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Objective. The objectives of this study are to identify patterns of anxiety symptomology over time among patients
with systemic lupus erythematosus (SLE) and to assess the longitudinal relationship between SLE disease activity and
anxiety symptomology.

Methods. Longitudinal data from 139 patients with American College of Rheumatology or Systemic Lupus Interna-
tional Collborating Clinic (SLICC)-classified SLE were analyzed. Anxiety symptomology was assessed using the
Patient-Reported Outcomes Measurement Information System (PROMIS) Emotional Distress: Anxiety Short Form 8a.
SLE disease activity was measured using the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)-2000
(S2K) and S2K Responder Index 50 (S2K RI-50). Group-based trajectory modeling (GBTM) identified longitudinal tra-
jectories of anxiety symptomology. The relationship between disease activity and anxiety over time was assessed
using multilevel linear regressions.

Results. The mean patient age was 40.2 years (standard deviation [SD], 12.7); 90.6%were female, and 56.1%were
of Black race. All patients had at least three PROMIS anxiety scores over an average of 30.9 months (SD, 13.0). GBTM
identified four trajectories of anxiety symptomology, labeled as the following: low (LA), average (AA), moderate (MA),
and high anxiety (HA). Black patients were 2.47 (95% confidence interval: 1.19-5.12) times as likely as White patients
to be classified into the MA or HA groups compared with the LA or AA groups. On multivariable analysis, active SLE
disease was not significantly associated with anxiety over time (P = 0.19).

Conclusion. Anxiety trajectories remained stable over time, and racial differences in anxiety severity were observed.
SLE disease activity was not longitudinally associated with anxiety after controlling for depression and other factors. Fur-
ther understanding of the factors that contribute to the persistence of anxiety among individuals with SLE is necessary.

INTRODUCTION

Mood disorders are a common comorbidity in patients with

systemic lupus erythematosus (SLE), and it is estimated that

40% of patients with SLE have comorbid mental health conditions

(1). For example, anxiety has a prevalence rate of 35%-37%

among patients with SLE (2,3), which is nearly double the national

prevalence estimate of 18.1% (4). In 1999, the American College

of Rheumatology revised its criteria for recognizing neuropsychi-

atric manifestations of SLE (NPSLE) (5). Mood disorders,

including depression and anxiety disorders, were included in
these updated NPSLE criteria. This implies that SLE disease
activity may be a root cause of mood disorders (6) and that suc-
cessful treatment of SLE could also alleviate the severity of mood
disorders.

Several studies have examined the relationship between
SLE disease activity and behavioral health, although with con-
flicting results. For example, two different studies showed both
an association and a lack of association between SLE disease
activity scores and the presence of a psychiatric diagnosis
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(7,8). A large, international cohort study concluded that there

was no association between SLE disease activity and mood dis-

orders over time (9). In a systematic review, authors concluded

that the relationship between disease activity and depression in

patients with SLE is unresolved and requires further clarifica-

tion (10).
One challenge with studies that relate disease activity with

mood disorder lies in the known discordance of provider-reported
versus patient-reported outcomes (11,12). For example, patient-
reported global measures of disease activity were found to be
associated with both current and future depression and anxiety
symptoms (13). However, in this same study, only one of four
physician-reported disease activity measures (the Systemic
Lupus Activity Measure) was directly associated with depression
scores, and two measures were inversely associated with anxiety
scores (13). Another small study reported that levels of overall
psychological distress and anxiety symptomology declined over
a 1-year period following study entry, during which all patients
had active disease at study entry and inactive disease at the
1-year follow-up (14). A larger cohort study of patients with SLE
found no significant associations between two physician-
reported measures of disease activity and risk of incident depres-
sion over time (15).

Another important consideration is the cross-sectional
design of many existing studies, which limits interpretation
because hypotheses beyond simple associations between SLE
and mental health cannot be tested. SLE has a paroxysmal dis-
ease course, with alternating and unpredictable cycles of disease
flares and relative inactivity. This provides an opportunity to further
understand the link between mood disorders and SLE using lon-
gitudinal study designs. Monitoring patients over time permits
examining whether the association between mental health and
SLE disease activity that has been observed in some cross-
sectional designs persists longitudinally and whether interactions
between mental health and SLE vary among patients. Neverthe-
less, existing longitudinal studies on this topic are limited by small
sample sizes and short duration of follow-up (13,14,16,17).

