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Abstract

The Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and the Interna-

tional Classification of Diseases (ICD-11) proposed a dimensional approach to the

assessment of personality disorders (PDs). Both models dictate that the clinician first

determines PD severity before assessing maladaptive traits, invoking the level of per-

sonality functioning (LPF) construct. We consider LPF a promising dimensional con-

struct for translational research because of its clinical importance and conceptual

overlap with the Research Domain Criteria (RDoC) Social Processes. We aim to iden-

tify biomarkers that co-vary with fluctuations in LPF in adulthood, ultimately to pre-

dict persistent decrease in LPF, associated with suicidality and morbidity. However, a

theoretical framework to investigate stress-related oscillations in LPF is currently

missing. In this article, we aim to fill this hiatus with a critical review about stress and

LPF. First, we discuss acute stress and LPF. We briefly present the basics of the neu-

rophysiological stress response and review the literature on momentary and daily

fluctuations in LPF, both at a subjective and physiological level. Second, we review

the effects of chronic stress on brain function and social behaviour and recapitulate

the main findings from prospective cohort studies. This review underlies our sugges-

tions for multimethod assessment of stress-related oscillations in LPF and our theo-

retical framework for future longitudinal studies, in particular studies using the

experience sampling method (ESM).

K E YWORD S

ambulatory monitoring, level of personality functioning, longitudinal studies, physiological
stress, social processes

1 | INTRODUCTION

Personality disorders (PDs) are mental disorders characterized by an

enduring pattern of experiences and behaviours, which deviates mark-

edly from cultural expectations (American Psychiatric Association

[APA], 2013; World Health Organization [WHO], 2019). It is

estimated that PDs affect 6% of the world population (Huang

et al., 2009). In western populations, the prevalence rate of PDs

exceeds cardiovascular diseases and depression (Volkert et al., 2018).

Having a PD is associated with increased mortality (natural and

unnatural causes), social impairments, substance abuse, psychiatric

comorbidity, deleterious health outcomes, and stigmatization
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(Björkenstam et al., 2016; Dixon-Gordon et al., 2015; Fok et al., 2012;

Moran et al., 2016; Sheehan et al., 2016). The medical costs and pro-

ductivity losses are substantially higher than in other psychiatric disor-

ders (Soeteman et al., 2008). This high burden emphasizes the need

for effective treatments.

Progress in the efficacy of treatment has been slow, which is

partly due to interrelated problems in research and diagnostic classifi-

cation (Bateman et al., 2015; Storebø et al., 2020). Until recently, the

Diagnostic and Statistical Manual of Mental Disorders (DSM) and the

International Classification of Diseases (ICD) used a categorical

approach for the assessment of PDs (APA, 2013; WHO, 1992). The

categorical approach facilitated communication and the development

of empirically supported treatments and resulted in excessive co-

occurrence, phenotypic heterogeneity, inadequate coverage, and arbi-

trary distinctions with “normal” personality functioning (First

et al., 2002; Frances, 1993; Krueger et al., 2008). These validity issues,

in turn, have contributed to repeated failures to identify PD-specific

pathophysiology (Kozak & Cuthbert, 2016; Lilienfeld &

Treadway, 2016; Treadway & Leonard, 2016). Distinct PDs and their

comorbid disorders share neurobiological signatures. At the same

time, studies report contradictory results within the same PD category

(see, e.g., Ma et al., 2016; Schulze et al., 2016; White, Conway, &

Oltmanns, 2020; Witt et al., 2017). As the validity issues of the cate-

gorical model for the diagnosis and classification of PDs became

widely recognized, support for a shift towards a dimensional model

increased.

This resulted in two new conceptualizations of PD: the Alterna-

tive DSM-5 Model for PD (AMPD) in DSM-5 section III (APA, 2013)

and more recently an adapted chapter on PD and related traits in the

ICD-11 (WHO, 2019). Both models dictate that the clinician first

determines PD severity before assessing maladaptive traits

(APA, 2013; WHO, 2019). In the AMPD, the PD severity dimension is

level of personality functioning (LPF), defined as the degree of distur-

bances in self- and interpersonal functioning across various contexts

and relationships, with high LPF indicating a low level of impairment

(APA, 2013) (Table 1). While LPF is rooted in psychodynamic litera-

ture, specific elements of LPF lie at the heart of well-studied treat-

ments such as dialectical behaviour therapy (DBT), targeting emotion

regulation, and mentalization-based treatment (MBT), targeting toler-

ance of differing perspectives and attachment (Clarkin et al., 2006;

Fonagy et al., 2015; Linehan, 1993; Storebø et al., 2020). An overview

about the development, comparison, and empirical support base of

the new DSM and ICD models can be found in Oltmanns and

Widiger (2019), Reed et al. (2019), Tyrer et al. (2019), and

Zimmermann et al. (2019). Preliminary data about the LPF severity

dimension indicate acceptable interrater reliability, consistent latent

structures (i.e., two correlated factors of self- and other functioning),

convergence with other relevant measures, and some evidence for

incremental validity (Zimmermann et al., 2019).

