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Abstract
Objective
To assess the association between life events and subsequent diagnosis of systemic autoimmune rheumatic diseases
(SARDs) by comparing siblings discordant for SARDs and unrelated controls.

Methods
Life events 12 months prior to SARD diagnosis/reference date were queried using the Interview for Recent Life Events
in 227 adults (96 probands with SARDs, 78 siblings, 53 controls). Probands were matched by age, sex, and race with
their unaffected siblings or with unrelated controls. Logistic regression was used to calculate the relative odds of SARDs
in relation to life events scores, adjusting for age, sex, race/ethnicity, education, and ever smoking.

Results
The study identified consistent trends of probands reporting greater numbers of total and highly stressful events, and
higher stress ratings than their unaffected siblings. Probands reported greater numbers and higher stress ratings of total,
uncontrollable, and undesirable events compared to unrelated controls (p<0.001-0.024). The number of highly stressful
events and the scores of weighted major events were also greater in probands and siblings compared to unrelated
controls (p<0.001-0.046). The number of total, major, uncontrollable, undesirable, and highly stressful life events
(OR range 1.31-1.64, p-value range 0.001-0.049), along with their corresponding stress ratings (OR range 1.22-1.51,
p-value range <0.001-0.016), were associated with higher odds of SARD diagnosis, based on probands compared to
controls.

Conclusion
This case-control study of life events preceding SARDs diagnosis using a validated life events questionnaire provides
support for an aetiologic role of negative life events and psychological stress in SARDs among adults.
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Introduction

The systemic autoimmune rheumatic
diseases (SARDs) are multi-organ
immune-mediated disorders thought to
arise from the interaction of specific
environmental exposures in genetically
predisposed individuals (1). Growing
evidence supports the role of psycho-
social stress in the initial development
of SARDs. Psychiatric comorbidities,
including post-traumatic stress disor-
der (PTSD), have been linked to SARD
diagnosis (2). Adverse childhood expe-
riences (ACEs), which include poten-
tially traumatic events occurring during
childhood, such as abuse and neglect,
have also been associated with the de-
velopment of SARDs in adulthood, in-
cluding systemic lupus erythematosus
(SLE) (3, 4). The relationship between
more ordinary life events, such as expe-
riencing a divorce and a job promotion,
with SARDs has been less explored.
Life events have been defined as social
experiences that have a psychological
impact on the individual (5). These oc-
currences and the individual appraisal
of their magnitude and meaning can
be associated with stress. Stress can
be described as a mental state that trig-
gers a cascade of physiological changes
to meet environmental demands, pro-
moting growth and adaptation, while
contributing to illness and other distur-
bances.

Limited literature suggests that nega-
tive stressful life events may be risk
factors for the onset of rheumatoid ar-
thritis (RA) and SLE within 1-5 years
after their occurrence (6). However, the
data in other SARDs remains scarce
(7). Some of the limitations in these
studies have included the application of
abbreviated or non-validated life events
assessment tools, small samples sizes,
and the investigation of few SARDs,
which are individually rare (8).
Despite the phenotypic heterogeneity
among SARDs, these diseases share
many clinical manifestations, as well
as genetic and environmental risk fac-
tors, whose interactions modulate
disease expression and severity (9).
Support for this concept includes the
common occurrence of overlapping
SARDs syndromes in the same pa-
tient, the intersection of autoantibodies

and other laboratory features, common
pathogenic molecular pathways, and
familial aggregation of individuals with
distinct SARDs (10). Viewing SARDs
as a constellation of discrete elemental
disorders with shared symptomatology,
laboratory findings, and pathogenesis
may be an effective approach for inves-
tigating their aetiopathogenesis, rather
than studying each SARD individually
(9). Shared genetic risk factors among
close relatives, such as siblings, makes
it possible to better investigate the con-
tribution of environmental factors, such
as the impact of stress, on their devel-
opment. Discordant sibling studies can
potentially help tease apart genetic and
environmental components in the study
of disease etiopathogenesis.