With these considerations in mind, we recently reported that
depressed affect is both persistent and largely severe for up to
4 years in a Washington University cohort of patients with SLE
(18). We were further curious to determine whether similar find-
ings may be present for anxiety in this cohort. By specifically char-
acterizing the course of anxiety over time, we can begin to
understand whether such symptoms are periodic and in direct
alignment with periods of active disease or persistent and inde-
pendent of disease activity. As such, the goals of the study are
the following: 1) to identify patterns of anxiety symptomology over
time among patients with SLE and 2) to determine whether
SLE disease activity is longitudinally associated with anxiety
symptomology.

PATIENTS AND METHODS

Participants

Individuals eligible for participation in this study were the
256 unique patients with American College of Rheumatology or
Systemic Lupus International Collaborating Clinics (SLICC)-
classified SLE treated in the Washington University Lupus Clinic
between February 2015 and January 2020. Several clinical mea-
sures were routinely collected at each clinic visit. Individuals with
anxiety symptomology recorded during at least three visits, over
a maximum of 48 months and 19 total visits, were included in
the final analytic sample. This study was approved by the Institu-
tional Review Board at Washington University in St. Louis
(#201412100; initially approved February 17, 2015, last approved
in perpetuity April 21, 2021).

Measures

SLE disease activity. SLE disease activity was assessed
using the Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI)-2000 (S2K) instrument at the patients’ first clinic visit
and the SLEDAI-2K Responder Index-50 (S2K RI-50) at follow-
up visits (19,20). The S2K and S2K RI-50 are validated measures
that allow providers to assess overall SLE disease activity (19). All
providers passed standardized S2K RI-50 training (Kellahan and
Kim). S2K and S2K-RI50 scores above 4 reflect active SLE (21).
Erythrocyte sedimentation rate, anti-double-stranded DNA anti-
body titers, and C3 and C4 complement component levels were
collected as additional surrogates of SLE disease activity (22).

Anxiety symptomology. Anxiety symptomology was
assessed at each visit using the Patient-Reported Outcomes
Measurement Information System (PROMIS) Emotional Dis-
tress: Anxiety Short Form 8a (23). PROMIS comprises a library
of validated questionnaires that assess different patient-
reported outcomes. The PROMIS anxiety scale assesses both
cognitive and somatic symptoms associated with generalized

SIGNIFICANCE & INNOVATIONS
• This study identifies four unique longitudinal trajec-

tories of anxiety symptomology in a cohort of
patients with systemic lupus erythematosus (SLE).

• Anxiety symptoms in all trajectory groups remained
stable over time.

• Black patients, compared with White patients, had
higher odds of membership in trajectory groups
with elevated anxiety and had higher anxiety scores
over time, on average.

• After controlling for race and depression severity,
active SLE disease was not significantly associated
with anxiety scores over time.
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anxiety. Scores on this scale are converted to t scores that
have a mean of 50, reflecting average levels of anxiety com-
pared with the general adult population, and standard devia-
tion (SD) of 10. Moderate symptomology is interpreted as
t scores of 60-70 and severe symptomology as t scores above
70 (24).

Baseline characteristics. Baseline characteristics obtained
at the patients’ first clinic visit included age, biological sex,
race, educational attainment, marital status, employment
status, and obesity. The Center for Epidemiologic Studies
Depression Scale Revised (CESD-R) was collected as an indi-
cator of depressive symptomology, because depression and
anxiety are highly correlated (25). The CESD-R has a range of
0-60, with higher scores indicating higher depression severity
(26). The patient’s comorbid health conditions and medication
regimen were also recorded. When information was incom-
plete, the electronic health record immediately preceding and
following the baseline visit was reviewed, and relevant data
were extracted.

Statistical methods

Descriptive characteristics of the overall sample were
reported as mean and SD for continuous variables and fre-
quency and percentage for categorical variables. To identify
unique trajectories of anxiety symptomology over time, group-
based trajectory modeling was used (27). This method allowed
for the identification of groups of individuals who followed
similar anxiety symptomology patterns using a statistical
approach, as opposed to a theoretical approach. The method
then classified individuals into their most likely trajectory, based
on the predicted probability of membership in each identified
trajectory group. Analyses were performed using the add-on
trajectory (TRAJ) procedure in SAS version 9.4 (SAS Institute)
(28). The final model was selected based on the Bayesian Infor-
mation Criteria (BIC), in which smaller values indicate better
model fit and theoretical understanding of the data. Baseline
characteristics of individuals in each identified anxiety trajectory
group were compared using χ2 tests, Fisher’s exact tests, or
analysis of variance (ANOVA).

