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Contribution of abnormal BMI to adverse
health-related quality of life outcomes after a
52-week therapy in patients with SLE
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Abstract

Objectives. To investigate whether abnormal BMI is associated with adverse health-related quality of life (HRQoL)

outcome, including severe fatigue, after 52 weeks of standard therapy plus belimumab or placebo in patients

with SLE.

Methods. We analysed data from the BLISS-52 (NCT00424476) and BLISS-76 (NCT00410384) trials (n¼1684).

Adverse HRQoL was defined as SF-36 scores � the fifth percentile in age- and sex-matched US population-based

subjects, and FACIT-F scores <30. We compared BMI groups using the Pearson’s v2 test, and assessed independence

with multivariable logistic regression analysis.

Results. Overweight (BMI �25 kg/m2) and obese (BMI �30 kg/m2) patients showed increased likelihood to exhibit

adverse SF-36 physical component summary (OR: 1.8; 95% CI: 1.4, 2.3; P <0.001 and OR: 2.4; 95% CI: 1.8, 3.2;

P <0.001, respectively) and FACIT-F (OR: 1.3; 95% CI: 1.1, 1.6; P ¼ 0.010 and OR: 1.5; 95% CI: 1.2, 2.0;

P ¼ 0.002, respectively) scores at week 52. Underweight was associated with adverse SF-36 mental component

summary scores, also after adjustment for sex, ancestry, age, disease duration, disease activity, organ damage

and prednisone dose during the study period (OR: 2.1; 95% CI: 1.2, 3.6; P ¼ 0.007). Addition of belimumab to

standard therapy independently protected against adverse SF-36 general health (OR: 0.8; 95% CI: 0.6, 1.0;

P ¼ 0.025) and FACIT-F< 30 (OR: 0.8; 95% CI: 0.6, 1.0; P ¼ 0.018).

Conclusion. Overweight and obesity contributed to adverse physical and mental HRQoL outcomes after therapeutic

intervention in SLE patients, and underweight contributed to adverse mental HRQoL outcome. A protective effect of

belimumab against adverse general health and severe fatigue was implicated.

Key words: Systemic lupus erythematosus, health-related quality of life, patient-reported outcomes, patient
perspective

Rheumatology key messages

. Overweight and obesity contribute to adverse physical health and social functioning after therapy in SLE.

. Underweight contributes to severely impaired mental health despite therapeutic intervention in patients with SLE.

. Addition of belimumab to standard therapy protects against adverse general health and severe fatigue.
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Introduction

Despite therapeutic advances during recent decades,

patients with SLE experience substantial impairments in

physical, mental and social aspects of health-related

quality of life (HRQoL) [1–3]. While physician-based

assessments and disease-specific outcomes are

integrated in composite measures currently used for

evaluation of SLE trial interventions, patient-reported

HRQoL is omitted. However, patients often value their

self-perception of HRQoL higher than disease activity

strictly based on physical examination and laboratory

tests [4]. It is, therefore, encouraging that the patient

perspective receives increasing endorsement within the

lupus research community [5]. In fact, as early as in

1998, during the OMERACT IV consensus conference,

HRQoL emerged as one of the four important core out-

comes for SLE clinical trials along with disease activity,

medication side-effects and organ damage [6].

Data from current literature advocate that obesity is

associated with higher SLE disease activity [7] and

negatively impacts on HRQoL [8, 9]. Recently, we

demonstrated that SLE patients’ self-reported physical

health, fatigue and social functioning were gradually

worse with increasing BMI, and that overweight patients

experienced clinically important impairments regarding

physical aspects of HRQoL and fatigue [10]. Importantly,

the impact of high BMI on these HRQoL aspects was

greater than that of SLE disease activity. However,

less is known about the impact of abnormal BMI on

treatment outcome.

The aim of the present post hoc analysis of two phase

III clinical trials was to investigate whether underweight,

overweight or obesity is associated with adverse HRQoL

outcome, including severe fatigue, in patients with active

SLE after having received a 52-week therapeutic inter-

vention with standard therapy (ST) plus belimumab or

placebo.

Patients and methods

Study design

We used longitudinal data from baseline through week

52 deriving from the BLISS-52 (NCT00424476) [11] and

BLISS-76 (NCT00410384) [12] clinical trials of belimu-

mab. BLISS-52 comprised 865 and BLISS-76 comprised

819 adult patients with SLE according to the 1997 ACR

classification criteria [13], with an ANA titre �1:80 and/

or a serum anti-dsDNA antibody level �30 IU/ml, and

active SLE defined as a score of �6 in the Safety of

Estrogens in Lupus National Assessment (SELENA)-

SLEDAI [14].

Patients were on stable ST for at least 30 days prior

to the trial intervention; this included glucocorticoids,

antimalarial agents and/or immunosuppressants at

tolerable doses. At baseline, patients were randomized

to receive belimumab 1 mg/kg, belimumab 10 mg/kg or

placebo along with ST, the latter mainly comprising

antimalarials (65.3%), azathioprine (23.1%), methotrex-

ate (13.7%) and mycophenolic acid (11.2%), as sum-

marized in Table 1. Belimumab and placebo were

administered as intravenous infusions at baseline,

week 2, week 4 and thereafter every fourth week until

week 48 in BLISS-52 and until week 72 in BLISS-76.