This study explored the association be-
tween psychosocial stress and SARDs
by investigating life events within the
year prior to diagnosis in adult siblings
discordant for one of four SARDs and
unrelated controls. We hypothesised
that the diagnosis of SARDs may be as-
sociated with negative life events that
preceded diagnosis. This study also ex-
amined how different categories of life
events and their accompanying stress
ratings are linked to a SARD diagnosis.

Patients and methods

Participants. This study examines life
event data from the NIEHS Study of
Twins or Siblings Discordant for Sys-
temic Autoimmune Rheumatic Dis-
eases (SARDs) (NCTO00055055), an
observational case-control study en-
rolling families from 2003 to 2021
in which one sibling was diagnosed
with a SARD within 5 years of enrol-
ment (proband) and a same-gender
closest-in-age biologic sibling, within
5 years of the proband’s age, with no
documented autoimmune disease also
enrolled. Probands were adults who
met probable or definite criteria for a
SARD, including RA, SLE, systemic
sclerosis (SSc), or idiopathic inflamma-
tory myopathies (IIM), and lived within
the United States or Canada at diagno-
sis. Controls unrelated to probands and
without documented autoimmune dis-
eases were recruited from the Nation-
al Institutes of Health (NIH) healthy
volunteer programme. Controls were
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Table I. Life events questionnaire used in this study, with scoring system and stress ratings*.

Categories of events? Example questions Number of questions/score Stress ratings Weighted event score

range’ range'
Major events Did you experience the birth of a child? 16 /0-16 0-48
0 =not at all
1 = alittle stressful
2 = somewhat stressful

3 = very stressful
Controllable events Did you begin full or part-time education? 12/0-12 0-36
Uncontrollable events Did you experience a serious accident? 2710-27 0-81
Desirable events Did you have a promotion? 6/0-6 0-18
Undesirable events Did you fail an important exam or course? 40 /0-40 0-120
Total number of events N/A 65/ 0-65 0-105
Highly stressful events Any question that was rated “very stressful” 65/ 0-65 3 = very stressful N/A

*Paykel ES. Suicide attempts and recent life events (12).

“Categories are not mutually exclusive.

"Number of events endorsed by categories within the year of the proband’s diagnosis of systemic autoimmune rheumatic disease (SARD), which was also
used as the reference date for unaffected siblings and unrelated control participants.
"Sum of event ratings endorsed, by categories, within the year of SARD diagnosis or reference date.

matched to probands within 10 years of
age, and by sex and race/ethnicity. All
participants underwent standardised
medical assessment and medical record
review that included the year prior to
the matched proband’s SARD diagno-
sis date. In compliance with the Hel-
sinki Declaration of 1975/83, the study
was approved by the NIH Institutional
Review Board; written informed con-
sent was obtained from all participants.

Life events questionnaire

Each participant reported life events
that occurred within 12 months of the
matched proband’s date of a SARD di-
agnosis. Life events were captured by
a questionnaire adapted from the Inter-
view for Recent Life Events, comprised
of 64 events, with an opportunity for
recording one additional major occur-
rence (Table I). We followed several
recommendations aimed at facilitating
reliable recollection of life events, such
as grouping events in sections by area
of life (such as family, work), and using
key religious or other holidays as ref-
erence points that could help in dating
the events (11). The questions were cat-
egorised into total, major, controllable,
uncontrollable, desirable, undesirable,
which were not mutually exclusive cat-
egories (12). Life events were rated on
a 4-point Likert scale according to the
participants perceived level of stress (0,
not at all stressful to 3, very stressful).
Weighted event scores were then cre-
ated by summing the stress ratings of
all endorsed items for each event cat-
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egory. The highly stressful event score
was calculated by summing the number
of events that were rated as very stress-
ful (Table I).

