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Abstract

Background: Stressful life events are known as risk factors for depression, though there is 

considerable heterogeneity in how people respond to stress. Previous studies have found an 

association between experience of stressful life events and the personality trait of openness to 

experience, which itself has been associated with intelligence, creativity, risk-taking, and other 

clinically relevant behaviors. In this study we explore the association between stressful life events 

and openness to experience as a potential developmental pathway to depression in the Amish and 

Mennonites, rural populations with high degree of social and environmental homogeneity.

Methods: Participants in the Amish Connectome Project (n=531) were assessed with the NEO 

personality inventory, Beck Depression Inventory, Maryland Trait and State Depression scales, a 

Life Stressors Inventory, and cognitive tests.

Results: We found that stressful life events were significantly associated with openness to 

experience; that participants with a history of depression exhibited higher levels of openness; and 

that openness to experience was related to overall intelligence but not processing speed or working 

memory. We found evidence that openness to experience partially mediates the relationship 

between stressful life events and depression.

Limitations: This was a cross-sectional study, limiting interpretation of causal pathways. High 

levels of inter-relatedness among participants may have led to exaggerated effects compared to the 

general population.
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Conclusions: Together these findings indicate a complex developmental influence of major 

stressful life events, which paradoxically by enhancing openness may be associated with both 

greater intellectual engagement as well as psychopathology.
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Introduction

Stressful life experiences are major risk factors for subsequent experience of major 

depressive disorder (Kendler, et al., 1999), though the risk may be non-specific amongst 

psychiatric disorders (van Nierop et al., 2015). Yet, most individuals who experience 

stressful events do not suffer lasting negative consequences for their mental health, and some 

evidence even indicates potential protective effects of early mild stress exposure (Parker, 

et al., 2004; Liu, 2015). This wide range of outcomes indicates that the effects of stress 

on human development cannot be understood simply as pathogenic but may be influenced 

by other behavioral traits. Of particular interest in this context are previous findings of an 

association between stressful life events and the personality trait of openness to experience 

(Allen and Lauterbach, 2007; Hengartner et al., 2015; Hovens, et al., 2016; Rahman et al., 

2017). Openness to experience is one of the ‘Big Five’ personality traits and is broadly 

related to creativity, curiosity, and intelligence (Ackerman and Heggestad, 1997; Gocłowska, 

et al., 2019). However, this trait may also be associated with increased sensation seeking, 

risk-taking behaviors, and vulnerability to psychopathology. For instance, cannabis users 

have been found to have higher levels of openness compared to non-users (Fridberg, et 

al., 2011; Terracciano, et al., 2008). A genome-wide association study has indicated a link 

between openness to experience and bipolar disorder and schizophrenia (Lo et al., 2017). 

On a behavioral level, openness to experience was associated with false-positive error rates 

in signal detection tasks, a behavior related to psychoticism (Blain, et al., 2020). Most 

frequently studied has been the association of openness to depression, though evidence to 

date has been mixed, possibly due to previous studies often relying on non-clinical samples 

or only measuring symptoms of depression at the time of study (Kotov, et al., 2010; Khoo 

and Simms, 2018). How personality factors may mediate the relationship between stressful 

life events and depression is not clear.

The association of early life stress with openness is intriguing as a potential clue to 

understanding how stress can not only predispose individuals to depression, but also 

potentially induce resilience to later adversities. This latter effect may be non-linear in 

nature, with mild and relatively controllable stressors associated with better outcomes 

compared to absence of early stress or severe stressors (Liu, 2015). Monkeys exposed 

to mild early life stress exhibited less anxiety and more exploratory behavior in a novel 

environment, and performed better on a task requiring inhibitory control, compared to 

monkeys without stress exposure (Parker et al., 2004; Parker et al., 2005). In several 

human studies, individuals with a moderate number of stressful life experiences exhibited 

more favorable outcomes (greater pain tolerance and cardiovascular reactivity to laboratory 

stressors; less functional impairment and global distress in surveys) compared to individuals 
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reporting either no major stressful experiences or high cumulative stress exposure (Seery, et 

al., 2010; Seery, et al., 2013).

In this study, we explore the seemingly paradoxical relationship between experience of 

stress, openness to experience, and depression in members of the Old Order Amish and 

Mennonite (OOA/M) communities who participated in the Amish Connectome Project. 