To further understand the relationship between SLE disease
activity and anxiety over time, multilevel linear regression models
were used. The anxiety t score was the continuous outcome,
and a categorical indicator of active versus inactive disease based
on S2K or S2K RI-50 was the primary predictor. The multilevel
model accounted for the multiple measurements of anxiety and
disease activity from individuals over time. Univariable and multi-
variable logistic regressions were used to determine the relation-
ship between baseline characteristics and classification in
trajectory groups reflecting either elevated or normal anxiety
symptomology. All analyses were conducted in SAS version 9.4

(SAS Institute), and α = 0.05 was used to determine statistical
significance.

RESULTS

Baseline characteristics. The final sample contained
139 patients with a minimum of 3 PROMIS anxiety scores over
an average of 30.9 months (SD, 13.0; range, 2.6-48). Among all
patients, the total number of assessments included was
920, and the average number of assessments per patient was
7.2 (SD, 3.2; range, 3-16). The average length of time between
one assessment and the next was 150.7 days (SD, 101.5; range,
21-1036). The mean patient age was 40.2 years (SD, 12.7; range,
19-74; Table 1), 90.6% of the patients were female patients, and
56.1% were Black patients. Although complete baseline data
were available for patient age, race, depression and anxiety
scores, and medication use, we did not have complete data for
several additional sociodemographic characteristics, namely
education, marital status, and employment status. Nevertheless,
the information that is available for these characteristics is
reported in Table 1. For this subset of patients with information
available, just over half had at least a college degree (55.4%) and
were unmarried (55.4%), and approximately one third were
employed (36.0%).

Regarding the clinical characteristics of patients at baseline
(Table 1), 73.1% of participants had overweight or obesity
(29.1% and 44.0%, respectively), and the average CESD-R score
was 19.9 (SD, 14.9), corresponding to symptomology indicative
of depressed affect. The mean PROMIS anxiety score in the pop-
ulation at baseline was 55.0 (SD, 12.7), corresponding to anxiety
symptomology slightly above the average for a general adult pop-
ulation. Just over one third of subjects (35.9%) had active disease
(S2K RI-50 score >4) at baseline, and the average baseline SLE-
DAI score in the full population was 4.3 (SD, 4.5). The prevalence
of comorbid diseases among patients was 42.8% for hyperten-
sion, 16.5% for hyperlipidemia, 13.4% for hypothyroidism, and
just under 10% for type 2 diabetes mellitus (9.0%) and antiphos-
pholipid syndrome (9.4%). The average prednisone dose was
5.5 mg/d (SD, 10.5), and just under one quarter of patients
(23.7%) were on a prednisone dose greater than 7.5 mg/d. One
in five subjects (21.6%) were on either a selective serotonin reup-
take inhibitor or a serotonin-norepinephrine reuptake inhibitor,
and 28.1% were prescribed a narcotic. Smaller proportions of
the sample were on benzodiazepines, tricyclic antidepressants,
or hypnotics (8.6%, 5.0%, and 7.9%, respectively). Most charac-
teristics of individuals included in the final sample did not mean-
ingfully differ from those of individuals excluded from the final
sample (Supplemental Table S1). The only meaningful difference
observed was with respect to the racial distribution, which indi-
cated that a larger proportion of Black individuals were included
in the final sample.
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Anxiety trajectory group identification. Group-based
trajectory models with three, four, and five anxiety trajectory
groups were assessed. The three-group model was simplest,

but the difference in BIC between the three- and four-group mod-
els was relatively large (Δ BIC = −60.76). Moreover, the four-
group model identified two unique groups of patients with

Table 1. Demographic and clinical characteristics of subjects included in the sample, overall and by identified anxiety trajectory group

Variable Total (N = 139) LA (n = 27) AA (n = 37) MA (n = 57) HA (n = 18) P value

Demographic characteristics
Age at baseline, mean (SD), yr 40.2 (12.7) 37.8 (15.4) 40.2 (12.0) 41.2 (12.3) 40.9 (11.4) 0.716
Sex, n (% female) 126 (90.6) 24 (88.9) 34 (91.9) 53 (93.0) 15 (83.3) 0.579
Race, n (%) 0.008*
White 54 (38.8) 12 (44.4) 19 (51.4) 21 (36.8) 2 (11.1)
Black 78 (56.1) 12 (44.4) 15 (40.5) 35 (61.4) 16 (88.9)
Other 7 (5.0) 3 (11.1) 3 (8.1) 1 (1.75) 0 (0)

