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Lifetime Trauma Exposure and Arthritis in Older Adults

Kristen Nishimi, PhD, MPH, Ruijia Chen, ScD, Gabriela Schmajuk, MD,
Thomas C. Neylan, MD, and Aoife O’Donovan, PhD

Objective: Experiencing potentially traumatic events across one’s
lifecourse increases risk for poor physical health outcomes. Existing
models emphasize the effects of any lifetime trauma exposure, risk ac-
cumulation (multiple traumas over time), and sensitive periods of ex-
posure (specific exposure timepoints leading to lasting consequences).
We examined how different indices of trauma exposure across the
lifecourse were associated with later life arthritis, a common and debil-
itating health condition.

Methods: Data include 5717 Health and Retirement Study participants
(age mean [standard deviation] = 65.4 [12.9] years) who reported on
lifetime adversity and trauma in 2006-2008. Lifetime trauma exposure
was modeled as any trauma, accumulation of traumas, and lifecourse
profiles (no exposure, childhood only, adulthood only, childhood and
adulthood exposure). Outcomes included prevalent arthritis at baseline
and incident arthritis across 12 years of follow-up. Covariate-adjusted
generalized linear models for prevalence ratios and Cox proportional
hazards models for hazard ratios were conducted.

Results: Any lifetime trauma was associated with both prevalent ar-
thritis at baseline (prevalence ratio = 1.13, 95% confidence interval
= 1.05-1.22) and incident arthritis over 12 years (hazard ratio = 1.25,
95% confidence interval = 1.17—1.47). Greater trauma accumulation
was significantly associated with both prevalent and incident arthritis.
Childhood exposure was particularly strongly associated with preva-
lent and incident cases, with adulthood exposure being unassociated
with incident arthritis. Across models, trauma exposure was associated
with prevalent cases of both immune-related and osteoarthritis types.
Conclusions: Higher lifetime trauma burden, especially during child-
hood, may predispose individuals to arthritis later in life. Early inter-
vention or prevention efforts should identify trauma as an important
risk factor for musculoskeletal health across the lifecourse.
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Abbreviations: BMI = body mass index, CI = confidence interval,
HR = hazard ratios, HRS = Health and Retirement Study,

IPW = inverse probability weights, PR = prevalence ratio,

RA = rheumatoid arthritis, SD = standard deviation
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INTRODUCTION

Exposure to potentially traumatic events (hereafter re-
ferred to as trauma) (1), where individuals experience actual
or threatened death or serious injury or violence, is a major risk
factor for negative psychological and physical outcomes (2,3).
One chronic condition potentially linked to experiences of
trauma is arthritis, a category of musculoskeletal disorders
resulting from inflammatory or degenerative processes affecting
musculoskeletal tissue. Lifetime trauma exposure may influence
risk for arthritis via multiple pathways, including physiological
factors like stress response system dysregulation leading to in-
creased allostatic load; psychological responses involving post-
traumatic stress, depressive, or anxiety symptoms; and behav-
ioral reactions such as engagement in risky health or adverse
coping behaviors (4—6). Examining whether and how traumatic
experiences across the lifecourse impact arthritis risk may high-
light opportunities for early intervention and prevention.

Arthritis is common, impacting an estimated 24% of US
adults and projected to increase in prevalence in coming years
with an aging population (7). Indeed, about 50% of adults older
than 65 years report experiencing arthritis, and arthritis is so-
cially patterned with women and those with lower socioeco-
nomic status more likely to be affected (7). The burden of ar-
thritis on individuals and the population is substantial, leading
to pain, social and work-related impairment, and lower physi-
cal activity and well-being, representing the most frequently re-
ported main cause of disability in US adults (7-9). Common
risk factors for arthritis generally include biological (e.g., body
mass index [BMI], genetic predisposition, hormones), behav-
ioral (e.g., smoking, diet quality), and psychosocial (e.g.,
stress) factors (10—12). However, there are distinct etiologies
for different forms of arthritis. Osteoarthritis is most common,
defined by joint symptoms including tissue damage, loss of
cartilage, and inflammation (11), with risk factors including
genetics, obesity, hormones, bone mineral density, diet, and
acute injury (9,11). In contrast, immune-related arthritis, like
rheumatoid arthritis (RA), represents systemic autoimmune
conditions characterized by loss of self-tolerance and joint in-
flammation (10,13). Although the exact etiology of RA is un-
known, genetic, behavioral, environmental, and psychosocial
risk factors have been identified (8,10,14). Psychological trauma
may predispose individuals to osteoarthritis or immune-related
arthritis to a different extent and through distinct mechanistic
pathways. Although some studies link trauma with arthritis out-
comes (15-19), little work has examined how trauma may im-
pact different forms of arthritis.

Three key models have been proposed in the epidemiolog-
ical literature to explain how experiences across the lifecourse
impact health (20). First, in any lifetime trauma exposure
models, any exposure at any time is expected to lead to shifts
in psychological and biological setpoints that confer increased
lifetime risk of poor health outcomes (5). Foundational work
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on trauma exposure and physical health indicates that experi-
ence of trauma (not accounting for timing, chronicity, type,
etc.) can impact health, through psychological (e.g., distress
symptoms), biological (e.g., dysregulated stress-response sys-
tems), and behavioral (e.g., health risk behaviors) mechanisms
(21). Exposure is operationalized as examining any lifetime
trauma with risk outcomes. Second, in accumulation of risk
models, stressors give rise to additional stressors across time,
with different types of experiences accumulating with age
across the lifecourse and increasing risk of poor health gener-
ally linearly (22). Cumulative experience of different traumatic
events may be due to particularly adverse environments, and/or
to a chain of risk whereby trauma tends to beget more trauma
(23). The higher burden of exposures may thus lead to in-
creased behavioral, psychological, or physiological effects
and fewer resources to cope (23). Accumulation of risk is often
operationalized as count of total adversities or trauma types ex-
perienced (1). Third, in sensitive period models, experience
during certain periods leads to chronic alterations that result
in negative health outcomes (24). Experiences in specific de-
velopmental periods compared to others may differentially im-
pact health risk, with childhood and adolescence broadly
reflecting a time of heightened risk due to developing neurobi-
ological systems and psychosocial needs (25,26). For example,
assaults on one’s safety or integrity during childhood may oc-
cur during important brain developmental stages, resulting in
psychological and physiological changes (e.g., epigenetic
modifications) that could influence health outcomes even de-
cades later (27,28). Generally, sensitive periods are operation-
alized by classifying exposures to traumatic events during
key developmental periods versus not to create lifecourse pro-
files of exposure. Much of the evidence examining lifecourse
trauma has focused on psychiatric or psychological health out-
comes (e.g., depression, posttraumatic stress, mental health im-
pairment) (23,29), with less identifying the physical health im-
pacts of such exposure and no empirical studies, to our knowl-
edge, focusing on arthritis outcomes in particular.