Compared to the general population, the OOA/M are well-suited to studies of the 

complex inter-relationships of stress, depression, and personality factors. Individuals in 

these communities receive the same level of basic education, few use illicit substances, 

and all share a similar rural lifestyle, all of which may reduce potential environmental 

confounds as compared with a general population sample. To start we examine if the 

relationship between stressful life events and openness to experience can be replicated in this 

unique cohort. We then ask how stressful life events and openness to experience relate to 

clinical outcomes (tendency to experience symptoms of depression), and neuropsychology 

(measures of cognitive performance). Our aim is to determine if openness to experience 

mediates relationships between stress and cognition and depression, under the broad 

hypothesis that stress can simultaneously exert both positive and negative influences over 

development.

Methods

Participants

531 participants were recruited from Plain communities in Maryland and Pennsylvania. All 

participants were screened for psychiatric disorders using the Structured Clinical Interview 

(SCID) for DSM-IV or 5. Diagnoses indicated by SCID were reviewed and confirmed 

in consensus meetings involving several clinicians, including at least one psychiatrist. 

Exclusion criteria included history of epilepsy, cerebrovascular accident, traumatic brain 

injury, intellectual disability, and unstable major medical conditions at time of study. 

Patients and controls with substance use disorder within the past 6 months, or current 

substance use disorder (except nicotine) were excluded. The sample included 70 participants 

with history of depression that was in remission at time of study; 60 participants with 

depression not in remission; 25 with a history of bipolar disorder; 16 with a history of 

psychotic disorder; and 360 individuals without a history of serious mental illness. All 

participants were of European ancestry and no participant had more than a 8th grade 

general education, though some had additional trade school classes. Further demographic 

information is provided in Table 1. Participants gave written informed consent approved by 

the University of Maryland Baltimore IRB.

Clinical assessments

Symptoms of depression were quantified with two instruments, the Beck Depression 

Inventory (BDI; Beck, et al., 1988) and the Maryland Trait and State Depression scales 

(MTSD). The MTSD is a self-report questionnaire containing two scales assessing 

frequency of depression symptoms experienced over the past week (state) and over the 

course of adult life (trait). The MTSD was previously validated in a sample of schizophrenia 

patients and community comparison controls (Chiappelli, et al., 2013). Further validation 
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data in the OOA/M population is provided in supplementary material. To assess experience 

of stressful life events we adapted items from the Life Stressor Checklist–Revised (Wolfe, et 

al., 1997), with the inclusion of several items specific to the Plain community. Participants 

identify whether or not they ever experienced an event described by the item, and are 

asked to estimate their age at the time of the stressor. The total life events score is based 

on number of different types of events participants reported experiencing, ranging from 

0 to 15. To examine stressful events experienced in childhood specifically, the number 

of items experienced prior to age 15 and number of events experienced age 15 or older 

were calculated; 15 was selected as a cutoff since in the OOA/M communities individuals 

typically attend school until completion of 8th grade (~age 14) and then are expected to 

transition to adult roles and responsibilities. The five factors of personality, neuroticism, 

extraversion, openness, agreeableness, and conscientiousness were assessed with the NEO 

Five-Factor Inventory-3, a 60-item self-report questionnaire (McCrae, Costa PT Jr, & 

Martin, 2005).

Neuropsychological assessments

The Weschler Abbreviated Scale of Intelligence (WASI) was used to calculate full-scale 

intelligence quotient (IQ), and the Symbol Coding task was used to measure processing 

speed (Weschler, 1997). Working memory was assessed using the Digit Sequencing task 

from the Brief Assessment of Cognition in Schizophrenia (Keefe et al., 2004). Working 

memory and processing speed are cognitive abilities closely related to fluid intelligence and 

are impaired in severe mental illnesses (Dickinson, et al., 2008; Semkovska et al., 2019; 

Rosenberg et al., 2020).