The primary end point was evaluated at week 52 in both

trials. Therefore, we studied adverse HRQoL outcomes

based on patient reports at week 52.

Data from the BLISS trials were made available by

GlaxoSmithKline (Uxbridge, UK) through the Clinical

Study Data Request consortium, and were restructured

to serve the purpose of this study. Missing values were

managed using the last observation carried forward

principle for all variables but BMI; for the latter, the

mean weight of the previous and next available visits

was used to calculate the BMI, and the last observation

carried forward principle was used to manage missing

weight values when the last visit lacked a valid value.

The similar design and identical inclusion and exclusion

criteria of the BLISS-52 and BLISS-76 trials facilitated

pooling of the data.

The study complied with the ethical principles of the

Declaration of Helsinki. Written informed consent was

obtained from all study participants prior to enrolment.

The BLISS-52 and BLISS-76 study protocols were

reviewed and approved by regional ethics review boards

for all participating centres, and the study protocol for

this post hoc analysis was reviewed and approved by

the Swedish Ethical Review Authority (2019–05498).

Adverse HRQoL

Patients reported self-perceptions of HRQoL using the

Medical Outcome Study Short Form-36 (SF-36) health

survey [15] and the Functional Assessment of Chronic

Illness Therapy – Fatigue (FACIT-F) scale [16].

The SF-36 health survey is a generic instrument

intended to assess perceived well-being in physical,

social and mental aspects of life within four weeks

preceding the assessment. It consists of 36 questions

divided into eight subscales, i.e. physical functioning

(PF), role physical (RP), bodily pain (BP), general health

(GH), social functioning (SF), vitality (VT), role emotional

(RE) and mental health (MH). PF, RP, BP and GH denote

physical, and MH, VT, SF and RE denote mental

aspects of HRQoL. SF-36 subscale scores are calcu-

lated based on weighted formulas, and result into

scores that range from 0 to 100 (transformed scores),

where higher scores indicate better HRQoL. The eight

subscales are weighted into two summary scores, i.e.

the mental component summary (MCS) and the physical

component summary (PCS), which are norm-referenced

scores ranging from 0 to 100 with a mean of 50 and a

S.D. of 10. It is worth noting that, albeit negatively,

the mental subscales also contribute to the calculation

of PCS and the physical subscales to the calculation of

MCS. After management of missing values, all patients

had available SF-36 data at week 52 (n¼1684).
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As previously suggested [17], we defined adverse

HRQoL outcomes as SF-36 scale scores � the norma-

tive fifth percentile (NP5), i.e. the worst 5% of the scores

reported from a US population-based control group indi-

vidually matched for age and sex with the study partici-

pants (n¼1684). We created this normative control

group using summarized values stratified by sex and

age categories, provided in user manuals by the crea-

tors of SF-36 [18, 19]. The selection of the US

population-based norms was guided by early reports of

HRQoL outcome in BLISS-52 and BLISS-76 [20]. The

NP5 for each SF-36 item was calculated to the following

values: PF�52.5; RP�29.8; BP�38.6; GH�41.0;

VT�25.4; SF�46.2; RE�26.6; MH�43.4; PCS�36.0;

MCS�34.5.

The FACIT-F scale is a generic index that comprises

13 questions and is intended to assess the degree of fa-

tigue over a period of seven days preceding the assess-

ment. The scores range from 0 to 52, with lower scores

representing more severe fatigue. FACIT-F scores <30

denote severe fatigue [16], herein designating adverse

FACIT-F outcome. The total number of patients with

available FACIT-F registrations at week 52 after man-

agement of missing values was 1665.

BMI categories

Patients were stratified into groups based on their mean

BMI during the study period (from baseline to week 52)

according to the World Health Organization guidelines. BMI

TABLE 1 Demographics and clinical data of the entire study population and different BMI groups

Underweight
(n 5 73)

Normal
weight

(n 5 850)

Pre-obesity
(n 5 438)

Obesity
(n 5 323)

Total
(n 5 1684)

Demographics
Age (years) 31.0 6 9.8 35.3 6 10.9 39.7 6 11.3 43.4 6 11.0 37.8 6 11.5

Female sex 70 (95.9%) 808 (95.1%) 404 (92.2%) 303 (93.8%) 1585 (94.1%)
Ancestries:

Asian 32 (43.8%) 237 (27.9%) 71 (16.2%) 15 (4.6%) 355 (21.1%)
Black/African American 6 (8.2%) 43 (5.1%) 49 (11.2%) 50 (15.5%) 148 (8.8%)
Indigenous Americana 14 (19.2%) 193 (22.7%) 115 (26.3%) 61 (18.9%) 383 (22.7%)

