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RESUMEN
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El lupus eritematoso sistémico (LES) es una enfermedad autoinmune sistémica de
etiologia desconocida y multifactorial que afecta predominantemente a mujeres adultas
jovenes. Esta enfermedad cronica causa una amplia gama de sintomas que afectan a una
gran variedad de 6rganos, incluida la piel, las articulaciones, los pulmones, los rifiones y
el cerebro. La identificacion de factores asociados con una mejor sintomatologia y una

menor gravedad de la enfermedad es de gran interés clinico y de salud publica.

Los principales objetivos de la presente Tesis Doctoral fueron: estudiar la relacion entre
el nivel de los diferentes componentes de condicion fisica con varios parametros de la
composicion corporal, examinar la asociacion entre la fuerza relative de prensién manual
con varios marcadores de riesgo cardiometabdlico y evaluar el papel de la condicién fisica
en la asociacién de la masa corporal y la adiposidad con la inflamacién en mujeres con

LES.

Para abordar estos objetivos, se realizaron tres estudios en el contexto de un proyecto. En
este proyecto, un total de 77 pacientes caucasicas con LES participaron en el proyecto
EJERCITALES. Se llevaron a cabo medidas antropométricas, de condicion fisica,
medidas de fuerza relativa del agarre y factores de riesgo cardiometabdlico, muestras de
sangre y analisis bioquimicos junto a otras mediciones. Los principales hallazgos de esta
Tesis Doctoral fueron: 1) Que la condicién fisica se asocio inversamente con el peso
corporal y la composicién corporal en mujeres con LES. Descubrimos que la capacidad
aerobica se asocio inversamente con el indice de masa corporal, el indice de masa grasa,
el perimetro de cintura y el indice cintura-altura, aungque no con el indice cintura-cadera.
Observamos diferencias en todos los resultados de composicion corporal al dividir y
comparar nuestra muestra en pacientes "fit" y "unfit" segun las pruebas de capacidad
aerobica, como la prueba Siconolfi y la prueba de marcha de 6 minutos. 11) Que una mayor

fuerza relativa de agarre se asocio con una menor presion arterial sistélica, triglicéridos,
13



proteina C reactiva, velocidad de la onda de pulso e indice de riesgo cardiometabdlico
agrupado (puntaje z) en mujeres con LES. Ademas, la fuerza de agarre relativa podria ser
una alternativa a la fuerza de agarre absoluta al evaluar el riesgo cardiometabdlico. I11)
Que los niveles mas altos de condicidn fisica podrian atenuar el impacto de una mayor
masa corporal y adiposidad sobre la inflamacién en mujeres con LES. En general,
observamos que una mayor condicién fisica se asocié con un menor aumento de algunos
marcadores inflamatorios por cada unidad adicional de masa corporal o adiposidad. Los
resultados de esta Tesis Doctoral mejoran nuestra comprensién sobre la condicion fisica
y la composicién corporal en relacion con la sintomatologia y la gravedad de la
enfermedad en mujeres con LES. Estos resultados conduciran a futuras investigaciones

para comprender el valor preventivo y terapéutico de la condicion fisica en esta poblacion.
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Systemic lupus erythematosus (SLE) is a systemic autoimmune disease of unknown and
multifactorial etiology that predominantly affects young adult women. This chronic
disease causes a wide range of symptoms, affecting a wide variety of organs including
skin, joints, lungs, kidneys, and brain. lIdentifying factors associated with better

symptomatology and lower disease severity is of clinical and public health interest.

The major aims of the present Doctoral Thesis was to study the relationship between the
level of different components of physical condition with various parameters of body
composition, to examine the association between relative handgrip with various markers
of cardiometabolic risk and to assess the role of physical fitness in the association of body

mass and adiposity with inflammation in women with SLE.

To address these aims, three studies were conducted in the context of one project. In this
project, a total of 77 Caucasian patients with SLE participated in the EJERCITALES
project. Anthropometric, physical fitness measures, measurements of relative handgrip
strength and cardiometabolic risk factors, blood samples and biochemical analyses and

other measurements were carried out.

