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Abstract

There is a paucity of studies assessing multidisciplinary interventions focused on tackling physical inactivity/sedentary 
behavior and poor dietary habits in SLE. The Living well with Lupus (LWWL) is a randomized controlled trial to investigate 
whether a six-month lifestyle change intervention will improve cardiometabolic risk factors (primary outcome) among sys-
temic lupus erythematosus (SLE) patients with low disease activity (SLEDAI score ≤ 4) and with high cardiovascular risk. 
As secondary goals, we will evaluate: (1) the intervention’s safety, efficacy, and feasibility in promoting lifestyle changes, and 
(2) the effects of the intervention on secondary outcomes (i.e., clinical parameters, functional capacity, fatigue, psychological 
aspects, sleep quality and health-related quality of life). Patients will be randomly allocated to either a control (i.e., standard 
care) or a lifestyle intervention group using a simple randomization (1:1 ratio, blocks of 20). Mixed Model analyses will be 
conducted for comparing groups following an intention-to-treat approach. A per protocol analysis will also be conducted. 
This study has the potential to generate new, clinically relevant data able to refine the multidisciplinary management of SLE 
patients. Protocol version number: NCT04431167 (first version).
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune and 
multisystemic rheumatic disease characterized by the pres-
ence of autoantibodies and immune complexes that activate 
the immune response in various tissues, resulting in several 
clinical and laboratory manifestations, chronic inflamma-
tion, and tissue damage. SLE patients can present with skin 
lesions, osteoarthritis, renal and neurological disorders, 
hematological changes, among other complications [1, 2].

Patients with SLE can also exhibit reduced physical, 
functional and aerobic capacity, increased fatigue, and 
higher prevalence of sleep, neurological and/or psychiatric 
(i.e., anxiety and depression) disorders [3–5]. Furthermore, 
they are often affected by cardiovascular diseases, which are 
the main cause of morbidity and mortality in this population 
[6, 7]. This cluster of abnormalities leads to a prominent 
reduction in the quality of life in SLE.
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Atherosclerosis, dyslipidemia, diabetes mellitus, 
hypertension, obesity, hyperhomocysteinemia, vascular 
inflammation, and endothelial dysfunction are cardiometa-
bolic alterations reported in SLE [6, 8, 9]. However, the 
increased cardiometabolic risk in these patients is not fully 
explained by the presence of these risk factors [10], imply-
ing that some factors inherent to the disease (e.g., disease 
duration and activity, chronicity, medications, genetic 
factors and immunological mechanisms), in addition to 
direct damage to organs and tissues, may also underly the 
cardiovascular burden in SLE [6, 7, 11–14].

Pharmacological treatment (e.g., hydroxychloroquine, 
corticosteroids, immunosuppressants, biological agents) 
is the main strategy to control disease activity, allevi-
ate symptoms and improve patients’ quality of life [15]. 
Although effective, these therapies are not free of adverse 
effects (e.g., nausea, hepatotoxicity, leukopenia, anemia, 
infections, glucose intolerance, and osteoporosis) [16–18]. 
Considering the variety and complexity of the factors that 
negatively affect these patients, adjuvant, non-pharmaco-
logical therapies (e.g., physical activity and dietary inter-
ventions) become potentially relevant to improve disease 
symptoms, patients’ quality of life and reduce cardiometa-
bolic risk factors [19–23].

Even with the disease in remission, physical activity is 
below the recommended levels in SLE patients [21, 24]. 
These patients also spend more time in sedentary behav-
iors than the general population [21, 25]. Food consump-
tion and eating aspects of SLE patients remain largely 
unexplored in the literature. The few existing studies are 
controversial, with one study showing inadequate intake 
of some micronutrients (i.e., calcium, iron, vitamin B12 
and fiber) [26] and another showing a high consumption 
of fruits, milk, vegetables, meat and rice (i.e., foods rich 
in micronutrients) in SLE patients [27]. A recent review 
emphasized that an adequate food intake in SLE patients 
can help preserve the body's homeostasis, increase the 
period of remission, prevent adverse effects of medication 
and improve the patient's physical and mental well-being 
[28]. It is known that isolated interventions to promote 
physical activity or healthy eating among SLE patients 
have resulted in improvements in inflammation, symptoms 
(e.g., fatigue, anxiety and depression), quality of life and 
cardiovascular risk factors (e.g., weight loss, blood pres-
sure, dyslipidemia, insulin resistance [22, 29]. However, 
existing studies are limited by short-term follow-ups, small 
samples, and interventions that are difficult to implement 
in the clinical setting [22, 30]. Furthermore, although the 
literature shows that separate interventions of physical 
activity or diet may provide some health benefits, co-inter-
ventions focused on tackling physical inactivity/sedentary 
behavior and poor dietary habits are still lacking in SLE, 
to our knowledge [31].