Our focus is on the biological validity of LPF. More specifically,

we seek to identify biomarkers that co-vary with stress-related fluc-

tuations in LPF in PD patients, which, down the line, we might use

in clinical practice to predict a persistent decrease in LPF. Owing to

recent advances in smartphone-use and wearable technology, easy

and non-invasive ways to measure physiology, behaviour, and con-

text in daily life are readily available (Goodday & Friend, 2019;

Myin-Germeys et al., 2018; Smets et al., 2018). A promising applica-

tion is to use wearable technology to monitor parameters

“passively” (i.e., without effort of the client), such as stress bio-

markers (e.g., heart rate and electrodermal activity), and physical

activity, sound pressure levels, high-risk locations, and so forth. Per-

sonalized algorithms could then recognize alarming shifts in these

parameters and encourage clients to monitor their experiences and

behaviours more closely with structured diary methods on their

smartphone (Goodday & Friend, 2019; Myin-Germeys et al., 2018;

Smets et al., 2018). Developing such an application requires a trans-

disciplinary approach. However, to date, there is no theoretical

framework to guide research on the time-variant and stress-related

fluctuations in LPF.

LPF shows clear conceptual overlap with social processes con-

structs delineated in the Research Domain Criteria (RDoC) matrix

(Table 1). The RDoC matrix is the theoretical framework of the

U.S. National Institute of Mental Health (NIH), developed to increase

biological validity in research about mental health and illness. To pur-

sue this aim, clinical problems are conceptualized dimensionally,

across diagnostic categories, in terms of varying degrees of dysfunc-

tion in basic psychological/biological processes. RDoC acknowledges

that these psychobiological processes change within an individual

because of context and developmental stages (Kozak &

Cuthbert, 2016; Lilienfeld & Treadway, 2016). However, RDoC does

not tackle the issue of symptom–biomarker chronometry. Symptom–

biomarker chronometry means that fluctuations in symptoms and bio-

markers are meaningfully coupled (Treadway & Leonard, 2016). A

trait-based model, dominant in all PD-related research, emphasizes

temporal stability. Consequently, investigating the association with

time-invariant biological factors such as genetic predisposition makes

sense (White et al., 2020). Investigating the association between sta-

ble traits and volatile stress biomarkers does not. In this article, we

provide a critical review to address this hiatus for LPF (Grant &

Booth, 2009).

Key Practitioner Message

• New, dimensional models for the diagnosis of personality

disorder (PD) dictate that the clinician first determines

level of personality functioning (LPF).

• We propose that an adult's LPF shows fast and slow

oscillations that relate to acute and chronic stress. We

explain why a better understanding of these oscillations

is pivotal if we want to move forward in the diagnosis,

treatment, and prevention of PD.

• Longitudinal research about stress and LPF is in its

infancy. We propose a theoretical framework to facilitate

transdisciplinary research in this domain.
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In basic and translational neuroscience, acute stress is defined as

the activation of neurophysiological stress responses that promote

coping and adaption when an organism's survival or well-being is chal-

lenged and chronic stress as the sustained activation of these adaptive

stress responses in adverse circumstances (de Kloet et al., 2005;

McEwen, 1999, 2007; Sandi & Haller, 2015; Ulrich-Lai &

Herman, 2009). We will depart from these definitions throughout this

manuscript. We based our critical review on longitudinal data that

might elucidate the nexus of stress and LPF fluctuations within

individuals.

2 | ACUTE STRESS AND LPF

2.1 | Acute stress and social behaviour in basic
neuroscience

Stress responses are characterized by continuous physiological

changes. In safe conditions, the parasympathetic nervous system

(PNS) is dominant, supporting rest-and-digest functions and

facilitating affiliative behaviours (Berntson et al., 2007; Sandi &

Haller, 2015; Ulrich-Lai & Herman, 2009). When a potential threat is

anticipated or identified, disinhibition of the sympathetic nerve sys-

tem (SNS) increases circulating levels of adrenaline, as well as heart

rate and energy. When such SNS activation occurs, social motivation

decreases, whereas the tendency for antisocial behaviours increases

(Sandi & Haller, 2015; Ulrich-Lai & Herman, 2009). Responses of the

PNS and SNS wax and wane within seconds (Berntson et al., 2007;

Sandi & Haller, 2015; Ulrich-Lai & Herman, 2009).

Activation of the hypothalamic–pituitary–adrenal (HPA) axis

potentiates the sympathetically mediated effects by increasing the

levels of circulating cortisol, a glucocorticoid. In the absence of

stressors, the secretion of cortisol follows a circadian oscillation, with

a daily peak around the habitual sleep–wake transition and minimal

levels in the evening (McEwen et al., 2015; Oster et al., 2017). When

confronted with an acute stressor, a cortisol peak promotes gluconeo-

genesis and inhibits insulin production, providing the body with an

increase in energy. It also narrows the arteries while adrenaline

increases heart rate, forcing blood to circulate faster (de Kloet

et al., 2005; Gold, 2015; McEwen et al., 2015;

TABLE 1 Self and interpersonal functioning according to DSM-5 and ICD-11 compared with the RDoC social processes

DSM-5 ICD-11 RDoC social processes

Self Identity:

Experience oneself as unique, with

boundaries between self and others.