Highest education attainment, n (%) 0.511
Unknown 39 (28.1) 5 (18.5) 10 (27.0) 17 (29.8) 7 (38.9)
Less than 12th grade 3 (2.2) 0 (0.0) 0 (0.0) 2 (3.5) 1 (5.6)
GED/high school/some college 68 (48.9) 15 (55.6) 17 (46.0) 27 (47.4) 9 (50.0)
College/over college 29 (20.9) 7 (25.9) 10 (27.0) 11 (19.3) 1 (5.6)

Marital status 0.848
Unknown 19 (13.7) 3 (11.1) 4 (10.8) 8 (14.0) 4 (22.2)
Not married 77 (55.4) 17 (63.0) 19 (51.4) 32 (56.1) 9 (50.0)
Married 43 (30.9) 7 (25.9) 14 (37.8) 17 (29.8) 5 (27.8)

Employment status 0.239
Unknown 44 (31.7) 8 (29.6) 12 (32.4) 18 (31.6) 6 (33.3)
Employed 50 (36.0) 14 (51.9) 14 (37.8) 20 (35.1) 2 (11.1)
Unemployed 7 (5.0) 0 (0.0) 2 (5.4) 4 (7.0) 1 (5.6)
Othera 38 (27.3) 5 (18.5) 9 (24.3) 15 (26.3) 9 (50.0)

Clinical characteristics
Obesity (n = 134) 0.726
Normal BMI (<25.0 kg/m2) 36 (26.9) 7 (25.9) 11 (30.6) 13 (23.6) 5 (31.3)
Overweight (25.0-29.9 kg/m2) 39 (29.1) 7 (25.9) 11 (30.6) 19 (34.6) 2 (12.5)
Obesity (≥30.0 kg/m2) 59 (44.0) 13 (48.2) 14 (38.9) 23 (41.8) 9 (56.3)

SLEDAI score (n = 132; SD) 4.3 (4.5) 2.5 (2.4) 4.3 (3.8) 4.5 (4.5) 5.9 (6.9) 0.097
SLEDAI at baseline (n = 131) 0.469
Active (>4) 47 (35.9) 6 (24.0) 14 (41.2) 19 (35.2) 8 (44.4)
Inactive (<4) 84 (64.1) 19 (76.0) 20 (58.8) 35 (64.8) 10 (55.6)

C3 complement (n = 128; SD) 114.0 (36.8) 115.6 (34.9) 105.7 (29.1) 116.5 (42.7) 119.6 (32.6) 0.519
C4 complement (n = 127; SD) 22.7 (10.0) 21.0 (6.8) 20.4 (8.6) 24.8 (12.0) 22.9 (9.0) 0.189
dsDNA (n = 63; SD) 134.9 (169.3) 138.4 (192.7) 141.0 (177.1) 143.3 (171.9) 56.9 (42.1) 0.771
dsDNA % positive (n = 129) 72 (55.8) 14 (56.0) 18 (54.6) 33 (60.0) 7 (43.8) 0.861
ESR (n = 123; SD) 28.7 (24.6) 25.2 (21.8) 31.7 (27.6) 30.5 (24.4) 23.4 (24.8) 0.583
CESD-R score at baseline (SD) 19.9 (14.9) 5.0 (5.2) 13.9 (9.9) 25.6 (12.7) 36.4 (13.4) <0.001*
PROMIS anxiety score at baseline (SD) 55.0 (12.7) 38.9 (4.1) 48.7 (8.6) 62.0 (6.9) 70.2 (7.8) <0.001*
Hypertension (n = 138) 59 (42.8) 10 (37.0) 16 (43.2) 23 (40.4) 10 (58.8) 0.514
Hyperlipidemia 23 (16.5) 4 (14.8) 5 (13.5) 10 (17.5) 4 (22.2) 0.858
Diabetes mellitus type 2 (n = 134) 12 (9.0) 3 (11.1) 3 (8.3) 6 (10.9) 0 (0.0) 0.644
Hypothyroidism (n = 134) 18 (13.4) 3 (11.1) 6 (16.7) 7 (12.7) 2 (12.5) 0.948
APLS 13 (9.4) 2 (7.4) 2 (5.4) 5 (8.8) 4 (23.5) 0.221