There has been a growing interest in multidisciplinary 
interventions aimed at promoting healthy lifestyle habits, 
based on encouraging physical activity and healthy and sus-
tainable eating habits [32]. More comprehensive lifestyle 
interventions, that combine multifaceted strategies aimed 
at promoting physical activity and healthy food consump-
tion, are capable improving cardiometabolic health param-
eters [33–35] and health-associated quality of life in vari-
ous chronic diseases [36–38]. Thus, it becomes relevant to 
investigate whether new interventions focused on promoting 
lifestyle changes can also improve cardiometabolic risk fac-
tors, symptoms, and quality of life in SLE.

Materials and methods

Objectives and hypotheses

The goal of the proposed intervention is promoting life-
style changes through recommendations of structured and 
unstructured physical activity and health eating. The primary 
aim of the study is to investigate whether such an interven-
tion will improve cardiometabolic risk factors among SLE 
patients with high cardiovascular risk. Also, as secondary 
aims, we will evaluate: (1) the intervention’s safety, efficacy, 
and feasibility, in promoting lifestyle changes, and (2) the 
effects of the intervention on secondary outcomes (i.e., clini-
cal parameters, functional capacity, fatigue, psychological 
aspects, sleep quality and health-related quality of life).

Our main hypotheses are that (1) the intervention will 
improve cardiometabolic risk factors; (2) the intervention 
will be safe, effective, and feasible in promoting lifestyle 
changes; and (3) the intervention will improve secondary 
outcomes.

Experimental design

We will conduct a 6-month, parallel-group, randomized 
controlled trial, in which patients will be assessed for a car-
diovascular risk score (primary outcome), physical activity 
levels and sedentary behavior; food consumption and eating 
behavior; clinical parameters; cardiometabolic risk factors 
(i.e., adiposity, aerobic fitness, blood pressure, serum blood 
lipid profile, insulin resistance and endothelial dysfunction); 
sleep quality; fatigue; functional capacity; psychological 
aspects and health-related quality of life.

After baseline assessments, patients will be randomly 
allocated to either a control or intervention group using a 
simple randomization (1:1 ratio, blocks of 20) procedure, 
by computer-generated random numbers in SAS 9.3 (SAS 
Institute Inc., Cary, NC, USA) for Windows. An external 
researcher will generate the allocation sequence and results 
will be placed sequentially numbered in opaque, sealed 
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envelopes so that the allocation stays concealed until rand-
omization. All assessors will be blinded to patients’ exam, 
except for the cardiopulmonary exercise, functional capac-
ity tests and food consumption analyses. The cardiopulmo-
nary and functional capacity tests will be analyzed before 
randomization by the researcher responsible for the inter-
vention physical activity construct, as this is a criterion for 
performing the structured physical exercise program. Food 
consumption will be analyzed by the research responsible 
for conducting the nutritional counseling, but data collection 
will be self-reported with no interference of the researcher. 
All assessors will be responsible for patients’ recruitment 
and enrollment. The control group will receive standard 
care, as described below.

The current study is registered in an international 
database of clinical research studies (clinicaltrials.gov, 
NCT04431167). This manuscript is described according to 
the Standard Protocol Items: Recommendations for Interven-
tional Trials (SPIRIT) [39] and the findings from this study 
will be reported according to the recommendations of the 
Consolidated Standards of Reporting Trials (CONSORT) 
guidelines [40] (Fig. 1).