Stability of self-esteem and accuracy of

self-appraisal. Stability for and capacity to

regulate a range of emotional experiences

Stability and coherence of one's sense of

identity (e.g., extent to which identity

or sense of self is variable and

inconsistent or overly rigid and fixed).

Ability to maintain an overall positive

and stable sense of self-worth.

Accuracy of one's view of one's

characteristics, strengths, and

limitations. Capacity for self-direction

(ability to plan, choose, and implement

appropriate goals).

Self-knowledge:

The ability to make judgements about

one's current cognitive or emotional

internal states, traits, and/or abilities.

Self-direction:

Pursuit of coherent and meaningful short-

term and life goals. Utilization of

constructive and prosocial internal

standards of behaviour. Ability to self-

reflect productively.

Interpersonal Empathy:

Comprehension and appreciation of

other's experiences and motivations.

Tolerance of differing perspectives.

Understanding the effects of one's own

behaviour on others

Ability to understand and appreciate

others' perspectives. Interest in

engaging in relationships with others.

Ability to develop and maintain close

and mutually satisfying relationships.

Ability to manage conflict in

relationships.

Understanding of others:

The ability to make judgements and/or

attributions about the mental state of

other animate entities that allows one

to predict or interpret their behaviours.

Mental state refers to intentions,

beliefs, desires, and emotions.

Intimacy:

Depth and duration of connection with

others. Desire and capacity for closeness.

Mutuality of regard, reflected in

interpersonal behaviour.

Affiliation and attachment:

Affiliation is engagement in positive social

interactions with other individuals.

Attachment is selective affiliation as a

consequence of the development of a

social bond. Affiliation and attachment

are moderated by social information

processing and social motivation.

Note: The DSM-5 differentiates five levels of impairment, ranging from no impairment to extreme impairment. If moderate or greater impairments are

diagnosed, then PD might be present (APA, 2013). The ICD-11 determines whether a diagnosis of mild, moderate, or severe PD is appropriate based on

(a) the disturbances in self-functioning, (b) the disturbances in interpersonal functioning, (c) the manifestations of the dysfunction, and (d) level of distress

or psychosocial impairment (Reed et al., 2019; WHO, 2019).

Abbreviations: DSM-5, Diagnostic and Statistical Manual of Mental Disorders; ICD-11, International Classification of Diseases; RDoc, Research Domain

Criteria.
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Russell & Lightman, 2019). Feedback loops targeting the pituitary,

hypothalamus, and hippocampus ensure that these endocrine

responses are shut down timely and stay within safe limits

(Gold, 2015; Ulrich-Lai & Herman, 2009). Specialized brain circuits

make sure that autonomic and neuroendocrine stress responses

accord with the social situation (Sandi & Haller, 2015; Ulrich-Lai &

Herman, 2009). Our focus is on the prefrontal cortex (PFC), amygdala,

hippocampus, and dopaminergic (i.e., “reward”) circuit.
In safe conditions, the PFC inhibits activation of the HPA axis and

SNS via direct projections to the hypothalamus, providing emotional

and cognitive restraint and facilitating understanding of self and

others as well as affiliative behaviours (Adolphs, 2009; Gold, 2015;

Sandi & Haller, 2015). When confronted with a stressor, inhibition of

PFC decreases, and amygdala activity increases. The amygdala, in turn,

further restricts activity of PFC sites and stimulates stress and fear

responses, impeding affiliative behaviour (Adolphs, 2009; Sandi &

Haller, 2015; Ulrich-Lai & Herman, 2009). The dopaminergic circuit is

temporarily downregulated, reducing social motivation and suscepti-

bility to pleasurable stimuli (Gold, 2015; Sandi & Haller, 2015;

Ulrich-Lai & Herman, 2009). The hippocampus supports stress regula-

tion, context evaluation, and learning (Christian et al., 2014;

Gold, 2015; Sahay et al., 2011; Sandi & Haller, 2015; Squire, 1992;

Ulrich-Lai & Herman, 2009).

Controllable stress can facilitate dendritic branching, syn-

aptogenesis, and long-term potentiation, that is, the neurochemical

foundations of learning. At a molecular level, glutamate (main excit-

atory neurotransmitter of the central nervous system [CNS]), brain-

derived neurotrophic factor (BDNF) (protein that supports survival,

growth, and differentiation of neurons), and epigenetic mechanisms

(molecular changes to the genome that do not involve the nucleotide

sequence) are assumed to play a key role in this transient increase of

neuroplasticity (Autry & Monteggia, 2012; Christian et al., 2014; de

Kloet et al., 2005; Gold, 2015; Huang & Reichardt, 2001;

Nestler, 2012; Popoli et al., 2011; Sahay et al., 2011).