Statistical analyses

Initial analyses included 1) linear regression models examining if stressful life events 

(subdivided into 3 measures: total life events, events experienced <15 years old, and 

events experienced ≥ 15 years old) predict big five personality traits; 2) linear regression 

models examining if personality traits are associated with neuropsychological measures (IQ, 

processing speed, working memory); 3) ANOVA tests to compare openness to experience 

across diagnostic groups; and 4) linear regression models to see if personality measures 

predict measures of depression symptoms (BDI, MTSD state and trait). Participants with 

bipolar or psychotic disorder were excluded from analysis 2, due to potential diagnosis­

specific effects on cognitive measures. All analyses include age and sex as covariates. Only 

results passing Bonferroni correction for number of comparisons per set of analyses are 

considered statistically significant. Follow-up mediation models were tested using mediation 

package for R (Tingley, et al., 2014).

Results

Relationship of stressful life events to personality traits

In linear regression models including age and sex as covariates, total number of stressful life 

events was positively associated with two of the five personality traits: neuroticism (β=.22 

p<.001) and openness to experience (β=.22, p<.001); examining only stressful life events 
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experienced before the age of 15, the only significant relationship was a positive association 

between stressful life events and openness (β=.13, p=.003; see Table 2).

Relationship of personality traits to cognitive measures

The association of the 5 personality traits to 3 neurocognitive measures were assessed with 

linear regression models covarying for age and sex (Table 3). The only correlation that was 

significant after Bonferroni correction for 20 analyses was a positive association between 

openness and IQ (β=.22, p<.001). This relationship remained significant when the sample 

was limited to those individuals without bipolar disorder or a psychotic disorder (n=469, 

β=.21, p<.001) or when only individuals without a major psychiatric disorder were included 

(n= 345, β=.20, p<.001).

Relationship of openness to experience and mood disorders

We divided the sample based on structured clinical interviews into those with a psychotic 

disorder (n=16), bipolar disorder (n=25), current depression (n=60), history of depression, 

currently in remission (n=70), and individuals with no history of mood or psychotic 

disorders (n=360), and performed a univariate ANOVA with age and sex as covariates. 

Results indicated a significant difference between diagnostic groups (F(4,524)=4.18, 

p=.002), and post-hoc tests show both depression groups and bipolar disorder, but 

not psychotic disorder group, had significantly higher levels of openness compared to 

individuals without a history of major psychiatric illness (Figure 1).

Taking a dimensional approach to examining if openness to experience is associated with 

depression, we examined the relationship of openness to symptoms of depression measured 

with the BDI and MTSD with linear regression models covarying for age and sex. In the 

full sample, openness was positively associated with BDI (β=.13, p=.002) and MTSD State 

(β=.13, p=.003), with a slightly stronger association with MTSD Trait (β=.22, p<.001; Table 

4). If these associations are examined separately in individuals with no history of major 

psychiatric diagnoses and individuals with current/past depression, the only significant 

association is with MTSD Trait in individuals with depression (β=.27, p=.003).

Mediation models

These analyses showed that, of the 5 personality factors, only openness was associated 

with both depression and early stressful life events. Furthermore, MTSD trait depression 

was the depression measure most consistently and robustly associated with openness. As 

expected, early stressful life events are also significantly associated with MTSD trait score 

(β=.16, p<.001). Accordingly, we examined the potential mediating effect of openness on 

the relationship between early stressful life events and MTSD trait depression scores. The 

mediation effect was .023; bootstrapping indicates this effect is significant (p=.008) with 

a 95% confidence interval of .006 to .05. However, openness did not fully mediate this 

association, as the average direct effect in this model was still significant (p=.016).

As openness was associated with both stressful life events and IQ, we examined the 

relationship between stressful life events and IQ. Stressful life events before age 15 was 

significantly associated with IQ (β=.11, p<.020, covarying age and sex). We then examined 
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the mediating effect of openness on the relationship between early stressful life events and 

IQ. The mediation effect in this model was 0.46 (p=.032, 95% CI .041 to .96). The direct 

effect in this model was not significant (p=.11), indicating that openness fully mediates the 

relationship between stressors and IQ.

Discussion

In this study of a population with relatively high homogeneity of environmental factors, we 

replicated a positive association between stressful life events and openness to experience 

as shown in previous studies in the general population. In addition, greater openness 

to experience was associated both with greater symptoms of depression and higher IQ, 

though not with greater performance on specific cognitive tests. Importantly, openness was a 

significant mediator between early stressful events and depression.