Patient recruitment and selection

Patient recruitment and selection will take place at the 
Clinical Hospital (School of Medicine, University of Sao 

Paulo). Patients will be recruited directly from the SLE 
Outpatient Clinic of the Rheumatology Division. Inclusion 
criteria will be: (1) females; (2) that meet classification 
criteria according to the Systemic Lupus International Col-
laborating Clinics classification criteria (SLICC) (37); (3) 
aged between 18 and 65 years; (4) with SLEDAI score ≤ 4 
at the Systemic Lupus Erythematosus Disease Activity 
Index 2000 (SLEDAI-2K) [41], (5) under treatment with 
prednisone at a dose < 10 mg/day and with antimalarials 
at a stable dose; (6) with BMI between 25 e 40 kg/m2 
and/or high cardiovascular risk, which will be defined by 
the presence of one of the following criteria: dyslipidemia 
(i.e., plasma total cholesterol > 200 mg/dL, high density 
lipoprotein (HDL) < 40 mg/dL, low density lipoprotein 
(LDL) > 130 mg/dL or triglycerides > 150 mg/dL) [42], 
hypertension or diabetes. Exclusion criteria will include: 
(1) participation in structured physical activity programs 
and/or reporting dieting in the last 12 months; (2) having 
any physical disability that prevents the performance of 
the cardiopulmonary exercise test or the structured physi-
cal exercise program; (3) illiterate patients or with cog-
nitive impairments that impede the understanding of the 
intervention recommendations; (4) patients with musculo-
skeletal impairments that potentially impede participation 
in the intervention.

Fig. 1  Planned flow diagram
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Sample size

The sample size was determined by feasibility criteria, fol-
lowing previous recommendations [43, 44]. Namely, we 
considered: (1) the number of potentially eligible patients 
from our outpatient clinic; (2) our staff capacity (number 
of technicians, assistants, students and researchers), and (3) 
the availability of financial resources to conduct the study. 
This feasibility analysis led us to determine a sample of 80 
patients in total.

Ethical compliance

This trial has been approved by the local Ethical Committee 
(Commission for Analysis of Research Projects, CAPPesq; 
approval: 19554719.5.0000.0068). Patients will be required 
to sign an informed consent form before participation and 
all the procedures will be conducted in accordance with the 
Declaration of Helsinki revised in 2008.

The Living Well with Lupus intervention

The Living Well with Lupus program is a newly developed, 
goal setting, behavioral intervention aimed at changing 
lifestyle behaviors (i.e., increasing physical activity levels, 
decreasing time spent in sedentary behaviors and improving 
eating aspects).

The constructs of Living Well with Lupus

Changing behaviors is a process, which imply the existence 
of different stages, and it is multifactorial, which means it 
is affected by physical, psychological, and socioeconomic 
aspects, among others [45]. The present intervention is based 
on three main pillars: (1) there are different stages in the 
behavior changing process; (2) behaviors, especially physi-
cal activity and eating aspects, are multifactorial and shall 
be addressed in different fronts; and (3) there are individual 
characteristics and needs that can be fostered to enhance 
this process. Based on these assumptions, two models will 
be used as a theoretical basis for the intervention: the tran-
stheoretical behavior change model and the behavior change 
wheel [46, 47].

This lifestyle intervention will involve two constructs: 
(1) to increase physical activity level and reduce sedentary 
behavior, and (2) to improve eating aspects. The first con-
struct will be a 3-times-a-week, home-based, structured 
physical activity program composed by ten exercises focused 
on different muscle groups (e.g., chest, back, abdomen, 
quadriceps femoris and biceps femoris), with duration of 
approximately 40 min per session. Progression will occur 
in terms of volume, duration, intensity, and difficulty of the 
exercises depending on the developments of the patient over 

the period. Furthermore, individualized goals will be estab-
lished in common agreement between patient and researcher 
to reduce sedentary behavior and increase unstructured 
physical activity during transport (e.g., “get off the bus one 
stop before or after your destination and walk the rest of the 
way at least 3 times a week”), leisure (e.g., “stay standing 
while talking on the phone or cell phone”) and work (e.g., 
“stop using your computer and get up every 60 min for at 
least 3 min”).