White/Caucasian 21 (28.7%) 377 (44.4%) 203 (46.3%) 197 (61.0%) 798 (47.4%)
Clinical data

SLE duration at baseline (years) 5.4 6 6.0 6.3 6 6.2 6.3 6 6.4 7.0 6 6.7 6.4 6 6.4
Mean BMI (week 0–52) 17.7 6 0.8 22.0 6 1.8 27.2 6 1.4 35.4 6 4.9 25.8 6 5.9
SLEDAI-2K score

Baseline 10.5 6 4.1 9.8 6 3.8 10.1 6 3.7 10.1 6 4.0 10.0 6 3.8
week 52 6.8 6 5.1 6.1 6 4.1 6.0 6 4.5 6.2 6 4.7 6.2 6 4.4

SDI score
Baseline 0.7 6 1.1 0.6 6 1.1 0.8 6 1.3 1.1 6 1.5; N ¼ 322 0.8 6 1.2; N ¼ 1683
week 52 0.8 6 1.1 0.7 6 1.1 0.9 6 1.3 1.2 6 1.5; N ¼ 322 0.8 6 1.3; N ¼ 1683

SDI score >0
Baseline 0.4 6 0.5 0.4 6 0.5 0.5 6 0.5 0.5 6 0.5; N ¼ 322 0.4 6 0.5; N ¼ 1683
week 52 0.4 6 0.5 0.4 6 0.5 0.5 6 0.5 0.6 6 0.5; N ¼ 322 0.4 6 0.5; N ¼ 1683

Trial treatment
Placebo 21 (28.8%) 296 (34.8%) 142 (32.4%) 103 (31.9%) 562 (33.4%)

Belimumab 1 mg/kg 29 (39.7%) 269 (31.6%) 154 (35.2%) 107 (33.1%) 559 (33.2%)
Belimumab 10 mg/kg 23 (31.5%) 285 (33.5%) 142 (32.4%) 113 (35.0%) 563 (33.4%)

Prednisone use 69 (94.5%) 755 (88.8%) 380 (86.8%) 249 (77.1%) 1453 (86.3%)

Prednisone eq. dose (mg/day) 10.6 6 7.3 11.0 6 8.5 11.1 6 9.2 9.9 6 8.6 10.8 6 8.7
Immunosuppressant use 33 (45.2%) 392 (46.1%) 220 (50.2%) 175 (54.2%) 820 (48.7%)

Azathioprine 16 (21.9%) 195 (22.9%) 105 (24.0%) 73 (22.6%) 389 (23.1%)
Methotrexate 8 (11.0%) 112 (13.2%) 52 (11.9%) 59 (18.3%) 231 (13.7%)
Mycophenolic acid 8 (11.0%) 83 (9.8%) 56 (12.8%) 42 (13.0%) 189 (11.2%)

Other Immunosuppressantsc 1 (1.4%) 17 (2.0%) 9 (2.1%) 6 (1.9%) 33 (2.0%)
Antimalarial agent useb 54 (74.0%) 576 (67.8%) 269 (61.4%) 201 (62.2%) 1100 (65.3%)

Data are presented as number (percentage) or mean (S.D.). In case of missing values, the total number of patients with
available data is indicated. aAlaska Native or American Indian from North, South or Central America. bHydroxychloroquine,

chloroquine, mepacrine, mepacrine hydrochloride or quinine sulphf. cCiclosporin, oral cyclophosphamide, leflunomide, miz-
oribine or thalidomide. eq.: equivalent; SDI: Systemic Lupus International Collaborating Clinics SLICC/American College of

Rheumatology ACR Damage Index; SLE: systemic lupus erythematosus; SLEDAI-2K: SLE Disease Activity Index 2000.
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<18.5 kg/m2 denoted underweight, BMI �18.5 kg/m2 and

<25 kg/m2 denoted normal weight, BMI �25 kg/m2

denoted overweight, BMI �25 kg/m2 and <30 kg/m2

denoted pre-obesity, and BMI �30 kg/m2 denoted

obesity [21]. We further stratified the obesity group into

three subclasses, i.e. obesity class I (BMI �30 kg/m2

and <35 kg/m2), obesity class II (BMI �35 kg/m2 and

<40 kg/m2) and obesity class III (BMI �40 kg/m2).

Clinical assessments

SLE disease activity was evaluated using the SLEDAI-

2K [22]. Organ damage was assessed using the SLICC/

ACR Damage Index (SDI) [23].

Statistics

Data are presented as number (percentage) or mean

(S.D.). The Pearson’s v2 or Fisher’s exact test was used

for comparisons between BMI groups in the entire data-

set and in calibration and validation sets randomly split

into 60% and 40% of the patients, respectively, ensur-

ing similar proportions of BMI categories. For assess-

ment of independence and adjustment for potential

confounders, we employed multivariable logistic regres-

sion analysis. The accuracy of the models was tested

by training the pooled data using a 60% and 40% train

and test set, respectively.

