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Abstract

The Association between Depression and Self-Reported Cardiovascular Disease among
Individuals with Systemic Lupus Erythematous

By Daniel Bowen

Background: The association between cardiovascular disease (CVD) and depression has
been thoroughly examined through numerous studies. However, few studies have
examined this association in populations that suffer from autoimmune disorders, who are
at higher risk for developing both CVD and depression. This study seeks to address this
gap in knowledge by examining the association between CVD and depression in a
population based sample of individuals who have confirmed systemic lupus erythematous
diagnoses.

Methods: Data for this study was obtained from 630 participants of the Georgians
Organized Against Lupus cohort. Depressive symptoms were measured using the PHQ-9.
In addition, we calculated a PHQ-6 score subtracting the scores from the somatic items of
the PHQ-9. CVD was defined as self-reported diagnosis by a physician of either
myocardial infarction, stroke, coronary heart disease. Multivariate analyses were run to
estimate the measure of association among the entire cohort using the PHQ-9 and the
PHQ-6. We ran similar analyses stratified by race and gender. Finally, a somatic subscale
was calculated from the three items removed from the PHQ-9. Correlations between the
somatic scale and lupus disease activity, employment status, and CVD status were
assessed.

Results: Of the 630 participants, 221 (35.1%) had depressive symptoms, while 409
(64.9%) did not have depressive symptoms using the standard PHQ-9 cutoff score of 10.
After adjusting for age, race and education, depressive symptoms were significantly
associated with CVD (Odds Ratio (OR): 1.52, 95% CI: 1.01, 2.28). A similar result was
discovered when restricting to women in the sample (OR: 1.64, 95% CI 1.08, 2.50).
When using the PHQ-6, the fully adjusted model showed a significant protective
association among women (OR: 0.49, 95% CI: 0.25, 0.98).

Conclusion: When measuring depressive symptoms, including the somatic items of the
PHQ-9 yielded a positive and statistically significant association between depressive
symptoms and CVD when adjusting for age, sex, and education level. When using the
PHQ-6, the association was no longer seen among the entire cohort and depression
appeared to have a protective effect among the women in the study sample.
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Background and Literature Review

Systemic Lupus Erythematous

Systemic lupus erythematous (SLE) is a relapsing-remitting chronic auto-immune
disorder characterized by systemic inflammation, fatigue, and joint pain. SLE is
idiopathic, but it has been hypothesized that a mixture of genetic, hormonal, and
environmental factors contribute to the etiology of SLE (1). The prevalence of SLE is
much higher among women. It is estimated there are between 4.3 to 13.6 cases of SLE
among women for every case among men (2). African-Americans, especially African-
American women, have a much higher prevalence of SLE, with estimated prevalence
ratios between 2.7 to 25.8 times higher when compared with Caucasians (2). Although
disease activity appears to be more severe in African-Americans, evidence suggests that
disparities in socioeconomic status explain these differences (3).

Individuals with auto-immune diseases are at higher risks of developing both
depression and CVD. A meta-analysis of 28 studies found that the risk of developing
CVD among individuals with SLE is at least two times greater when compared to the
general public, with older patients and young women having the greatest risk (4)
Inflammation, a near universal clinical manifestation of SLE, is known to increase the
rate of atherosclerosis, which subsequently increases the risk of developing CVD (5).
While specific prevalence rates for depression among individuals with SLE are difficult
to determine due to methodological issues, cross-sectional studies have suggested the
prevalence of major depressed disorder among individuals with SLE is between 20% and
47% (6).

Association between Depression and Cardiovascular Disease



Depression and cardiovascular disease (CVD) have become two of the most
common and costly morbidities in the United States (7). It has been estimated that the
national prevalence of depression is 8.7%, while the prevalence of a lifetime diagnosis of
depression is 15.7% (7). Nationally, the prevalence of CVD, which is an umbrella term
which typically includes coronary heart disease, myocardial infarction, and
cerebrovascular accidents, has been estimated to be 7.2% (8).

Recent epidemiologic research has suggested these two pathologies are associated
with one another. Cross sectional studies across various populations have reported
depression to increased odds of CHD by one and a half to three times (9-11). Prospective
cohort studies have provided evidence for the directionality between depression and the
development of CVD. A prospective community based study by Larson et al. found that
individuals with depression were at more than two times the risk of having a
cerebrovascular accident (RR: 2.67, 95% CI: 1.08, 6.63) (12) . Another prospective
community based study found that individuals with major depressive disorder were at
close to four times the risk of having a fatal cardiovascular event (RR: 3.9, 95% CI: 1.4,
10.9) (13). Other prospective cohort studies have reported similar results (14-20).