The second construct that aims to improve eating behav-
iors will be based on nutritional counseling, a technique 
defined as a meeting between two people to carefully exam-
ine, look with respect, and deliberate with prudence and 
fairness about the eating habits of one of them [48], which 
is in line with Expanded Clinical Nutrition concepts [49]. 
Patients will be encouraged to autonomously make desired 
and/or necessary changes related to any eating aspect, and 
the nutritionist will facilitate the process, using knowledge 
about nutrition and strategies based on behavior change 
theories [50] to define priorities, setting goals, and creating 
individualized actions [51]. The Dietary Guidelines for the 
Brazilian Population [52] will guide the recommendations 
as follows: (1) to have unprocessed or minimally processed 
foods as the basis of your diet; (2) to use cooking ingredients 
in small amounts when seasoning, cooking, and creating 
culinary preparations; (3) to limit the consumption of pro-
cessed foods by consuming them as ingredients in culinary 
preparations or as part of meals based on unprocessed or 
minimally processed foods; and (4) to avoid ultra-processed 
foods. In addition to the recommendations focused on food 
consumption, orientations that cover other aspects of eating 
will be presented, namely: shopping in places that offer a 
variety of unprocessed or minimally processed foods; devel-
oping, exercising and sharing cooking skills; planning the 
use of time dedicated to eating; eating regularly and with 
attention; eating in appropriate environments and in com-
pany; being critical about information and messages about 
food conveyed. In this context, the goals established will aim 
to promote changes both in food consumption and eating 
aspects (i.e., structure, behavior, and attitudes). The detailed 
exercise program and nutritional counseling materials can 
be found in the supplementary material.

Sessions aims and structure

Over the 6-month intervention, eight meetings will be held, 
the first two fortnightly and the others monthly. The meet-
ings will be personalized and will last approximately 60 min. 
The recommendations will be carried out by 3 members of 
the research team with background in Nutrition and/or Exer-
cise Science and an ongoing PhD in these areas, following 
a specific training for standardizing the intervention. In the 
first session, patients will: (1) be inquired about their daily 
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activities’ routine; (2) select viable goals to reduce sedentary 
behavior time; (3) be guided for the practice of the home-
based, exercise program; (4) set goals to promote changes 
on eating aspects; (5) receive a booklet of the selected goals, 
the material for carrying out the home-based exercise pro-
gram (including a video) and a log diary for monitoring the 
compliance with the goals. In the subsequent sessions, we 
will (1) assess whether patients accomplished the defined 
goals; (2) increment the physical exercise program; (3) dis-
cuss strategies to deal with potential barriers encountered by 
patients, exclude or replace unmet goals, set new goals and/
or increase their frequency and intensity. Recommendations 
made during the sessions will be reinforced and monitored 
by text messages and phone calls every single week (Fig. 2).

Control group

The control group will receive standard care at the SLE out-
patient clinic from our hospital, which includes the pharma-
cological management of SLE disease and its comorbidi-
ties, with general medical recommendations about a healthy 
lifestyle (e.g., “engage in more physical activities”, “restrict 
calorie intake”, “control your weight”). After 3 months of 
the randomization, the control group will be contacted to 
report changes in medications, lifestyle, and routine.

Study procedures

Cardiometabolic risk factors

Cardiovascular risk score (primary outcome) The metabolic 
syndrome risk score will be used to evaluated cardiovas-
cular risk [53]. It considers the measurement of HDL cho-

lesterol, triglycerides, fasting glucose, waist circumference 
and blood pressure (mean of diastolic and systolic blood 
pressure); reference values for the population studied were 
equivalent to 50 mg/dL, 150 mg/dL, 100 mg/dL, 88 cm and 
115 mmHg, respectively. The five variables will default to:

Except HDL values, for which, as a protective cardiovas-
cular risk (e.g., values below the recommended levels may 
contribute to an increased risk of cardiovascular diseases), 
the z-score will be inverted. The score will be calculated 
for each variable using individual subject data and standard 
deviations (SD) will be calculated for the entire group. The 
sum of the z-scores will be the value of the cardiovascular 
risk score:

Anthropometry and visceral fat Height will be measured 
with a stadiometer and weight by a calibrated scale. Waist 
circumference will be measured using a plastic tape (i.e., 
midpoint between the last floating vertebra and the iliac 
crest). All assessments will be performed by the same 
trained technician. Visceral fat will be assessed through 
computer tomography, with the patient in the supine posi-
tion and shoulders extended with their hands above the 
head. Examinations will be performed by radiology spe-
cialized technicians under medical supervision. Three 

Z = (subject data − reference value)/SD).

Z-score

= [(50 − HDL)∕SD + (TG−150)∕SD]

+ [(fasting glucose-100/SD] + [(waist circumference-88)/SD]

+ [(mean diastolic and systolic blood pressure-115)/SD].