The RStudio version 3.6.2 (PBC, MA, USA) and IBM

SPSS software version 26 (IBM Corp., NY, USA) were

used for data management and statistical analyses.

P-values <0.05 were considered statistically significant.

Results

Patient characteristics

Demographics and clinical characteristics of the study

participants are presented in Table 1 for the entire

population and the underweight, normal weight, pre-

obesity and obesity groups, and in Table 2 for the obes-

ity class I–III groups. The mean BMI score for the total

population was 25.8 (65.9) kg/m2, and the distributions

of BMI scores within each BMI group are provided in

Table 1 and Table 2. A total of 73 patients were under-

weight (4.3%), 850 patients had BMI scores within the

normal range (50.5%), 438 patients were pre-obese

(26.0%) and 323 patients were obese (19.2%).

Adverse HRQoL outcomes

Overall, we observed large proportions of patients with

adverse HRQoL outcomes at week 52, with the highest

frequency within the entire population documented for

SF-36 GH (39.0%) and the lowest frequency docu-

mented for RE (10.0%; Supplementary Table S1, avail-

able at Rheumatology online). Proportions of patients

with PCS and MCS scores �NP5 at week 52 within dif-

ferent BMI groups are delineated in Fig. 1; actual data

are provided in Supplementary Tables S1–S3, available

at Rheumatology online.

Overweight patients showed increased likelihood com-

pared with normal weight ones to exhibit adverse PCS

(odds ratio, OR: 1.8; 95% CI: 1.4, 2.3; P <0.001).

Increasing proportions of patients with PCS scores �NP5

were observed with increasing BMI category, yielding a

1.4 times increased chance in pre-obese (26.0%) com-

pared with normal weight (20.0%) patients (OR: 1.4; 95%

, CI, CI: 1.1, 1.9; P ¼0.013), a 2.4 times increased chance

in obese patients (37.8%; OR: 2.4; 95% CI: 1.8, 3.2;

P <0.001) and a 4.6 times increased likelihood in patients

with obesity class III (53.7%; OR: 4.6; 95% CI: 2.7, 8.1;

P <0.001). In contrast, higher proportions of MCS scores

�NP5 were seen among underweight (31.5%; OR: 1.9;

95% CI: 1.1, 3.1; P ¼0.019) and patients with obesity

class II (30.0%; OR: 1.7; 95% CI: 1.0, 2.9; P ¼0.033)

compared with normal weight (19.9%) patients, while the

other abnormal BMI groups did not differ from patients

with normal weight (Fig. 1; Supplementary Tables S1–S3,

available at Rheumatology online).

No difference was seen in proportions of patients with

SF-36 subscale scores �NP5 at week 52 between the

underweight and normal weight groups (Figs. 2 and 3;

Supplementary Table S1, available at Rheumatology on-

line). Proportions of patients with SF-36 subscale scores

�NP5 at week 52 were greater among pre-obese vs nor-

mal weight patients regarding PF (30.6% vs 24.8%; OR:

1.3; 95% CI: 1.03, 1.7; P ¼0.027), RP (16.0% vs 9.9%;

OR: 1.7; 95% CI: 1.04, 2.1; P ¼0.030) and SF (20.3% vs

14.0%; OR: 1.6; 95% CI: 1.2, 2.1; P ¼0.004), but did not

differ regarding BP, GH, VT, RE or MH (Figs. 2 and 3;

Supplementary Table S2, available at Rheumatology on-

line). Proportions of patients with SF-36 subscale scores

�NP5 were greater among obese vs normal weight

patients for all SF-36 subscales but MH (Supplementary

Table S2, available at Rheumatology online), with the

associations being more prominent with increasing obes-

ity category (Figs. 2 and 3; Supplementary Table S3,

available at Rheumatology online).

Proportions of patients with FACIT-F scores <30 at

week 52 were higher within overweight (36.0%) and

obese (39.3%) compared with normal weight (30.0%)

patients (OR: 1.3; 95% CI: 1.1, 1.6; P ¼0.010 and OR:

1.5; 95% CI: 1.2, 2.0; P ¼0.002, respectively), with this

difference being more prominent among patients with

obesity class II (51.3%; OR: 2.5; 95% CI: 1.6, 3.9;

P <0.001) and patients with obesity class III (50.0%; OR:

2.3; 95% CI: 1.4, 4.1; P ¼0.002) (Fig. 1; Supplementary

Tables S1–S3, available at Rheumatology online).

Similar patterns were observed in the calibration

(Supplementary Fig. S1; Supplementary Tables S4–S6,

available at Rheumatology online) and validation

(Supplementary Fig. S2; Supplementary Tables S7–S9,

available at Rheumatology online) groups.

Results from multivariable logistic regression
analysis

We created multivariable logistic regression models with

the different adverse HRQoL outcomes at week 52 as

the dependent variables. Apart from BMI as a
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continuous variable or BMI categories, covariates in the

models comprised sex, ancestry, age and SLE disease

duration at baseline, disease activity burden measured

as the area under the curve (AUC) of SLEDAI-2K scores

between baseline and week 52 normalized to a scale

ranging from the lowest to the highest observed score

(0–36), mean SDI scores from baseline to week 52,

mean daily prednisone equivalent doses from baseline

to week 52, and addition of belimumab to ST (with pla-

cebo as the reference comparator).