The main findings of this Doctoral Thesis were: 1) That physical fitness was inversely
associated with body weight and body composition composition in women with SLE. We
found out that cardiorespiratory fitness was inversely associated with body mass index,
fat mass index, waist circumference and waist-to-height ratio, although not with waist-to-
hip. We observed differences in all the body composition outcomes when dividing
comparing our sample in “fit” and “unfit” patients according to cardiorespiratory fitness
tests, such as Siconolfi Test and 6-minute walk test. 1) That a higher relative handgrip
strength was associated with lower systolic blood pressure, triglycerides, high sensitivty

C-reactive protein, pulse wave velocity, and clustered cardiometabolic risk index (z-
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score) in women with SLE. Furthermore, relative handgrip strength could be an
alternative to absolute handgrip strength when evaluating cardiometabolic risk. 111) That
that higher levels of physical fitness might attenuate the impact of higher body mass and
adiposity on inflammation in women with SLE. Overall, we observed that higher fitness
was associated with lower increase of some inflammatory markers for each additional

unit of body mass or adiposity.

The results of this Doctoral Thesis enhance our understanding about physical fitness and
body composition regarding SLE symptomatology and disease severity in women. These
results will lead to future research to understand the preventive and therapeutic value of

physical fitness in this population.
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1. INTRODUCTION
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Systemic lupus erythematosus (SLE) is a systemic autoimmune disease of unknown and
multifactorial etiology that predominantly affects young adult women [1]. This chronic
disease causes a wide range of symptoms, affecting a wide variety of organs including

skin, joints, lungs, kidneys, and brain [2].

Women with SLE face quite often comorbidities such as cardiometabolic disorders [3].
Furthermore, SLE prognosis has improved dramatically in the last decades because of the
new diagnostic and therapeutic strategies. However, cardiovascular diseases of
atherosclerotic origin are still one of the major causes of deaths in this population [4].
Cardiometabolic diseases in SLE are caused by both traditional risk factors including
hypertension, diabetes, dyslipidemia, among others [5-6], and non-traditional risk factors
including abdominal obesity, inflammation, or arterial stiffness [7-8]. As both traditional
and non-traditional cardiometabolic risk factors are altered in SLE, addressing potential

factors associated with a more cardiometabolic profile is of clinical interest.

A chronic low-grade inflammatory state is a common feature of SLE, which seems to be
independent of the disease activity [1] and partially explains the high prevalence of
cardiovascular disease observed in SLE. In the presence of obesity, including a high body
mass index and/or adiposity (i.e., a less favorable body composition), this chronic
inflammatory state becomes more pronounced because the adipose tissue has the capacity
not only to recruit and activate mononuclear cells [9] but also to produce key
inflammatory cytokines, such as IL-6, which stimulates the production of CRP and other
acute phase proteins by the liver [10]. Consequently, obesity affects the SLE natural
course by further promoting the chronic inflammatory state but also increases the disease-
related activity, and the organ accrual damage [11-13]. Importantly, obesity promotes the
development of atherosclerosis and cardiovascular disease [14] perhaps though increased

inflammation. Women with SLE present a higher body mass index, waist-to-hip ratio,
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and body fat percentage compared to the general population [15], and almost 50% of
women with SLE have obesity [14]. Therefore, understanding potential factors associated
to a more favorable body mass index and body composition is of research and clinical

interest.

Physical fitness is a strong marker of cardiovascular health [16] that can be improved
through exercise interventions. Several studies have shown that patients with SLE have
significantly lower levels of both cardiorespiratory fitness [17-21] and muscular strength
[22-23] compared to the general population, which is worrisome. In the general
population, higher fitness significantly attenuates the detrimental effect that obesity has
on cardiovascular health and cardiovascular mortality [24]. Similarly, lower physical
fitness has also been related to higher levels of adiposity and higher BMI in the general
population [25]. For instance, muscular strength has been inversely related to adiposity
and cardiometabolic risk [26], and cardiorespiratory fitness has been negatively
associated with BMI [27] and positively related to an increased fat-free mass in women
[28]. However, the association of physical fitness with body composition in women with
SLE is unknow and understanding their relationship would provide a framework to
understand the potential interaction of these relevant health markers with both traditional

and non-traditional cardiometabolic risk factors.