Fig. 2  Overall design of The Living Well with Lupus Intervention
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acquisitions will be performed: umbilicus, greater tro-
chanter and the upper third of the thigh. The image acqui-
sition parameters will be: slice thickness = 10 mm; table 
increment = 10 mm, 0.70 rev/s, 120 kV, 68 mAs per slice 
and field of view = 500. The density values used will be 
from −  30 to −  190 for adipose tissue and 30–100 for 
muscle tissue [54].

Aerobic conditioning During the cardiopulmonary exercise 
test, cardiovascular behavior will be continuously evaluated 
using an electrocardiograph, with 12 simultaneous leads. 
Heart rate and blood pressure will be recorded at rest, and 
at the end of the effort. The assessment of maximal aero-
bic capacity will be performed through the direct measure-
ment of oxygen consumption at peak exercise (VO2peak) 
by a sensor system that allows measurement of pulmonary 
ventilation at each expiration (Metalyzer model III b/breath-
by-breath). From the analysis of ventilatory equivalent (VE) 
and concentrations of expired gases, oxygen consumption 
(VO2) and production of carbon dioxide (VCO2) will be 
calculated. The VO2peak will be considered as the aver-
age values in the last 30  s of effort [55]. The test will be 
considered maximal when two of the following four criteria 
are met: (1) incidence of a plateau in VO2; (2) respiratory 
exchange ratio above 1.10; (3) heart rate greater than 90% of 
the maximum predicted for age; (4) perceived exertion ≥ 17. 
Metabolic thresholds will be determined by a single expe-
rienced evaluator based on the responses of the ventilatory 
equivalents of O2 (VE/VO2) and CO2 (VE/VCO2). Venti-
latory anaerobic threshold will be considered as the point 
where there was an abrupt increase in VE/VO2, without a 
concomitant increase in VE/VCO2. Respiratory compensa-
tion point will be considered as the moment in which both 
ventilatory equivalents showed a similar increase [56]. All 
tests will be conducted under the supervision of a physician. 
Before the exercise test, participants will be instructed not to 
drink caffeinated beverages, and not to do vigorous physical 
activity in the 24 h prior the exam.

Blood pressure Resting blood pressure will be measured by 
an automatic monitor (SPACELABS, São Paulo, Brazil). 
Before measurement, patient should rest for 5 min. During 
the measurement, patient should be in a sitting position, with 
legs uncrossed, feet flat on the floor, arms slightly flexed and 
forearms in a supine position. The cuff will be positioned on 
the participant's left arm, 2–3 cm above the cubital fossa, 
with the compressive portion under the brachial artery. The 
use of antihypertensive drugs will be monitored.

Blood sampling and  oral glucose tolerance test 

(OGTT) Blood samples with 15 mL will be collected after 
a 12-h overnight fast from the median or cephalic basilic 

vein for further analysis. Serum concentrations of fasting 
glucose, fasting insulin, total cholesterol and fractions, tri-
glycerides, protein-C reactive (PCR), erythrocyte sedimen-
tation rate (ESR), markers of oxidative stress (Superoxide 
Dismutase—SOD 1 e 2) and inflammatory cytokines (TNF-
α, IL-6, IL-10, IL-1ra, IL-1B e IL4) will be measured.

A 2-h oral glucose tolerance test will be performed at 
PRE and POST. Blood samples will be collected after a 12-h 
overnight fast, and at 30, 60, 90, and 120 min after inges-
tion of 75 g of glucose. Area under the curve (AUC) for 
glucose, insulin, and C-peptide, and Matsuda index, homeo-
static model assessment-insulin resistance (HOMA-IR) and 
HOMA-B cell function (HOMA-B) will be calculated as 
surrogates of insulin resistance.

Blood flow and endothelial function Flow-mediated dilata-
tion (FMD) will be evaluated as a measure of endothelial 
function according to current guidelines [57] using a high-
resolution ultrasound machine (LOGIQ e PRO—GE Health-
care, Chicago, IL, US) equipped with a 4.0–12.0 MHz lin-
ear transducer.

