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Abstract

Background—We aimed to determine whether obesity in women with systemic lupus 

erythematosus (SLE) independently associates with worse patient-reported outcomes (PROs).

Methods—Data derive from a prospective study of adult women who carried a diagnosis of SLE 

verified by medical record review. Two established definitions for obesity were used: fat mass 

index (FMI) ≥ 13 kg/m2 and BMI ≥ 30 kg/m2. Dependent variables included 4 validated PROs: 

disease activity via Systemic Lupus Activity Questionnaire (SLAQ), depressive symptoms via 

Center for Epidemiologic Studies Depression Scale (CES-D), pain via Short Form 36 Health 

Survey (SF-36) Pain Subscale, and fatigue via SF-36 Vitality Subscale. We used multivariable 

linear regression to evaluate the associations of obesity with PROs while controlling for potential 

confounders (age, race, education, income, smoking, disease duration, disease damage, and 

prednisone use).

Results—The analysis included 148 participants; 32% were obese. In the multivariate regression 

model, obesity associated with worse scores on each PRO. Mean adjusted scores for SLAQ and 

CES-D comparing obese versus non-obese participants were 14.8 versus 11.1 (p=0.01) and 19.8 

versus 13.1 (p<0.01), respectively. The obese group also reported worse mean adjusted scores for 

pain (38.7 vs. 44.2, p<0.01) and fatigue (39.6 vs. 45.2, p=0.01).

Conclusion—In a representative sample of women with SLE, obesity (by FMI and BMI) 

independently associated with worse patient reported outcomes, including disease activity, 

depressive symptoms, and symptoms of pain and fatigue. Obesity may represent a modifiable 

target for improving outcomes in this patient population.

Introduction

Patients with SLE experience a detriment in health-related quality of life (HRQoL) and other 

patient-reported outcomes (PROs) relative to both healthy individuals (1–9) and those with 
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other chronic conditions such as rheumatoid arthritis and non-inflammatory rheumatic 

disease (10). The prevalence of poor PROs in lupus relative to other disease states has been 

established, but the cause of unfavorable results for the most impactful PROs in this patient 

population—namely pain, fatigue, and depressive symptoms—is not completely understood 

(1, 11–13). For example, clinical measures of disease activity and damage do not fully 

explain the observed severity of these symptoms (1). Multiple studies show the impact of 

sociodemographic factors such as poverty on PROs, but again, much of the variation in 

PROs remains unexplained (14). Studies in other inflammatory conditions have shown an 

association between excess adiposity and worse PROs (15–17), but prior research to 

understand the contribution of obesity to PROs in SLE is scant and conflicting (18, 19).

In this study, we aimed to investigate the relationship between excess fat mass and PROs in 

individuals with SLE. We conducted a cross-sectional observational study of women with 

SLE to measure the association of obesity with four PROs: self-reported disease activity, 

fatigue, pain, and depressive symptoms.

Patients and Methods

Study Design and Participants

The sample for the present study was drawn from participants in the University of California 

at San Francisco (UCSF) Lupus Outcomes Study (LOS). Participants in the LOS had 

formerly participated in a study of genetic risk factors for SLE outcomes (20, 21), and were 

recruited from both clinical- and community-based sources, including UCSF-affiliated 

clinics (22%), non-UCSF rheumatology offices (11%), lupus support groups and 

conferences (26%), and newsletters, web sites, and other forms of publicity (41%). SLE 

diagnoses using the American College of Rheumatology (ACR) criteria were verified by 

medical record review. LOS participants who lived in the greater San Francisco Bay area 

were recruited for an in-person assessment, which included measurement of body 

composition, in the UCSF Clinical and Translational Science Institute’s Clinical Research 

Center (CRC). Exclusion criteria were non-English-speaking, age < 18 years, current oral 

prednisone dose ≥ 50 mg, current pregnancy, uncorrected vision problems that would 

interfere with reading ability, and joint replacement within 1 year.

