Neurofilament Light
Non-fasting blood samples were collected from participants between 7.30
am and 8 am. Samples were drawn from the antecubital vein into a 5ml
EDTA bottle and then, after decantation and collection of plasma, stored in
a -80 °C freezer before analysis. Plasma levels of NfL were performed by an
ultra-sensitive electrochemiluminescence measurement technique (Meso
Scale Discovery, MSD, Rockville, USA) using R-PLEX Human Neurofila-
ment L Antibody Set with reference ranges of 5.5 to 50,000 pg/mL. All
analyses took place in the Centre de Ressources Biologiques (CRB) in Caen,
France.

Allostatic load
The allostatic load composite created in the current study was comprised of
five sub-categories: anthropometric, cardiovascular and respiratory, meta-
bolic, immune, andneuroendocrine.This compositemeasure in this study is
grounded in a conceptual framework that is based on the idea that chronic
stress affects multiple physiological systems, measurable using biomarkers.
The selection of individual biomarkers included in this allostatic load
composite are frequently used in existing allostatic load studies41. Detailed
descriptions of the measures included in the composite are provided in the
Supplementary Material 2.
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Briefly:
Anthropometric category includedmeasures of bodymass index (BMI)

and waist-hip ratio (WHR).
Cardiovascular and respiratory category included measures of systolic

and diastolic blood pressure (SBP,DBP), pulse pressure, standard deviation
of the average heartbeat-to-beat intervals (SDANN) and root mean square
of successive differences between normal heartbeats (RMSSD).

Metabolic category included measures of plasma insulin, serum tri-
glycerides, high and low-density cholesterol (HDL, LDL) and serum
creatinine.

Immune category included plasma measures of interleukine-6 (IL-6)
and C-reactive protein (CRP).

Neuroendocrine category included serum cortisol, dehydroepiandroster-
one sulfate (DHEA-S), plasma norepinephrine (NE) and epinephrine (E).

Measures within each sub-category were z-transformed and averaged
to create sub-category scores. The average of each of the five sub-categories
was then calculated and re-standardised to form the total allostatic load
score, resulting in ameanof 0 anda standarddeviationof 1.Values forHDL,
DHEA-S, SDANN, and RMSSDwere reverse-scored before being included
in the composites, so that higher scores indicated higher levels of allostatic
load. Participants with missing scores on any of the measures were not
included in the composite score calculation.

Covariates for sensitivity analyses
To examine the specific effects of the cognitive component of RNT (i.e.,
ruminative brooding and worry), we conducted sensitivity analyses con-
trolling for depression (for ruminative brooding) and anxiety (for worry)
due to their close association with RNT42,43.

Depression. Depression was measured using the self-report 15-item
Geriatric Depression Scale (GDS-15)44. Each item is answered with either
“yes” or “no”. Total scores (calculated by summing the number of “yes”
responses) range from 0 to 15, with higher scores being indicative of
higher levels of depression. Previous research has demonstrated good
internal consistency45 and validity44 in older adults.

Anxiety. Anxiety was measured using the 20-item trait anxiety subscale
of the State-Trait Anxiety Inventory (STAI-B)46. Each item is rated on a
4-point Likert scale, from 1 (“almost never”) to 4 (“almost always”). Total
score for STAI-B subscale (calculated by summing all the respective item
scores) range from 20 to 80, with higher scores being indicative of higher
levels of anxiety. Previous research has demonstrated good internal
consistency and validity for older adults47.

Statistical analyses
From the 137 participants enrolled in Age-Well, two participants were
excluded from all secondary analyses for not meeting major eligibility cri-
teria as determined by the Trial Steering Committee. One participant had
missing data for NfL. This resulted in 134 participants being included in the
analyses with NfL. Participants with missing data for at least one of the
measures included in the allostatic load compositewere excluded in analyses
with allostatic load.

Associations between RNT, NfL, allostatic load and potential con-
founds were investigated using Pearson’s correlations for continuous vari-
ables, and t-tests for sex differences.

Prior to performing the planned statistical analyses, assumptions of
linear regression were checked. Ruminative brooding was right skewed and
was therefore square-root transformed. The assumptions of linearity,
homoscedasticity and independence were met for all models, using the
square-root transformed ruminative brooding scores. The assumption of
normality was not met; however, as the importance of linearity supersedes
normality in regression models48, we proceeded with using square root-
transformed ruminative brooding scores in all analyses.

Separate linear regression analyses were run for each RNT measure
(i.e., worry and ruminative brooding) to examine their relationships with

NfL. Model 1 was unadjusted, Model 2 adjusted for age, sex and education,
andModel 3 examined the (additive) interaction with sex, adjusting for age
and education. Sensitivity analyses were run to determine whether any
associations remained after adding anxiety to Model 2 and Model 3 when
worry was the predictor or depression when ruminative brooding was the
predictor. Given the low levels of depressive symptoms observed in the
sample, analyses were conducted using depression as a categorical variable
(participantswithnodepressive symptoms [i.e., scoresof 0] andparticipants
with any depressive symptoms [i.e., scores of 1 or above])49.