Initially, participants will be positioned in the supine 
position with their right arm extended at an angle of ~ 80° 
from the torso. Longitudinal images of the brachial artery 
diameter will be taken using the B-mode ultrasound, and 
simultaneous pulse-waved Doppler blood flow velocity will 
be obtained using a 60° insonation angle with the sample 
volume placed in mid-artery and aligned with the blood flow. 
Initially, a 1-min baseline recording of the brachial artery 
diameter and blood flow velocity will be performed. Then, 
the ischemic stimulus will be performed by inflating a cuff 
placed in the forearm to 50 mmHg above the patient’s rest-
ing systolic pressure for 5 min. Recordings will be resumed 
60 s before cuff deflation and continued for 3 min thereafter. 
Artery diameter and shear rate (4 × mean blood velocity/
internal diameter) will be analyzed by a blinded evaluator 
using a semi-automatic edge-detection and wall-tracking 
software (Cardiovascular Suite,  Quipu®, Pisa, Italy). FMD 
will be calculated as the percentage change of the brachial 
artery diameter after cuff release in relation to baseline bra-
chial artery diameter.

Clinical assessment

Disease parameters (i.e., age of onset, time of disease 
since diagnosis, current medications) will be obtained by 
reviewing medical records and interviewing patients. The 

FMD =(baseline diameter

− peak diameter / baseline diameter) × 100].
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evaluation of drug therapy will include the drugs used to 
control the disease and associated comorbidities.

Disease activity will be evaluated using the Systemic 
Lupus Erythematosus Disease Activity Index 2000 (SLE-
DAI-2K) questionnaire [41], which includes clinical and 
laboratory parameters considering the organ affected. Higher 
scores represent greater disease activity Damage indices will 
be measured with the Systemic Lupus International Col-
laborating Clinics/American College of Rheumatology—
Damage Index (SLICC/ACR-DI) created by the American 
College of Rheumatology [58], which assesses the damage 
in 12 organ systems. Global patients' health status will be 
assessed using the Visual Analog Scale (VAS) in which 
patients grade their health status using a 10-point scale.

Physical activity level and sedentary behavior

Physical activity level will be objectively measured using a 
triaxial  ActivPAL® accelerometer (PAL Technology), which 
allows the evaluation of the time spent in sedentary behav-
ior and in light and moderate-to-vigorous intensity physical 
activities. All patients will be instructed to wear the accel-
erometer for 7 days, removing it only during submerged 
water activities (swimming pool). The accelerometer will 
be positioned on the medial portion of the right thigh using a 
waterproof bandage. Patients will have to accumulate at least 
10 h of valid activity per day for at least 4 days. Additionally, 
patients must fill in a device use diary, which will include 
day, time of insertion and removal of the device, if neces-
sary. The collected data will be downloaded to the computer 
through the  ActivPAL® software. The following data will 
be reported: (1) sitting time (hours/day); 2) standing time 
(hours/day); (3) light-intensity physical activity (hours/day), 
moderate-to-vigorous physical activity (minutes/day), and 
moderate-to-vigorous physical activity (minutes/day); and 
(4) number of steps.

Food consumption and eating aspects

Food consumption will be assessed by means of three 24-h 
food recalls undertaken on separate days, two weekdays and 
one weekend day. Data will be evaluated using  Dietbox® 
software (online version). Food preparations (e.g., soups, 
puree, pies, sandwiches) were broken down into foods and 
ingredients, according to standardized recipes. For charac-
terization purposes, the total energy intake (kcal) and macro-
nutrients consumption (grams and percentage of total energy 
intake [%TEI]) were calculated.

The absolute amount (g/day), energy contribution 
(%TEI), and frequency of food consumption (portions/day) 
were calculated for each processing level in accordance with 
the NOVA classification [59]. Food processing levels were 
classified as follows: Group 1: Unprocessed or minimally 

processed foods, which include plants or animals after sepa-
ration from nature and natural foods altered by the processes 
designed to preserve natural foods, to make them suitable 
for storage, safe, and edible or more pleasant to consume, 
such as drying, fractioning, and filtering (e.g., seeds, fruits, 
roots, milk). Group 2: Culinary ingredients, which are sub-
stances derived from Group 1 or from nature by processes 
that include pressing, refining, grinding, milling, and drying 
(e.g., oils, sugar, and salt). Group 3: Processed foods, which 
are made essentially by adding salt, oil, sugar, and other 
substances or foods from Groups 1 and 2 (e.g., homemade 
breads, cheeses, dried meats). Group 4: Ultra-processed 
foods, which are formulations made mostly or entirely from 
substances derived from foods and additives, with little, 
if any, intact food from Group 1 (e.g., sausages, candies, 
snacks).