The association of body mass and adiposity with inflammation is well-described both in
the general population [29-31] and in patients with SLE [32], but research analyzing the
potential role of fitness in this association is limited and inconclusive. In SLE, physical
fitness, in particular cardiorespiratory fitness, has also shown to attenuate the age-related
arterial stiffness in women with SLE, thus contributing to the primary prevention of
cardiovascular diseases [19]. Physical fitness has previously shown to attenuate the

detrimental effect that obesity has on cardiovascular mortality in the general population
22



[24]. We might speculate that one of the mechanisms by which fitness attenuates this
association is through attenuating the impact of obesity on inflammation. Therefore, the
potential role of fitness in this association is of research and clinical relevance and
requires further investigation, particularly in autoimmune diseases, because all the

components of fitness can be enhanced through exercise programs.

The low levels of muscular strength observed in women with SLE [22-23] are also
worrisome because low strength levels are associated with higher fatigue, worse quality
of life [33], and higher risk of cardiovascular disease and mortality [34-35]. Handgrip
strength is a simple and quick method to assess upper body muscular strength that is
inversely associated with coronary heart disease [34,36], inflammation [37], and
mortality risk [38] in the general population. In women with SLE, handgrip strength
positively associated with quality of life [39]. Relative handgrip strength (rHGS), defined
by the summation of both hands’ strength divided by body mass index (BMI), is an easy
instrument for measuring relative muscular strength in clinical practice and public health
[40] and has been recommended in recent research to address the increased strength due
to body mass [40-43]. Handgrip strength and BMI have both been linked to
cardiometabolic disease risk in the general population [44-47], although the evidence
regarding the association of rHGS with cardiometabolic risk in women is scarce [41].
Since rHGS is cost- and time-efficient, it is of clinical interest to understand the extent to

which rHGS might be associated with cardiometabolic risk factors in SLE.

In autoimmune diseases including SLE [48] or rheumatoid arthritis [49], lower levels of
cardiorespiratory fitness have shown to be associated with a less favorable cardiovascular

profile and higher arterial stiffness.
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El objetivo principal de la presente Tesis Doctoral fue proporcionar un analisis completo

de la asociacién entre la condicion fisica y la composicion corporal en mujeres con LES.

Ademas, también se estudio la utilidad de la prension manual relativa como herramienta

para medir el riesgo cardiometabolico en esta poblacion. El resultado de esta Tesis

Doctoral se organiza en tres estudios, en funcién de los siguientes objetivos especificos:

Estudio I: El objetivo de este estudio fue evaluar la asociacion de
diferentes componentes de la condicion fisica (capacidad aerdbica, fuerza
muscular y flexibilidad) con la composicion corporal (IMC, indice de
masa grasa, perimetro de cintura, indice cintura-altura y el indice cintura-

cadera) en mujeres con LES.

Estudio II: El objetivo de este estudio fue evaluar el papel de la condicién
fisica (capacidad aerobica, fuerza muscular y flexibilidad) en la asociacion
de la masa corporal y la adiposidad con la inflamacion (sensibilidad a

proteina C reactiva, interleucina-6 y leptina) en mujeres con LES.

Estudio I11: Este estudio tuvo como objetivo examinar la asociacion de la
prension manual relativa con los factores de riesgo de enfermedad
cardiometabodlica, como la presion arterial, la glucosa en ayunas, la
hemoglobina glicosilada, el colesterol, los triglicéridos, sensibilidad a
proteina C reactiva, la velocidad de onda del pulso, la filtracion glomerular

y la microalbdmina en mujeres con LES.
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3. AIMS
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The major aim of the present Doctoral Thesis was to provide a comprehensive

examination of the association of physical fitness and body composition in women with

SLE. In addition, the utility of relative handgrip strength as a tool for measuring

cardiometabolic risk was also studied. The outcome of this Doctoral Thesis is organized

in three studies, based on the following specific aims:

VI.

Study I: The aim of this study was to evaluate the association of different
components of physical fitness (CRF, muscular strength, and flexibility)
with body composition (BMI, fat mass index, waist circumference waist-

to-height ratio, and waist-to-hip ratio) in women with SLE.