Not all studies support the association between depression and CVD. Several
studies have found a significant association in one sex, while finding the association
insignificant in the other. A study by Ferketich et al. found that when adjusting for race
and clinical covariates the association between depression was significantly associated
with CVD among men (OR: 2.34, 95% CI: 1.54, 3.56), while the association was not
significant among women (OR: 0.74, 95% CI: 0.40, 1.48) (21). Another study by Pratt et

al. produced opposite results, with a marginally significant association found among the



female participants, while an insignificant association among the male participants (17).
Pratt et al. suggested this difference is due to how depressive symptoms were measured

and how CVD was defined (17).

Plausible Mechanisms

A definitive mechanism as to how depression increases the risk of developing
CVD is not yet known. Several authors suggest a relation between depression and
increased immune response driven inflammation may link depression to CVD (22, 23).
Studies have found that individuals diagnosed with depression present with increased
inflammatory markers (e.g. C-reactive protein, Interleukin-6, and Tissue Necrosis Factor)
(5) and inflammation is known to increase the rate of atherosclerosis development (5).
In addition to the possible biomedical mechanism, the depression — CVD association may
be driven by a behavioral component as well. Depression has been associated with
adverse health behaviors, such as excessive alcohol use, drug use, insufficient physical
activity, and failure to comply with medical regiments, which all may increase the risk of
developing CVD (24-26).
Depression and Cardiovascular Disease in Cohorts with Auto-Immune Diseases

Although there have been numerous studies that have examined the association
between depression and CVD, relatively few have examined this association in
individuals with auto-immune diseases. Studies have examined the association among
individuals with rheumatoid arthritis (RA). Although the pathophysiology is different
from SLE, those with RA are at a similar increased risk of developing depression and
CVD (27). Two studies, a prospective cohort by Ying et al. and a retrospective cohort by

Scherrer et al., examined the association of depression and CVD among individuals with



RA. Ying et al. found a significant association between depression and subclinical
atherosclerosis among those with RA (28). Scherrer et al. found that among a cohort of
15,634 U.S adults with RA, those who had depression had 1.38 times the hazard of
myocardial infarction than those who did not have depression after adjustment (HR: 1.38,
95% CI: 1.09, 1.75) (29).

Only two studies have examined the association between depression and CVD
among individuals with SLE. In a cross sectional study of 161 women with SLE, Greco
et al. found that depression was independently associated with cardiovascular disease
(OR. 3.85, 95% CI: 1.37, 10.87). In another study by Greco et al., this time a one to one
matched case-control study consisting of 322 women, found that among women with
SLE, depression was associated at more than two time the odds (OR: 2.48, 95% CI: 1.05,
5.87) of having any coronary arterial calcification, a clinical biomarker used to detect
atherosclerosis. However, after adjusting for BMI the association was no longer
statistically insignificant (OR: 1.72, 95% CI: 0.61, 4.89). This suggests that the
depression-CAC pathway among women with SLE is mediated by BMI.

Although the long term health outcomes of patients with SLE has improved,
mortality rates related from CVD have not decreased to the same degree (30). Treating
depression in patients with autoimmune conditions has been found to be a highly
effective and inexpensive method of improving their overall quality of life (31).
Determining to what extent an association between depression and CVD exists among
individuals with SLE would provide clinicians another treatment path for those suffering
from this common and debilitating illness, with the long term goal of reducing CVD

related mortality among individuals with SLE.
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The Association between Depression and Self-Reported Cardiovascular Disease
among Individuals with Systemic Lupus Erythematous

Abstract

Background: The association between cardiovascular disease (CVD) and depression has
been thoroughly examined through numerous studies. However, few studies have
examined this association in populations that suffer from autoimmune disorders, who are
at higher risk for developing both CVD and depression. This study seeks to address this
gap in knowledge by examining the association between CVD and depression in a
population based sample of individuals who have confirmed systemic lupus erythematous
diagnoses.

Methods: Data for this study was obtained from 630 participants of the Georgians
Organized Against Lupus cohort. Depressive symptoms were measured using the PHQ-9.
In addition, we calculated a PHQ-6 score subtracting the scores from the somatic items of
the PHQ-9. CVD was defined as self-reported diagnosis by a physician of either
myocardial infarction, stroke, coronary heart disease. Multivariate analyses were run to
estimate the measure of association among the entire cohort using the PHQ-9 and the
PHQ-6. We ran similar analyses stratified by race and gender. Finally, a somatic subscale
was calculated from the three items removed from the PHQ-9. Correlations between the
somatic scale and lupus disease activity, employment status, and CVD status were
assessed.