Finally, to uncover a potential mechanism linking RNT to NfL, we
conducted exploratory analyses to examine the relationship between worry
and ruminative brooding and allostatic load in unadjusted and adjusted
regressions (i.e., Model 1 and Model 2, as above). Model 3 examined the
interaction with sex, adjusting for age and education. In the case of a sig-
nificant association being observed between worry and/or brooding and
NfL, and between worry and/or brooding and allostatic load, a mediation
analysis would be conducted to investigate whether allostatic loadmediated
the relationship between worry and/or brooding and NfL. Meditation
analysis is used to understand the mechanism through which an indepen-
dent variable influences a dependent variable via a mediator variable50. The
four-step mediation analysis framework developed by Baron and Kenny51

was used, with each step needing to be met before proceeding to the next.
The first step is to demonstrate that the independent variable (i.e., RNT)
significantly affects the dependent variable (i.e., NfL). The second step is to
demonstrate that the independent variable significantly affects themediator
(i.e., allostatic load). The third step is to demonstrate that the mediator
affects the dependent variable when controlling for the independent vari-
able. Thefinal step is to establish the direct effect of the independent variable
on the dependent variable while controlling for the mediator.

Exploratory analyses were conducted to examine the associations
between worry and ruminative brooding and each sub-domain of the
allostatic load composite.

All analyses were performed with in R (version 4.2.2). Standardised
beta coefficients are reported.

Results
Demographic characteristics are presented inTable 1. Associations between
continuous variables are displayed in Table 2. Briefly, worry was associated
with anxiety (r = 0.62, p < 0.001) and depression (r = 0.17, p = 0.07).
Ruminative brooding was associated with anxiety (r = 0.51, p < 0.001) and
depression (r = 0.18, p = 0.06). NfL was associated with age (r = 0.39,
p < 0.001). Allostatic load was not associated with age (r = 0.09, p = 0.37),
education (r = -0.11, p = 0.25), depression (r = -0.01, p = 0.88), or anxiety
(r = -0.11, p = 0.27).

Regarding sex differences, there was no difference in NfL levels
(p = 0.82), worry (p = 0.48) or ruminative brooding (p = 0.90) betweenmen
and women. Allostatic load was higher in men than in women (p = 0.02).
There were no differences in worry or ruminative brooding between men
andwomen. There was a statistically significant sex difference in depression
symptoms,withwomen (mean=1.60)havinghigher levels thanmen (mean
= 0.81) (p = 0.004).

Associations between RNT and NfL
No association was observed between ruminative brooding and NfL in the
unadjusted model (Model 1: β = 0.10, 95% confidence interval [CI] -0.08 to
0.27, p = 0.268) or adjusted model (Model 2: β = 0.14, 95% CI -0.02 to
0.30, p = 0.10).

No associationwas observed betweenworry andNfL in the unadjusted
model (Model 1: β=0.10, 95%CI -0.07 to 0.27, p = 0.233) or adjustedmodel
(Model 2: β = 0.15, 95% CI -0.01 to 0.31, p = 0.07).

A statistically significant interaction was observed between ruminative
brooding and sex on NfL after adjusting for age and education (β = 0.37,
95% CI 0.05 to 0.69, p = 0.026 [reference group: women]) (Fig. 1a). In
women, after adjusting for age and education, higher levels of ruminative
brooding were associatedwith higher levels of NfL (β = 0.27, 95%CI 0.06 to
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0.46, p = 0.01). In men, no associations were observed between ruminative
brooding and NfL (β = -0.10, 95% CI -0.36 to 0.17, p = 0.47). In sensitivity
analyses adding depression, results remained unchanged.

No statistically significant interactions were observed between worry
and sex onNfL after adjusting for age and education (β = 0.02, 95%CI -0.01
to 0.05, p = 0.207 [reference group: women]) (Fig. 1b).

Associations between RNT and allostatic load
No association was observed between ruminative brooding and allostatic
load in the unadjusted model (Model 1: β = -0.04, 95% CI -0.23 to 0.15,
p = 0.657) or adjusted model (Model 2: β = -0.06, 95% CI -0.25 to 0.12,
p = 0.488). No interaction was observed between ruminative brooding and
sex on allostatic load after adjusting for age and education (β = 0.14, 95%CI
-0.51 to 0.23, p = 0.460 [reference group: women]) (Fig. 2a).

No association was observed between worry and allostatic load in the
unadjusted model (Model 1: β = -0.01., 95% CI -0.20 to 0.18, p = 0.938) or
adjusted model (Model 2: β = -0.02, 95% CI -0.002 to 0.33, p = 0.30). No
interaction was observed between worry and sex on allostatic load after
adjusting for age and education (β = 0.02, 95% CI -0.02 to 0.05, p = 0.3617
[reference group: women]) (Fig. 2b).

Sensitivity analyses were not conducted because no associations were
observed between ruminative brooding or worry and allostatic load.

Exploratory Analyses
In the first step of mediation analysis, we demonstrated that ruminative
brooding affects NfL in women. In the second step, ruminative brooding
was not associated with allostatic load and no sex interaction was observed
therefore we did not proceed with the mediation analysis. According to the
approach outlined by Baron andKenny, each step builds upon the previous
step, therefore, if any of the steps are not met, the process stops51.

No associations were observed between ruminative brooding or worry
and any of the five allostatic load sub-domains (all p values≥ 0.095, see
Supplementary Material 3).