A total of 325 individuals were asked to participate, of whom 74 (22.8%) were ineligible (35 

lived too far away, 25 were too ill, 9 had recent surgery, 2 were pregnant, 2 had poor English 

skills, and 1 had cognitive problems). Of the 251 eligible individuals, 84 (33.5%) declined 

participation. Reasons for declining were primarily related to transportation (n = 12) and 

scheduling difficulties (n = 39). A total of 163 individuals completed study visits, and body 

composition data was obtained from 145 participants. Because of the substantial differences 

in body composition between men and women and the small number of men in the sample, 

only women were included in these analyses (n = 145). Additionally, three participants met 

the criterion for being underweight (body mass index [BMI] < 18.5 kg/m2). Because being 

underweight may also be associated with poor outcomes, but for reasons that differ from that 

of obesity (e.g., cachexia from very active disease), the 3 underweight women were 

excluded, resulting in a sample size of 142 for the present analysis. The study received 

approval from the UCSF Committee on Human Research and was completed in accord with 
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the ethical guidelines outlined by the Helsinki Declaration. All subjects provided written 

informed consent.

Measures

Body composition measures—Height was measured with a wall-mounted stadiometer. 

Weight was measured with subjects wearing light indoor clothing and no shoes. BMI was 

calculated as weight (kg) divided by height (m2). Body composition was further assessed 

using a Lunar Prodigy dual-energy x-ray absorptiometry (DXA) system. DXA has been 

validated as a method of assessing body composition in both younger and older persons, has 

good reported reproducibility, is sensitive to small changes in body composition, and can be 

used to measure fat mass with a precision error (1 SD) of 1 kg (22–25). Fat mass index 

(FMI), a measure of total fat mass adjusted for height, is calculated as fat mass (kg) divided 

by height (m2). Two established definitions for obesity were used: FMI ≥13 kg/m2 (26) and 

BMI ≥30 kg/m2 (27).

Patient-reported Outcomes—Patient reported outcomes were assessed at the study visit 

using validated questionnaires. We assessed 4 different PROs: patient-reported disease 

activity, depressive symptoms, pain, and fatigue. Patient-reported disease activity was 

measured using the Systemic Lupus Activity Questionnaire (SLAQ), which has been shown 

to have good reliability (Cronbach’s alpha 0.87) and validity in observational studies (28–

30). The SLAQ assesses SLE disease activity by way of 24 items in 9 organ systems, with 

total scores ranging from 0 to 44, where higher scores indicate greater disease activity. 

Depressive symptoms were measured with the Center for Epidemiologic Studies Depression 

Scale (CES-D), a validated 20-item scale used to evaluate depressive symptom severity; 

scores range from 0 to 60 (31). Symptoms of pain and fatigue were measured using the 

Short Form 36 (SF-36) Health Survey bodily pain and vitality subscales, respectively. 

Though the SF-36 includes a total of 8 subscales, we focused on the two subscales 

measuring pain and fatigue as prior research has identified these symptoms as the most 

commonly reported symptoms and greatest area of unmet need in SLE (1, 11–13). The 

SF-36 subscales have demonstrated excellent reliability and validity in previous studies, and 

are the PROs most commonly used in studies of SLE (32). They are scored on a scale of 0–

100, where higher scores reflect better status (e.g., less pain and fatigue).

SLE-specific disease factors—Disease duration was obtained by self-report. The Brief 

Index of Lupus Damage (BILD) was used to measure lupus-related cumulative organ 

damage (33, 34). The BILD was developed from the Systemic Lupus International 

Collaborating Clinics Damage Index (SDI) and includes items for important comorbid 

conditions such as cardiovascular events and diabetes. Participants were also queried 

regarding current immunomodulatory medications and glucocorticoids, including dosage 

and frequency.

Other variables—Sociodemographic characteristics included age, race, educational 

attainment (education beyond high school or not), and poverty status (household income ≤ 

or > 125% of the federal poverty level (35)). Participants were also asked about smoking 

status, with potential answers that included current, former, or never.
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Statistical analysis

Differences in characteristics of obese and non-obese participants were tested with t-tests 

and chi-square analyses. Bivariate linear regression was used to quantify the cross-sectional 

association between obesity and each PRO. Multiple linear regression was then used to 

model each of the PROs as a function of obesity adjusting for age, race, educational 

attainment, poverty status, smoking, disease duration, disease damage, and moderate 

prednisone use (defined as ≥ 7.5 mg/day). Several procedures were used to ensure the 

integrity of the model: the normality assumption was evaluated visually with boxplots and 

normal probability plots; collinearity was assessed by calculating a variance inflation factor 

(VIF) for each covariate and removing collinear variables based on VIF ≥ 10 from the final 

model; and homoscedasticity was confirmed by plots of fitted values versus residuals. We 

also conducted sensitivity analyses in which additional measurements of adiposity were used 

as the dependent variable—including BMI ≥ 30 kg/m2, BMI as a continuous measure, FMI 

as a continuous measure, and percent body fat—in order to determine whether the 

relationship between adiposity and each PRO varied depending on the measure of adiposity 

used. We then calculated adjusted means for each outcome based on the multivariable 

regression. All analyses were performed using Stata 14.