Results: Of the 630 participants, 221 (35.1%) had depressive symptoms, while 409
(64.9%) did not have depressive symptoms using the standard PHQ-9 cutoff score of 10.
After adjusting for age, race and education, depressive symptoms were significantly
associated with CVD (Odds Ratio (OR): 1.52, 95% CI: 1.01, 2.28). A similar result was
discovered when restricting to women in the sample (OR: 1.64, 95% CI 1.08, 2.50).
When using the PHQ-6, the fully adjusted model showed a significant protective
association among women (OR: 0.49, 95% CI: 0.25, 0.98).

Conclusion: When measuring depressive symptoms, including the somatic items of the
PHQ-9 yielded a positive and statistically significant association between depressive
symptoms and CVD when adjusting for age, sex, and education level. When using the
PHQ-6, the association was no longer seen among the entire cohort and depression
appeared to have a protective effect among the women in the study sample.



Introduction

Cardiovascular disease (CVD) and depression are two of the most common
morbidities in the United States (32). It has been estimated that the national prevalence of
depression is 8.7%, while the prevalence of a lifetime diagnosis of depression is 15.7%
(7). Nationally, the prevalence of CVD, which is an umbrella term that typically includes
coronary heart disease, myocardial infarction, and cerebrovascular accidents, has been
estimated to be 7.2% (8).

Multiple studies have shown a positive association between depression and the
development of CVD (10, 12, 14-16, 33). Some studies have shown a positive association
when restricting to one sex or another (17, 21, 34). In these cases, the association is more
often significant in women when compared to men. An exact mechanism has not been
determined to explain the association between depression and CVD. Depression has been
associated with adverse health behaviors, such as excessive alcohol use, drug use,
insufficient physical activity, and failure to comply with medical regiments, which may
lead to the development of CVD (24-26). Other studies have found that individuals
diagnosed with depression present with increased inflammatory markers (e.g. C-reactive
protein, Interleukin-6, and Tissue Necrosis Factor) (5). Inflammation is known to
increase the rate of atherosclerosis, which subsequently increases the risk of developing
CVD (5).

Systemic lupus erythematous (SLE) is a relapsing-remitting chronic autoimmune
disorder characterized by systemic inflammation, fatigue, and joint pain. SLE

disproportionally affects women and African-Americans (35). Individuals suffering from



SLE are more susceptible to CVD and depression when compared with the general
population (6). While specific prevalence rates for depression among individuals with
SLE are difficult to determine due to methodological issues, cross-sectional studies have
suggested the prevalence of major depressed disorder among individuals with SLE is
between 20% and 47% (6). Individuals with SLE are more than double the risk of
developing CVD when compared with those in the general population (36) . In recent
years, the long term health outcomes of patients with SLE has improved, however,
mortality rates related from CVD have not decreased to the same degree (30). Examining
a potential risk for the development of CVD among individuals with SLE carries
significant public health implications.

Although there have been extensive studies that examine the association between
depression and CVD, relatively few have set out to study this association in individuals
with auto-immune disorders (28, 29, 37-39). To address this gap in the literature, this
study sets out to investigate the association between depressive symptoms and
cardiovascular disease in a population based cohort of individuals who have been

diagnosed with SLE.

Methods

Study Sample

Data for the analyses were obtained from the population-based Georgian
Organized Against Lupus (GOAL) cohort. The GOAL cohort consists of diagnosed SLE
patients from metropolitan Atlanta, Georgia. Over 70% of the individuals in the cohort
were recruited through the Georgia Lupus Registry, a registry funded by the Centers for

Disease Control and Prevention to accurately assess the incident and prevalence of SLE



in Atlanta, GA (40). The remainder of the cohort was recruited through various
rheumatology clinics around metropolitan Atlanta, Emory University Hospital, and the
Grady Health System (40). Validation of SLE cases were based upon either the
fulfillment of four or more of the American College of Rheumatology (ACR)
Classification Criteria for SLE or three ACR criteria with an examination and final SLE
diagnosis by a board-certified rheumatologist (40-42).

For this study, data was obtained for 801 individuals who participated in the
GOAL cohort during fall of 2011 (Wave 1) and 715 individuals who had participated in
the GOAL cohort during fall of 2013 (Wave 3). Multiple waves were needed to gather all
necessary covariates. Individuals were excluded if they did not participate in both Wave
One and Wave Three of the cohort. The final sample size consisted of 630 GOAL cohort
participants.