Stress modulation and social processes involve more than the cir-

cuits, cells, and molecules in the CNS. There is constant “cross-talk”
between neuronal and non-neuronal cell types. Signalling molecules

of immune cells reinforce stress responses and mediate neuro-

plasticity in the brain. The CNS, in turn, mediates immune cell activity

via the stress response systems (a.o. via release of cortisol)

(Gold, 2015; Pavlov et al., 2018; Steptoe et al., 2007). In addition,

studies investigating the gut–brain axis demonstrated that the trillions

of microorganisms that colonize our gastrointestinal tract also influ-

ence the social brain: directly, via neuroactive molecules and vagal

nerve stimulation, and indirectly, via their impact on the immune sys-

tem. Vice versa, HPA-axis activity changes microbiome composition,

intestinal mobility, and immune regulation (Fung et al., 2017; Vuong

et al., 2017). See Figure 1 for a conceptual model depicting the rela-

tionships between acute stress biological processes, RDoC social pro-

cesses, and level of personality functioning.

2.2 | Longitudinal self-report data about
momentary and daily fluctuations in LPF

We discuss the main findings from studies that utilized the experi-

ence sampling method (ESM). ESM is a structured diary method in

which subjects report context, experiences, and behaviour in daily

life (Myin-Germeys et al., 2018). Roche et al. performed two ESM

studies to capture daily fluctuations of LPF in student samples. In

both studies, participants were instructed to rate their daily LPF for

2 weeks in nightly diary records (Roche, 2018; Roche et al., 2016).

The first study (N = 248) revealed a robust pattern of day-to-day

oscillations for daily LPF (Roche et al., 2016). The second study

(N = 175) confirmed within-person variance and provided evidence

for incremental validity of daily LPF in predicting emotions,

problem-solving abilities, awareness/regulation, relationships, and so

forth, in daily life (Roche, 2018).

F IGURE 1 Conceptual model depicting the relationships between acute stress biological processes, psychobiological (RDoC) social processes,
and level of personality functioning. Note. PFC = prefrontal cortex; HPA = hypothalamic–pituitary–adrenal; SNS = sympathetic nervous system.
Full arrows represent direct relationships. Two-headed arrows represent covariation
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To our knowledge, no ESM studies have yet assessed LPF fluctu-

ations in clinical samples over minutes or hours. However, there is

empirical evidence on ESM as it pertains to specific subdomains of

LPF. Especially the capacity to regulate a range of emotional experi-

ences, an aspect of self-functioning, is a well-studied topic in the ESM

literature. A meta-analysis, incorporating 793 effect sizes from 79 arti-

cles (N = 11,381), identified relationships between patterns of

momentary emotion changes and relatively stable indicators of psy-

chological well-being and psychopathology. The patterns of interest

were emotional variability (i.e., within-person standard deviation of

emotions across all measurements), emotional instability

(i.e., magnitude of emotional changes from one measurement to the

next), and emotional inertia (i.e., autocorrelation of an emotion

between two consecutive measurements). The authors concluded that

having less variable, more stable, and less inert emotions indicates

psychological well-being. Having more variable, unstable, or more

inert emotions indicates overall psychological maladjustment. These

findings were consistent across types of psychopathology and across

research designs (Houben et al., 2015).

Various samples of individuals diagnosed with borderline,

schizotypal, schizoid, and paranoid PD fit this profile of overall psy-

chological maladjustment. As a rule, clinical PD samples report more

emotional variability and instability than healthy controls (Chun

et al., 2017; Ebner-Priemer et al., 2015; Santangelo, Bohus, & Ebner-

Priemer, 2014; Santangelo, Reinhard, et al., 2014). In addition, people

diagnosed with BPD have a negative emotional baseline (Ebner-

Priemer et al., 2007). Last, BPD patients report several negative emo-

tions at the same time more frequently, indicating impairments in the

capacity to differentiate emotions (Ebner-Priemer et al., 2007; Tomko

et al., 2015). Direct comparisons of BPD samples and samples with

individuals diagnosed with post-traumatic stress disorder, bulimia

nervosa, and depression show similar levels of emotional instability

and undifferentiated negative affect across diagnostic categories

(Ebner-Priemer et al., 2007; Houben et al., 2016; Köhling et al., 2016;

Scheiderer et al., 2016; Tomko et al., 2015).

Data on microdynamics on LPF components other than emotion

regulation are scarce and rely heavily on samples of individuals diag-

nosed with BPD. These data suggest that emotional instability co-

occurs with instability in self-concept, self-esteem, and perceived

attachment (Santangelo et al., 2017; Santangelo, Bohus, & Ebner-

Priemer, 2014; Scala et al., 2018; Wright et al., 2015). ESM studies

also suggest that daily fluctuations in interpersonal behaviours and

affect are heavily impacted by stressful events (Gadassi et al., 2014;

Hepp et al., 2018; Santangelo et al., 2017; Santangelo, Bohus, &

Ebner-Priemer, 2014; Wright et al., 2015). For example, Wright et al.

assessed daily shifts in interpersonal behaviour and affect over the

course of 100 days in an ESM study among individuals (N = 101) pre-

viously diagnosed with any PD. Results indicated that approximately

half of the variance in interpersonal behaviour and affect was due to

daily fluctuations. These fluctuations were modestly related to dispo-

sitional measures of interpersonal problems and strongly related to

daily stress (Wright et al., 2015). In addition, diary studies suggest that

between-subject differences in stressor-symptom contingencies are

dimensional in nature, with PD severity being associated with more

stressors, more symptoms, and stronger contingencies (Glaser

et al., 2010; Herr et al., 2013; Miskewicz et al., 2015; Santangelo,

Bohus, & Ebner-Priemer, 2014; Tomko et al., 2015).