Existing evidence suggests that trauma at various points in
ones’ life may increase the risk for arthritis in adulthood. Early
life traumatic experiences, including childhood adversity (e.g.,
household dysfunction) and maltreatment (e.g., physical, sex-
ual, and emotional abuse), are associated with increased risk
for arthritis in adulthood (17-19). One prior analysis of the
Health and Retirement Study (HRS) found that various nega-
tive childhood experiences (including socioeconomic disad-
vantage, risky behaviors, chronic disease, substance use, and
psychological distress) were associated with osteoarthritis
and RA in adulthood (30). These findings in conjunction with
other work demonstrating specific and lasting impacts of child-
hood experiences on adult health (3) suggest the importance of
early life trauma for later life physical health. Despite the po-
tential importance of considering lifecourse timing, fewer stud-
ies have examined adult trauma, or both childhood and adult
trauma concurrently, with risk for arthritis (15,16). A separate
body of evidence indicates that individuals perceive that arthri-
tis onset or flares, particularly in RA, may have been triggered
by acute stressors or adverse experiences in adulthood (31,32);
however, little work has directly examined this empirically.
Childhood experiences, adult trauma, and more proximal
stressful events may impact one’s risk for arthritis, supporting
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the need to take a lifecourse approach to understand risk more
comprehensively. There are often high levels of co-occurrence
of childhood adversities and adult traumas (22,33), further sug-
gesting that both early life and more recent or adulthood expe-
riences should be taken into account. Additionally, although
lifecourse models focus on how timing and accumulation of
experiences impact health, the type of trauma (e.g., interper-
sonal versus not) also may differentially impact health (34).

In the current study, we used data from older adults in the
HRS cohort to test three different lifecourse models of trauma
and arthritis. Specifically, we estimated associations between
any lifetime trauma, accumulation of trauma, and lifecourse
profiles of sensitive periods of trauma and diagnoses of arthri-
tis. We hypothesized that any exposure, greater accumulation
of lifetime trauma, and childhood exposure, compared to no
exposure, lower, or only adult exposure, would be associated
with greater risk for arthritis. Lifetime trauma experiences were
retrospectively reported by HRS participants in 2006-2008, a
relatively arbitrary timepoint in one’s lifecourse with respect
to both trauma and arthritis development. Therefore, we chose
to perform both prevalent and incident analyses. First, we ex-
amined cross-sectional associations between lifetime trauma
variables and prevalent arthritis as of 2008, recognizing the po-
tential lack of temporal precedence (e.g., arthritis may have on-
set prior to reported trauma). Next, we examined prospective
associations between lifetime trauma variables and incident ar-
thritis, restricting to individuals without any prior reported ar-
thritis as of our study baseline. In all models, we first examined
any arthritis diagnoses, and then estimated associations with
immune-related and osteoarthritis types separately. Without
prior evidence and given certain shared risk factors (e.g., stress
and psychosocial risk, smoking) known to be linked to trauma,
we did not have directional hypotheses regarding the differ-
ences in associations between trauma and osteoarthritis versus
immune-related arthritis. As epidemiological data suggest that
arthritis is more prevalent in women (35,36), and there is
equivocal evidence of gender differences in associations be-
tween childhood adversity or trauma and arthritis (17,37), we
performed exploratory follow-up analyses testing for gender
interactions. Similarly, race and ethnicity in the United States
are fundamental social constructs that shape access to re-
sources and opportunities, which, in turn, result in significant
differences in rates of both trauma and arthritis across groups
(38,39). Therefore, we also tested exploratory racial and
ethnic interactions.

METHODS

Sample Population

Data came from HRS, a population-based longitudinal
study of US adults older than 50 years and their spouses.
HRS began in 1992 with the inclusion of US adults born in
1931-1941, and has been refreshed with new birth cohorts to
retain a steady-state design. HRS is sponsored by the National
Institute on Aging (U01AG009740) and is conducted by the
University of Michigan and made publicly available (https://
hrsdata.isr.umich.edu/data-products/public-survey-data). Ethi-
cal approval for the HRS was granted from the University of
Michigan Institutional Review Board, and participants provided
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informed consent. Study procedures include phone-based struc-
tured interviews assessing factors related to health, labor force
participation, and aging every 2 years. Beginning in 20006, psy-
chosocial factors were assessed in supplemental leave-behind
questionnaires administered to half of the HRS sample at alter-
nating years (e.g., half the sample completed the questionnaire
in 2006, whereas the other half completed the questionnaire in
2008). Psychosocial questionnaires included assessment of ad-
versity and trauma; thus, 2008 was considered the current anal-
ysis baseline. Follow-up assessments every 2 years were in-
cluded to determine arthritis outcomes over time through
2020. The analytic sample was restricted to individuals who
participated in 2006/2008 and completed adversity and trauma
assessments, which included 5702 individuals. For prospective
analyses of incident arthritis, we excluded anyone who reported
arthritis diagnoses as of 2008, resulting in 2265 individuals.

Measures

Lifetime Trauma Exposure

Lifetime trauma exposure was assessed in 2006 or 2008
using 10 items from the questionnaire developed by Krause
et al. (40) Participants were asked whether they had ever expe-
rienced any of three events before age 18, reflecting childhood
events (i.e., trouble with police, family problems due to paren-
tal alcohol or drug use, physical abuse by a parent) or any of
seven events ever in their lives (i.e., death of a child; experi-
enced a major natural disaster; combat exposure; spouse, part-
ner, or child addicted to drugs or alcohol; experienced serious
physical attack; experienced life threatening illness or accident;
spouse or child experiencing a life threatening illness or acci-
dent) (41). All items were binary variables (yes/no) for expo-
sure versus no exposure. For events that could have occurred
at any time, a follow-up item assessed the year one experienced
the event. We considered all reported events as potentially trau-
matic given evidence of associations with poor sequelae
(42,43) and thus use the term “lifetime trauma,” but acknowl-
edge that severity and impact of different events will vary by
experience and context. In secondary analyses, we examined
trauma exposure types: interpersonal violence (i.e., childhood
physical abuse, physical attack), other traumatic event to self
(i.e., trouble with police in childhood, combat exposure, major
natural disaster, life threatening illness or accident), and frau-
matic event occurring to others (i.e., parental alcohol or drug
use; death of a child; spouse, partner, or child addicted to drugs
or alcohol; and spouse or child experiencing a life-threatening
illness or accident) (34).