When BMI was treated as a continuous variable in the

models, increasing BMI scores were independently

associated with adverse HRQoL in multiple domains.

Those included PCS (OR: 1.04; 95% CI: 1.0, 1.1;

P <0.001), PF (OR: 1.04; 95% CI: 1.0, 1.1; P <0.001),

BP (OR: 1.03; 95% CI: 1.0, 1.1; P ¼0.013) and GH (OR:

1.02; 95% CI: 1.0, 1.0; P ¼0.027) among the physical

SF-36 items, and VT (OR: 1.03; 95% CI: 1.0, 1.1;

P ¼0.011) and SF (OR: 1.03; 95% CI: 1.0, 1.1;

P ¼0.002) among the mental SF-36 items (Fig. 4;

Supplementary Table S10, available at Rheumatology

online). Notably, addition of belimumab to ST was found

to be protective against adverse GH (OR: 0.8; 95% CI:

0.6, 1.0.; P ¼0.025).

BMI scores corresponding to underweight were asso-

ciated with SF-36 MCS (OR: 2.1; 95% CI: 1.2, 3.6;

P ¼0.007), RE (OR: 2.1; 95% CI: 1.0, 4.5; P ¼0.048) and

MH (OR: 2.2; 95% CI: 1.1, 4.1; P ¼0.015) scores �NP5

(Fig. 4; Supplementary Table S11, available at

Rheumatology online). Overweight was associated with

adverse PCS (OR: 1.3; 95% CI: 1.0, 1.7; P ¼0.033) and

SF (OR: 1.5; 95% CI: 1.2, 2.0; P ¼0.003) scores (Fig. 4;

TABLE 2 Demographics and clinical data of patients within different obesity classes

Obesity class I
(n 5 189)

Obesity class II
(n 5 80)

Obesity class III
(n 5 54)

Obesity total
(n 5 323)

Demographics
Age (years) 43.5 6 11.7 43.4 6 9.3 42.8 6 11.2 43.4 6 11.0
Female sex 174 (92.1%) 78 (97.5%) 51 (94.4%) 303 (93.8%)

Ancestries:
Asian 11 (5.8%) 3 (3.8%) 1 (1.9%) 15 (4.6%)

Black/African American 27 (14.3%) 15 (18.8%) 8 (14.8%) 50 (15.5%)
Indigenous Americana 43 (22.8%) 14 (17.5%) 4 (7.4%) 61 (18.9%)
White/Caucasian 108 (57.1%) 48 (60.0%) 41 (75.9%) 197 (61.0%)

Clinical data
SLE duration at baseline (years) 7.1 6 7.0 6.5 6 6.0 7.5 6 6.4 7.0 6 6.7

Mean BMI (week 0–52) 32.3 6 1.5 36.9 6 1.4 44.3 6 3.6 35.4 6 4.9
SLEDAI-2K score

Baseline 10.3 6 3.8 10.0 6 4.5 9.1 6 3.7 10.1 6 4.0

week 52 5.9 6 4.7 7.3 6 5.4 5.8 6 3.2 6.2 6 4.7
SDI score

Baseline 1.0 6 1.4 1.4 6 1.5; n¼79 1.3 6 1.8 1.1 6 1.5; n¼322
week 52 1.0 6 1.4 1.4 6 1.6; n¼79 1.3 6 1.8 1.2 6 1.5; n¼322

SDI score >0

Baseline 0.5 6 0.5 0.6 6 0.5; n¼79 0.5 6 0.5 0.5 6 0.5; n¼322
week 52 0.5 6 0.5 0.6 6 0.5; n¼79 0.6 6 0.5 0.6 6 0.5; n¼322

Trial treatment:

Placebo 67 (35.4%) 24 (30.0%) 12 (22.2%) 103 (31.9%)
Belimumab 1 mg/kg 59 (31.2%) 24 (30.0%) 20 (37.0%) 107 (33.1%)

Belimumab 10 mg/kg 63 (33.3%) 32 (40.0%) 22 (40.7%) 113 (35.0%)
Prednisone use 154 (81.5%) 64 (80.0%) 31 (57.4%) 249 (77.1%)
Prednisone eq. dose (mg/day) 10.8 6 9.2 9.9 6 7.5 6.8 6 7.5 9.9 6 8.6

Immunosuppressant use 103 (54.5%) 38 (47.5%) 34 (63.0%) 175 (54.2%)
Azathioprine 43 (22.8%) 17 (21.3%) 13 (24.1%) 73 (22.6%)

Methotrexate 31 (16.4%) 16 (20.0%) 12 (22.2%) 59 (18.3%)
Mycophenolic acid 29 (15.3%) 4 (5.0%) 9 (16.7%) 42 (13.0%)
Other Immunosuppressantsc 4 (2.1%) 1 (1.3%) 1 (1.9%) 6 (1.9%)