In sum, ESM studies in student samples suggest that LPF shows

daily fluctuations. ESM studies on clinical samples suggest that

(a) emotion dysregulation is a transdiagnostic phenomenon that is

clearly present in PDs; (b) that momentary and daily fluctuations in

emotion dynamics are interrelated with fluctuations in self-esteem,

self-concept, and capacity for closeness; and that (c) acute stressors

predict momentary shifts.

2.3 | Longitudinal physiological data about
momentary and daily fluctuations in LPF

Longitudinal data of stress responses in individuals diagnosed with a

PD are scarce. One 24-h ambulatory monitoring study showed that, in

comparison with healthy controls, nonmedicated BPD patients exhibit

higher levels of additional heart rate (that part of a heart rate increase

that does not directly result from metabolic activity and is used as an

indicator of emotional reactivity), indicating an overall increased acti-

vation of the SNS (Ebner-Priemer et al., 2007). Additional heart rate

also co-occurred with reports of undifferentiated affect. Co-

occurrences between biological stress responses and fluctuations in

LPF are not unique to people diagnosed with a PD (Treadway &

Leonard, 2016; Trull & Ebner-Priemer, 2013). For example, a 2-day

ambulatory assessment study in remitted depressed patients showed

that mean daily ruminative self-focus was associated with higher daily

cortisol levels (Huffziger et al., 2013). In a 24-h monitoring study, par-

ticipants with high emotional variability showed greater increases in

blood pressure and heart rate during negative emotions. These

“emotionally responsive” individuals also reported less satisfaction

with social support and higher levels of daily stress, anxiety, and

depressive symptoms (Carels et al., 2000). Another 24-h monitoring

study in people diagnosed with panic disorder showed that fluctuations

in heart and breathing rate and increased electro-dermal activity pre-

cede overwhelming feelings of disabling anxiety (Meuret et al., 2011).

In short, it appears plausible that LPF correlates negatively with

acute stress, but the scarcity of data precludes conclusions.

3 | CHRONIC STRESS AND LPF

3.1 | Chronic stress and social behaviour in basic
neuroscience

A robust finding in basic neuroscience is that persistent, uncontrolla-

ble stress in adulthood leads to structural alterations in the social

brain. Neurons in the medial PFC and hippocampus show reduced

length and branching of dendrites, as well as a decrease in number of

synaptic contacts (Autry & Monteggia, 2012; de Kloet et al., 2005;

McEwen, 1999, 2007; McEwen et al., 2015). These structural changes

SINNAEVE ET AL. 1185



are clinically relevant. Atrophy in the PFC is associated with impulsiv-

ity, emotion dysregulation, and poor executive functioning, in turn,

impairing all RDoC social processes (Adolphs, 2009; McEwen

et al., 2012; Wager et al., 2008). Atrophy in the hippocampus hampers

stress regulation, context evaluation and learning, and is associated

with low self-esteem (Christian et al., 2014; McEwen, 1999; McEwen

et al., 2012; Sahay et al., 2011; Sandi & Haller, 2015; Shors, 2006;

Ulrich-Lai & Herman, 2009). Mutual reinforcement can occur between

an overactive amygdala and a suppressed PFC, increasing vulnerability

for aggression, anxiety, and social impairments (Adolphs, 2009;

McEwen, 1999, 2007; McEwen et al., 2012).

At a molecular level, loss of neuroplasticity is attributed primarily

to glutamate, BDNF, and glucocorticoids. Uncontrollable, prolonged

stress can lead to a decrease of BDNF in PFC and hippocampus as

well as to neurotoxic levels of glutamate (Autry & Monteggia, 2012;

de Kloet et al., 2005; Gold, 2015; McEwen, 2007; McEwen

et al., 2015; Popoli et al., 2011). Glucocorticoids contribute to the

depletion of BDNF and to the adverse effects of glutamate (Autry &

Monteggia, 2012; Duman et al., 2019). Glucocorticoids also have

direct effects on neuroplasticity by altering gene transcription and epi-

genetic factors (de Kloet et al., 2005; McEwen, 1999; McEwen

et al., 2015; Oster et al., 2017; Ulrich-Lai & Herman, 2009). The dopa-

minergic circuit becomes chronically downregulated, impeding the

motivation to engage in affiliative behaviours (Adolphs, 2009; de

Kloet et al., 2005; McEwen, 1999; Sandi & Haller, 2015; Shors, 2006;

Ulrich-Lai & Herman, 2009). Just as “healthy” stress modulation in the

adult social brain involves more than the CNS, the effects of chronic

stress transcend the CNS and HPA axis. Chronic stress also increases

someone's susceptibility for immune-mediated inflammatory diseases,

as well as metabolic disorders and cardiovascular diseases (Cohen

et al., 2007; Gold, 2015; Russell & Lightman, 2019; Tost et al., 2015).