Cardiovascular Disease Measure

The self-administered version of the Brief Index of Lupus Damage (SA-BILD)
was used to collect participant’s cardiovascular disease status. The SA-BILD, a modified
version of the Brief Index of Lupus Damage measure, was designed to be a cost effective
and efficient method of measuring organ damage caused by SLE to a wide range of
individuals regardless of socioeconomic status (43). The SA-BILD was developed
specifically to collect data among GOAL participants, among whom it has been tested
and shown to be valid and highly reliable (43). Specifically, cardiovascular disease was
defined as any self-reported diagnoses by a physician of either myocardial infarction,

stroke, coronary heart disease, or any combination of these morbidities.

Depressive Symptoms Measure



Depressive symptoms were measured using the 9-item Patient Health
Questionnaire (PHQ-9). The PHQ-9 is a brief validated instrument that is widely used to
measure depressive symptoms in the general population, populations with auto-immune
disorders, and populations with heart disease (44). The PHQ-9 scale can be scored from 0
to 27, with each question scored from 0 (not at all) to 3 (nearly every day) (45). We
assessed PHQ-9 as a continuous measure and as a dichotomous measure using the
standard cutoff of 10 (45).

In addition, we calculated a PHQ-6 score subtracting the scores from the somatic
items of the PHQ-9 (“In the past 2 weeks, how often have you been bothered by: Trouble
falling or staying asleep, or sleeping”, “In the past 2 weeks, how often have you been
bothered by: Feeling tired or having little energy.”, and “In the past 2 weeks, how often
have you been bothered by: Moving or speaking slowly that other people could have
noticed. Or the opposite - being so fidgety or restless that you have been moving around a
lot more than usual.”). Somatic items were removed due to the fact that individuals who

suffer from auto-immune disorders typically experience symptoms similar to these

regardless of depression status.

Covariates

We controlled for common socio-demographic covariates associated with CVD
including: age, sex, race, highest level of education achieved, and current employment
status (10, 11, 14). Continuous years of education were categorized into: Junior
High/High School, College/University, and Graduate/Professional. In addition, we
controlled for clinical covariates commonly associated with CVD diagnoses in healthy

populations (9, 11, 14, 15) and in individuals with SLE (37, 38). Body mass index,
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defined as weight in kilograms divided by height in meters squared, was calculated using
self-reported height and weight. SLE disease activity score was calculated as the sum of
the self-reported Lupus Disease Activity Score measure. Age at SLE diagnosis was
calculated by using self-reported month and year of SLE diagnosis. Individuals were
categorized as either “smoker” or “non-smoker” based on whether or not the individual
had reported smoking over 100 cigarettes over the course of their lives. A similar
categorization scheme for smoking status has been done in previous studies (38, 46).

Previous diagnosis of diabetes was collected using the SA-BILD.

Statistical Analysis

To begin, we calculated the mean and standard deviations for each of the
continuous covariates. We determined counts and percentages for categorical covariates.
To compare the covariate distribution among those who had depressive symptoms versus
those who did not, we used 2 tests to compare the categorical covariates and ran t-tests
to compare the continuous covariates.

We ran multivariate logistic regression analyses to examine the association
between depression and self-reported CVD. Model 1 included standard demographic
characteristics (age, race, sex, and education status). Model 2 added a term for current
employment status. Models 2a and 2b tested for significant interactions between
depression and gender and between depression and race. Fully adjusted multivariate
logistic regression models (Model 3) included demographic characteristics, current
employment status, clinical history, and any interaction terms determined to be
significant. We ran models 1-3 with the complete PHQ-9 scale using the standard cutoff

of 10. We also ran models 1-3 using the PHQ-6 scores with the same cut-off of 10.
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We ran stratified logistic regression models by sex due to the relatively small
number of men when compared with the number of women in the study sample. We also
ran stratified logistic regression models by race due to the relatively small number of
non-African-Americans relative to African-Americans in the study sample. The initial
stratified models included base demographic characteristics. Fully adjusted models were
only constructed if the depression-CVD association was statistically significant in any of
the base models. Stratified models were run with the complete PHQ-9 and the PHQ-6
using the standard cutoff of 10.

Finally, a somatic subscale was calculated from the three items removed from the
PHQ-9. Correlations between the somatic scale and lupus disease activity,
unemployment/disabled status, and CVD status were assessed. All analyses were carried
out using SAS version 9.4 (SAS Institute, Cary, N.C.).