Results

Sample Characteristics

The demographic and disease-specific characteristics of study participants are presented in 

Table 1. Thirty two percent and 30% of participants met criteria for obesity by the FMI and 

BMI definitions, respectively. Five participants were obese by FMI but not BMI (4%), while 

2 participants were obese by BMI and not by FMI (1%), and the remaining 95% 

demonstrated concordance across the two definitions. Study participants who were obese 

were more likely to be black, living at or below poverty level income, and have low 

education. Additionally, more participants in the obese group were on treatment for diabetes 

and had elevated levels for serum C-reactive protein.

Bivariate associations of obesity with patient reported outcomes

In bivariate regression analyses, obesity defined by FMI was significantly associated with 

higher disease activity as measured by SLAQ (β=4.55, p<0.001), greater symptoms of 

depression (β=7.74, p<0.001), and higher levels of pain (β=−7.16, p<0.001) and fatigue (β= 

−6.98, p=0.001) (Table 2). These relationships remained stable when we repeated the 

analysis using alternative definitions for obesity and adiposity, including the traditional 

obesity definition of BMI ≥ 30 kg/m2.

Multivariate analysis

In the multivariate regression model, obesity defined by FMI was associated with 

significantly worse scores on each PRO after adjustment for age, race, educational 

attainment, poverty status, smoking, disease duration, disease damage (BILD), and 

glucocorticoid use (Table 3). Patient-reported disease activity was higher in the obese group: 

the mean adjusted SLAQ score was 14.8 (CI 12.7–16.9) versus 11.5 (CI 10.1–12.9) among 
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non-obese participants. Using CES-D to compare severity of depressive symptoms, the mean 

adjusted score was 19.8 (CI 16.1–23.4) for the obese group versus 13.1 (10.6–15.6) for the 

rest of the cohort. Similarly, the obese group reported a significantly higher burden of pain 

(p=0.005) and fatigue (p=0.01) as assessed by the SF-36 sub-scales. The same independent 

relationship between obesity and each PRO was observed after repeating the analyses using 

the BMI ≥ 30 kg/m2 cut-off. The associations for obesity and each covariate with each PRO 

from the bivariate and multivariate regression analyses are presented in Tables 4 and 5.

Discussion

Among a representative sample of women with SLE, one-third of participants were obese. 

The obesity prevalence reported here is consistent with other reports in the limited literature 

on this topic. One study found a 39% prevalence of obesity among a group of women with 

lupus (36), while a more recent estimate reported a prevalence of 29–50% depending on the 

method of ascertainment (37). The proportion of obese in this lupus cohort was slightly 

lower than that of the general population in the United States during the same time frame. 

According to the Center for Disease Control National Health and Nutrition Examination 

Survey, obesity prevalence among women was 35.8% across all age groups, 31.9% among 

women ages 20–39, and 42.3% among women 60 or older (38).

We investigated the impacts of obesity in SLE and found a significant independent 

association with worse patient-reported outcomes, including self-reported disease activity, 

depressive symptoms, and symptoms of pain and fatigue. The raw differences in scores for 

the PROs between the obese and overweight/normal BMI groups were more than half the 

standard deviation of the mean for each measure, suggesting a difference that is clinically 

meaningful (39). After adjusting for relevant variables, the association between obesity and 

all four PROs remained statistically significant.

Body composition, and specifically excess adiposity, has been recognized as an important 

predictor of worse PROs in the general population and several rheumatic diseases. We now 

understand that adipose tissue is an active endocrine tissue that secretes pro-inflammatory 

cytokines and adipokines (including leptin, adiponectin, and resistan) into systemic 

circulation with the potential to impact joint disease (40–43). A study in patients with 

osteoarthritis of the shoulder found that greater synovial fluid adiponectin and leptin 

independently associated with greater patient-reported shoulder-specific pain (44), 

supporting the hypothesis that adiposity contributes to pain in OA via both local mechanical 

and systemic biomechanical mechanisms. A meta-analysis designed to assess the impact of 

obesity on outcomes in RA found that obese patients had significantly worse Health 

Assessment Questionnaire (HAQ) scores and higher pain scores at follow-up relative to non-

obese patients even after controlling for relevant covariates (15). Similarly, studies 

evaluating the relationship between obesity and PROs in sarcoidosis and axial 

spondyloarthritis have demonstrated an independent association between the presence of 

obesity and worse PROs including pain, fatigue, and indices of global health status (16, 17).