Discussion
The current study aimed to examine the relationship between RNT
(including worry and ruminative brooding) and NfL, a marker of neuro-
degeneration and dementia risk, and whether this relationship was modu-
lated by sex in cognitively healthy older adults. We further explored the
potential mechanism through which RNT may confer increased risk by
examining relationships between RNT and a marker of chronic stress,
allostatic load. As expected, age was positively associated with NfL. We
observed no associations betweenbothmeasures of RNTandNfL; however,
we did observe an interaction between brooding and sex on NfL. Higher
levels of broodingwere associatedwith higher levels ofNfL inwomen,while
there were no associations observed in men. RNT was not associated with
allostatic load in the whole sample or when examining women alone.

Women are at greater risk of developing dementia, and RNT (which
includes ruminative brooding and worry) is a common cognitive process
that has been associated withmultiple psychiatric conditions and is a feature
of neuroticism, all ofwhichhave been associatedwith dementia7–9,52. Existing
literature examining whether sex moderates these associations is conflicting
and relatively scarce53,54. Therefore, our findings align with existing literature
and extends this body of work by showing that a key symptom of these
psychiatric conditions (i.e., brooding) is associated with a biomarker of
neurodegeneration and dementia (i.e., NfL), specifically in women.

Depression has consistently been associated with increased risk of
dementia. Brooding is strongly associated with depression and predicts the
onset duration and chronicity of depressed mood55. Brooding can be
described as repetitive passive judgemental thoughts, including thoughts
about depressive symptoms and their possible causes and consequences.
The finding that brooding was associated with higher NfL fits with existing

Table 1 | Participant characteristics (n = 134)

Variable Total Women (n = 82) Men (n = 52)

Mean or N (SD
or %)

Mean or N (SD
or %)

Mean or N (SD
or %)

Demographics

Age 69.3 (3.8) 69.2 (4.0) 69.3 (4.0)

Womena, N, % 82 (61.2)

Education, years 13.2 (3.1) 12.6 (3.0) 14.1 (3.1)

RNT

Ruminative brooding

(RRS-B)b
8.1 (2.3) 8.1 (2.2) 8.1 (2.5)

Worry (PSWQ) 41.9 (11.5) 42.4 (11.7) 40.7 (11.2)

Allostatic loadc 0.0 (1.0) 0.0 (1.0) 0.0 (1.0)

NfL (pg/mL) 19.9 (7.6) 20.0 (8.4) 19.9 (6.2)

Psychiatric symptoms

Anxiety symptoms

(STAI-B)

34.6 (7.0) 35.2 (7.0) 33.5 (7.1)

Depressive

symptoms (GDS),

continuous

1.3 (1.7) 1.6 (2.0) 0.8 (1.2)

Depressive symptoms (GDS), categorical

Presence of depressive

symptoms

57 (32.9%) 27 (33.0%) 30 (58.9%)

No depressive

symptoms

76 (57.1%) 55 (67.1%) 21 (41.2%)

Data are presented as mean and standard deviation unless otherwise specified.

RRS-B Brooding subscale of the Rumination Response Scale, PSWQ Penn State Worry

questionnaire, STAI-B trait subscale of the State-Trait Anxiety Trait Inventory, GDS Geriatric

Depression Scale.
aParticipants self-reported their sex
bN = 133, cN = 111

Table 2 | Correlation matrix for continuous variables

Age Education Ruminative brooding Worry Anxiety symptoms Depression symptoms Allostatic load NfL

Age 1.00 -0.21* -0.08 -0.07 -0.08 -0.09 0.09 0.39*

Education 1.00 -0.01 -0.07 -0.05 -0.04 -0.11 0.02

Ruminative brooding 1.00 0.49* 0.51* 0.18 -0.04 0.10

Worry 1.00 0.62* 0.17 -0.01 0.09

Anxiety symptoms 1.00 0.39* -0.11 0.08

Depressive symptoms 1.00 -0.01 0.03

Allostatic load 1.00 -0.11

NfL 1.00

*p < 0.05
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research that has reported relationships between clinical depression and
NfL56, and indeed specifically in older-adult women57. Notably our obser-
vation of an association between brooding and NfL in women remained
after adjusting for depressive symptoms, indicating a specificity of that
cognitive process in this relationship. The biological mechanism through
which depression may confer this risk may therefore be common to that of

brooding. We did not observe the same relationship between worry and
NfL. Worry captures the dominant psychological thinking style in Gen-
eralised Anxiety Disorder which also has some evidence to suggest a higher
risk of later developing dementia58. Our findings suggest that whilst both
may increase risk, depressive-related brooding may confer a higher risk.
This may be related to the ability of brooding to maintain depressive

Fig. 1 | Associations between ruminative brooding, worry, and NfL levels stra-

tified by sex.Associations between a ruminative brooding and NfL and bworry and

NfL, adjusting for age and education, and stratified by sex. A significant interaction

was observed between ruminative brooding and sex on NfL. Higher levels of

ruminative brooding were associated with elevated NfL levels in women, while no

such association was observed in men. No interaction was observed between worry

and sex on NfL.

Fig. 2 | Associations between ruminative brooding, worry, and allostatic load

stratified by sex. Associations between a ruminative brooding and allostatic load

and bworry and allostatic load, adjusting for age and education, and stratified by sex.