The positive association between openness and a measure of general intelligence replicates 

previous findings in personality research (Ackerman and Heggestad, 1997). The Investment 

Theory posits that this association reflects the importance of motivation for learning and 

intellectual engagement across the lifespan in development of crystallized intelligence, 

though this motivation may be less important in determining fluid intelligence (von Stumm 

and Ackerman, 2012). Consistent with this hypothesis and with previous findings (Schretlen, 

et al., 2010), we find no association between openness and measures of underlying cognitive 

capacities such as processing speed and working memory. However, the association of 

greater openness with higher IQ, more childhood stress, and depression appears surprising 

and requires closer examination of why stress could be related to openness.

Several models based on developmental theory have predicted that early life stressors 

could steer developmental plasticity, potentially favoring risk-taking behavior (Hostinar and 

Gunnar, 2013; Ellis and Del Giudice, 2019). Experiments in rodents and monkeys provide 

reason to believe that early life stress can increase subsequent exploratory behavior and 

novelty-seeking (Parker et al., 2007; Toledo-Rodriguez and Sandi, 2011). The relationship 

between stressful life events and openness may also be consistent with studies on the 

effects of trauma on belief systems. The “shattered assumptions” theory proposes that major 

stressful events, especially when random and/or perceived as unjust, can force people to re­

assess core beliefs that they have about the world, as part of the process of seeking meaning 

in the face of adversity (Janoff-Bulman, 2004). In support of this theory, several studies have 

shown greater change in beliefs in people who have experienced trauma (Schuler and Boals, 

2016; Poulin and Silver, 2019). Based on these previous theories we speculate that stressful 

life events can increase motivation for introspective rumination and exploration of new 

ideas, potentially kindling an interest and comfort level in mental activities that fall under 

the rubric of openness to experience. In the context of evolutionary-developmental theories, 

increased receptiveness to new beliefs and practices could be adaptive when the early life 

environment is more uncertain and unstable. The hypotheses above presume that stressful 

life experiences have causal effects on personality; an opposite causal pathway must also 

be considered. The association between stress and openness should be considered in the 

particular context of the OOA/M population, as an interest in new ideas and experiences 

may be in conflict with the conservative nature of Plain community culture, leading to 
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greater stress. However, one previous study did not find a relationship between trauma and 

openness measured when participants were children, but did find an association between 

childhood trauma and openness measured in adulthood, a finding which favors a causal and 

developmental role of stress (Hampson et al., 2016).

We found a positive association between openness to experience and symptoms of 

depression, replicating some of the results from previous studies (Kotov et al., 2010). 

The current study included a measure of ‘trait depression’ and a relatively homogenous 

community sample, which may explain why the association was stronger in this study 

compared to previous work. Previous work has also found greater openness to be 

associated with better response to various modalities of treatment for depression, including 

psychotherapy, ketamine and medications (Bagby et al., 2008; Takahashi et al 2014; Amare 

et al., 2018; Dale et al., 2020). Psilocybin treatment, an emerging potential treatment for 

depression, appears to increase openness in depressed and healthy participants (Maclean, et 

al., 2011; Erritzoe et al., 2018). As the construct of openness to experience encompasses 

facets including fantasy, imagination, and willingness to explore new ideas, it is possible that 

openness could be related to depression through greater rumination on negative experiences 

and attentiveness to negative feelings, but also could be related to better treatment outcomes 

through greater willingness to engage in treatment and re-evaluation of negative thoughts 

(Khoo and Simms, 2018). Consistent with this hypothesis, we found openness partially 

mediates the association between stressful life events and depression. In this study we did 

not have data on suicidal behavior, but our findings may have implications for future studies 

of suicidal ideation and behavior. Stressful life experiences, both recent and experienced 

in childhood and adolescence, are associated with risk of suicide attempt and repeated 

suicide attempts (Pompili, et al., 2011). Higher openness to experience has been associated 

with greater self-report of suicidal ideation; however, lower openness to experience may 

be associated with completed suicide in older adults (Heisel, et al, 2006). Stress-induced 

openness could be associated with greater suicidal ideation via increased willingness to 

‘think the unthinkable’, but could also be associated with greater willingness to report these 

thoughts to providers (Heisel, et al, 2006). Further study of the interplay between stress, 

openness, and depression may help improve risk assessments for suicide, especially among 

older adults.