Antimalarial agent useb 113 (59.8%) 54 (67.5%) 34 (63.0%) 201 (62.2%)

Data are presented as number (percentage) or mean (S.D.). In case of missing values, the total number of patients with
available data is indicated. aAlaska Native or American Indian from North, South or Central America. bHydroxychloroquine,
chloroquine, mepacrine, mepacrine hydrochloride or quinine sulphf. cCiclosporin, oral cyclophosphamide, leflunomide, miz-

oribine or thalidomide. eq.: equivalent; SDI: Systemic Lupus International Collaborating Clinics SLICC/American College of
Rheumatology ACR Damage Index; SLE: systemic lupus erythematosus; SLEDAI-2K: SLE Disease Activity Index 2000.
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FIG. 1 Associations between BMI and adverse PCS, MCS and FACIT-F outcome

The bars delineate proportions of patients with adverse SF-36 PCS (A), SF-36 MCS (B) and FACIT-F (B) at week 52

from treatment initiation, stratified by BMI categories. Comparisons between abnormal BMI groups and normal weight

patients were conducted using Pearson’s v2 tests. The number of patients within the different BMI categories is indi-

cated below the corresponding chart. The forest plots illustrate the corresponding unadjusted ORs and 95% CIs, with

normal weight patients as comparators. Significant P-values are indicated with asterisks. FACIT-F: Functional

Assessment of Chronic Illness Therapy – Fatigue; MCS: mental component summary; NP5: normative fifth percentile;

OR: odds ratio; PCS: physical component summary.
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FIG. 2 Associations between BMI and adverse HRQoL outcome within physical SF-36 domains

The bars delineate proportions of patients with adverse SF-36 PF (A), SF-36 RP (B), SF-36 BP (C) and SF-36 GH (D)

at week 52 from treatment initiation, stratified by BMI categories. Comparisons between abnormal BMI groups and

normal weight patients were conducted using Pearson’s v2 tests. The number of patients within the different BMI cat-

egories is indicated below the corresponding chart. The forest plots illustrate the corresponding unadjusted ORs and

95% CIs, with normal weight patients as comparators. Significant P-values are indicated with asterisks. BP: bodily

pain; GH: general health; NP5: normative fifth percentile; OR: odds ratio; PF: physical functioning; RP: role physical.
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FIG. 3 Associations between BMI and adverse HRQoL outcome within mental SF-36 domains

The bars delineate proportions of patients with adverse SF-36 VT (A), SF-36 SF (B), SF-36 RE (C) and SF-36 MH (D)

at week 52 from treatment initiation, stratified by BMI categories. Comparisons between abnormal BMI groups and

normal weight patients were conducted using Pearson’s v2 tests. The number of patients within the different BMI cat-

egories is indicated below the corresponding chart. The forest plots illustrate the corresponding unadjusted ORs and

95% CIs, with normal weight patients as comparators. Significant P-values are indicated with asterisks. MH: mental

health; NP5: normative fifth percentile; OR: odds ratio; RE: role emotional; SF: social functioning; VT: vitality.
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Supplementary Table S12, available at Rheumatology

online); again, addition of belimumab to ST protected

patients against adverse GH (OR: 0.8; 95% CI: 0.6, 1.0;

P ¼0.017).

Pre-obesity was associated with SF-36 SF scores

�NP5 at week 52 (OR: 1.4; 95% CI: 1.0, 1.9; P ¼0.034),

while add-on belimumab was found to protect patients

against adverse PF (OR: 0.7; 95% CI: 0.6, 0.9; P ¼0.014)

and GH (OR: 0.8; 95% CI: 0.6, 1.0; P ¼0.024) (Fig. 4;

Supplementary Table S13, available at Rheumatology on-

line). Obesity was associated with adverse PCS (OR: 1.7;

95% CI: 1.2, 2.3; P ¼0.001), PF (OR: 1.6; 95% CI: 1.2,

2.2; P ¼0.003), GH (OR: 1.4; 95% CI: 1.0, 1.8; P ¼0.041),

VT (OR: 1.7; 95% CI: 1.2, 2.4; P ¼0.006) and SF (OR: 1.8;

95% CI: 1.3, 2.6; P ¼0.001) scores (Fig. 4;

Supplementary Table S14, available at Rheumatology on-

line); add-on belimumab protected against adverse GH

(OR: 0.8; 95% CI: 0.6, 1.0; P ¼0.045).

Finally, while no significant association between

increasing BMI and FACIT-F scores <30 at week 52

was documented in multivariable logistic regression ana-

lysis (OR: 1.01; 95% CI: 1.0, 1.0; P ¼0.492), addition of

belimumab to ST was protective against severe fatigue

in multiple models (Fig. 4; Supplementary Table S15,

available at Rheumatology online).