No interactionwas observed between ruminative brooding and sex on allostatic load,

or between worry and sex on allostatic load.
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symptoms59, there may be a differential consequence of brooding on social
functioning similar to that of depression in comparison to anxiety60, or the
disengagement from problem solving caused by brooding61.

Our findings that the relationship between brooding and NfL is
stronger in women aligns with existing literature showing sex differences in
dementia risk. In addition, sex differences in depression are well established
in the literature, depression is more prevalent among women than men62.
Indeed, we observed higher levels of depression symptoms in women than
men inour study.Wedidnot observe adifference in brooding levels between
men and women (in contrast to findings from a meta-analysis63), which
could suggest that women have heightened susceptibility to the adverse
effects of brooding in the brain, as measured by NfL, compared to men. In
support of this interpretation, depression has been related to hippocampal
loss in women only64,65. A previous systematic review reported inconsistent
findings on the association between RNT and neurodegeneration66. One
potential explanation for these inconsistencies could be because sex mod-
erates the relationship, and none of the included studies examined sex
interactions.Our findings extended this systematic review and show that sex
should be examined as a moderator when examining the association
between RNT and neurodegeneration. The significance of this findingmore
broadly is that cognitive decline is associated with higher levels of brain
atrophy and later development of dementia, which is why our finding could
implicate brooding as a sex and gender-dependent risk factor for dementia67.
The mechanism of this higher dementia risk in women remains unclear.
Evidence, however, has highlighted differential sex stress responses in cor-
ticolimbic circuitries, the hypothalamic-pituitary–adrenal axis (HPAA), and
the autonomic nervous system (ANS) that may help to explain the different
impact of brooding onNfL inwomen found in our study68. It is also possible
that there are different sequelae of brooding in women compared to men
which leads to increased risk, similar to how there are different presentations
of depression in women with them reporting higher hypochondriasis,
weight gain, appetite and somatic concerns69.

The positive associationweobservedbetweenbrooding andNfLbuilds
on a previous report that RNT is associated with markers of AD11. NfL is
more broadly related to all-cause dementia and therefore our findings may
suggest a wider link between brooding and dementia beyond AD18. Given
the close relationship between elevated NfL and neuroimaging markers of
brain atrophy67, our findings reinforce those from a study which observed
that brooding was associated with an accelerated brain age (as opposed to
chronological age)12. In addition to structural alterations, which have been
observed across diverse and disparate brain regions70, brooding has been
associated with functional brain alterations13,71. For instance, Schwarz et al.
found that higher negative affective burden was associated with lower
between-network functional connectivity of default mode network (DMN)
and salience network (SAL) nodes13. Further, they found that in older adults
with subjective cognitive decline (which is a risk factor for dementia72),
higher negative affect was associated with functional connectivity in net-
works that are affected early in AD – higher resting-state functional con-
nectivity within DMN (posterior cingulate-to-precuneus) and within SAL
(anterior cingulate-to-insula) nodes13. None of the above studies examined
sex interactions,whichwill be an important consideration for futurework in
this area.

We predicted that RNT would be associated with higher levels of
allostatic load givenprevious reports of its associationwithmarkers of stress
(e.g., cortisol, elevated blood pressure, etc)29. Contrary to our predictions,
however, we did not find evidence that ruminative brooding or worry were
associatedwith allostatic load in thewhole sample or in interactionwith sex.
Potential explanations for the null results could be due to methodological
differences in the assessment of RNT and stress. For example regarding
RNT, Ottaviani et al.29 found that when RNT was induced (e.g. asking
participants to actively worry) or reflected present moment thinking it was
associated withmarkers of stress, whereas our studymeasured participants’
trait brooding and worry. Regarding stress, their systematic review assessed
acute changes in stress markers (i.e., assessed changes in blood pressure,
heart rate, cortisol, and/or heart rate variability during RNT or after RNT

induction), whereas our study measured cumulative physiological con-
sequences of chronic stress. It could be that an active state of engaging in
RNT is associated with an acute biophysiological stress response whereas
chronic, trait brooding is not associated withmarkers of chronic stress (e.g.,
allostatic load).

This study has several strengths. First, it addresses the call to study sex
differences21 while assessing associations between RNT and NfL, and
between RNT and allostatic load in older adults. Second, this study used
separate questionnaires to measure two components of RNT, worry and
ruminative brooding. Assessment of worry and ruminative brooding
allowed us to examine their distinct and overlapping relationshipswithNfL.
We found a positive association between the brooding component of RNT
andNfL inwomen although no relationship with allostatic load, supporting
the idea of a negative thinking style being associated with brain health.
Further, this provides support for adopting a more transdiagnostic
approach when examining psychological mechanisms associated with the
development of dementia. The consequences of these findings are the
potential recognition of a modifiable risk factor in an at-risk population
(women) that can be targeted through interventions. Finally, the allostatic
load composite created in this study includes a wide variety of biomarkers,
thus having greater sensitivity and reliability compared to looking at the
biomarkers individually.