As this study is cross-sectional in design, we cannot make strong conclusions regarding 

causal pathways underlying the relationship between stressful life events, openness to 

experience, and intelligence. Furthermore, the unique nature of the population studied here 

may limit generalizability of our findings. This study did not include individuals raised 

in the Plain communities but who later left; these individuals potentially could have been 

unusually high in openness to experience. Given our recruitment strategies and the high level 

of consanguinity among the OOA/M, many of the participants in this study were related to 

each other, so familial and genetic influences on personality and depression could have led 

to exaggerated associations in comparison to studies of the general population.

Although we cannot make firm conclusions on causality, in context of previous literature our 

findings hint at a developmental process that may be crucial for understanding depression 

and other psychopathology. Openness to experience may be an intermediate phenotype 

Chiappelli et al. Page 7

J Affect Disord. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



between stress and both vulnerability to psychopathology and increased intellectual 

engagement. As such, further study of the phenomenological and neurobiological aspects 

of openness may inform mental health and personality research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Childhood stress was associated with openness to experience

• Openness partially mediated association of stress and depression

• Higher openness was associated with higher IQ

• Openness mediated association of stress and IQ
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Figure 1: 
Average openness to experience scores by diagnostic group. Non-SMI refers to individuals 

without past or current diagnosis of depression (Dep. Hx and Dep Current), bipolar disorder, 

or psychotic disorder. Note that openness scores reflect average of 12 items with responses 

coded -2 (strongly disagree) to 2 (strongly agree). Error bars represent standard error.
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Table 1:

Summary of demographic characteristics. Variance reported as ± standard deviation.

No history of
SMI (n=360)

Depression in
remission
(n=70)

Current
depression
(n=60)

Bipolar
disorder
(n=25)

Psychotic
disorder
(n=16)

Age ± s.d. (years) 40.0 ± 18.8 41.7 ± 14.8 41.5 ± 13.2 42.7 ± 15.9 37.6 ± 17.5

Sex (M/F) 162/198 20/50 18/42 15/10 9/7

n, antidepressant use 16 (4.4%) 34 (48.6%) 22 (37.9%) 13 (52.0%) 8 (50%)

n, mood stabilizer use 1 (0.3%) 4 (5.7%) 3 (5.0%) 15 (60%) 4 (25%)

n, antipsychotic use 2 (0.6%) 3 (4.3%) 2 (3.3%) 18 (72%) 10 (62.5%)
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Table 2:

Regression coefficients from linear regression models examining relationship of stressful life events and 

personality traits, covarying for age and sex. Results passing correction for multiple comparisons in bold.

Life Events <age 15 Life Events total Life Events ≥age 15

Beta p-value Beta p-value beta p-value

Agreeableness −.04 .39 −.03 .56 .06 .21

Conscientiousness .11 .015 .03 .54 .01 .80

Extraversion .03 .52 −.01 .80 −.03 .59

Neuroticism .06 .14 .22 <.001 .18 <.001

Openness .13 .003 .22 <.001 .20 <.001
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Table 3:

Relationship of personality factors to cognitive measures, controlling for age and sex, in sample excluding 

individuals with bipolar disorder or psychotic disorder (n=469, includes individuals with depression). Results 

passing Bonferroni correction for 15 comparisons (p<.0033) in bold.

WASI full IQ Symbol Coding Digit
Sequencing

Beta p-value Beta p-
value

Beta p-
value

Agreeableness −.06 .22 .06 .20 .00 .97

Conscientiousness .00 .99 .13 .004 .02 .66

Extraversion .05 .30 .01 .74 .03 .54

Neuroticism .00 .97 −.03 .58 .05 .33

Openness .21 <.001 .04 .31 .06 .17
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Table 4:

Relationship of personality traits to measures of depressive symptoms in full sample, covarying for age and 

sex.

BDI MTSD-State MTSD-Trait

Beta p-value Beta p-value beta p-value

Agreeableness −.21 <.001 −.11 .013 −.12 .006

Conscientiousness −.23 <.001 −.17 <.001 −.14 .001

Extraversion −.19 <.001 −.22 <.001 −.26 <.001

Neuroticism .63 <.001 .46 <.001 .49 <.001

Openness .13 .0021 .13 .003 .22 <.001
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