To evaluate different lifecourse models of trauma, we de-
fined three trauma exposures: a) any lifetime trauma, b) accu-
mulation of trauma, and c) lifecourse profile of trauma. Any
lifetime trauma was defined as endorsing experience of any
event versus none. Accumulation of trauma was defined by
the count of total types of events experienced (potential range
0-10). Lifecourse profile of trauma was defined as a four-
level categorical variable of no exposure at any time point,
childhood only exposure (before age 18), adult only exposure
(after age 18), and both childhood and adult exposure. For
lifecourse profiles analyses, there was missingness of year of
exposure among individuals who endorsed exposure (23.3%
for prevalent and 22.5% for incident). Thus, we restricted to
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4386 individuals in prevalent and 1758 individuals in incident
analyses for complete case analyses (e.g., rather than imputing
and thus adding artificial, predicted timing of exposures).

Arthritis

Self-reported arthritis diagnosis was assessed at each year
of data collection, “have you ever had, or has a doctor ever told
you that you have arthritis or theumatism?” yes or no. Starting
in 2004, a follow-up question assessed the type of arthritis, with
the following categories presented: a) rheumatoid arthritis (au-
toimmune arthritis), b) osteoarthritis (degenerative or “wear
and tear” arthritis), and c) arthritis due to injury (arthritis related
to a previous injury). Given the potential for misclassification
of specific disease diagnoses in self-report data, we grouped
conditions by those primarily driven by immune-related mech-
anisms (i.e., autoimmune conditions including RA) or by me-
chanical mechanisms (i.e., osteoarthritis, arthritis of specific
joints, injury). Our main outcome was any arthritis (any type
of arthritis), with secondary outcomes including arthritis types
immune-related arthritis (RA) and osteoarthritis (osteoarthritis
or arthritis due to injury). There was some missingness for type
of arthritis (13.0% missing prevalent type, 38.0% missing inci-
dent type); thus, prevalence of “any arthritis” was greater than
those represented in individual categories. Outcomes were de-
fined as of baseline (e.g., any diagnosis of arthritis by 2008 ver-
sus no diagnoses by 2008) for prevalent analyses and at each
follow-up assessment (i.e., any diagnosis at each assessment
versus no diagnoses by that time) for incident analyses.

Covariates

Covariates included sociodemographic factors at our analy-
sis baseline that were conceptualized as possible confounders of
our primary relationship. Confounders included age (included
continuously, categorized by quartiles for descriptive purposes),
gender (self-reported binary gender: woman, man), race (Black
or African American, White, other [American Indian or Alaskan
Native, Asian or Pacific Islander, or other race]), and ethnicity
(Hispanic, not Hispanic). As our lifetime trauma variables incor-
porate experiences as early as early childhood, we focused on
factors that are expected to precede exposures or are relatively
stable across time.

Additional covariates were included as potential pathway
variables reported as of analysis baseline. These included adult
social factors (i.e., educational attainment, marital status), biobe-
havioral factors (i.e., BMI (kg/m?], alcohol use, smoking, phys-
ical activity), and depressive symptoms (i.e., eight-item sum
score from the Center for Epidemiological Studies-Depression
scale) (44). There was no missingness among confounders,
and less than 3% missingness among the additional covariates
(i.e., educational attainment n = 1, BMI n = 14, physical activity
n = 126, alcohol use n = 120, smoking n = 125, depressive
symptoms z = 77); thus, mean imputation was used.

Analyses

We conducted descriptive statistics of baseline covariates,
lifetime trauma exposure, and prevalent and incident arthritis
cases. For prevalent analyses, we used Poisson regression with
robust standard errors to derive prevalence ratios (PRs) of bi-
nary arthritis outcomes cross-sectionally as of 2008. Predictors
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included any lifetime trauma, accumulation of trauma (i.e.,
continuous trauma count), and lifetime trauma profiles, exam-
ined in separate models. We modeled each outcome separately,
starting from any arthritis, followed by immune-related arthri-
tis and osteoarthritis. For incident analyses, we used Cox pro-
portional hazards models to derive hazard ratios (HRs) for as-
sociations of predictors with time to arthritis diagnosis among
the incident analytic sample. Study participants contributed
person-time (in years) from baseline in 2008 to the year of
follow-up when the outcome occurred (i.e., reporting incident
arthritis) or they were censored (i.e., lost to follow-up due to
reasons other than death, lost to follow-up due to death, or
end of follow-up in 2020, whichever occurred first). Like prev-
alent analyses, each trauma exposure and arthritis outcome was
evaluated in separate models adjusting for covariates. We
tested and found no evidence of violation of the proportional
hazards assumption using Global Schoenfeld Tests (all
p > .05) for Cox models. To nominally compare models on
the amount of variance explained, we calculated pseudo-R*
values (R* Nagelkerke), which are estimates of coefficients
of determination for generalized regression models (45).
Models were conducted increasingly adjusted for covariates:
crude (unadjusted), confounders (age, gender, race, ethnicity;
considered the primary models), adult social factors (con-
founders and educational attainment and marital status), biobe-
havioral factors (confounders, adult social factors, and BMI,
alcohol use, smoking, and physical activity), and depressive
symptoms (confounders, adult social factors, biobehavioral
factors, and depressive symptoms).

We calculated inverse probability weights (IPWs) to ac-
count for selection and attrition bias, given that sociodemo-
graphic characteristics differed between both the prevalent
and incident samples versus those excluded, and between the
incident sample versus those lost to follow-up. Similar to prior
work (46), we modeled the odds of inclusion in the sample (for
prevalent and incident analytic samples), and not being lost to
follow-up because of death and not being lost to follow-up due
to reasons other than death (for the incident sample) predicted
by baseline study variables. The inverse probability of inclu-
sion was derived and extracted as a weight for each participant
in the prevalent sample for selection bias. For the incident sam-
ple, the inverse probabilities of not being lost to follow-up (i.e.,
for death or reasons other than death) were also derived. All
three probabilities were multiplied to create overall weights
for each participant in the incident sample for selection bias
and loss to follow-up. All analytic models included IPW, which
weight the effect estimates to more closely reflect the initial
HRS population prior to selection or lost to follow-up.