Baseline medication use
Prednisone dose (mg/d) 5.5 (10.5) 2.0 (4.7) 3.3 (8.7) 7.8 (13.0) 7.9 (9.9) 0.040*
Prednisone dose >7.5 mg/d (%) 33 (23.7) 3 (11.1) 4 (10.8) 19 (33.3) 7 (38.9) 0.012*
SSRI or SNRI (%) 30 (21.6) 3 (11.1) 8 (21.6) 15 (26.3) 4 (22.2) 0.474
Benzodiazepines (%) 12 (8.6) 1 (3.7) 3 (8.1) 5 (8.8) 3 (16.7) 0.537
TCA (%) 7 (5.0) 3 (11.1) 1 (2.7) 2 (3.5) 1 (5.6) 0.449
Hypnotics (%) 11 (7.9) 0 (0.0) 4 (10.8) 6 (10.5) 1 (5.6) 0.319
Narcotics (%) 39 (28.1) 5 (18.5) 11 (29.7) 13 (22.8) 10 (55.6) 0.032*
Use of at least one psychotropic
medication (%)b

49 (35.3) 6 (22.2) 12 (32.4) 25 (43.9) 6 (33.3) 0.260

Abbreviations: AA, average anxiety; APLS, antiphospholipid syndrome; BMI, body mass index; CESD-R, Center for Epidemiologic Studies
Depression Scale Revised; dsDNA, anti-double-stranded DNA antibody titers; ESR, erythrocyte sedimentation rate; GED, general educational
development; HA, high anxiety; LA, low anxiety; MA, moderate anxiety; PROMIS, Patient-Reported Outcomes Measurement Information Sys-
tem; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective seroto-
nin reuptake inhibitor; TCA, tricyclic antidepressant.
* Indicates statistically significant at P < 0.05.
a Other category includes individuals who are students, have a disability, or are retired.
b Psychotropic medication includes SSRIs, SNRI, benzodiazepines, hypnotics, or TCAs.
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moderate levels of anxiety symptomology over time, which pro-
vided a much more nuanced understanding of the trajectories
than the three-group model. When comparing the four-group
model with the five-group model, the change in BIC was smaller
(Δ BIC = −19.28), and the additional trajectory was formed
entirely from a very small subset of individuals with the highest
anxiety symptomology. Thus, the four-group model was selected
as the final model because it was both parsimonious and pro-
vided clinically meaningful insights (Figure 1).

The model-predicted PROMIS anxiety t scores over time for
each identified trajectory are shown in Figure 1. The four trajectory
groups were labeled as follows: low anxiety (LA; n = 27 [19%]),
average anxiety (AA; n = 37 [27%]), moderate anxiety (MA;
n = 57 [41%]), and high anxiety (HA; n = 18 [13%]). Figure 1 dem-
onstrates that anxiety scores generally remained largely stable
over time, with only the HA group showing a slight decrease
toward the end of the time period.

Baseline characteristics of anxiety trajectory
groups. Baseline demographic and clinical characteristics
across anxiety trajectory groups are presented and compared in
Table 1. Significant differences in race, CESD-R score, predni-
sone dose, and narcotic use were identified. The HA group had
the highest proportion of Black (88.9%) and lowest proportion of
White individuals (11.1%), whereas the AA group had the lowest
proportion of Black (40.5%) and highest proportion of White indi-
viduals (51.4%; P = 0.008). CESD-R scores also varied signifi-
cantly across anxiety trajectory groups (P < 0.001), with
individuals in the HA group having the highest CESD-R scores.

Prednisone dose at baseline was highest among individuals in
the MA or HA groups (P = 0.040), and more than half of subjects
in the HA group (55.6%) reported narcotic use (P = 0.032).

Figure 1. Identified trajectories of anxiety scores over time. PROMIS-SF, Patient-Reported Outcomes Measurement Information System
Short Form.

Table 2. Results from separate logistic regression models using
baseline characteristics to predict membership in elevated anxiety
symptomology groups (MA or HA) compared with normal or low
symptomology groups (AA or LA)

Baseline characteristic Odds ratio (95% CI) P value

Age at baseline (y) 1.01 (0.99-1.04) 0.367
Gender 0.932
Female 0.95 (0.30-3.00)
Male Reference

Race 0.041*
Black 2.47 (1.19-5.12)
Other <0.01 (<0.01 to >999.99)
White Reference

BMI category 0.729
Overweight 1.25 (0.50-3.12)
Obesity 1.38 (0.60-3.14)
Normal Reference

Narcotics 1.56 (0.70-3.44) 0.275
SSRI/SNRI 1.68 (0.73-3.86) 0.224
Benzodiazepines 1.72 (0.49-6.02) 0.397
TCA 0.60 (0.13-2.78) 0.512
Hypnotics 1.48 (0.41-5.33) 0.548
CESD-R score 1.16 (1.10-1.22) <0.001*
SLEDAI active 1.24 (0.61-2.54) 0.556