Of note, periods of heightened biological vulnerability occur in

adulthood. Women, for example, are significantly more vulnerable

during and within 2 years after pregnancy (Hoekzema et al., 2016).

See Figure 2 for a conceptual model depicting the relationships

between chronic stress biological processes, psychobiological (RDoC)

social processes, and level of personality functioning.

3.2 | Longitudinal self-report data about persistent
fluctuations in LPF

Do between-subject differences in the temporal dynamics of LPF rep-

resent a stable characteristic of an individual or does it refer to a con-

dition that changes periodically? This is an intriguing question that

resonates with an ongoing debate on whether personality pathology

is time-invariant (i.e., a trait) or time-variant (i.e., a state) (Conway

et al., 2018; Morey & Hopwood, 2013; Wright et al., 2016).

Roche et al. (2016) had students rate their current overall level of

impairment and presence of pathological traits with respectively an

adapted version of the DSM-5 LPF scale and the Personality Inven-

tory for DSM–5 (PID-5; Krueger et al., 2012). After this baseline sur-

vey, they completed 14 nightly diary records. The authors found that

the LPFS and PID-5 only predicted, respectively, between 13% and

23%, and 14% and 37%, of between-subject variance in daily LPF.

These numbers could be interpreted as evidence that daily fluctua-

tions of LPF are not manifestations of stable individual differences.

However, we need prospective cohort studies that assess people's

baseline LPF and LPF oscillations repeatedly for years to verify this

hypothesis. In addition, both the survey and the diary tap into recol-

lected LPF, be it within different timeframes. Data on momentary LPF

are lacking.

Two high-quality studies assessed the course of PDs: the McLean

Study of Adult Development (MSAD) and the Collaborative

F IGURE 2 Conceptual model depicting the relationships between chronic stress biological processes, psychobiological (RDoC) social
processes, and level of personality functioning. Note. PFC = prefrontal cortex; HPA = hypothalamic–pituitary–adrenal; SNS = sympathetic
nervous system. Full arrows represent direct relationships. Two-headed arrows represent correlations
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Longitudinal Personality Disorders Study (CLPS). Both studies started

decades before LPF became the agreed definition of PD severity. At

the time, the DSM-III-R was used as a framework (3rd ed., rev.; DSM–

III–R; APA, 1987). The still ongoing MSAD recruited patients from

inpatient units at McLean Hospital in 1992. The sample consists of

290 patients with BPD and a comparison group of 72 patients, who

met diagnostic criteria for at least one PD other than BPD. Raters,

blind to previous diagnoses, reassessed patients every 2 years

(Zanarini et al., 2005). The CLPS began in 1996. The samples con-

sisted of individuals diagnosed with BPD (n = 175), avoidant and

obsessive–compulsive PD (n = 312), and major depressive disorder

without PD (MDD; n = 95). Patients were assessed annually for

10 years (Gunderson et al., 2000). The studies converged on three

conclusions about the course of PDs:

a. High remission rates. In 16 years of prospective follow-up, 99% of

the MSAD BPD sample reported a 2-year remission, 95% a 4-year

remission, 90% a 6-year remission, and 78% an 8-year remission.

In people diagnosed with another PD, these remission rates were

even higher: 99% for 2-year remission and 97% for 4-, 6-, and

8-year remission (Zanarini et al., 2012). In the CLPDS samples, over

85% of PD patients achieved remission of at least 12 months. This

rate approximated the MDD sample (about 90%) (Gunderson

et al., 2011).

b. Symptoms reoccur in a minority of remitted patients. In the MSAD,

cumulative rates of recurrence of symptoms in BPD patients

ranged from 10% after an 8-year remission to 36% after a 2-year

remission. The comparable figures for people diagnosed with other

PDs were 4% and 7%, respectively (Zanarini et al., 2012). In the

CLPS, 1 year of symptomatic recurrence after 1 year of remission

occurred in 11% of remitted BPD patients and in 25% of cluster C

PDs. Two consecutive months of symptomatic recurrence after

2 months of remission occurred in 21% of remitted BPD patients

and in 67% of patients with MDD (Gunderson et al., 2011).

c. Good social and occupational functioning is more difficult to attain

than remission. Both studies assessed recovery by means of the

Global Assessment of Functioning (GAF) (APA, 1987). A GAF score

of 61 or higher indicated “good recovery,” defined as “having some

mild symptoms or some difficulty in social, occupational, or school

functioning, but generally functioning pretty well, has some mean-

ingful interpersonal relationships.” A GAF score of 71 or higher

indicated “excellent recovery,” defined as “if symptoms are pre-

sent, they are transient and expectable reactions to psychosocial

stressors; no more than slight impairment in social, occupational, or

school functioning” (Zanarini et al., 2016). Zanarini et al. (2018)

found that over half of the patients in the heterogeneous PD sam-

ple achieved at least good recovery after 2 years. This cumulative

percentage increased to 84% after 10 years and 92% after

20 years. In the sample diagnosed with BPD, only 14% of the

patients achieved good recovery after 2 years, which increased to

47% after 10 years and 59% after 20 years (Zanarini et al., 2018).