This study also has limitations. First, participants in the Age-Well trial
were highly educated and were relatively healthy (physically andmentally).
Therefore, these findings may not be generalisable to the wider older adult
population, and this may have resulted in reduced variability in allostatic
load levels. Second, there aremethodological differences in the construction
of the allostatic load measure in the present study compared with other
studies in this area. The biomarkers included in allostatic load composites
are primarily treated as dichotomousvariables (using cut-offs) inmost other
studies73, however, in our study, the biomarkers are treated as continuous
variables (z-scores). While we consider it a strength to construct the allo-
static load composite as a continuous variable, taking into account the
continuous properties of each variable included in the composite and the
number of variables in each sub-category, it is possible that theremight have
been a threshold effect. Utilising cut-offs could have allowed us to detect
such a threshold effect. Third, the relatively small total sample size, which is
further exacerbated when dividing the sample into men and women,
reduces statistical power and increases the likelihood of Type II errors.
Whilstwedidnot observe an associationbetweenbrooding andNfL inmen,
this could be due to the absence of a true effect, insufficient power, or the sex
imbalance in our sample. Finally, the cross-sectional study design precludes
us from determining causality. Whilst we propose that high levels of RNT
may result in higher levels of NfL, the opposite could also be true.

Brooding was associated with elevated levels of NFL in women, pro-
viding support that RNT is associated with dementia risk in cognitively
healthy older adults. Longitudinal studies are needed to establish the
directionality of this association. Whether reducing brooding subsequently
reduces NfL and dementia risk is still unknown, yet encouragingly pro-
spective cohort studies have shown that psychological interventions that
reduced anxiety and depression in older adults (e.g., cognitive behavioural
therapy, mindfulness) resulted in reduced incidence of future dementia74,75.
The recognition of brooding as a modifiable risk factor for dementia is
excitingbecause itwouldunlock theprosect of publichealth interventions in
a subclinical population of those who do not meet the threshold of any
clinical mental health diagnosis. Randomised clinical trials with biomarker
assessments will be needed to clarify the causal relationships and mechan-
isms. In addition, future studies, withmore diverse samples, would increase
the generalisability of the findings. Furthermore, although this study sug-
gests that the stress-pathway (i.e., allostatic load)may not be themechanism
that links brooding with dementia risk, future studies could investigate
whether relationships emerge in a clinical sample or in individualswith high
allostatic load.

This is the first study to investigate the relationship between RNT and
NfL, and whether allostatic load mediates this relationship, in cognitively
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healthy older adults. Our study found no evidence that RNTwas associated
with NfL when considering both sexes together; however upon separating
the sample by sex, we found a statistically significant association between
brooding and NfL in women. We found no evidence that this association
was mediated by allostatic load. These findings contribute to the growing
interest in dementia research that emphasises sex-specific risk. Research in
this area could inform sex-specific dementia prevention and intervention.
Elucidating the mechanism(s) that underlie the association between psy-
chological processes and dementia risk will be critical in helping to inform
interventions aimed at reducing dementia risk.

Data availability
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described in the Medit-Ageing charter are in compliance with our ethics
approval and guidelines from our funding body.

Received: 10 April 2024; Accepted: 10 October 2024;

References
1. Livingston, G. et al. Dementia prevention, intervention, and care: 2020

report of the Lancet Commission. Lancet 396, 413–446 (2020).

2. Beason-Held, L. L. et al. Changes in Brain Function Occur Years

before the Onset of Cognitive Impairment. J. Neurosci. 33,

18008–18014 (2013).

3. Marchant, N. L. & Howard, R. J. Cognitive Debt and Alzheimer’s

Disease. J. Alzheimer’s Dis. 44, 755–770 (2015).

4. HarveyA. G.,Watkins E.,MansellW.Cognitive behavioural processes

across psychological disorders: A transdiagnostic approach to

research and treatment. Oxford University Press, USA, 2004.

5. Trick, L., Watkins, E., Windeatt, S. & Dickens, C. The association of

perseverative negative thinking with depression, anxiety and

emotional distress in people with long term conditions: A systematic

review. J. Psychosom. Res. 91, 89–101 (2016).

6. Gonçalves, D. C. & Byrne, G. J. Who worries most?Worry prevalence

and patterns across the lifespan. Int. J. Geriatr. Psychiatry 28, 41–49

(2013).

7. Cherbuin, N., Kim, S. & Anstey, K. J. Dementia risk estimates

associated with measures of depression: a systematic review and

meta-analysis. BMJ Open 5, e008853 (2015).

8. Santabárbara, J. et al. Does Anxiety Increase the Risk of All-Cause

Dementia?AnUpdatedMeta-Analysis ofProspectiveCohortStudies.

J. Clin. Med 9, E1791 (2020).

9. Günak, M. M. et al. Post-traumatic stress disorder as a risk factor for

dementia: systematic reviewandmeta-analysis.Br. J. Psychiatry217,

600–608 (2020).

10. Schlosser, M., Demnitz-King, H., Whitfield, T., Wirth, M. & Marchant,

N. L. Repetitive negative thinking is associated with subjective

cognitive decline in older adults: a cross-sectional study. BMC

Psychiatry 20, 500 (2020).

11. Marchant, N. L. et al. Repetitive negative thinking is associated with

amyloid, tau, and cognitive decline. Alzheimer’s Dement. 16,

1054–1064 (2020).

12. Karim, H. T. et al. Aging faster: worry and rumination in late life are

associated with greater brain age. Neurobiol. Aging 101, 13–21

(2021).

13. Schwarz, C. et al. Negative affective burden is associated with higher

resting-state functional connectivity in subjective cognitive decline.