Statistical analyses

Analyses were performed using Stata
(release 15; StataCorp, College Station,
TX) and GraphPad Prism (v. 9.3.1;
GraphPad, San Diego, CA). Continu-
ous variables are presented as mean =+
standard deviation and compared using
a two-tailed Student’s t-test, Wilcoxon
signed-rank and rank-sum tests, and
one-way ANOVA. Categorical variables
are presented as counts (%) and com-
pared using Chi-square, Fisher’s exact,
or McNamar’s tests. p-values were ad-
justed by Bonferroni correction for mul-
tiple comparisons, with adjusted p<0.05
considered statistically significant.
Paired analyses were performed when
comparing probands and unaffected
siblings, whereas unpaired analyses
were used when comparing probands
and unrelated controls, or siblings and
unrelated controls, because 16% of the
participants were not matched.
Unadjusted and adjusted conditional
logistic regression models were used to
compare paired probands and siblings,
while unconditional logistic regres-
sion models were performed to com-
pare probands and unrelated controls
to examine association with SARD:s.
The missing-indicator method was also
used to incorporate all matched and un-
matched controls in the same model (13).
Adjusted logistic regression models

were used to examine the association be-
tween life events and a SARD diagnosis
included the following covariates: age
at a SARD diagnosis or reference date,
time from a SARD diagnosis or refer-
ence date to completion of the question-
naire, sex, self-reported race/ethnicity,
education, and history of ever smoking.
A sensitivity analysis was performed
incorporating a history of depression or
anxiety, based on medical record review
and physician evaluation, as a covariate.

Results

The study included 227 adults (96
probands with SARDs, 78 unaffected
siblings, and 53 unaffected, unrelated
controls). Among the siblings, 14 pairs
of monozygotic twins and 2 pairs of
dizygotic twins participated (Table II).
Unrelated controls tended to be younger
than probands and unaffected siblings,
but were within 10 years of proband’s
age, per eligibility requirements. Time
between a SARD diagnosis or refer-
ence date and questionnaire completion
date was shorter for probands (1.9+1.6
years) and their siblings (2.0+1.7 years)
than for unrelated controls (2.8+1.8
years). A history of ever smoking
was more frequently reported among
probands than unrelated controls (40%
vs. 17%, p=0.027), but was similar to
smoking histories reported by siblings.
IIM was the most frequent SARD di-
agnosis. Probands, unaffected siblings,
and unrelated controls were similarly
distributed with respect to race/ethnic-
ity and highest educational level.
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Table II. Demographic characteristics and systemic autoimmune rheumatic disease diag-
noses, by study role*.

same categories (OR range 1.22-1.51,
p value range <0.001-0.016), and with
higher weighted controllable events

Characteristic Probands Unaffected siblings Healthy controls
(n=96) (n=78) (n=53) scores (OR 1.62, 95% CI 1.13, 2.33).
n (%) n (%) n (%) Models that included the diagnosis of
. . . . : : depression or anxiety as a covariate
Diagnosis age (mean + SD)’ 46.0 +16.2§ 46.8 £17.1% 345+ 17.6% c e . .
Time to study enrolment ? (mean + SD) 19+ 1.6 20+ 1.7 28+ 18I° were similar in direction and magnitude
Twins to the adjusted logistic regression mod-
gl,o“"z{_g"“c 1‘2‘ 8)5) 13 gf) 8 Eg; els reported above (data not shown).
12y got1C . . . .
Sex ngale 73 (76) 63 (81) 37 (70) Similar odds ratios trends to those iden-
Race/Ethnicity: tified in the regression analysis between
Non-Latino White 72 (75) 59 (76) 40 (76) probands and unaffected controls were
Other 24 (25) 19 (24) 13 (24) f h i bands. thei
Black or African American 12 (13) 10 (13) 7 (13) ound w en m.Ode Ing probands, their
Hispanic or Latino/a 5 (5) 4 (5) 5(9) unaffected siblings, and controls all to-
Asian , 30 20 0O gether, but associations were not statisti-
American Indian or ..
Alaska Native 0 (0) 0 (0) 0 (0) cally significant (Table V). There was no
Multiracial 4 (4) 3 (4) 1) significant association in the comparison
Proband SARD diagnosis: ‘ between probands and their unaffected
Myositis (DM, PM, IBM)** 55 (57)¢ NA NA o . .. ..
Rheumatoid arthritis 14 (15) NA NA siblings by adjusted conditional logistic
Systemic lupus erythematosus 15 (16) NA NA regression modelling (Table VI).
Systemic sclerosis 12 (13) NA NA
Highest education level: Di .
Less than College degree 34 (35) 33 (42) 16 (30) 1scussion . . .
College or Graduate degree 62 (65) 45 (58) 37 (70) This study examined the relationship
Ever smoking™ . 38 (40" 25 (32) o a7y’ between the development of SARDs
Dx of anxiety or depression 13 (14) 12 (15) 7 (13)