The same trend held when the higher threshold (i.e., >71) of excel-

lent recovery was used but with lower cumulative percentages:

12% (2 years), 62% (10 years), and 73% (20 years) in the heteroge-

neous PD sample and 2%, 24%, and 39% in the BPD sample,

respectively. The CLPS results were similar: By 10 years, 21% of

the BPD sample achieved excellent recovery. This was 48% in the

cluster C sample and 61% in the MDD sample (Gunderson

et al., 2011).

In short, data on remission and relapse in people diagnosed with a PD

disprove the proposition that severity of personality pathology is a

stable phenomenon. On the other hand, the majority or this body of

evidence pertains to PD patients that were in psychotherapy and/or

F IGURE 3 Illustration of time-
variant and stress-related dimensions in
level of personality functioning in two
hypothetical persons with and without
a personality disorder. Note. The X-axis
indicates time, expressed in
respectively hours (a), to illustrate the
impact of acute stress, and years (b) to
illustrate the impact of chronic stress.
The Y-axis represents level of
personality functioning, ranging from
healthy (0) to some (−1), moderate (−2),
severe (−3), and extreme (−4)
impairments. Round dot black line = a
hypothetical person diagnosed with a
personality disorder (PD). Solid black
line = a hypothetical person who is
considered healthy
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taking psychotropic medications (Bender et al., 2006; Zanarini

et al., 2015). It is unclear to what extent these results generalize to

patients who are not in treatment. Furthermore, longitudinal GAF

scores seem to support the notion that PD severity is stable. How-

ever, we are reluctant to use GAF as a proxy for PD severity

(Widiger & Trull, 2007). Primarily because reliability and validity issues

have been widely documented, leading up to the decision to abandon

the GAF in the DSM-5 (Aas, 2010; APA, 2013). Also, given the stigma

associated with PDs, we caution against using undesirable social out-

comes as an indicator of pathology severity. With regard to the rela-

tionship between PD severity and sustained stress in adulthood, we

only found secondary analyses on data of the CLPS sample. Those

analyses showed that negative life events, especially interpersonal

events, predicted decreased functioning (Pagano et al., 2004).

Taken together, we conclude that it is premature to interpret

between-subject differences in PD severity as a stable characteristic

that originated before adulthood. We need more prospective cohort

data to reject the hypothesis that PD represents an episodic, stress-

related condition that can improve within 2 years, much like other

forms of psychopathology.

3.3 | Longitudinal neurophysiological data about
persistent fluctuations in LPF

Despite the mounting neuroscientific evidence that chronic stress in

adulthood increases an individual's vulnerability for disturbed social functioning, as well as stress-related mental and physical disorders,

we found no reports on prospective cohort studies that collected

information on the relationship between persistent decrease in LPF

and chronic stress biomarkers in adulthood. As a result, it is impossible

to determine whether the biological correlates of personality pathol-

ogy severity in adulthood reflect the impact of chronic stress in adult-

hood, the impact of adversity during earlier developmental stages,

genetic vulnerabilities, or an interaction of these factors. The only lon-

gitudinal data we found were repeated neuroimaging measurements

during clinical trials suggesting that changes in the function and struc-

ture of—among others—the amygdala and prefrontal areas mediate

improvement during specialized psychological treatment (Davidson &

McEwen, 2012; Marceau et al., 2018). The hypothesis that effects of

chronic stress drive persistent decline in LPF in adulthood at a biologi-

cal level is plausible, but longitudinal data to support this are lacking.

4 | CONCLUSION AND AGENDA FOR
FUTURE RESEARCH

We provided a critical review about the associations between stress

and LPF. Our aim was to propose a theoretical framework to guide

research on stress-related fluctuations in LPF that showed a good fit

with the RDoC model and accounted for the issue of

symptom–biomarker chronometry. More specifically, we wanted to

identify electrophysiological biomarkers that co-vary with stress-

related fluctuations, which we might use in clinical practice to predict

TABLE 2 Operationalizations for research questions concerning
acute stress and LPF

Electrophysiology Self-report Behaviour

Continuous

measurement of

heart rate,

electrodermal

activity, heart

rate variability.

Analyses in

±5-min windows

for at least

2 days and

nights.

Rate momentary

impairments in

self- and other

functioning

multiple times a

day for at least

2 days.

Systematic

behavioural

observations of

overt behaviours

indicative of

impairments in

LPF (e.g.,

nonsuicidal self-

injury, suicide

attempts, abuse of

alcohol or drugs,

binge eating,

violence, social

withdrawal), or of

healthy

functioning (e.g.,

engaging in

affiliative

behaviour).