Scientific Reports (Nature Publisher Group) 2022; 12. https://doi.org/

10.1038/s41598-022-10179-y.

14. Gaiottino, J. et al. Increased Neurofilament Light Chain Blood Levels

in Neurodegenerative Neurological Diseases. PLOS ONE 8, e75091

(2013).

15. Mielke, M. M. Sex and Gender Differences in Alzheimer’s Disease

Dementia. Psychiatr 35, 14–17 (2018).

16. Dittrich, A. et al. Plasma andCSFNfL are differentially associatedwith

biomarker evidence of neurodegeneration in a community-based

sample of 70-year-olds. Alzheimer’s & Dementia: Diagnosis. Assess.

Dis. Monit. 14, e12295 (2022).

17. Zhao, Y., Xin, Y., Meng, S., He, Z. & Hu, W. Neurofilament light chain

protein in neurodegenerative dementia: A systematic review and

network meta-analysis. Neurosci. Biobehav. Rev. 102, 123–138

(2019).

18. de Wolf, F. et al. Plasma tau, neurofilament light chain and amyloid-β

levels and risk of dementia; a population-based cohort study. Brain

143, 1220–1232 (2020).

19. Preische, O. et al. Serum neurofilament dynamics predicts

neurodegeneration and clinical progression in presymptomatic

Alzheimer’s disease. Nat. Med 25, 277–283 (2019).

20. Ferretti, M. T. et al. Sex differences in Alzheimer disease— the

gateway to precision medicine.Nat. Rev. Neurol. 14, 457–469 (2018).

21. Nebel, R. A. et al. Understanding the impact of sex and gender in

Alzheimer’s disease: A call to action. Alzheimer’s Dement. 14,

1171–1183 (2018).

22. Djernes, J. K. Prevalence and predictors of depression in populations

of elderly: a review. Acta Psychiatr. Scand. 113, 372–387 (2006).

23. Lin, K. A. et al. Marked gender differences in progression of mild

cognitive impairment over 8 years. Alzheimers Dement (N. Y) 1,

103–110 (2015).

24. Duarte-Guterman P., Albert A. Y., Inkster A. M., Barha C. K., Galea L.

A. M., Initiative on behalf of the ADN. Inflammation in Alzheimer’s

disease: do sex and APOE matter? 2020: 741777.

25. Darweesh,S.K. L. et al. Inflammatorymarkersand the riskof dementia

and Alzheimer’s disease: A meta-analysis. Alzheimers Dement 14,

1450–1459 (2018).

26. Stuart, K. E. & Padgett, C. A Systematic Review of the Association

Between Psychological Stress and Dementia Risk in Humans. J.

Alzheimers Dis. 78, 335–352 (2020).

27. Severs, E. et al. Traumatic life events and risk for dementia: a

systematic review and meta-analysis. BMCGeriatrics 23, 587 (2023).

28. Franks, K. H., Bransby, L., Saling, M. M. & Pase, M. P. Association of

Stress with Risk of Dementia and Mild Cognitive Impairment: A

Systematic Review and Meta-Analysis. J. Alzheimer’s Dis. 82,

1573–1590 (2021).

29. Ottaviani, C. et al. Physiological concomitants of perseverative

cognition: A systematic review andmeta-analysis. Psychol. Bull. 142,

231–259 (2016).

30. Spinhoven, P., Penninx, B. W., Krempeniou, A., van Hemert, A. M. &

Elzinga, B. Trait rumination predicts onset of Post-Traumatic Stress

Disorder through trauma-related cognitive appraisals: A 4-year

longitudinal study. Behav. Res Ther. 71, 101–109 (2015).

31. McEwen, B. S. Physiology and Neurobiology of Stress and

Adaptation: Central Role of the Brain. Physiol. Rev. 87, 873–904

(2007).

32. Sterling P., Eyer J. Allostasis: A new paradigm to explain arousal

pathology. In: Handbook of life stress, cognition and health. John

Wiley & Sons: Oxford, England, 1988, 629–649.

33. Seeman, T. E., Singer, B. H., Rowe, J. W., Horwitz, R. I. & McEwen, B.

S. Price of adaptation–allostatic load and its health consequences.

MacArthur studies of successful aging. Arch. Intern Med 157,

2259–2268 (1997).

https://doi.org/10.1038/s44184-024-00093-8 Article

npj Mental Health Research |            (2024) 3:53 7



34. McEwen, B. S. Allostasis and Allostatic Load: Implications for

Neuropsychopharmacology. Neuropsychopharmacol 22, 108–124

(2000).

35. McEwen,B.S.Mooddisorders andallostatic load.Biol. Psychiatry54,

200–207 (2003).

36. Poisnel, G. et al. The Age-Well randomized controlled trial of the

Medit-Ageing European project: Effect of meditation or foreign

language training on brain and mental health in older adults.

Alzheimer’s Dement.: Transl. Res. Clin. Intervent. 4, 714–723 (2018).

37. Meyer, T. J., Miller, M. L., Metzger, R. L. & Borkovec, T. D.

Development and validation of the Penn State Worry Questionnaire.

Behav. Res Ther. 28, 487–495 (1990).

38. Beck, J.G., Stanley,M.A.&Zebb,B. J. Psychometric propertiesof the

Penn State Worry Questionnaire in older adults. J. Clin. Geropsychol.