*Data includes both matched and unmatched subjects.
"Age at diagnosis for unaffected siblings and unrelated controls is their age on the reference date, the

date of the matched proband’s diagnosis.

*Time in years, from date of systemic rheumatic disease diagnosis in probands (or reference date in
siblings and unrelated controls) and date of questionnaire completion.
**Among probands with myositis: DM n=24 (43.6%), PM n=20 (36.4%), IBM n=11 (20.0%).

"Self-reported cigarette smoking ever.

Significant differences: ¥ p<0.001, "p=<0.005, 9 p=<0.05
SD: standard deviation; Dx: diagnosis; NA: not available; SARD: systemic autoimmune rheumatic
disease; DM: dermatomyositis; PM: polymyositis; IBM: inclusion body myositis.

Life events and ratings

There was a trend towards a greater
number of total and highly stressful life
events, as well as greater stress ratings
among probands compared to their un-
affected siblings (Table III, Fig. 1A-B).
Probands reported a greater number of
life events in the 12 months prior to a
SARD diagnosis than did the unrelated
controls. They reported greater numbers
of events in several categories, includ-
ing total, uncontrollable, undesirable,
and highly stressful events (p-value
range <0.001-0.022) (Table III). The
weighted scores, which included ratings
of how stressful the events were, were
also higher among probands compared
to unrelated controls in the categories
of total, major, uncontrollable, and un-
desirable events (p-value range <0.001—
0.024). The number of highly stressful
events and the weighted major events
score were also greater among unaffect-
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ed siblings compared to unrelated con-
trols in the year prior to the reference
date (p=0.019 and p=0.046) (Table III).
Adjusted logistic regression analy-
sis that compared probands and un-
related controls (Table IV) estimated
an increased odds of SARD diagnosis
among participants with more total (OR
1.31, 95% CI 1.11, 1.53), major (OR
2.03,95% CI 1.00, 4.10), uncontrolla-
ble (OR 1.64,95% CI 1.14, 2.35), and
undesirable life events (OR 1.58, 95%
CI 1.17,2.11). The number of reported
highly stressful events was associated
with the greatest magnitude of effect on
a SARD diagnosis, wherein one addi-
tional highly stressful event in the year
prior to diagnosis was associated with
an estimated 110% increase in the odds
of SARD diagnosis (OR 2.10, 95% CI
1.35, 3.26). The odds of a SARD di-
agnosis also increased with higher re-
ported perceived levels of stress in the

and reported life events within the year
before diagnosis using a retrospective
case-control investigation of adult sib-
lings discordant for one of four SARDs
and unrelated controls with an in-depth,
previously validated life event ques-
tionnaire. Participants diagnosed with
SARDs reported a higher frequency of
life events in the year prior to diagnosis
compared to the unrelated controls, in-
cluding events categorised as negative
life occurrences, such as uncontrolla-
ble, undesirable, and highly stressful
events. Additionally, an increased odds
of a SARD diagnosis was associated
with higher perceived levels of stress
corresponding to these events.