We performed a series of exploratory analyses. The primary
models were rerun separately using trauma type—specific expo-
sure variables (e.g., any interpersonal violence exposure, accu-
mulation of interpersonal violence, lifecourse profiles of inter-
personal violence), to identify whether particular categories of
traumatic experience were more strongly associated with arthri-
tis outcomes. Some experiences of trauma could directly influ-
ence arthritis risk through injury sustained during the traumatic
event. Thus, we reran primary models with alternative trauma
variables that excluded traumatic events feasibly associated
with physical injury, including physical abuse by a parent,
combat exposure, serious physical attack, and life-threatening
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illness or accident. We tested gender-trauma variable interactions
and then performed gender-stratified primary prevalent and inci-
dent models. We additionally tested race- and ethnicity-trauma
interactions and performed race and ethnicity stratified models.
All hypothesis testing was two-sided with a priori determined
significance threshold of p < .05. All analyses were conducted
in R, version 4.2.3.

RESULTS

The baseline analytic sample was 65.4 years old on aver-
age (SD = 12.9) and included mostly women (60.2%)
(Table 1). The sample was mostly White (84.1%), with fewer
Black or African American (10.8%) or other race (5.1%) indi-
viduals, and 8.2% identified as Hispanic. A majority of the
sample experienced at least one lifetime traumatic event
(71.6%). Any lifetime trauma exposure was less likely among
younger (age <55) adults, more common among men versus
women, but was similarly distributed across race and ethnicity.
The average count of lifetime trauma types was 1.5 (SD = 1.4),
with 28.4% experiencing no trauma, 30.3% experiencing one
trauma type, 19.8% experiencing two, 12.4% experiencing
three, and 9.1% experiencing four or more. Among those with
information on timing of exposures, 25.3% experienced expo-
sures during childhood only, 25.5% in adulthood only, and
12.2% in both childhood and adulthood.

Lifecourse Trauma and Prevalent Arthritis Cross-
Sectionally at Baseline

Among the analytic sample for prevalent analyses, 3448
(60.3%) individuals had a diagnosis of any arthritis as of our
study baseline. With respect to arthritis type, 781 (13.7%) indi-
viduals reported immune-related arthritis and 2692 (47.1%) re-
ported osteoarthritis. Notably, 502 (8.8%) individuals reported
both immune-related and osteoarthritis.

Any lifetime trauma was associated with a 13% higher
likelihood of having any prevalent arthritis (confounder-ad-
justed PR = 1.13, 95% confidence interval [CI] = 1.05-1.22;
Table 2). Accumulation of trauma was also associated with a
higher likelihood of prevalent arthritis, with one additional
traumatic event exposure associated with 6% higher likelihood
of arthritis (confounder-adjusted PR = 1.06, 95% CI =
1.04-1.09). Considering lifecourse trauma profiles, exposures
during childhood, adulthood, or both were each associated with
a higher likelihood of arthritis relative to those unexposed to
trauma. Estimates overall were relatively similar and had over-
lapping confidence intervals, although the magnitude of risk
was highest among those who experienced trauma in both child-
hood and adulthood. Accounting for potential pathway variables
(i.e., adult social factors, biobehavioral factors, depressive
symptoms) only slightly attenuated the magnitude of associa-
tions. Associations were generally similar for immune-related
arthritis and osteoarthritis, with higher magnitude associations
for immune-related arthritis.

Lifecourse Trauma and Incident Arthritis in
Prospective Data

Across follow-up, 810 (35.7%) individuals in the incident an-
alytic sample developed any arthritis, with 85 (3.8%) cases reported
as immune-related arthritis and 443 (19.5%) as osteoarthritis.
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TABLE 1. Distribution of Covariates Among the Analytic Sample and by Trauma Exposure in the Health and Retirement Study (n=5717)

Full Sample No Lifetime Trauma, n = 1623 (28.4%) Any Lifetime Trauma, n = 4094 (71.6%)

Covariate N (%) N (%) N (%)
Age, M (SD) 65.4 (12.9) 64.9 (13.2) 65.5(12.8)
Age category

<55y 1545 (27.0) 509 (31.4) 1036 (25.3)*

5660y 1380 (24.1) 359 (22.1) 1021 (24.9)

60-78 y 1396 (24.4) 369 (22.7) 1027 (25.1)

>78'y 1396 (24.4) 386 (23.8) 1010 (24.7)
Gender

Women 3443 (60.2) 1041 (64.1) 2402 (58.7)*

Men 2274 (39.8) 582 (35.9) 1692 (41.3)
Race

White 4807 (84.1) 1349 (83.1) 3458 (84.5)

Black or African American 617 (10.8) 174 (10.7) 443 (10.8)

Other 293 (5.1) 100 (6.2) 193 (4.7)
Ethnicity

Hispanic 467 (8.2) 148 (9.1) 319 (7.8)

Not Hispanic 5250 (91.8) 1475 (90.9) 3775 (92.2)
Educational attainment

Less than high school 880 (15.4) 258 (15.9) 622 (15.2)*

High school graduate 1701 (29.8) 515 (31.7) 1186 (29.0)

GED 224 (3.9) 53 (3.3) 171 (4.2)

Some college 1432 (25.0) 357 (22.0) 1075 (26.3)

4-y college or more 1480 (25.9) 440 (27.1) 1040 (25.4)
Marital status

Married or partnered 3817 (66.8) 1137 (70.1) 2680 (65.5)*

Never married 174 (3.0) 61 (3.8) 113 (2.8)

Separated or divorced 644 (11.3) 147 (9.1) 497 (12.1)

Widowed 1082 (18.9) 278 (17.1) 804 (19.6)
BMI, M (SD) 28.0 (5.9) 27.7 (5.8) 28.1 (5.9)*
Physical activity

Never 3262 (57.1) 916 (56.4) 2346 (57.3)

<I times per month 426 (7.5) 121 (7.5) 305 (7.4)

1-3 times per month 504 (8.8) 165 (10.2) 339 (8.3)

1-2 times per week 1222 (21.4) 346 (21.3) 876 (21.4)

23 times per week 177 (3.1) 41 (2.5) 136 (3.3)

Missing 126 (2.2) 34 (2.1) 92 (2.2)
Alcohol consumption

Never drinks 2536 (44.4) 745 (45.9) 1791 (43.7)

Drinks alcohol 3061 (53.5) 848 (52.2) 2213 (54.1)

Missing 120 (2.1) 30 (1.8) 90 (2.2)
Smoking

Nonsmoker 4855 (84.9) 1407 (86.7) 3448 (84.2)

Current smoker 737 (12.9) 183 (11.3) 554 (13.5)

Missing 125 (2.2) 33 (2.0) 92 (2.2)
Depressive symptoms, M (SD) 1.5 (2.0) 1.2 (1.7 1.6 (2.1)*

M (SD) = mean (standard deviation); GED = General Equivalency Diploma.