1, 33–42 (1995).

39. Treynor, W., Gonzalez, R. & Nolen-Hoeksema, S. Rumination

Reconsidered: A Psychometric Analysis. Cogn. Ther. Res. 27,

247–259 (2003).

40. Kroemeke A. Coping Flexibility and Health-Related Quality of Life

Among Older Adults: The Compensatory Effect of Co-rumination.

Front. Psychol. 2019; 10. https://doi.org/10.3389/fpsyg.2019.00059.

41. Juster, R.-P.,McEwen, B. S. & Lupien, S. J. Allostatic load biomarkers

of chronic stress and impact on health and cognition. Neurosci.

Biobehav. Rev. 35, 2–16 (2010).

42. Watkins, E. R. DepressiveRumination andCo-Morbidity: Evidence for

Brooding as a Transdiagnostic Process. J. Rat.-Emo Cogn.-Behav.

Ther. 27, 160–175 (2009).

43. McEvoy, P. M., Watson, H., Watkins, E. R. & Nathan, P. The

relationship between worry, rumination, and comorbidity: Evidence

for repetitive negative thinking as a transdiagnostic construct. J.

Affect. Disord. 151, 313–320 (2013).

44. Yesavage, J. A. & Sheikh, J. I. 9/Geriatric Depression Scale (GDS).

Clin. Gerontologist 5, 165–173 (1986).

45. D’Ath, P., Katona, P., Mullan, E., Evans, S. & Katona, C. Screening,

detection and management of depression in elderly primary care

attenders. I: The acceptability and performance of the 15 item

Geriatric Depression Scale (GDS15) and the development of short

versions. Fam. Pr. 11, 260–266 (1994).

46. Spielberger C., Gorsuch R., Lushene R., Vagg P., Jacobs G.Manual

for the State-Trait Anxiety Inventory (Form Y1 – Y2). 1983.

47. Stanley, M. A., Beck, J. G. & Zebb, B. J. Psychometric properties of

four anxiety measures in older adults. Behav. Res. Ther. 34, 827–838

(1996).

48. Kutner M. H. Applied Linear Statistical Models. McGraw-Hill Irwin,

2005.

49. Touron, E. et al. Depressive symptoms in cognitively unimpaired older

adults are associatedwith lower structural and functional integrity in a

frontolimbic network.Mol. Psychiatry 27, 5086–5095 (2022).

50. MacKinnon D. Introduction to statistical mediation analysis.

Routledge, 2012.

51. Baron, R. M. & Kenny, D. A. The moderator–mediator variable

distinction in social psychological research: Conceptual, strategic,

and statistical considerations. J. Personal. Soc. Psychol. 51,

1173–1182 (1986).

52. Aschwanden, D. et al. Is personality associated with dementia risk? A

meta-analytic investigation. Ageing Res Rev. 67, 101269 (2021).

53. Johansson, L. et al. Midlife personality and risk of Alzheimer disease

and distress. Neurology 83, 1538–1544 (2014).

54. Dal Forno, G. et al. Depressive symptoms, sex, and risk for

Alzheimer’s disease. Ann. Neurol. 57, 381–387 (2005).

55. Nolen-Hoeksema, S., Wisco, B. E. & Lyubomirsky, S. Rethinking

Rumination. Perspect. Psychol. Sci. 3, 400–424 (2008).

56. Travica, N., Berk, M. & Marx, W. Neurofilament light protein as a

biomarker in depressionandcognitive function.Curr.Opin.Psychiatry

35, 30–37 (2022).

57. Gudmundsson, P. et al. Is there a CSF biomarker profile related to

depression in elderly women? Psychiatry Res. 176, 174–178 (2010).

58. Gallacher, J. et al. Does Anxiety Affect Risk of Dementia? Findings

From the Caerphilly Prospective Study. Psychosom. Med. 71, 659

(2009).

59. Grassia, M. & Gibb, B. E. Rumination and Prospective Changes in

Depressive Symptoms. J. Soc. Clin. Psychol. 27, 931–948 (2008).

60. Saris, I.M. J., Aghajani,M., vanderWerff, S. J. A., vanderWee,N. J. A.

& Penninx, B. W. J. H. Social functioning in patients with depressive

and anxiety disorders. Acta Psychiatr. Scandinavica 136, 352–361

(2017).

61. Hong, R. Y. Worry and rumination: differential associations with

anxious and depressive symptoms and coping behavior. Behav. Res

Ther. 45, 277–290 (2007).

62. Kessler, R. C. Epidemiology of women and depression. J. Affect

Disord. 74, 5–13 (2003).

63. Johnson, D. P. & Whisman, M. A. Gender differences in rumination: A

meta-analysis. Personal. Individ. Differences 55, 367–374 (2013).

64. Elbejjani, M. et al. Depression, depressive symptoms, and rate of

hippocampal atrophy in a longitudinal cohort of older men and

women. Psychol. Med 45, 1931–1944 (2015).

65. Elbejjani, M. et al. Hippocampal Atrophy and Subsequent Depressive

Symptoms in Older Men and Women: Results From a 10-Year

Prospective Cohort. Am. J. Epidemiol. 180, 385–393 (2014).

66. Demnitz-King, H., Göehre, I. & Marchant, N. L. The neuroanatomical

correlates of repetitive negative thinking: A systematic review.