Results

Sample Characteristics

Of the 630 GOAL cohort participants used in this study, 590 (93.7%) were
female. Overall, 492 (78.1%) of the study participants identified as African-American, 63
(10%) had a previous diagnosis of diabetes, and 348 (55.2%) had a previous diagnosis of
hypertension. The mean age of the participants was 49 years (SD 13.15).

Table 1 shows the characteristics of the GOAL cohort participants in the current
analysis by depressive symptoms. Individuals with depressive symptoms were more
likely to be female (96.8%, 91.9%), more likely to self-report a diagnosis of diabetes
(14.7%, 7.6%), more likely to be diagnosed with hypertension (62.1%, 52.4%), and have

a higher mean lupus disease activity score (Mean: 12.6, SD: 8.0; Mean: 22.7, SD 7.2). In
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addition, depressed individuals were more likely to be unemployed/disabled (51.4%,
29.2%) and less likely to be fully employed (18.8%, 32.4%).
Associations between Depressive Symptoms and CVD

Table 2 shows the results of the multivariate logistic regression conducted on the
entire study sample to estimate the association between depressive symptoms and CVD.
After adjusting for age, race and education, depressive symptoms were significantly
associated with CVD (OR: 1.52, 95% CI: 1.01, 2.28). This association became
statistically insignificant in model 2 after adding employment status (OR: 1.24. 95% CI:
0.81, 1.90) and was further attenuated in model 3 after adjusting for the clinical
covariates (OR: 1.06, 95% CI: 0.64, 1.77).

Table 3 shows the results of the multivariate logistic regression conducted on only
the women in the study sample. The results were comparable to those in the full sample.
Model 1 showed a statistically significant association between depressive symptoms and
CVD among women with SLE (OR: 1.64, 95% CI: 1.08, 2.50). After adjusting for
clinical covariates, the association was no longer statistically significant (OR: 1.25, 95%
CI: 0.74, 2.11). The association was further attenuated after the addition of employment
status to the model (OR: 1.06, 95% 0.64, 1.77). Among men, depressive symptoms were
not significantly associated with CVD in age and education adjusted models (OR: 0.93,
95% CI: 0.11, 7.59).

Table 4 shows the results of the multivariate logistic regression analyses using the
calculated PHQ-6 score and the same cutoff value of 10 for exhibiting depressive
symptoms by sex. Models 1 and 2 both show a statistically insignificant inverse

association between depressive symptoms and CHD diagnosis among women with SLE.
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The fully adjusted model 3 showed a statistically significant inverse relationship between
depressive symptoms and CVD among women with SLE (OR: 0.49, 95% CI: 0.25, 0.98).
Again, depressive symptoms were not significantly associated with CVD among men,
when adjusting for age and education (OR: 0.78, 95% CI: 0.05, 13.14).
Somatic Subscale

Finally, there was a significant difference in the mean somatic subscale score
between those with self-reported CVD and those without (Mean: 3.87, SD: 2.25 vs Mean:
3.39, SD: 2.44, p — value: 0.0358). Also, there was a significant difference in the mean
somatic subscale among the various employment status categories. Those who were
employed and working full time had a mean subscale score of 2.83 with a standard
deviation of 2.09, while those who were unemployed or disabled had a mean subscale
score of 4.38 with a standard deviation of 2.46. The somatic subscale score and lupus

disease activity score tended to increase together (r = .63, p-value: <0.0001).

Discussion

In a community-based sample of individuals with SLE, we found a statistically
significant association between depression and self-reported CVD after adjusting for
standard demographic covariates and when using the complete PHQ-9 at the standard
cutoff of 10. The association was no longer significant after adjusting for employment or
clinical covariates. Analyses stratified by sex revealed that the findings in the full cohort
were primarily driven by the female participants in the sample. Among women in the
cohort, the association between depression and self-reported CVD was significant to a
similar magnitude after adjusting for demographic covariates and using the complete

PHQ-9 at the standard cutoff. In the additional analyses without the somatic items (PHQ-
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6), the association between depression and CVD became protective in the fully adjusted
model among women in the cohort.