Abbreviations: AA, average anxiety; BMI, body mass index; CESD-R,
Center for Epidemiologic Studies Depression Scale Revised; CI, con-
fidence interval; HA, high anxiety; LA, low anxiety; MA, moderate
anxiety; SLEDAI, Systemic Lupus Erythematosus Disease Activity
Index; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI,
selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
* Indicates statistically significant at P < 0.05.
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Baseline predictors of anxiety trajectory group
membership. To determine the association between subjects’
baseline characteristics and anxiety trajectory, several logistic
regressions were performed (Table 2). The outcome variable
was individuals’ membership in elevated anxiety symptomol-
ogy trajectory groups (MA or HA) compared with membership
in average or low symptomology trajectory groups (LA or AA).
When each baseline characteristic was assessed individually
in a univariable model, only baseline CESD-R score and race
were significantly associated with membership in an elevated
anxiety trajectory. A one-unit increase in baseline CESD-R
score was associated with a 16% increase in odds of being
in an elevated anxiety group (odd ratio, 1.16; 95% confidence
interval [CI]: 1.10-1.22; P < 0.001), and Black individuals
were 2.47 times as likely (95% CI: 1.19-5.12; P = 0.041) as
White individuals to be classified into an elevated anxiety
group. Multivariable results are not included because after
stepwise removal of nonsignificant variables, only CESD-R
score remained statistically significant.

Relationship between SLE disease activity and anxi-
ety over time.Multilevel linear regression models were used
to examine the relationship between SLE disease activity
and anxiety t scores over time (Table 3). Race, active SLE,
and CESD-R scores were all significantly associated with
anxiety t scores over time on univariate analysis. Multivari-
able analysis indicated that Black race—compared with
White race—and higher CESD-R scores remained signifi-
cantly associated with higher anxiety symptomology over

time (P = 0.006 and P < 0.001, respectively), whereas active
SLE was no longer associated (β = 0.71; 95% CI: −0.36 to
1.79; P = 0.194).

DISCUSSION

The present analysis used longitudinal data from patients at
the Washington University Lupus Clinic and identified four pat-
terns of anxiety symptomology, which were characterized by
low, average, moderate, or high anxiety. More than 50% of indi-
viduals included in the sample were classified into the MA or HA
groups. These distinct levels of anxiety symptomology were sta-
ble over time regardless of symptom severity. Differences in race,
baseline depression scores, prednisone use, and narcotic use
were identified across the four groups of anxiety symptomology.
Importantly, active SLE disease was not associated with anxiety
scores over time, after controlling for other factors.

The patient’s race was found to be associated with anxiety
symptoms consistently throughout our results. In particular, Black
patients had increased odds of classification in the MA or HA
group compared with White patients. Similarly, Black patients
had higher anxiety scores than White patients over time. These
findings are particularly interesting given that non-White patients
have also been shown to have higher levels of disease activity
and overall damage (1). Studies have shown that patients with
SLE have higher levels of perceived stress and more exposure
to life-threatening events or major adversity than individuals with-
out SLE (29,30). Unsurprisingly, individuals of minority race are
also known to have higher levels of stress and adverse event

Table 3. Univariate and multivariate results from linear mixed model predicting PROMIS Anxiety SF 8a t scores over
time

Variable Crude parameter estimate P value Adjusted parameter estimate P value

Age at baseline (y) 0.06 (−0.09 to 0.20) 0.454 — —

Gender 0.703
Female 1.23 (−5.10 to 7.56) — —

Male Reference
Race 0.001* 0.006*
Black 5.84 (2.16, 9.52) 3.06 (0.91, 5.22)
Other −4.97 (−13.35 to 3.40) −2.08 (−6.98 to 2.81)
White Reference Reference

S2K/S2K RI-50a 0.039* 0.194
Activeb 1.28 (0.06 to 2.51) 0.71 (−0.36 to 1.79)
Inactive Reference Reference