This study builds on a limited literature with inconsistent findings on the relationship 

between obesity and PROs in SLE, and is the first to demonstrate a significant independent 
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association between obesity and greater levels of pain and fatigue in this patient population. 

Oeser et al examined these relationships using a sample of 100 patients with SLE, and 

though they observed an association between obesity and pain in the bivariate analysis, the 

relationship was not statistically significant in the adjusted multivariable model (19). We 

adjusted for a greater number of covariates and yet achieved statistically significant results in 

the multivariable regression for obesity on pain. Similarly, two previous studies on obesity in 

SLE (18, 19) found significant associations with fatigue in the bivariate—but not the 

multivariate—regression models. Our finding of a more robust association between obesity 

and both pain and fatigue may be due to differences in power (larger sample size), 

measurement tools (e.g., Fatigue Severity Scale versus SF-36 Vitality Subscale), or the 

composition of the multivariable models. Our multivariable regression model was crafted to 

include all major covariates with potential for confounding while eliminating those that 

demonstrated colinearity. The results remained consistent after testing multiple iterations of 

the model.

The primary limitation of this study is the cross-sectional design, which precludes the ability 

to infer causation or directionality between variables. We hypothesize that obesity adversely 

impacts PROs via both physiologic and psychosocial mechanisms. However, it is also 

possible that individuals who report greater disease activity and symptom burden are more 

sedentary, and therefore more likely to become obese. In the future, longitudinal data 

evaluating the relationship between obesity and changes in PROs over time will be helpful 

for elucidating the most proximal variable in these relationships. Additionally, future work 

should address whether the association between obesity and worse outcomes in this 

population includes less favorable scores on physician-reported instruments or whether the 

association is limited to PROs.

As with most human studies, there is a risk of selection bias. Less than half of the initially 

screened individuals were eligible and agreed to participate. The requirement that 

participants be well enough to attend study visits, as well as self-selection, may have 

resulted in a sample skewed toward women with less severe disease. Also, because this 

analysis included only female participants, the results are not generalizable to men with 

SLE. It is also possible that analysis of other PROs may yield different results.

The limitations of this study are outweighed by several strengths. The independent variable 

was measured using multiple definitions of obesity, including both body mass index and fat 

mass index. Though BMI has been the traditional measure of obesity and is easy to perform 

in clinical practice, it comes with limitations, including inability to distinguish between fat 

and lean mass (45). We overcame this limitation by using fat mass index as measured by 

DXA—which allows for distinction between fat and lean mass—as our primary measure of 

obesity. Additionally, the sample included participants with physician-confirmed lupus who 

were recruited from a variety of practice settings and represented a diverse range of racial 

and socioeconomic groups.

In conclusion, we found that excess adiposity is common in SLE and independently 

associates with greater symptom burden and self-reported disease activity. This finding has 

important clinical implications, as the symptoms assessed in our study are known to have 
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profound effects on quality of life and remain an area of unmet need for the majority with 

the disease. The relationship observed here between body composition and PROs further 

underscores the need to examine the impact of lifestyle interventions for lupus patients who 

are overweight. In addition to reducing the risk of important comorbidities such as 

cardiovascular disease, such interventions may reduce the severity of debilitating symptoms 

experienced by patients with SLE.
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Significance and Innovations

• This is one of the first studies of systemic lupus erythematosus (SLE) to 

evaluate the impact of excess adiposity on patient reported outcomes (PROs) 

and the first to use DXA to quantify fat mass in the investigation of these 

relationships.

• Among adult women with SLE, obesity was common (32% of the cohort), 

and independently associated with worse PROs, including self-reported 

disease activity, depressive symptoms, and symptoms of pain and fatigue.

• The association between excess adiposity and worse PROs remained stable 

using multiple measurements of adiposity and definitions of obesity.