Psychiatry Res Neuroimag. 316, 111353 (2021).

67. Fletcher, E. et al. Staging of amyloid β, t-tau, regional atrophy rates,

and cognitive change in a nondemented cohort: Results of serial

mediation analyses. Alzheimers Dement (Amst.) 10, 382–393 (2018).

68. Liu, C. et al. Sex-specific biomarkers in Alzheimer’s disease

progression: Framingham Heart Study. Alzheimer’s Dement.:

Diagnosis, Assess. Dis. Monit. 14, e12369 (2022).

69. Marcus, S. M. et al. Gender differences in depression: Findings from

the STAR*D study. J. Affect. Disord. 87, 141–150 (2005).

70. Demnitz-King, H., Göehre, I. & Marchant, N. L. The neuroanatomical

correlates of repetitive negative thinking: A systematic review.

Psychiatry Res.: Neuroimag. 316, 111353 (2021).

71. Solé-Padullés, C. et al. Associations between repetitive negative

thinking and resting-state network segregation among healthy

middle-aged adults. Front Aging Neurosci. 14, 1062887 (2022).

72. Slot, R. E. R. et al. Subjective cognitive decline and rates of incident

Alzheimer’s disease and non–Alzheimer’s disease dementia.

Alzheimer’s Dement. 15, 465–476 (2019).

73. Clark, A. J. et al. Impaired sleep and allostatic load: cross-sectional

results from the Danish Copenhagen Aging and Midlife Biobank.

Sleep. Med. 15, 1571–1578 (2014).

74. Stott, J. et al. Associations between psychological intervention for

anxiety disorders and risk of dementia: a prospective cohort study

using national health-care records data in England. Lancet Healthy

Longev. 4, e12–e22 (2023).

75. John A. et al. Associations between psychological therapy outcomes

for depression and incidence of dementia. Psychol Med 2022: 1–11.

Acknowledgements
This project is part of the larger Medit-Ageing project which has received

funding from the European Union’s Horizon 2020 Research and Innovation

programunderGrant Agreement 667696 awarded toGC,OK, GP andNLM.

NLM received research support from the Alzheimer’s Society (AS-SF-

15b-002).

Author contributions
Concept and design: H.D-K, G.P., N.L.M., G.C. Acquisition, analysis or

interpretation of data: Y.L., A.B., C.P., H.D-K, M.W., O.K. Drafting of

manuscript: Y.L., A.B. Critical revision of the manuscript for important

https://doi.org/10.1038/s44184-024-00093-8 Article

npj Mental Health Research |            (2024) 3:53 8



intellectual content: C.P., H.D-K, M.W., O.K., G.C., G.P., N.L.M.

Administrative, technical or material support: C.P., G.P. Study supervision:

H.D-K, G.P., N.L.M.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains

supplementary material available at

https://doi.org/10.1038/s44184-024-00093-8.

Correspondence and requests for materials should be addressed to

Natalie L. Marchant.

Reprints and permissions information is available at

http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long

as you give appropriate credit to the original author(s) and the source,

provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are

included in the article’s Creative Commons licence, unless indicated

otherwise in a credit line to the material. If material is not included in the

article’sCreative Commons licence and your intended use is not permitted

by statutory regulation or exceeds the permitted use, you will need to

obtain permission directly from the copyright holder. To view a copy of this

licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

The Medit-Ageing Research Group

Anne Chocat2, Fabienne Collette5, Vincent De La Sayette6, Marion Delarue2, Hélène Espérou7, Eglantine Ferrand Devouge2,8,9,

Eric Frison10, Julie Gonneaud2, Frank Jessen11, Perla Kaliman12, Elizabeth Kuhn2, Valérie Lefranc5, Antoine Lutz13,

Valentin Ourry2,14, Anne Quillard2, Eric Salmon5, Delphine Smagghe15, Rhonda Smith16, Marco Schlosser1,17, Edelweiss Touron2,

Cédric Wallet10 & TimWhitfield1

5Université de Liège, Liège, Belgium. 6Centre Hospitalier Universitaire de Caen, Caen, France. 7Pôle deRecherche Clinique, INSERM, Paris, France. 8Normandie Univ,

UNIROUEN, Department of General Practice, Rouen, France. 9Rouen University Hospital, CIC-CRB 1404 Rouen, France. 10University Bordeaux, INSERM, Institut

Bergonié, CHU Bordeaux, CIC 1401, EUCLID/F-CRIN Clinical Trials Platform, Bordeaux, France. 11Department of Psychiatry, Medical Faculty, University of Cologne,

Cologne, Germany. 12Universitat Autonoma de Barcelona, Barcelona, Spain. 13Lyon Neuroscience Research Center, Inserm U1028, CNRS UMR5292, Lyon, France.
14NormandieUniv,UNICAEN,PSLUniversité, EPHE, INSERM,U1077,CHUdeCaen,GIPCyceron,NIMH,Caen, France. 15INSERMTransfert, Paris, France. 16Minerva

Health & Care Communications Ltd, Andover, United Kingdom. 17Department of Psychology Faculty of Psychology and Educational Sciences University of Geneva,

Geneva, Switzerland.

https://doi.org/10.1038/s44184-024-00093-8 Article

npj Mental Health Research |            (2024) 3:53 9