Monthc −0.02 (−0.05 to 0.02) 0.278 — —

Prednisone dose 0.03 (−0.03 to 0.08) 0.348 — —

CESD-R score 0.49 (0.44 to 0.53) <0.001* 0.515 (0.47 to 0.56) <0.001*

Abbreviations: —, no data; CESD-R, Center for Epidemiologic Studies Depression Scale Revised; PROMIS, Patient-
Reported Outcomes Measurement Information System; SF, Short Form.
* Indicates statistically significant at P < 0.05.
a S2K: Systemic Lupus Erythematosus Disease Activity Index-2000; S2K RI-50: S2K Responder Index-50.
b S2K or S2K RI-50 score greater than 4 is defined as active.
c The linear mixed model examines the overall relationship between the variables of interest and the PROMIS Anx-
iety t scores over multiple points in time. The month variable reflects the time in months from baseline at which
each PROMIS Anxiety t score was collected. Disease activity, prednisone dose, and CESD-R score are also time-
varying variables that have the potential to change at each measurement of the PROMIS Anxiety score.
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exposures than White individuals (31,32). An important strength
of the present study is that over half of the study participants are
of Black race, enabling racial comparisons in the analysis. Inter-
estingly, our data contrast with observations that Black individuals
have lower rates of anxiety than White individuals (33). As such,
the underlying factors driving the significant associations between
race and anxiety symptomology in this population of patients with
SLE should be further examined.

Patients’ depression severity was also found to be consis-
tently associated with anxiety symptoms over time. We previously
reported that severity of depressed affect can also be classified
into distinct trajectory groups that were similarly durable over time
(18). When we examined baseline depression scores across the
four anxiety trajectory groups, a dose–response relationship was
observed. Depression severity was also significantly associated
with anxiety symptomology over time. These findings are not par-
ticularly surprising given the high level of comorbidity between
depression and anxiety disorders (25). A longitudinal study in a
population of older adults has also shown significant relationships
between depression and anxiety symptoms over time (34). A
meta-analysis examining longitudinal studies of anxiety and
depression also found bidirectional effects between all types of
anxiety and depression symptoms and diagnosed disorders
(35). In addition to being highly correlated, anxiety and depres-
sion are known to be more resistant to traditional treatments
when they are comorbid, and individuals with both may require
a more complex care plan (36). Moreover, in a rheumatologic
setting, depression and anxiety have been shown to be associ-
ated with lower odds of sustained minimal disease activity in
patients with psoriatic arthritis (37). Balancing high levels of anx-
iety with the complex care associated with SLE treatment in our
cohort makes for a particularly challenging clinical encounter.
Better understanding the degree of comorbid depression and
anxiety in lupus patients and the ways in which these conditions
impact each other are important avenues for future work.

Longitudinal studies of anxiety in patients with SLE are limited,
but research examining patterns of this mental health condition
among other unique populations does exist. A study of patients with
type 2 diabetes also identified four trajectories of anxiety symptomol-
ogy characterized by high, moderate-high, moderate-low, and low
anxiety scores over time, all of which remained stable over the
follow-up period (38). In individuals with stable coronary artery dis-
ease, similar trajectories with stable high, moderate, and low anxiety
symptomology over a 15-year period were found, but an additional
trajectory with increasing anxiety symptoms over time was also iden-
tified (39). This unique pattern of individuals with increasing anxiety
symptoms over time was also shown in a study examining trajecto-
ries of anxiety and depression scores among mothers over a
13-year period (40). It is possible that an increase in anxiety symp-
toms among our cohort of patients with SLE would have been
observed with a longer follow-up period or, alternatively, that this tra-
jectory is not characteristic of patients with SLE.

To our knowledge, this is the first study to specifically exam-
ine patterns of anxiety symptomology over time among patients
with SLE. Many studies have noted the high prevalence of anxiety
among this unique group of patients (3,41–43) but have not eval-
uated anxiety patterns longitudinally. Those studies that have
incorporated some sort of longitudinal context have been more
exploratory in nature, such as a study by Gao et al that examined
anxiety symptoms in patients with and without SLE at an initial
visit and 1-year follow-up (44). This study found that patients with
SLE had significantly higher anxiety symptom scores at both time
points but did not evaluate the change in symptoms over time.
Another study looked at the relationship between anxiety and
both patient-reported and physician-reported SLE disease activ-
ity over time, but it did not evaluate unique patterns of anxiety
symptomology over time (13). Additionally, one cohort study of
patients newly diagnosed with rheumatoid arthritis found that
anxiety prevalence and symptomology did significantly decrease
at 6 and 12 months following their initial diagnosis, but the analy-
ses did not characterize this trend beyond simple pairwise com-
parisons at the two time points (45). Thus, our work extends the
body of evidence surrounding anxiety symptoms among patients
with SLE by showing distinct, stable trajectories over time.