Eating aspects will be evaluated only in the intervention 
group. Changes in eating structure, behavior and/or attitudes 
during the 6-month intervention analyzed through nutrition-
ist sessions record and patient’s fulfillment of defined goals 
in each aspect (monitored through diaries and nutritionist 
text messages) will be reported.

Safety, efficacy, and feasibility of the intervention

Safety, defined as whether the intervention is plausible to be 
implemented without damaging patient's health condition, 
will be assessed through disease activity evaluation using 
the SLEDAI/2K questionnaire [60]. In addition, laboratory 
serum markers associated with kidney, liver, immune, mus-
cle and heart health will be analyzed.

Efficacy, which refers to the effects caused by the inter-
vention in a controlled context for a certain population [61], 
will be evaluated through quantitative data related to the 
two constructs aimed at this lifestyle promotion program, 
namely: (1) levels of physical activity obtained by acceler-
ometry: time spent in sedentary behavior, light and moder-
ate-to-intense physical activities; and (2) “quality” of food 
consumption, inferred from data obtained from 24-h recalls 
and analyzed regarding the degree of food processing as well 
as positive changes in other eating aspects.

To assess the feasibility of the study, which is defined as 
the ability to carry out the intervention with patient engage-
ment, knowledge, acceptance and satisfaction [62], we will 
rely on data obtained by a specific questionnaire to evalu-
ate the program, and data from a focus group as described 
below.

Focus group

Focus groups will be conducted by trained researchers 
for collecting qualitative experiences and impressions of 
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patients regarding the intervention. The aim of the focus 
group is to broaden the understanding intervention process 
and effects. A semi-structured script with open questions 
will be used to stimulate patients to talk about: positive 
and negative aspects of the intervention; any barriers to 
changes physical activity and eating aspects; changes in 
perceptions of health and well-being (physical and psy-
chological aspects); motivation to maintain the achieve 
changes in behavior. Each focus group will accommodate 
4–6 participants; therefore, 4–6 focus groups will be held 
in total. A moderator will lead the group and an observer 
will take notes. The discussions will be recorded and 
transcribed for later analysis through the content analysis 
method, which is “a set of communication analysis tech-
niques that aim to obtain, through systematic procedures 
and description of the content of the messages, indicators 
that allow inferring related knowledge to the conditions of 
production/reception of these messages” [63]. The MAX-
QDA software (Verbi, Berlin, Germany, 2015) will be used 
to facilitate the analysis.

Health‑related quality of life

Quality of life will be assessed by two questionnaires: Sys-
temic Lupus Erythematosus Quality of Life (SLEQOL) 
and the SF-36 (Medical Outcomes Study 36—Short-
Form Health Survey). The SLEQOL consists of 40 items 
divided into six domains: physical function, occupational 
activities, symptoms, treatment, mood and self-image [64]. 
Score ranges from 40 to 280, with each question having 
scores between 1 and 7. The SF-36 is composed of 36 
items that assess the following domains: functional capac-
ity, physical aspects, pain, general health status, vitality, 
aspects social, emotional aspects and mental health [65]. 
The maximum score is 100, with higher scores represent-
ing better quality of life.

Functional capacity

Timed-stands, timed up-and-go and handgrip tests will 
be used to assess functional capacity. All patients will 
undergo a familiarization session, held at least 48 h before 
the actual test, to ensure data reliability.

The timed-stands test consists in counting the number 
of times the patient can get up and sit down from a chair 
using only the lower limbs for 30 s [66]. The timed up-
and-go test assesses the time required for the patient to 
get up from a chair, walk 3 m, turn 180°, and return to 
the chair [67]. In both assesses, the patient will make two 
attempts and the average will be considered for analyzes.

Handgrip strength will be evaluated using a hand 
dynamometer. The test will be performed with the par-
ticipant's dominant hand and during the test the participant 
must remain in an upright position with the arm extended 
along the body. Participants will perform maximum hand-
grip strength on the device for 5  s. The average value 
obtained among three attempts, separated by a one-minute 
interval, will be considered the handgrip strength [68].

Fatigue

The FACIT Fatigue Scale, which contains13 items ranging 
from 0 to 4 (e.g., not at all to very much), will be used to 
assess fatigue. Final score can range from 0 to 52, where 
higher scores represent higher fatigue levels. Items on this 
scale have been previously considered relevant to measure 
fatigue in SLE [69]

Anxiety and depression

The Hospital Anxiety and Depression Scale (HADS) [70], 
which is composed by 14 items, 7 for anxiety (HADS-A) and 
7 for depression (HADS-D), will be used to assess anxiety 
and depression symptoms. Items can be scored from 0 to 3, 
making up a maximum score of 21 points for each subscale. 
The cut-off points are: 0–8 without the symptom (i.e., anxi-
ety or depression) and ≥ 9 with the symptom (i.e., anxiety or 
depression) for each subscale.