• These findings highlight the need for lifestyle interventions targeting lupus 

patients who are overweight given the potential to reduce both cardiovascular 

risk and debilitating symptoms common in this disease.
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Table 1

Characteristics of Patients with SLE According to Obesity Category (N(%)

Overall Not Obese Obesea P

Number (%) 142 96 (66.9) 47 (33.1)

Demographic

 Age, mean ± SD 47.9 ± 12.3 47.3 ± 12.7 48.9 ± 11.7 0.47

 Race 0.03

  White 92 (64.8) 68 (71.6) 24 (51.1)

  Black 20 (14.1) 9 (9.5) 11 (23.4)

  Asian 18 (12.7) 14 (14.7) 4 (8.5)

  Latino 25 (17.6) 15 (15.8) 10 (21.3)

  Unspecified or other 4 (2.8) 1 (1.1) 3 (6.4)

 Education beyond high school 123 (86.6) 86 (90.5) 37 (78.7) 0.05

 Poverty level incomeb 21 (15.3) 8 (8.7) 13 (28.9) 0.002

Health related

 Cardiovascular Diseasec 5 (3.5) 3 (3.2) 2 (4.3) 0.74

 Diabetes Mellitus on treatment 8 (5.6) 2 (2.1) 6 (12.8) 0.01

 SLE disease duration, years 15.5 ± 8.9 14.9 ± 8.4 16.9 ± 9.9 0.21

 C-reactive protein, mean ± SD 4.2 ± 7.6 3.2 ± 7.0 6.2 ± 8.4 <0.01

 Smoking, current 8 (5.6) 6 (6.3) 2 (4.3) 0.62

 Smoking, ever 53 (37.6) 37 (39.0) 16 (34.8) 0.63

Medication Used

 Glucocorticoid 63 (45.3) 42 (45.2) 21 (45.7) 0.96

 Prednisone dose ≥ 7.5 mg/day 29 (20.1) 18 (19.4) 11 (23.9) 0.53

 Hydroxychloroquine 63 (44.4) 44 (46.3) 19 (40.4) 0.51

 Oral DMARDe 50 (35.2) 35 (36.8) 15 (31.9) 0.56

 Cyclophosphamide 7 (4.9) 7 (7.4) 0 (0.0) 0.06

 Rituximab 5 (3.5) 5 (5.3) 0 (0.0) 0.12

Except where indicated otherwise, values are number (%). P-values were calculated using chi-squared test for categorical measures, t-test for 
normally distributed continuous measures, and Wilcoxon-rank sum for skewed continuous measures.

a
Defined as fat mass index ≥ 13 kg/m2.

b
Household income ≤ 125% of the federal poverty level.

c
History of transient ischemic attack, stroke, or myocardial infarction.

d
Report of use within the last 12 months.

e
Disease Modifying Antirheumatic Drugs – includes azathioprine, mycophenolate mofetil, methotrexate, and tacrolimus.
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Table 2

Raw Medians for Patient Reported Outcomes by Obesity Status

Total Obese* Not Obese P

Disease Activity (SLAQ) 12.0 (8.0, 18.0) 15.0 (11.0, 19.0) 10.0 (5.0, 15.0) <0.001

Depression (CES-D) 13.5 (5.0, 23.0) 20.0 (11.0, 31.0) 10.0 (4.0, 21.0) <0.001

Pain (SF-36 Pain) † 41.4 (33.4, 50.3) 37.2 (33.0, 41.4) 46.1 (33.4, 55.4) <0.001

Fatigue (SF-36 Vitality) † 42.7 (33.4, 52.1) 36.5 (30.2, 45.8) 45.8 (36.5, 55.2) <0.001

Values are median (interquartile range). P-values calculated with Wilcoxon rank-sum test.

*
Obese defined as fat mass index ≥ 13 kg/m2

†
Higher scores reflect better status (less pain/fatigue)

SLAQ – Systemic Lupus Activity Questionnaire (range: 0–44)

CES-D – Center for Epidemiologic Studies Depression Scale (range: 0–60)

SF-36 – Short Form 36 Health Survey (range 0–100)
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Table 4

Bivariate Relationships for Obesity and Covariates with Patient Reported Outcomes

SLAQ CES-D SF-36 Pain SF-36 Vitality

β (P) β (P) β (P) β (P)

Body Composition

 Obese by FMI ≥ 13 kg/m2 4.55 (<0.001) 7.74 (<0.001) −7.16 (<0.001) −6.98 (0.001)

 Obese by BMI ≥ 30 kg/m2 4.54 (0.001) 8.17 (<0.001) −7.30 (<0.001) −8.66 (<0.001)