Our study identified consistent trends
of probands reporting greater numbers
of total life events and highly stressful
events, as well as greater stressfulness
associated with negative life events than
in their unaffected siblings, but these dif-
ferences were not statistically significant
based on a paired analysis. Life events
may correlate substantially between sib-
lings, which likely reflects the increased
probability of experiencing certain types
of events due to shared familial environ-
mental effects, heritability of personality
traits, similar response pathways to stress,
and the possibility that one person’s neg-
ative experience could precipitate stress

Clinical and Experimental Rheumatology 2025
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Table III. Frequencies of life events and perceived stress ratings within the year of proband’s diagnosis with systemic autoimmune rheumatic

disease.

Paired analysis*

Unpaired analysis*

Life events/scores by category: Probands (n=76) Unaffected Probands Unaffected Healthy
(mean + SD)¥ siblings (n=76) (n=96) siblings (n=78) controls (n=53)
(mean = SD)* (mean = SD) (mean = SD) (mean = SD)
Number of life events by category
Total events 35+29 29+34 35+29" 28+34 23+25"
Major events 04+0.7 04+0.8 04+0.8 04+0.7 02+05
Controllable events 05+0.8 05+09 05+0.8 05+09 05+0.7
Uncontrollable events 14+15 1.0+12 14+1.5% 1.0+12 0.7 0.9
Desirable events 02+05 02+05 02+05 02+05 02+0.5
Undesirable events 1.7+19 14£20 1.8+2.1 14£20 1.0+1.2Y
Highly stressful events 15+2.1 1.1+23 1.5+2.1¢ 1.1+£23 03 +0.8*
Weighted event scores by category**
Weighted total events 70+£72 55+78 7.1 +70¢ 5477 2.7 +3.7%
Weighted major events 10+1.7 1.0+20 1.1+1.8 1.0+£2.0 03+1.0
Weighted controllable events 09«15 07+x14 09+1.6 07+x14 05+10
Weighted uncontrollable events 28+34 2.1+30 2.8 +3.4¢ 20+£30 1.0+ 1.8*
Weighted desirable events 03+09 02+0.8 03+09 02+0.8 0.04+0.2
Weighted undesirable events 38+438 30+47 39+498 29+47 14+208

*Paired analysis was performed to compare probands and unaffected siblings, where all subjects were matched, whereas unpaired analysis was performed
when comparing probands or unaffected siblings with unrelated controls.
**Life event scores were calculated by multiplying the number of events by their stress ratings in each category.
"No significant differences for paired probands vs. siblings.
Significant differences after Bonferroni correction: * p<0.001, * p<0.005, "p<0.01, 9p=<0.05. SD: standard deviation.

Table IV. Association of stressful life events with systemic autoimmune rheumatic disease
diagnosis between probands and unrelated controls*.

Life events/scores by category Odds ratio 95% CI p-value
Number of life events by category:

Total number of events 1.31 1.11-1.53 0.001
Major events 2.03 1.004.10 0.049
Controllable events 1.47 0.82-2.64 0.198
Uncontrollable events 1.64 1.14-2.35 0.007
Desirable events 1.05 0.46-2.35 0914
Undesirable events 1.58 1.17-2.11 0.002
Highly stressful events 2.10 1.35-3.26 0.001
Weighted event scores by category:

Weighted total event score 1.22 1.11-1.36 <0.001
Weighted major event score 1.51 1.08-2.12 0.016
Weighted controllable event score 1.62 1.13-2.33 0.008
Weighted uncontrollable event score 1.30 1.09-1.57 0.004
Weighted desirable event score 243 0.70-8.48 0.163
Weighted undesirable event score 1.31 1.12-1.54 0.001

*Adjusted unconditional logistic regression modelling between probands and unrelated controls.
Models were adjusted for age, sex, race/ethnicity, educational, ever cigarette smoking, and time from
systemic autoimmune rheumatic disease diagnosis in probands (or from reference date in unrelated
controls) to questionnaire completion. CI: confidence interval.

in their sibling (14). Our study may have
been underpowered to detect additional
differences in the number of life events
and their perceived stressfulness between
siblings due to overmatching.