Passively monitors

voice volumes,

time spent among

other people or in

high risk locations,

etc.

Abbreviation: LPF, level of personality functioning.

TABLE 3 Operationalizations for research questions concerning
chronic stress and LPF

Electrophysiology Self-report Behaviour

Protocols for acute

stress (see

Table 2) multiple

times a year; OR

passively

monitors ANS

activity during

the entire period

of interest and

uses machine

learning

techniques to

detect significant

changes; OR

repeated

measurements in

a laboratory

setting.

ESM protocols for

acute stress and

LPF (see Table 2)

multiple times a

year; OR validated

questionnaires/

interviews for LPF

at least twice a

year, for at least

2 years; OR

validated

instruments that

demonstrated

convergent validity

with LPF and/or

elements of LPF.

Systematic

behavioural

observations of

overt behaviours

indicative of

impairments in LPF

(e.g., nonsuicidal

self-injury, suicide

attempts, abuse of

alcohol or drugs,

binge eating,

violence, and social

withdrawal) or of

healthy functioning

(e.g., engaging in

affiliative

behaviour).

Passively monitors

voice volumes,

time spent among

other people or in

high risk locations,

etc.

Abbreviations: ANS, autonomic nervous system; ESM, experience

sampling method; LPF, level of personality functioning.
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a decrease in LPF. We based our review on high quality and impactful

research from basic neuroscience, psychology, and psychiatry. Our

goal was to foster conceptual innovation and to derive new hypothe-

ses, not to provide answers on a specific research question (Grant &

Booth, 2009).

A key finding was the importance of distinguishing between acute

stress (i.e., activation of stress responses that promote adaption when

an organism's survival or well-being is challenged) and chronic stress

(i.e., sustained activation of these acute stress responses in adverse cir-

cumstances) (Figure 3). This definition modifies the conceptual model

and, consequently, the hypotheses that need testing (Figures 1 and 2).

Research questions about the impact of acute stress (e.g., social

conflicts, traffic jams, deadlines, acute pain) require measuring stress

biomarkers multiple times a day, for at least 2 days. Repeating the

ESM protocol is necessary to make sure that the data are accurate,

especially because stress response systems follow a circadian rhythm

(see “Acute stress and social behaviour in basic neuroscience”).
Within this time dimension, we hypothesize that momentary impair-

ments in LPF are directly related to biomarkers of the SNS stress

response, such as heart rate and electrodermal activity, and inversely

related to biomarkers of PNS activity, such as heart rate variability

(Table 2). Wearable technology to perform ambulatory monitoring of

electrical activity of the heart and changes in skin conductance, as

well as a reliable and valid ESM protocol that measures momentary

fluctuations in LPF, is pivotal for such investigations. Clinical applica-

tions of ESM protocols for acute stress and LPF include case concep-

tualization, biofeedback during specialized therapy, and prevention of

high-risk behaviours in people diagnosed with severe levels of PD

(see, e.g., de Looff et al., 2019). If research questions concern the

impact of enduring challenges to health or well-being (e.g., abuse, stig-

matization, chronic pain, social isolation, incarceration), then assess-

ments should to be repeated multiple times within months to years.

The exact frequency, time window, and number of repetitions within

that window depend on the stressors and biomarkers of interest, as

well as the measurement conditions (i.e., in the lab versus in daily life)

and confounders (Table 3). If we limit ourselves to electrophysiological

stress biomarkers that co-vary with chronic stress-related fluctuations

in LPF, then we would expect to see changes in patterns of autonomic

stress responses. More specifically, we would expect a gradual decline

in PNS activity, indicated by a decrease in baseline heart rate variabil-

ity. Analogous to the field of emotion dynamics (see Houben et al.,

2015), we would assume an increase in variability, instability, and iner-

tia of SNS biomarkers as the activation of acute stress responses is

sustained over time. To put our theoretical framework about chronic

stress and LPF (Figure 2) to the test, we would also have to include

other biomarkers of chronic stress (i.e., PFC and hippocampus atro-

phy, amygdala hyperactivity, chronic dopamine downregulation,

inflammatory diseases). Clinical applications of ESM protocols for

chronic stress and LPF could improve existing procedures for continu-

ous monitoring of LPF during specialized therapy (see Linehan, 1993,

2015, for an example of structured diary methods in clinical practice).

It could also lead to innovations in relapse prevention after treatment,

as already delineated in the introduction (Goodday & Friend, 2019;

Myin-Germeys et al., 2018; Smets et al., 2018).

Our review also demonstrated that research about time-varying

and stress-related dimensions of LPF is at its infancy. We found only

preliminary evidence for momentary, stress-related fluctuations of

LPF. However, questions about the stability of these individual differ-

ences in LPF and the role of chronic stress in personality pathology

could not be answered at this point. We argued that the lack of a

coherent theoretical framework for transdisciplinary research about

stress and LPF is part of the problem. Notwithstanding the limitations

of our approach, we hope that our effort will prove useful in guiding

future research in this understudied domain.
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