Sleep quality

Sleep quality will be measured with the triaxial acceler-
ometer Actigraph  GT3x®  (Actigraph®) in conjunction with 
a diary of device use. The accelerometer will be used on 
the non-dominant wrist for 10 nights, with a minimum of 
7 valid nights being required. The diary will include the 
day, time they went to bed and got out of bed (i.e., time 
in bed). Collected data will be downloaded to the com-
puter using the ActiLife software version 6.11.2. Periods 
of accelerometer use will be classified as sleep or wake-
fulness using a software automatic algorithm and will be 
checked based on patients’ sleep diary. Total sleep time, 
sleep effectiveness, sleep latency and time between sleep 
onset and awakening will be reported. Total sleep time is 
the sum of minutes slept during the period that individual 
is lying down. Sleep efficiency is sleep time percentage 
during which the individual is lying down. Sleep latency 
is the time it takes the individual to fall asleep from the 
moment he is lying down. Time between sleep onset and 
awakening is the time between the onset of sleep and the 
first awakening [71].
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Statistical analysis

Before inferential analysis, the presence of outliers will be 
verified and sphericity, homoscedasticity and normality of 
the data will be tested. Having guaranteed the fundamental 
assumptions for variance analysis, Mixed Model analysis 
will be used for repeated measures using the Kenward–Roger 
method and, when a significant value of F is observed, 
Tukey post hoc will be performed for multiple comparisons. 
For all dependent variables (i.e., cardiometabolic risk fac-
tors, sedentary behavior, physical activity level, food con-
sumption, clinical parameters, quality of life, psychological 
aspects, and sleep quality), the group (i.e., intervention and 
control) and time (i.e., pre and post) will be considered fixed 
factors, and subjects will be defined as random factors. A 
per protocol analysis will also be conducted. All data will 
be expressed as mean ± standard deviation, 95% confidence 
intervals and effect size. The significance level adopted to 
reject the null hypothesis will be p ≤ 0.05. Analyses will be 
performed in RStudio version 4.02.

Trial status

Protocol version number: NCT04431167 (first version). Date 
of protocol registration, June 16, 2020. P Patients’ recruit-
ment began in September 2020 and finished in August 2022. 
We expect to conclude the 6-month follow-up assessments 
by March 2023.

Discussion

Patients with SLE have low levels of physical activity 
and high levels of sedentary behavior when compared to 
the general population [21, 25]. Also, these patients may 
consume inadequate levels of nutrients [26, 72]. Exercise 
interventions may promote benefits for SLE patients, such 
as improvements in fatigue and depression, physical condi-
tioning, inflammation, cardiorespiratory capacity, autonomic 
function and quality of life [73–76]. Moreover, a few studies 
have shown that specific dietary interventions may also be 
beneficial for this population. For instance, vitamin D sup-
plementation decreased inflammation and improved bone 
mass density, while omega-3 supplementation improved 
lipid profile and endothelial function, reduced oxidative 
stress, fatigue and depressive symptoms in SLE patients 
[77, 78]. In addition, both a low-glycemic index diet and a 
calorie-restricted diet reduced weight and improve fatigue 
in this group [22]. In this study, we hypothesize that a mul-
tidisciplinary intervention focused on improving physical 
activity and eating aspects concomitantly will improve car-
diovascular risk factor and SLE-associated symptoms and 
comorbidities.

The main strengths of this study are the assessment of 
a newly developed intervention that is tailored to improve 
both physical activity levels and eating aspects; and the use 
of a qualitative–quantitative approach and a plethora of valid 
methods to test the safety, efficacy, and feasibility of the 
intervention, having a randomized controlled design.

This study has the potential to generate new, clinically 
relevant data able to refine the multidisciplinary manage-
ment of SLE patients, with emphasis on the prevention of 
cardiovascular burden, symptomatology and poor quality of 
life frequently seen in this disease.
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tary material available at https:// doi. org/ 10. 1007/ s00296- 023- 05370-x.
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