No interaction between mean BMI scores or BMI cat-

egory and disease activity burden was noted, with the

exception of an interaction between underweight and

normalized SLEDAI-2K AUC with regard to adverse

SF-36 GH (OR: 0.9; 95% CI: 0.8, 0.9; P ¼0.003); the

associations of underweight and SLEDAI-2K AUC with

adverse GH were still significant after inclusion of their

interaction in the model. The model accuracy ranged

from 0.64–0.92.

Increasing age and SLEDAI-2K AUC were independ-

ently associated with adverse HRQoL outcome in

FIG. 4 Associations between BMI and adverse HRQoL

The forest plots illustrate ORs and 95% CIs, generated from multiple logistic regression analyses, in models where

apart from the different BMI categories, age, sex, ancestry, SLE duration, disease activity burden, organ damage and

prednisone equivalent dose during the study period and belimumab treatment were included as covariates. In models

where use of belimumab displayed a significant independent association with adverse HRQoL outcome, the corre-

sponding result has been plotted in red. Significant P-values are indicated with asterisks. BP: bodily pain; GH: general

health; MH: mental health; NP5: normative fifth percentile; OR: odds ratio; PF: physical functioning; RE: role emotion-

al; RP: role physical; SF: social functioning; VT: vitality.
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multiple domains, as was increasing organ damage

within physical but not mental HRQoL. Increasing dis-

ease duration was inversely associated with adverse PF,

BP, VT, SF and FACIT-F scores <30. Using White/

Caucasian individuals as the reference due to their high-

est prevalence in the study population, Asian ancestry

was inversely associated with adverse HRQoL outcome

in multiple physical and mental domains, including se-

vere fatigue, while Indigenous American patients

showed inverse associations with adverse HRQoL out-

come mainly within mental domains and severe fatigue

(Supplementary Tables S10–S15, available at

Rheumatology online).

Discussion

We demonstrated overall high frequencies of adverse

patient-reported HRQoL in patients with active SLE

given a 52-week long standard therapy along with beli-

mumab or placebo. The lowest frequency of adverse

HRQoL outcome in the entire BLISS study population

was documented for role emotional (10%) and the high-

est for general health (39%). Overweight and obesity

exerted a negative impact on patient-reported HRQoL

outcome, particularly within physical aspects; however,

also regarding vitality and social functioning. Moreover,

a negative impact of underweight on HRQoL outcome

was implied within mental aspects; to our knowledge,

this finding is novel for patients with SLE. Lastly, we

demonstrated that addition of belimumab to standard

therapy protected against adverse general health and

severe fatigue.

Patients with SLE experience substantial impairments

in HRQoL compared with the general population. In sev-

eral aspects, e.g. perceptions of general health, bodily

pain and social functioning, these impairments have

been shown to be more prominent in SLE than in more

common chronic illnesses such as congestive heart fail-

ure and diabetes mellitus [2]. It is known that obesity

has a negative impact on SLE disease activity [7] and

HRQoL in the general population [8, 9, 24, 25]. We re-

cently showed that self-reported physical health, fatigue

and social functioning were gradually worse with

increasing BMI. In the same report, we showed that

pre-obese and obese patients with SLE experienced

more prominent impairments in physical aspects of

HRQoL and more prominent fatigue than normal weight

patients, with these divergences exceeding cut-offs for

clinically important differences [10]. In the present study,

we demonstrated a detrimental effect of overweight and

obesity on the efficacy of a 52-week intervention with

ST plus belimumab or placebo with regard to physical

aspects of HRQoL, vitality and social functioning. In

subgroup analysis of patients within different BMI

categories, a prominent and manifold negative impact

was observed in gradually higher BMI categories. For in-

stance, pre-obesity was primarily associated with higher

frequencies of adverse social functioning while greater

proportions of obese vs normal weight patients reported

adverse outcomes in multiple HRQoL domains, i.e.

general health, physical and social functioning, pain and

vitality.

An interesting and, to our knowledge, novel finding

was that underweight was independently associated

with adverse SF-36 MCS. This association held true for

role emotional and mental health among the mental SF-

36 subscales. It is known that patients with SLE suffer

an impaired mental HRQoL compared with healthy indi-

viduals [1]. Our results suggest that abnormally low BMI

may have an additive negative impact on how SLE

patients perceive their mental health status, also after

therapeutic intervention. Possible explanations could be

traced to comorbidities of psychiatric nature or neuro-

psychiatric affliction as a part of the clinical disease

phenotype, resulting in e.g. an aberrant perception of

self-image, potentially contributing to a negative impact

on the body weight, mental health, or both. This study

was not designed to address a potential causal relation-

ship between underweight and adverse mental health

or, if present, its direction. Neither was it possible to ex-

plore comorbid conditions as potential confounders.

Nevertheless, further investigation of this association in

future studies has merit.