*p < .05 for ¢ tests or x* tests between covariates and lifetime trauma exposure.

Considering incident cases, any lifetime trauma was asso-
ciated with 25% higher hazards of any arthritis (HR = 1.25,
95% CI = 1.07-1.47; Table 3 and Figure 1), and each addi-
tional lifetime traumatic event was associated with 13% higher
hazards (HR = 1.13, 95% CI = 1.07-1.19) in confounder-
adjusted models. Exposure to trauma particularly in childhood
was associated with higher hazards of any incident arthritis,
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relative to no exposure. Similar to cross-sectional models, there
was a minor attenuation of associations when additionally
adjusting for potential pathway variables. Findings diverged
by arthritis type, with no significant associations between
trauma and immune-related arthritis (though directions of asso-
ciations were similar, except for adult trauma, which appeared
protective). In contrast, there were significant associations for

© 2024 Lippincott Williams & Wilkins
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TABLE 2. Cross-Sectional Associations Between Trauma Exposure and Prevalent Arthritis as of Baseline in the Health and Retirement

Study (n=5717)

Any Arthritis
Crude Confounder Adult Social Factors  Biobehavioral Factors  Depressive Symptoms
Trauma Variables PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)
Any lifetime trauma
No trauma Ref Ref Ref Ref Ref
Any lifetime trauma 1.13 1.04-1.22)  1.13 (1.05-1.22) 1.13 (1.04-1.22) 1.12 (1.03-1.21) 1.10 (1.01-1.19)
R? Nagelkerke 0.004 0.101 0.111 0.136 0.146

Lifecourse trauma accumulation
Count of trauma, M (SD)
R? Nagelkerke
Lifecourse trauma profiles”
No trauma

1.06 (1.03-1.08)
0.008

Ref

1.06 (1.04-1.09)
0.107

Ref

1.06 (1.04-1.09)
0.116

Ref

1.06 (1.03-1.08)
0.140

Ref

1.05 (1.02-1.07)
0.149

Ref

Childhood only 1.04 (0.94-1.15) 1.16 (1.05-1.29) 1.14 (1.03-1.27) 1.13 (1.02-1.26) 1.12 (1.01-1.24)
Adult only 1.21 (1.09-1.33)  1.14 (1.03-1.25) 1.14 (1.03-1.26) 1.14 (1.03-1.26) 1.12 (1.01-1.24)
Both childhood and adult 1.18 (1.04-1.33)  1.24 (1.09-1.41) 1.23 (1.08-1.39) 1.21 (1.07-1.37) 1.17 (1.03-1.33)
R? Nagelkerke 0.008 0.102 0.110 0.139 0.147
Immune-Related Arthritis
Crude Confounder Adult Social Factors  Biobehavioral Factors  Depressive Symptoms
Trauma Variables PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)
Any lifetime trauma
No trauma Ref Ref Ref Ref Ref
Any lifetime trauma 1.28 (1.08-1.51) 1.29 (1.10-1.52) 1.28 (1.08-1.51) 1.26 (1.07-1.49) 1.21 (1.03-1.44)
R? Nagelkerke 0.004 0.026 0.055 0.074 0.086
Lifecourse trauma accumulation
Count of trauma, M (SD) 1.14 (1.09-1.19)  1.14 (1.09-1.19) 1.13 (1.08-1.18) 1.12 (1.06-1.17) 1.10 (1.05-1.15)
R? Nagelkerke 0.012 0.034 0.061 0.079 0.089
Lifecourse trauma profiles®
No trauma Ref Ref Ref Ref Ref

Childhood only 1.37 (1.11-1.69)  1.52 (1.23-1.87) 1.44 (1.16-1.78) 1.42 (1.14-1.75) 1.37 (1.11-1.70)
Adult only 1.30 (1.05-1.60)  1.24 (1.01-1.54) 1.24 (1.00-1.54) 1.25 (1.01-1.55) 1.20 (0.97-1.48)
Both childhood and adult 1.39 (1.07-1.80)  1.44 (1.10-1.86) 1.39 (1.07-1.80) 1.36 (1.04-1.76) 1.26 (0.96-1.63)
R? Nagelkerke 0.007 0.035 0.064 0.085 0.096
Osteoarthritis
Crude Confounder Adult Social Factors  Biobehavioral Factors  Depressive Symptoms
Trauma Variables PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)
Any lifetime trauma
No trauma Ref Ref Ref Ref Ref
Any lifetime trauma 1.19 (1.09-1.30)  1.20 (1.10-1.31) 1.19 (1.09-1.30) 1.18 (1.08-1.29) 1.15 (1.05-1.26)
R? Nagelkerke 0.005 0.073 0.078 0.104 0.114

Lifecourse trauma accumulation
Count of trauma, M (SD)
R? Nagelkerke
Lifecourse trauma profiles®
No trauma
Childhood only
Adult only
Both childhood and adult
R* Nagelkerke

1.08 (1.06-1.11)
0.012

Ref
1.12 (1.00-1.26
1.26 (1.13-1.41)
1.29 (1.12-1.49)
0.010

1.09 (1.07-1.12)
0.082

Ref
1.24 (1.11-1.40)
1.20 (1.07-1.35)
1.37 (1.19-1.58)
0.080

1.09 (1.06-1.12)
0.086

Ref
1.23 (1.09-1.38)
1.20 (1.07-1.34)
1.35 (1.17-1.56)
0.083

1.08 (1.06-1.11)
0.110

Ref
1.22 (1.08-1.37)
1.20 (1.07-1.34)
1.33 (1.15-1.53)
0.111

1.07 (1.04-1.10)
0.119

Ref
1.20 (1.06-1.35)
1.18 (1.05-1.32)
1.28 (1.11-1.47)
0.119

PR = prevalence ratio; CI = confidence intervals; M (SD) = mean (standard deviation).