These results suggest that the somatic items of the PHQ-9 drove the initial
positive association between depression and CVD among individuals with SLE. Similar
results have been presented in other studies that have examined the association between
depression and CVD among healthy individuals. In a study by Hawkins et al., it was
discovered that the somatic cluster of the Center for Epidemiologic Studies Depression
Scale (CES-D), a measure of depressive symptoms similar to the PHQ-9, was the only
cluster to significantly be associated with coronary heart disease (47). Two other
prospective cohort studies found that only the somatic cluster of the CES-D was
predictive of developing CVD among a sample of older but healthy individuals (48, 49).
However, other studies have shown that the cognitive symptoms of depression predict
developing CVD in middle aged healthy individuals (50, 51). Our sample, although
middle aged, is not healthy. This may explain why our results differ somewhat from the
literature.

One possible explanation as to why the somatic items drive the association
between depression and CVD among individuals with SLE may relate to the
pathophysiology of depression. The somatic items of the PHQ-9 might be linked to, and
be the cluster of items that best identifies, the adverse effects on the cardiovascular
system caused by the increased inflammation and physiological dysregulation associated
with depression (5, 52). Another possible explanation is that the somatic items of the
PHQ-9 might be a measure of some other medical condition that is also associated with

developing CVD, in this instance, SLE.
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The protective effect of depression that was seen after removing the somatic items
among women with SLE is perplexing. The protective effect may be due to the strong
association observed between the covariates and reports of CVD in the full model. For
example, employment status was highly associated with self-reported CVD across
models. Specifically, those who were retired or unemployed/disabled showed the
strongest association with self-reported CVD. A diagnosis of diabetes or hypertension
was also found to be associated with self-reported CVD. With that said, after the removal
of the somatic items from the PHQ-9, we can only speculate as to the characteristics of
the women who still met the criteria for depression. Future investigations into how these
women differ from those who show more severe somatic symptoms of depression is
necessary to understand this protective effect.

Due to the cross-sectional design of this study, we are unable to determine the
directionality of the association between depression and CVD among individuals with
SLE. The directionality of the depression-CVD has been disputed, but most authors agree
the relationship is bidirectional (37, 38). Another limitation of our study is the reliance of
self-reported data for the diagnosis of CVD. Without implementing a clinically obtained
biomarker to define CVD, such as the use of coronary arterial calcium or arterial plaque,
we are unable to account for subclinical cases of CVD. A final limitation is the lack of
information about anti-depressant use among those individuals who had elevated
depressive symptoms. Some anti-depressants are known to have adverse effects on
cardiovascular health (47). Without this information, we cannot assess whether anti-

depressant usage is partially responsible for the associations we reported.
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The primary strength of this study is that the study sample was obtained from a
population-based cohort. By recruiting from the Georgia Lupus Registry, the GOAL
cohort limits the possibility any particular group of individuals is excluded from the
cohort, which reduces the chances of selection bias. This study also benefited from the
extensive amount of demographic and clinical information collected by the GOAL. This
ensured we were able to control for many necessary covariates.

In conclusion, the results presented in this study suggest that depression,
specifically somatic depression, is associated with self-reported CVD among individuals
with SLE. These results suggest that rheumatologist and general practitioners who have
patients with SLE should be mindful of an increased in perceived somatic depression
symptoms. Further study is needed to determine if the depression — CVD association is
directional or bidirectional in SLE. To that end, longitudinal studies should be conducted.
In addition, future studies should consider using a biomarker to define CVD. This will

increase sensitivity and enable detection of subclinical CVD.
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Table 1. Demographic and Clinical Characteristics of All GOAL Cohort Participants with and
without Symptoms of Depression, defined as a PHQ-9 score above 10, in Atlanta, GA from

2011 and 2013 (n = 630)