Stressful life events have been described
as life experiences that may result in
change in individuals’ lives, both facili-
tating growth and adaptation, as well as
potentially contributing to illness. One
of the key issues in studying the correla-
tion between health outcomes and prior
life events has been the individual differ-
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ences in the perception of events, which
is supported by this study’s findings
revealing greater stress ratings among
probands. It is hypothesised that mala-
daptive psychosocial stress responses
can trigger exaggerated reactivity of the
stress-response systems, including the
autonomic nervous system, the hypo-
thalamic-pituitary-adrenal axis, and the
immune system (15). These activations
may lead to accelerated immune cell
aging, altered immune cell gene expres-
sion, chronic amplification of pro-in-

flammatory cytokine production, and ul-
timately loss of normal self-tolerance, all
common immunologic changes that oc-
cur in the development of SARDs (16).
Evidence supports that stress is involved
in the pathogenesis of SARDs through
interaction of the neuroendocrine and
immune systems, which are fundamen-
tal to the maintenance of homeostasis
(6, 17). Low levels of cortisol and nor-
epinephrine in individuals with altered
stress responses, as well as diminished
glucocorticoid negative feedback of
the hypothalamus-pituitary axis due to
glucocorticoid resistance, have been
linked to increased production of and
augmented responses to proinflamma-
tory cytokines. This leads to a height-
ened immune response, alterations in
immune cell mobilisation, increase in
lymphocyte proliferation and activation,
and disruption in the gut epithelium
and blood-brain barrier (17-19). These
mechanisms have been hypothesised as
mediators of development and flares of
SARDs, among other poor health out-
comes, and have been linked to early
and stressful life events (20-22).

This investigation identified a gradi-
ent in the number of life events and
corresponding  stressfulness between
probands, siblings, and unrelated con-
trols. Such differences might reflect the
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Fig. 1. A. Distribution of number of life events per category by participant group. B. Distribution of
weighted event scores per category by participant group.

Table V. Adjusted conditional logistic regression modelling of life events scores with
systemic autoimmune rheumatic disease diagnosis among probands, unaffected siblings,

and unrelated controls®.

Life event/scores by category’ Odds ratio 95% C1 p-value
Number of life events by category:

Total number of events 1.11 0.97-1.26 0.118
Major events 1.14 0.64-2.03 0.656
Controllable events 1.17 0.71-1.96 0.537
Uncontrollable events 1.30 0.98-1.72 0.075
Undesirable events 1.20 0.96-1.50 0.120
Highly stressful events 1.18 0.98-1.43 0.078
Weighted event scores by category:

Weighted total event score 1.06 1.00-1.12 0.061
Weighted major event score 1.11 0.90-1.38 0.317
Weighted controllable event score 1.24 091-1.70 0.175
Weighted uncontrollable event score 1.12 0.99-1.27 0.069
Weighted undesirable event score 1.08 0.99-1.18 0.100

* Models were adjusted for age, sex, race/ethnicity, educational, cigarette smoking ever, and time from
date of systemic rheumatic disease diagnosis in probands (or reference date in unaffected siblings and
unrelated controls) to date of questionnaire completion.

"The missing indicator method was used for logistic regression modeling to combine matched and

unmatched subjects (13). CI: confidence interval.

presence of stressful experience thresh-
olds necessary to achieve dysregulation
of stress-response systems in genetically
predisposed individuals, ultimately lead-
ing to the onset of SARDs. Moreover,
we hypothesise that life events and their
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associated stressfulness in the year prior
to SARD diagnosis may serve as indica-
tors of long-term patterns of cumulative
stressful events and poor stress coping
mechanisms, contributing to a potential-
ly disproportional allostatic load among

probands and worse health outcomes (23).
The growing evidence suggesting com-
mon genetic variants and shared molec-
ular pathways among different SARDs
provided the framework of this study,
which encompassed a combination of
four SARDs as the outcome of interest
and allowed a larger study sample size
(10). Moreover, the discordant case-
control sibling study design allowed
the controlling of unmeasured genetic
similarities between siblings, a potential
challenge in the investigation of the im-
pact of environmental factors in the de-
velopment of SARDs.