Model adjustment: crude (no covariates), confounder (age, gender, race, ethnicity), adult social factors (confounders plus educational attainment and marital sta-
tus), biobehavioral factors (confounders, adult social factors, and BMI, alcohol use, smoking, and physical activity), depressive symptoms (confounders, adult social
factors, biobehavioral factors, and depressive symptoms). Models are adjusted for inverse probability weighting for selection bias. Bolded estimates are significant at
p <.05. Immune-related arthritis includes rheumatoid arthritis, gout, and lupus. Osteoarthritis includes osteoarthritis and arthritis due to injury.

“n=4386 due to missing timing of exposures.
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TABLE 3. Prospective Associations Between Trauma Exposure and Incident Arthritis Over 12 Years of Follow-Up in the Health and Retirement

Study (n = 2269)

Any Arthritis
Crude Confounder Adult Social Factors  Biobehavioral Factors  Depressive Symptoms
Trauma Variables HR (91% CI) HR (95% CI) HR (91% CI) HR (91% CI) HR (91% CI)
Any lifetime trauma
No trauma Ref Ref Ref Ref Ref
Any lifetime trauma 1.25 (1.07,1.46) 1.25(1.07-1.47) 1.25 (1.06-1.46) 1.22 (1.04-1.44) 1.20 (1.02-1.42)
R* Nagelkerke 0.004 0.011 0.015 0.032 0.040

Lifecourse trauma accumulation
Count of trauma, M (SD)
R? Nagelkerke
Lifecourse trauma profiles”
No trauma

1.12 (1.07-1.19)
0.009

Ref

1.13 (1.07-1.19)
0.016

Ref

1.13 (1.07-1.19)
0.021

Ref

1.13 (1.07-1.19)
0.038

Ref

1.11 (1.05-1.18)
0.045

Ref

Childhood only 141 (1.16-1.71)  1.45 (1.19-1.76) 1.44 (1.18-1.75) 1.41 (1.16-1.73) 1.41 (1.15-1.72)
Adult only 1.21 (0.97-1.51)  1.19 (0.96-1.48) 1.20 (0.97-1.50) 1.19 (0.95-1.48) 1.17 (0.94-1.46)
Both childhood and adult 1.17 (0.88-1.56)  1.21 (0.90-1.61) 1.19 (0.89-1.59) 1.17 (0.87-1.58) 1.11 (0.82-1.49)
R? Nagelkerke 0.007 0.017 0.021 0.032 0.041
Immune-Related Arthritis
Crude Confounder Adult Social Factors  Biobehavioral Factors  Depressive Symptoms

Trauma Variables

HR (91% CI)

HR (95% CI)

HR (91% CI)

HR (91% CI)

HR (91% CI)

Any lifetime trauma
No trauma
Any lifetime trauma
R? Nagelkerke
Lifecourse trauma accumulation
Count of trauma, M (SD)
R? Nagelkerke
Lifecourse trauma profiles”
No trauma

Ref
1.00 (0.71-1.42)
0.000

1.08 (0.95-1.22)
0.001

Ref

Ref
1.02 (0.72-1.43)
0.017

1.07 (0.95-1.21)
0.017

Ref

Ref
1.01 (0.72-1.43)
0.019

1.07 (0.94-1.21)
0.019

Ref

Ref
0.95 (0.66-1.35)
0.026

1.05 (0.92-1.19)
0.026

Ref

Ref
0.92 (0.65-1.30)
0.032

1.03 (0.90-1.17)
0.032

Ref

Childhood only 1.24 (0.81-1.90)  1.29 (0.85-1.96) 1.23 (0.81-1.89) 1.16 (0.75-1.80) 1.16 (0.75-1.80)
Adult only 0.71 (0.42-1.24)  0.73 (0.42-1.25) 0.75 (0.44-1.30) 0.71 (0.40-1.25) 0.71 (0.41-1.24)
Both childhood and adult 0.61 (0.30-1.26) 0.61 (0.30-1.24) 0.57 (0.28-1.18) 0.54 (0.25-1.13) 0.48 (0.23-1.01)
R? Nagelkerke 0.004 0.026 0.031 0.035 0.042
Osteoarthritis
Crude Confounder Adult Social Factors  Biobehavioral Factors  Depressive Symptoms

Trauma Variables

HR (91% CI)

HR (95% CI)

HR (91% CI)

HR (91% CI)

HR (91% CI)

Any lifetime trauma
No trauma
Any lifetime trauma
R* Nagelkerke
Lifecourse trauma accumulation
Count of trauma, M (SD)
R* Nagelkerke
Lifecourse trauma profiles”
No trauma
Childhood only
Adult only
Both childhood and adult
R? Nagelkerke

Ref
1.22 (1.02-1.48)
0.002

1.13 (1.07-1.21)
0.007

Ref
1.48 (1.18-1.85)
1.12 (0.86-1.46)
1.25 (0.90-1.74)
0.007

Ref
1.23 (1.02-1.49)
0.008

1.14 (1.07-1.22)
0.013

Ref
1.50 (1.20-1.87)
1.13 (0.87-1.48)
1.30 (0.94-1.80)
0.016

Ref
1.24 (1.03-1.50)
0.011

1.14 (1.07-1.22)
0.016

Ref
1.51 (1.20-1.89)
1.14 (0.87-1.49)
1.28 (0.93-1.78)
0.018

Ref
1.20 (1.00—1.45)
0.029

1.14 (1.07-1.21)
0.035

Ref
1.47 (1.17-1.85)
1.12 (0.85-1.46)
1.24 (0.89-1.72)
0.031

Ref
1.18 (0.98-1.43)
0.037

1.12 (1.05-1.20)
0.041

Ref
1.45 (1.16-1.83)
1.10 (0.84-1.44)
1.17 (0.83-1.63)
0.040

HR = hazard ratio; CI = confidence intervals, M (SD) = mean (standard deviation).