No Depressive

Depressive Symptoms

Characteristic Symptoms (n = 409) (n = 221) p-value
Age Mean [SD] 49.2 [13.6] 48.8 [12.3] 0.7159
Female, n (%) 376 (91.9) 214 (96.8)  0.0134
Hispanic, n (%) 19 (4.7) 14 (6.4) 0.3703
Race, n (%) 0.0671
American Indian or AK Native 2 (0.5) 0(0)
Asian 7.7 1(0.5)
Black or African American 319 (78.0) 173 (78.3)
Native Hawaiian/Pacific
Islander 2(0.5) 2 (1.0)
White 79 (19.3) 45 (20.4)
Education, n (%) 0.4805
Junior High/High School 120 (29.8) 70 (32.4)
College/University 187 (46.4) 109 (50.5)
Graduate/Professional 96 (23.8) 37 (17.1)
Current Employment Status, n (%) <0.0001
Working - Full Time 129 (32.4) 41 (18.8)
Working - Part Time 40 (10.1) 11(5.1)
Retired 66 (16.6) 30(17.8)
Homemaker 32 (8.0) 14 (6.4)
Student 15 (3.8) 10 (4.6)
Unemployed/Disabled 116 (29.2) 112 (51.4)
Marital Status, n (%) 0.9018
Never Married 132 (32.4) 57 (26.0)
Married 141 (34.6) 70 (32.0)
Separated 14 (3.4) 21 (9.6)
Divorced 70 (17.2) 42 (19.2)
Widowed 26 (6.4) 8(3.7)
Living with Partner 24 (5.9) 21 (9.6)
BMI, Median [IQR] 27.0 [9.0] 29.3 [9.9] 0.6815
Diabetes, n (%) 31(7.6) 32(14.7)  0.0073
Diagnosis of Hypertension, n (%) 212 (52.4) 136 (62.1)  0.0195
Age at SLE Diagnosis, Mean [SD] 32.9[12.9] 32.8[11.4] 0.9230
Smoking Status, n (%) 123 (30.4) 75 (33.9) 0.3208
Disease Activity Score Mean [SD] 12.6 [8.0] 22.7[7.2] <0.001
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Table 2. Adjusted Odds Ratio of Depressive Symptoms, defined as a PHQ-9 score above 10,
and Cardiovascular Disease Among All Participants of the GOAL Cohort in Atlanta, GA from

2011 and 2013 (n = 630)

Model 1 Model 2 Model 3
OR 95% CI OR 95% CI OR 95% ClI
PHQ-9 Score
No Depressive Symptoms ~ 1.00 - 1.00 - 1.00 -
Depressive Symptoms 152 [1.01,2.28] 1.24 [0.81,1.90] 1.06 [0.64,1.77]
Age (years) 1.05 [1.03,1.06] 1.03 [1.01,1.05] 1.04 [1.01,1.07]
Race
White 1.00 - 1.00 - 1.00 -
Black/African American 2.17 [1.28,3.75] 1.95 [1.10,3.46] 1.64 [0.89,3.05]
Sex
Female 1.00 - 1.00 - 1.00 -
Male 2.56 [1.28,5.15] 2.67 [1.26,5.66] 2.80 [1.26,6.23]
Education
Graduate/Professional 1.00 - 1.00 - 1.00 -
College/University 1.02 [0.60,1.73] 0.76 [0.43,1.33] 0.69 [0.38, 1.28]
Jr. High/ High School 1.01 [0.57,1.78] 0.69 [0.37,1.27] 0.57 [0.29,1.10]
Current Employment Status
Full Time Work (Ref)
Part Time Work 3.68 [1.40,9.65] 3.47 [1.24,9.75]
[2.73,

Retired 6.37 14.85] 5.87 [2.42,14.27]
[1.64,

Student 4.53 12.52] 397 [1.34,11.74]
[0.80,

Homemaker 3.31 13.75] 3.30 [0.75, 14.54]
3.19,

Unemployed/Disabled 6.68 [13.97] 5.84 [2.64,12.89]
Age at SLE Diagnosis 0.98 [0.96,1.01]
BMI 0.99  [0.96,1.02]
Hypertension 1.97 [1.20, 3.24]
Smoking 1.08 [0.68, 1.71]
Diabetes 2.06 [1.08,3.91]
Disease Activity Score 1.02  [0.99, 1.05]

OR = Odds Ratio, CI = Confidence Interval, SLE = Systemic Lupus Erythematous BMI = Body

Mass Index
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Table 3. Adjusted Odds Ratio of Depressive Symptoms, defined as a PHQ-9 score above 10,
and Cardiovascular Disease Among Female Participants of the GOAL Cohort in Atlanta, GA

from 2011 and 2013 (n = 590)

Model 1 Model 2 Model 3
OR 95% CI OR 95% ClI OR 95% ClI

PHQ 9 Score

No Depressive Symptoms ~ 1.00 - 1.00 - 1.00 -

Depressive Symptoms 1.64 [1.08,250] 1.25 [0.74,2.11] 1.19 [0.70, 2.03]
Age (years) 1.04 [1.03,1.06] 1.05 [1.02,1.07] 1.04 [1.01, 1.07]
Race

White 1.00 - 1.00 - 1.00 -

Black/African American 2.34 [1.31,4.17] 2.01 [1.07,3.76] 1.94 [1.01, 3.73]
Education

Graduate/Professional 1.00 - 1.00 - 1.00 -

College/University 1.02 [0.59,1.75] 0.88 [0.49,1.59] 0.73 [0.39, 1.36]