Increasing age and burden of SLE disease activity

during the study period were independently associated

with adverse HRQoL outcome in multiple domains, as

was increasing organ damage within physical albeit not

mental HRQoL aspects. Compared with White/

Caucasian individuals, Asian ancestry was protective

against adverse HRQoL outcome in multiple physical

and mental domains, including severe fatigue, and

Indigenous American patients were protected against

adverse mental HRQoL outcome and severe fatigue. A

finding of particular interest was that increasing disease

duration was inversely associated with adverse physical

functioning and bodily pain, as well as adverse social

functioning and severe fatigue, the latter both based on

SF-36 vitality scores <NP5 and FACIT-F scores <30. A

reasonable explanation underlying this association could

be that patients show a gradual acceptance of living

with a chronic disease and its consequences over time,

and find ways to cope with practical problems and

accrued disability. In support of this notion are associa-

tions between disease duration and an increasing level

of acceptance in e.g. inflammatory bowel disease [26]

and multiple sclerosis [27]. Using the example of pain,

coping strategies have been shown to be associated

with improved well-being, reduced anxiety and depres-

sion, and less physical and psychosocial disability [28,

29]. Collectively, complementary trajectories in disease

management along with conventional pharmacotherapy,

such as cognitive, emotional and behavioural interven-

tion, may have merit for patients with SLE.

In the BLISS-52 and BLISS-76 trials, the patients

were treated with ST plus belimumab or placebo. An im-

portant observation in the present post hoc analysis was

that addition of belimumab to ST was an independent

protective factor against adverse general health and

Alexander Borg et al.
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severe fatigue after 52 weeks of treatment. Belimumab

use also displayed a protective effect against adverse

physical functioning in pre-obese patients; no such

association was, however, seen in obese patients, pos-

sibly due to the low number of patients in this group,

abating the power in statistical analysis. In early studies,

belimumab was shown to be superior over placebo in

inducing HRQoL improvements within physical, mental

and social aspects [11, 12, 20, 30–32], especially in

patients showing clinical improvement [33]. However,

the documentation of a protective effect of belimumab

against adverse HRQoL outcomes is novel. Adverse

HRQoL outcome despite treatment, persistent pain in

particular, has been shown to be a frequent problem in

RA [34], while addition of a biological agent to conven-

tional disease-modifying therapy reduced the risk of this

outcome by >30%, yielding a greater amelioration than

triple therapy with non-biological agents [35]. Such

observations support the notion that molecular explana-

tions are underlying patient perceptions of health state

and HRQoL outcomes, at least partly, and that selective

modulation is likely to exert a benefit that is superior to

that of broad immunosuppression. Collectively, biologic-

al therapy might partially reverse the negative impact of

overweight.

Dysregulation of the lipid profile has been shown to

correlate with SLE disease activity [36, 37], and SLE is

known to increase the risk of cardiovascular comorbid-

ities and cardiovascular mortality, especially in patients

with specific genetic cargo, antiphospholipid antibodies

and exposure to tobacco smoking [38–41]. It is reason-

able to assume that a proportion of patients with aber-

rant BMI also have a dysregulated lipid profile, with

SLE per se and/or SLE disease activity likely potentiat-

ing this dysregulation. In our models, SLE disease ac-

tivity and aberrant BMI were independent contributors

to adverse HRQoL outcomes, also after accounting for

a potential interaction between them. However, pro-

spective studies specifically designed to address this

question are warranted to further support weight con-

trol strategies as a complementary intervention along

with pharmacotherapy for the management of patients

with SLE. Identification of such influenceable factors

that are associated with adverse outcome after therapy

is important, and may have direct implications in clinic-

al practice.

The study may have been underpowered for some

analyses, as the initial BLISS-52 and BLISS-76 trials

were not designed to address our questions. Thus, no

safe implications can be gleaned regarding potential

causalities between aberrant BMI and adverse HRQoL,

or their direction. The exclusion criteria of the BLISS tri-

als limit the generalisability of the results; for instance,

the findings may not be applicable to severe active LN

populations or SLE patients with active severe CNS in-

volvement. Moreover, we lacked data on economic and

educational background of the patients, and were there-

fore unable to adjust for their impact on HRQoL out-

comes. The clinical significance of the cut-offs used to

define adverse HRQoL in SF-36 items has yet to be

determined; however, the concept was borrowed from

another rheumatic disease, i.e. RA [17], which along

with their stringency provides reassurance. The large

number of participants allowed for stratification into BMI

categories and adjustments in multivariable regression

models, contributing to a deeper understanding of the

observed associations.

Conclusion

Patients with active SLE who received standard therapy

plus belimumab or standard therapy alone for 52 weeks

displayed a high frequency of adverse self-reported

HRQoL, especially regarding general health. Overweight

and obesity exerted a negative impact on treatment out-

come with regard to physical HRQoL aspects, vitality

and social functioning. Underweight was associated

with adverse HRQoL outcome within mental aspects.

Addition of belimumab to standard therapy was shown

to protect against adverse general health and severe fa-

tigue. Our findings suggest that molecular aetiologies

may underlie failure of pharmacotherapy to induce satis-

factory HRQoL outcomes, while weight control and se-

lective immune modulation may exert independent

benefits.
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