Model adjustment: crude (no covariates), confounder (age, gender, race, ethnicity), adult social factors (confounders plus educational attainment and marital sta-
tus), biobehavioral factors (confounders, adult social factors, and BMI, alcohol use, smoking, and physical activity), depressive symptoms (confounders, adult social
factors, biobehavioral factors, and depressive symptoms). Models are adjusted for inverse probability weighting for selection bias. Bolded estimates are significant at
p <.05. Immune-related arthritis includes rheumatoid arthritis, gout, and lupus. Osteoarthritis includes osteoarthritis and arthritis due to injury.

“n = 1758 due to missing timing of exposures.
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FIGURE 1. Kaplan-Meier curves of survival rates for incidence of any arthritis in prospective data by (A) any lifetime trauma exposure, (B) trauma
accumulation, and (C) lifecourse trauma profiles. A, Survival to arthritis over follow-up stratified by lifetime trauma exposed versus unexposed, n =
2269. B, Survival to arthritis over follow-up stratified by trauma accumulation (count 0—4+), n=2269. C, Survival to arthritis over follow-up stratified by
lifecourse trauma profile (unexposed, child only, adult only, child and adult exposure), n=1758. Color images are available online only at the journal

website, https://doi.org/10.1097/PSY.0000000000001331.

any lifetime trauma, trauma count, and childhood trauma expo-
sure with increased hazards of incident osteoarthritis.

Exploratory and Sensitivity Analyses

Examining different trauma types, any trauma exposure
and higher trauma accumulation across trauma types were as-
sociated with prevalent arthritis cases (Supplemental Digital
Content, Table S1, http:/links.lww.com/PSYMED/B34). For
lifecourse trauma profiles, there was some suggestion that
childhood exposure to interpersonal trauma was more strongly
associated with prevalent arthritis than either other trauma to
self or trauma to others; however, patterns were generally sim-
ilar. In prospective models, associations were similar across dif-
ferent trauma types, with some indication of stronger magnitude
of effects for interpersonal violence (Table S2). When excluding
injury-specific trauma variables, associations between trauma and
prevalent arthritis outcomes were generally similar but slightly
smaller magnitude compared to primary models (Table S3).
Likewise, in incident models, estimates were generally compa-
rable for any arthritis and attenuated for immune-related and
osteoarthritis (Table S4). We largely did not identify significant
trauma-gender interactions, suggesting that overall patterns of

© 2024 Lippincott Williams & Wilkins

associations between trauma and arthritis outcomes were sim-
ilar between men and women (Tables S5 and S6). There were
few differences in the primary associations across different ra-
cial (Tables S7 and S8) and ethnic groups (Tables S9 and S10).

DISCUSSION

In this large, community-based sample of older adults, we
found that lifetime trauma exposure was associated with higher
risk for prevalent and incident arthritis. Similar to other
community-based estimates (47,48), a large majority of our sam-
ple experienced at least one lifetime trauma, and exposures during
childhood were common. Moreover, our large sample of older
adults had high levels of prevalent arthritis (60.3% by baseline),
which is slightly higher than US prevalence estimates of 50.4%
of adults 65 years or older having doctor-diagnosed arthritis
(49). We probed associations of different lifecourse models with
arthritis in general and by arthritis type. Generally, experiencing
any lifetime trauma versus none, higher accumulation of trauma,
and trauma occurring in childhood or across multiple life periods
(childhood and adulthood) were associated with a higher likeli-
hood of both having and developing arthritis in older adults, sug-
gesting that all three models were supported by the data.
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Considering different lifecourse trauma models, we found
evidence for any exposure, accumulation, and sensitive periods
with arthritis. In prevalent models, any exposure as well as each
additional accumulation of trauma was associated with a
higher likelihood of having arthritis. Exposures at each devel-
opmental period assessed were associated with having arthritis,
relative to unexposed individuals. There was some indication
that individuals exposed both in childhood and adulthood had
the highest likelihood of prevalent arthritis, suggesting that accu-
mulation of trauma across different developmental time periods
may be a potent risk factor for having prevalent arthritis. These
findings align with models of accumulation and sensitive periods
of risk (20,23,25); it is possible that elevated risk was due to
heightened trauma burden over time exceeding one’s coping re-
sources and causing accumulation of biological or psychological
consequences, or to disrupted biological, psychosocial, or behav-
ioral development from exposure in childhood. Although closer
examination of mechanisms and better precision with respect to
timing are necessary to disentangle these lifecourse models, the
findings imply that prevention efforts should target trauma across
the lifecourse, but limited resources may be best focused in child-
hood, particularly among children in potentially riskier environ-
ments who may face additional trauma. Prospective models sim-
ilarly provided support for any exposure and accumulation of
trauma and increased risk for incident osteoarthritis. Prospective
analyses had relatively few individuals who experienced both
childhood and adulthood trauma; therefore, we may have been
underpowered to identify these associations. Additionally, in-
cident immune-related arthritis was uncommon, and thus, esti-
mates for specific developmental periods were imprecise.
Pseudo R? values suggested that explanatory values across
different lifecourse models were similar, and effect esti-
mates within models were generally similar in magnitude
(e.g., childhood only versus childhood and adulthood). Ex-
ploratory models examining categories of trauma types
showed largely comparable associations, with some sugges-
tion that interpersonal violence is particularly impactful.
Future work should examine trauma history more compre-
hensively to assess both trauma type and lifecourse timing
in relation to health outcomes. Although there is some sug-
gestion that childhood exposures may be particularly detri-
mental, exposure to more trauma types at any time in one’s
life appears detrimental to musculoskeletal and rheumatolog-
ical health in later adulthood.

We identified similar patterns when examining separate
arthritis types as endpoints. Trauma exposure variables tended
to be associated with both arthritis types in the same directions
and to similar magnitudes. The main exception was prospec-
tive models of immune-related arthritis, of which there were
relatively few incident cases (n = 85). Both arthritis types in
the current study are characterized by damage to musculoskel-
etal tissue, but vary in pathophysiology with RA classified as a
systemic autoimmune inflammatory condition involving loss
of self-tolerance, and osteoarthritis a largely degenerative joint
disease involving protein or tissue breakdown. There may be
different mechanistic pathways linking exposure to trauma
and development of immune-related versus osteoarthritis. For
example, the pathogenesis of some but not all RA cases involves
circulating autoantibodies in combination with genetic predis-
position and environmental triggers, such as behaviors or stress
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(35,50). Other population-based studies tend to collapse “arthri-
tis” as a general category, with many participants not reporting
or unaware of arthritis type (51,52). However, despite the poten-
tial lack of precision in arthritis disease definitions, our findings
suggest that experiences of trauma across the lifecourse may in-
crease arthritis risk generally, highlighting the potential shared
inflammatory, immune-related, and metabolic factors that may
mechanistically link trauma exposure and arthritis.