Covariates

 Age 0.02 (0.68) −0.01 (0.90) −0.07 (0.31) −0.11 (0.17)

 Race −0.78 (0.55) 2.76 (0.20) 0.77 (0.68) −2.91 (0.15)

 Low education1 1.27 (0.48) 2.67 (0.38) −2.95 (0.26) −2.90 (0.31)

 Poverty level income2 4.26 (0.01) 8.87 (0.001) −5.49 (0.02) −5.35 (0.04)

 Smoking, current 5.13 (0.04) 2.18 (0.62) −5.29 (0.16) −2.15 (0.60)

 Smoking, ever 0.79 (0.53) −1.01 (0.64) −3.90 (0.04) 0.23 (0.91)

 Disease Duration −0.09 (0.16) −0.01 (0.90) −0.05 (0.61) 0.02 (0.81)

 BILD Score 0.57 (0.055) 0.46 (0.36) −1.22 (0.01) −0.83 (0.08)

 Prednisone Use (yes/no) 2.20 (0.08) 1.47 (0.49) −3.31 (0.07) −2.41 (0.23)

  Prednisone Dose 0.18 (0.08) 0.09 (0.60) −0.25 (0.10) −0.04 (0.81)

  Prednisone > 7.5 mg/day 4.64 (0.002) 4.20 (0.11) −5.70 (0.01) −2.92 (0.23)

 Oral DMARD3 −0.52 (0.69) 2.16 (0.32) −2.53 (0.18) −4.80 (0.02)

 Immunosuppression4 −0.48 (0.70) 3.23 (0.13) −2.74 (0.14) −5.13 (0.01)

SLAQ, Systemic Lupus Activity Questionnaire; CES-D, Center for Epidemiologic Studies Depression Scale; SF-36 Pain, Short Form 36 Health 
Survey Pain Subscale (higher scores indicate less pain); SF-36 Vitality, Short Form 36 Vitality Subscale (higher scores indicate less fatigue); FMI, 
fat mass index; BMI, body mass index; BILD, Brief Index of Lupus Damage; DMARD, Disease-modifying antirheumatic drugs.

1
No education beyond high school.

2
Household income ≤ 125% of the federal poverty level.

3
Includes azathioprine, mycophenolate mofetil, methotrexate, and tacrolimus.

4
Includes oral DMARDs listed above plus cyclophosphamide and rituximab.
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Table 5

Multivariate Relationships for Obesity and Covariates with Patient Reported Outcomes

SLAQ CES-D SF-36 Pain SF-36 Vitality

β (P) β (P) β (P) β (P)

Obese by FMI ≥ 13 kg/m2 3.33 (0.01) 6.67 (0.004) −5.55 (0.004) −5.66 (0.01)

Age 0.11 (0.06) 0.02 (0.82) −0.16 (0.05) −0.20 (0.03)

Race 0.82 (0.52) 5.96 (0.01) −1.62 (0.38) −4.77 (0.02)

Low education1 −0.64 (0.72) −2.57 (0.41) −0.45 (0.86) −1.00 (0.73)

Poverty level income2 3.01 (0.10) 8.67 (0.01) −3.06 (0.24) −6.39 (0.03)

Smoking, current 3.91 (0.14) 0.80 (0.86) −2.95 (0.44) −0.24 (0.96)

Disease Duration −0.19 (0.01) −0.01 (0.92) 0.08 (0.45) 0.18 (0.15)

BILD Score 0.69 (0.02) 0.51 (0.31) −1.23 (0.004) −0.90 (0.06)

Prednisone > 7.5 mg/day 3.33 (0.03) 2.65 (0.31) −5.73 (0.01) −2.38 (0.33)

Model F value (df) 3.72 2.98 3.98 3.28

Model R2 0.21 0.18 0.23 0.19

Model Adjusted R2 0.16 0.12 0.17 0.13

SLAQ, Systemic Lupus Activity Questionnaire; CES-D, Center for Epidemiologic Studies Depression Scale; SF-36 Pain, Short Form 36 Health 
Survey Pain Subscale (higher scores indicate less pain); SF-36 Vitality, Short Form 36 Vitality Subscale (higher scores indicate less fatigue); FMI, 
fat mass index; BILD, Brief Index of Lupus Damage; DMARD, Disease-modifying antirheumatic drugs.

1
No education beyond high school.

2
Household income ≤ 125% of the federal poverty level.
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