Jr. High/ High School 0.86 [0.47,1.55] 0.65 [0.34,1.25] 0.50 [0.25, 0.99]
Age at SLE Diagnosis 0.99 [0.96,1.01] 0.99 [0.96, 1.01]
BMI 0.98 [0.95,1.01] 0.98 [0.95, 1.01]
Hypertension

No 1.00 - 1.00 -

Yes 1.90 [1.19.3.12] 1.91 [1.14,3.18]
Smoking

No 1.00 - 1.00 -

Yes 1.03 [0.64,1.66] 1.02 [0.63, 1.67]
Diabetes

No 1.00 - 1.00 -

Yes 220 [1.72,4.11] 2.28 [1.19, 4.38]
Disease Activity Score 1.03 [1.00,1.06] 1.01 [0.98, 1.05]
Current Employment Status

Full Time Work (Ref) 1.00 -

Part Time Work 3.29 [1.11,9.74]
Retired 536 [2.11,13.61]
Student/Homemaker 4.19 [1.52,11.52]
Unemployed/Disabled 590 [2.58,13.48]

OR = Odds Ratio, CI = Confidence Interval, SLE = Systemic Lupus Erythematous BMI = Body

Mass Index
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Table 4. Adjusted Odds Ratios of Depressive Symptoms, defined as a PHQ-6 score of 10 or
above, and Cardiovascular Disease Among Female Participants of the GOAL cohort in Atlanta,

GA from 2011 and 2013 (n = 590)

Model 1 Model 2 Model 3
OR 95% CI OR 95% ClI OR 95% ClI
PHQ-6 Score

No Depressive Symptoms ~ 1.00 - 1.00 - 1.00 -

Depressive Symptoms 1.00 [0.56,1.78] 0.59 [0.30,1.16] 0.49 [0.25, 0.98]
Age 1.04 [1.03,1.06] 1.05 [1.02,1.07] 1.04 [1.01, 1.07]
Race

White 1.00 - 1.00 - 1.00 -

Black/African American 2.30 [1.28,4.01] 2.01 [1.07,3.76] 2.02 [1.05, 3.90]
Education

Graduate/Professional 1.00 -

College/University 1.08 [0.51,1.65] 0.86 [0.47,1.56] 0.70 [0.37, 1.31]

Jr. High/ High School 0.92 [0.51,1.65] 0.63 [0.33,1.22] 0.46 [0.23, 0.93]
Age at SLE Diagnosis 0.99 1[0.96,1.01] 0.99 [0.96, 1.01]
BMI 0.98 [0.95,1.01] 0.98 [0.95, 1.01]
Hypertension

No 1.00 - 1.00 -

Yes 1.90 [1.19.3.21] 1.92 [1.15,3.22]
Smoking

No 1.00 - 1.00 -

Yes 1.03 [0.64,1.66] 1.04 [0.63, 1.70]
Diabetes

No 1.00 - 1.00 -

Yes 221 [1.18,4.13] 2.29 [1.19, 4.40]
Disease Activity Score 1.04 [1.02,1.07] 1.03 [1.00, 1.06]
Current Employment Status

Full Time Work (Ref) 1.00 -

Part Time Work 3.25 [1.09, 9.66]

Retired 5.51  [2.16, 14.02]

Student/Homemaker 4.51 [1.63,12.47]

Unemployed/Disabled 6.35 [2.78, 14.54]

OR = Odds Ratio, CI = Confidence Interval, SLE = Systemic Lupus Erythematous BMI = Body

Mass Index
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Summary, Public Health Implications, Future Studies

This study sought to address a gap in the current literature by examining the
association between CVD and depression in a population-based sample of individuals
with systemic lupus erythematosus. Through multivariate logistic regression analyses, we
found a statistically significant association between depression and self-reported CVD
after adjusting for standard demographic covariates and when using the complete PHQ-9
at the standard cutoff of 10. We found the same association with a similar magnitude
among women in the cohort. Additional analyses after removing the somatic items from
the PHQ-9 depression measure found a significant protective effective among women

with SLE after adjusting for demographics, employment status, and health covariates.

These results suggest that rheumatologist and general practitioners who have
patients with SLE should be mindful of an increased in perceived somatic depression
symptoms, such as increased feelings of lethargy and bouts of insomnia. However, due to
our study’s cross-sectional design, future longitudinal studies will be needed to determine
the directionality of the association between CVD and depression among individuals with
SLE. Future studies may also wish to measure CVD using a validated biomarker to detect
subclinical CVD. Future studies may also benefit from collecting information about anti-

depressant usage among those with depressive symptoms.