The present study’s finding that active SLE was associated
with anxiety over time in a univariate model, but not independently
associated after controlling for race and depression scores, also
warrants further discussion. This finding is in direct contrast to a
study by Tay et al that found that SLE disease activity was inde-
pendently associated with anxiety scores after controlling for
depression scores (46). However, the study by Tay et al was a
cross-sectional analysis of patients attending an adult lupus clinic
in Singapore with no prior history of anxiety, depression, or other
psychiatric condition and no psychotropic medication use (46).
The findings herein are more aligned with the work of Ward et al,
who found that several measures of disease activity were not cor-
related with current or future anxiety scores (13). Huang et al
found that global SLE disease activity was associated with
increased risk of depression in a univariable model but was not
independently associated with depression risk after controlling
for other covariates, similar to our findings (15). A key distinguish-
ing factor of the present analysis is the use of longitudinal data to
examine the relationship between SLE disease activity and anxi-
ety symptomology over a period of up to 4 years. As such, these
findings should be confirmed in other longitudinal studies of
patients with SLE.

It is important to note that, although anxiety symptomology
was reported directly by the patients, the S2K and S2K RI-50
were recorded by the physician. This distinction is important, as
it alludes to the differences between patient-reported and
physician-reported manifestations of SLE. This directly aligns with
the new clinical distinctions between Type 1 and Type 2 SLE, in
which Type 1 manifestations are captured by clinical disease
activity measures whereas Type 2 manifestations are not (47). In
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particular, Type 1 manifestations are the more classic clinical pre-
sentations of SLE, such as nephritis, arthritis, or cutaneous rash,
whereas Type 2 manifestations include fatigue, body pain,
depression, and anxiety (48). Existing studies of these distinct
types of SLE have often shown that Type 2 SLE is not necessarily
associated with periods of disease activity and does not change
substantially over time (48). The present findings lend support to
this distinction of a unique Type 2 clinical phenotype of SLE, par-
ticularly given the persistent levels of anxiety symptomology seen
in the MA and HA groups and the lack of association with active
SLE disease. Moreover, the proportion of patients with active
SLE disease at baseline did not meaningfully differ across the
identified anxiety trajectory groups. The proportion of patients in
these MA and HA groups who were taking psychotropic medica-
tions at baseline is also much lower than would be expected,
given the high and persistent anxiety symptomology experienced
by these individuals. This emphasizes the importance of clinicians
not only treating Type 1 manifestations of SLE but also recogniz-
ing and connecting patients with resources to manage anxiety
symptomology and other mental health conditions, whether they
are manifestations consistent with Type 2 SLE or simply comorbid
mental health conditions.

Several limitations of this study must be noted. First, the sample
includes patients from one specific clinic and geographic region, so
the results may not be generalizable. Moreover, the sample was lim-
ited to patients with at least three clinic visits in which PROMIS anxi-
ety scores were recorded. However, the demographic and clinical
characteristics of individuals who were included versus those who
were excluded were not meaningfully different (Supplemental
Table S1). Several demographic variables of interest, such as
employment or marital status, had high levels of missingness, so it
was not possible to examine the relationship between these impor-
tant psychosocial factors and anxiety trajectories. Similarly, several
factors that are known to be associated with anxiety, SLE disease
activity, and race—such as socioeconomic status, smoking status,
or other substance use—were not consistently collected among
the patients in the sample and could not be examined. Finally, anxiety
symptomology was all self-reported by the patients and not neces-
sarily reflective of a diagnosed mental health condition.

Our study used a sophisticated analytical method to identify
four distinct longitudinal trajectories of anxiety symptomology that
remained stable over time among a diverse sample of patients
with SLE. The results are an important addition to the body of
research surrounding longitudinal patterns of mental health
among patients with SLE, which currently remains scarce. More
than half of the patients exhibited moderate or high levels of anxi-
ety over time, and SLE disease activity was not found to be inde-
pendently associated with anxiety scores in a multivariable
analysis. These findings help further characterize the longitudinal
course of mental health in patients with SLE and are consistent
with the notion that Type 2 manifestations of SLE remain chronic.
Thus, future work should examine the efficacy of medication

treatment in patients with SLE and the ways in which behavioral
interventions aimed at mitigating adverse mental health for
patients with SLE can be integrated into or linked with the clinical
care setting. Additionally, it will be crucial to further understand
the ways in which other social determinants of health—beyond
just the patient’s race—impact the persistence of adverse mental
health among patients with lupus patients. Addressing both
unmet mental health care needs and social determinants of health
that impact the clinical course of patients with SLE will be crucial
to improving their overall health outcomes.
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