Our models adjusted for a series of potential pathway
variables, which could reflect mechanisms linking trauma ex-
posures to arthritis including social (e.g., marital status), bio-
behavioral (e.g., BMI, smoking), and psychological (e.g., de-
pressive symptoms) factors. Adjusting for these variables, in
addition to our probable confounders, only modestly attenu-
ated associations between trauma variables and both prevalent
and incident arthritis cases. This suggests that these factors, as
measured at baseline, did not fully explain the associations we
identified and other potential mechanisms may be at work.
Little difference was identified in associations between
lifecourse trauma variables and arthritis endpoints across gen-
der, race, and ethnic groups, indicating that trauma may simi-
larly impact arthritis risk broadly in different sociodemo-
graphic groups. Notably, these analyses were exploratory, and
some subgroup analyses were small and potentially underpow-
ered (e.g., only 151 individuals of other race in prospective
analyses); thus, future work could directly address potential
sociodemographic disparities.

An important consideration when examining the impacts
of trauma on health outcomes, especially rheumatological or
musculoskeletal conditions, is the potential for the traumatic
experience to lead to injury directly causing physical damage
to joints or muscles (53). Although this relationship is indeed
important (e.g., car accident injuries causing osteoarthritis),
much of the research linking trauma and health outcomes is fo-
cused on psychological, behavioral, and physiological implica-
tions of the psychological experience of trauma. For example,
experiencing traumatic stress and related chronic stress activation
can influence dysregulated hypothalamic-pituitary-adrenal axis
or sympathetic nervous system functioning, unhealthy behaviors,
and maladaptive coping strategies, heightening allostatic load
burden (e.g., cumulative physiological wear and tear from multi-
ple systems) and ultimately impacting susceptibility to diseases
like arthritis (6,37). Thus, even witnessing or learning about
trauma can impact one’s later health through alternative path-
ways besides direct physical damage. Indeed, it is possible that
psychological consequences of trauma are key drivers of arthritis
risk. For example, some evidence suggests that psychological
sequelae of trauma, such as depression or posttraumatic stress
disorder, are associated with increased risk for RA (54-56). In
sensitivity analyses, we removed traumatic experiences that
feasibly could lead to direct injury from the trauma definition.
The associations were generally robust and similar to primary esti-
mates, particularly associations between trauma and osteoarthritis,
which could most commonly be a consequence of bodily injury.
These analyses suggest that associations seen between trauma
and arthritis are not solely due to injury from physical trauma,
but may reflect additional pathophysiological mechanisms.

Incorporating both prevalent and incident models pro-
vided complementary evidence of the association of lifetime
trauma and arthritis. Our prevalent analyses suggested that

© 2024 Lippincott Williams & Wilkins
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lifetime trauma was associated with a higher likelihood of hav-
ing any type of arthritis in older adulthood. However, the
timing is imprecise; arthritis diagnosis may have occurred at
any point before our study baseline and potentially before
trauma exposures. Even for early life trauma, it is possible that
retrospective recall can be influenced by current mental or
physical health status (57,58). Although childhood experiences
should temporally precede adult arthritis, it is possible that
one’s current arthritis status could influence retrospective re-
call, potentially biasing associations. Our incident models
found that lifetime trauma was associated with elevated risk
for developing incident arthritis (particularly osteoarthritis)
over 12 years of follow-up. However, lifetime trauma was re-
ported in 2006-2008 (mean age = 65 years), a relatively arbi-
trary time point to classify as baseline in relation to the devel-
opment of arthritis. Over 60% of the analytic sample had al-
ready developed arthritis by 2008, thus restricting to those
without arthritis selected a healthy sample. For example, those
with higher lifetime trauma burden may have already devel-
oped arthritis; thus, the incident sample likely reflected health-
ier individuals who were generally at lower risk for arthritis.
This is particularly important for RA, which tends to onset be-
tween ages 30 and 50 years (59), as opposed to osteoarthritis,
which tends to increase in prevalence starting around age 50
years (60). This difference may partially explain the lack of sig-
nificant associations between trauma and incident immune-
related arthritis in prospective analyses. Future work with lon-
ger follow-up periods earlier in the lifecourse should test these
associations. Despite inherent drawbacks for both strategies,
comparing analyses provides converging evidence supporting
an association between lifetime trauma exposure and diagnosis
of arthritis.

Our study benefitted from a relatively large community-
based sample of older adults, included a range of adversities
and traumatic events, incorporated different lifecourse models,
and examined different forms of arthritis. However, there are
several limitations. Lifetime trauma was retrospectively re-
ported in mid to late adulthood, which can result in recall bias
and misclassification. The trauma measure was not compre-
hensive and important details (e.g., severity, chronicity) of ex-
periences were not assessed, particularly in trauma type analy-
ses (e.g., only two exposures were included in “interpersonal
violence™). Missingness for timing of endorsed events could
have caused selection bias especially if missingness was related
to aspects of exposure (e.g., chronic exposures over years may
be missing “year” of exposure). Modeling accumulation of risk
as count of trauma types assumes a linear association between
each additional trauma, which may not best represent associa-
tions if there are threshold effects. Arthritis outcomes were
self-reported and thus subject to reporting biases; missingness
for specific arthritis types (especially incident cases) lowered
our power and could have resulted in misclassification error.
Our analyses were limited with respect to timing of trauma
and arthritis measures, with lifetime trauma being reported once
during adulthood. As described, application of complimentary
methods allowed for comparison of associations given the lim-
itations of both. Missing data and loss to follow-up could have
induced selection bias in our analyses, which we attempted to
statistically adjust for using IPW. Although HRS was designed
to be representative of older US community-dwelling adults,

© 2024 Lippincott Williams & Wilkins

given our focused research question, we did not apply sampling
weights, and thus, our findings are not directly generalizable to
the HRS target population.

CONCLUSIONS

Given the aging population and the high burden of arthri-
tis in older adults, it is important to understand psychosocial
risk factors and to highlight groups that might be at heightened
risk for developing arthritis. Future studies should continue to
examine the potential mechanisms linking lifetime trauma ex-
posure with various arthritis-related outcomes, to best under-
stand how to guide treatment or prevention efforts.
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