This study also controlled for smoking
and for education, a surrogate for so-
cioeconomic status, both of which have
been shown to correlate with a SARD
diagnosis and exposure to stressors
(24). Stressful life events were queried
based on the Interview for Recent Life
Events, which had been previously vali-
dated in a homogeneous population of
predominantly White, highly educated,
urban/suburban individuals (25). Al-
though these demographic characteris-
tics applied to our study population, we
acknowledge that the findings may not
apply to a broader range of potential life
events and corresponding psychologic
stressors that may affect individuals
from other demographic and socioeco-
nomic backgrounds. The retrospective
nature of this study and its intrinsic vul-
nerability to recall bias is an additional
limitation, moreover, the instrument
used to query life events also does not
discriminate between acute episodes of
stress or chronic stress before disease
onset. Another potential source of bias
is our current lack of understanding of
the temporal unfolding of SARDs: pre-
diagnosis symptoms of a SARD could
have contributed to the stress response
related to life events, reflecting reverse
causality. The inclusion of unrelated
controls also adds additional consid-
erations. Their reference date was not
linked to an event of personal mean-
ing, and this date was slightly longer
than the recall time for probands and
siblings. The use of controls could have
introduced a bias toward volunteers
who may have been less likely to have
experienced stressful events proximal to
their enrolment in the study. Finally, no

Clinical and Experimental Rheumatology 2025
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Table VI. Adjusted conditional logistic regression modelling of life events scores with system-
ic autoimmune rheumatic disease diagnosis among probands and their unaffected siblings*.

Life event/scores by category Odds ratio 95% C1 p-value
Number of life events by category:

Total number of events 1.07 0.94-1.23 0.309
Major events 0.96 0.52-1.78 0.899
Controllable events 1.02 0.59-1.76 0.956
Uncontrollable events 1.23 0.92-1.65 0.165
Desirable events 0.77 0.36-1.64 0.500
Undesirable events 1.12 0.88-1.42 0.369
Highly stressful events 1.12 0.92-1.36 0.270
Weighted event scores by category:

Weighted total event score 1.04 0.98-1.10 0.211
Weighted major event score 1.05 0.84-1.31 0.678
Weighted controllable event score 1.10 0.78-1.54 0.595
Weighted uncontrollable event score 1.10 0.97-1.24 0.158
Weighted desirable event score 1.02 0.67-1.56 0911
Weighted undesirable event score 1.05 0.96-1.16 0.304

* Models were adjusted for age, sex, race/ethnicity, educational, cigarette smoking ever, and time from
date of systemic rheumatic disease diagnosis in probands (or reference date in unaffected siblings) to
date of questionnaire completion. CI: confidence interval.

information on stress hormone levels,
including salivary cortisol, was avail-
able for the participants to link to the life
event questionnaire data.

Despite these limitations, the findings of
this retrospective sibling- and control-
matched analysis extend prior litera-
ture, here showing associations between
stressful life events and the development
of four different SARDs, including IIM,
RA, SLE, and SSc among adults. Alto-
gether, these findings should prompt the
acknowledgement of the long-support-
ed patient perception that stressful life
events are prevalent in the pre-morbid
period of SARDs (8, 26). Moreover,
these results call for additional investi-
gations on the impact of new contempo-
rary stressors, such as social media and
climate change, on SARDs, as well as
prospective longitudinal and mechanis-
tic studies to better understand the role
of stress in the development of SARDs.
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