Study II: The aim of this study was to assess the role of physical fitness
(CRF, muscular strength, and flexibility) in the association of body mass
and adiposity with inflammation (hsCRP, interleukin-6, and leptin) in

women with SLE.

Study I11: This study aimed to examine the association of relative handgrip
strength with cardiometabolic disease risk factors, such as blood pressure,
fasting glucose, glycosylated hemoglobin, cholesterol, triglycerides,
hsCRP, pulse wave velocity, glomerular filtration and microalbumin in

women with SLE.
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4. METHODS
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In this cross-sectional study, a total of 172 Caucasian patients with SLE were invited to
participate in the study. Recruitment was performed through the Systemic Autoimmune
Diseases Unit of the “Virgen de las Nieves” University Hospital and the “San Cecilio”

University Hospital in Granada.

Inclusion criteria were: Women aged between 18 and 60 years, with >4 SLE classification
criteria provided by the American College of Rheumatology [1], a minimum follow-up
of one year at our unit, and clinical stability (i.e., the absence of changes in the systemic
lupus erythematosus disease activity index (SLEDAI) and/or treatment) during the
previous 6 months. Exclusion criteria were: Not being able to read, understand, and/or
sign the informed consent; cancer; history of clinical cardiovascular disease and/or lung
disease in the last year, or receiving doses of biological treatment higher than 10 mg/d of

prednisone (or equivalent) in the previous 6 months.

All participants received detailed information about the study aims and procedures and
signed informed consent before being included in the study. The Research Ethics
Committee of Granada reviewed and approved the study protocol on 31 October 2016

(reference number: 09/2016).

4.1 DESIGN AND PARTICIPANTS

This is a cross-sectional study in which 172 patients with SLE were recruited. Women,
with a diagnosis of SLE, with a minimum medical follow-up of 1 year at our unit and
both treatment and clinical stability (defined as no changes in the systemic lupus
erythematosus disease activity index [SLEDAI]) during the previous 6 months of the
study were included. Exclusion criteria were not being able to read, understand and/or

sign the informed consent; personal history of clinical cardiovascular diseases in the
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previous year, receiving a biological treatment or requiring doses of prednisone (or
equivalent) greater than 10 mg/day during the previous 6 months of the study. Detailed
information about the aims and study procedures was given to all the participants, who
signed informed consent before being included in the study. The Research Ethics

Committee reviewed and approved the study protocol.

4.2 PROCEDURES

Potentially eligible participants were invited by phone to a personal screening. Included
participants attended the Hospital facilities on two different occasions. On day 1, socio-
demographic and clinical information were collected, and anthropometric measures and
physical fitness tests performed. On day 2 (i.e. between 2 and 4 days after day 1), 8-h

fasting blood samples were collected between 8:00 am and 10:00 am.

4.3 ANTHROPOMETRIC MEASURES

Height (cm) was measured using a stadiometer (SECA 222, Hamburg, Germany) and
weight, fat mass, and lean mass (kg) with a bioimpedance device (InBody R20, Biospace,
Seoul, Korea). BMI (weight in kg/height in m2) and FMI (fat mass in kg/height in m2)
were calculated. Waist perimeter and hip circumference (cm) were measured with an
anthropometric tape (Harpenden, Holtain Ltd, Wales, United Kingdom). The waist-to-hip
(waist circumference / hip perimeter) and waist-to-height (waist circumference / height)

ratios were calculated.
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4.4 PHYSICAL FITNESS MEASURES

Cardiorespiratory fitness was assessed using the Siconolfi step test and the 6MWT. The
Siconolfi step test [2] has been previously validated to estimate maximum oxygen
consumption (VO2max) in patients with SLE [3]. The test was carried out as described
in the original protocol [2], using a wooden box (25.4 cm high % 30.5 cm wide x 45.7 cm
long). In stage 1, each patient was instructed to step up and down the box for 3 minutes
at a rate of 17 times per minute, controlled by a metronome. Heart rate (HR) was
continuously monitored with a HR monitor (Polar V800, OY, Finland). The test was
finalized when the average HR during the last 30 seconds of stage 1 reached >65% of the
estimated maximum HR (220 - age). Otherwise, the participant would perform a second
stage of 3 minutes at a rate of 26 times per minute. In case the participant did not reach
>65% of the maximum HR during the last 30 seconds of stage 2, a third stage was
performed at a rate of 32 times per minute. The stage in which 65% of the maximum HR

was reached was recorded and VO2max was estimated from the following formula [2]:

VO2max = 0.302 x (stage multiplier x body weight/ 1,000) / (((0.667 x heart rate stage) —

42) 1 100) - (0.019 x age) + 1.593

equation, where stage multiplier was 16.287 for stage 1, 24.910 for stage 2, and 35.533
for stage 3. Stage HR corresponds to average HR obtained during the last 30 seconds of

the highest stage reached.

The 6MWT measures the maximum distance (in meters) that a person can walk during
six minutes [4]. This test has been widely used in rheumatic diseases, including patients
with SLE [5]. The test was performed along a 50 meters circuit, broken into 5-meter long

sections by 10 cones. The total distance was calculated as the number of complete laps
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plus the number of sections covered within the last lap in case of an incomplete final lap

at the expiration of the allowed time.

Muscular strength was assessed through the 30-second chair stand test (lower body) and
the handgrip strength test (upper body). The 30-second chair stand test [4,6] measures the
number of times a person can get up completely from a chair, starting from a sitting

position, with a straight back and feet flat on the floor in 30 seconds.

Upper body flexibility was assessed through the back-scratch test [4] that measures how
close the hands can be brought together behind the back. In the standing position, the
participant should place one hand (facing inwards, fingers extended) behind the head and
back over the shoulder, and move down the back to reach as far as possible. The other
hand should be placed behind the back (palm facing outward, fingers extended) and reach
up as far as possible, trying to touch or overlap the middle fingers of both hands. The
distance between the tips of the middle fingers of the hands was measured. If the fingers
only touch, the score would be "zero", if they do not touch the score would be negative
and if they overlap the score would be positive. The participants performed the test twice

with each hand and the average of the best value from both hands was used.

4.5 MEASUREMENT OF RELATIVE HANDGRIP STRENGTH

Upper body muscular strength was assessed through the handgrip strength test. The
handgrip strength test [7] was assessed using a digital dynamometer (Model T.K.K.540®;
Takei Scientific Instruments Co., Ltd., Niigata, Japan) with a precision to the nearest 0.1
kg. Participants performed the trial in a standing position, with the elbow fully extended
and the arm relaxed in a neutral position, and were encourage by the evaluators to exert

to their maximal effort during aproximately 3 seconds, alternating between the two hands.
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Participants performed the test twice with a one-minute break between the two attempts
of each hand. Absolute handgrip strength was summed from the best score of each hand.

Relative handgrip strength was defined as absolute handgrip strength divided by BMI [8].

4.6 MEASUREMENT OF CARDIOMETABOLIC RISK FACTORS

Systolic blood pressure (SBP), diastolic blood pressure (DBP), and resting heart rate were
measured using the Mobil-O-Graph® 24 h pulse wave analysis monitor (IEM GmbH,
Stolberg, Germany) in a sitting position according to the European Society of

Hypertension [9], after 5 min of rest.

Arterial stiffness was indirectly assessed through the pulse wave velocity (PWV) [10].
The test was performed in a sitting position after 5 min of rest, using the Mo-bil-O-
Graph® 24 h pulse wave analysis monitor, the operation of which is based on
oscillometry recorded by a blood pressure cuff placed on the brachial artery. This
instrument is validated for clinical practice [10]. PWV was obtained from a single
measurement. The coefficient of variation (CV) of the Mobil-O-Graph for consecutive

PWYV analyses is 3.4%, and its intraclass correlation coefficient is 0.98 (0.96-0.99) [11].

4.7 BLOOD SAMPLES AND BIOCHEMICAL ANALYSES

Venous fasting blood samples were collected in the morning with heparin as the
anticoagulant. Blood was centrifuged at 3500 rpm for 15 min to separate the plasma,
which was subsequently removed. Plasma triglycerides, high-density lipoprotein
cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), total cholesterol,

glucose, urea, alboumin and creatinine concentrations were analyzed enzymatically with
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an autoanalyzer (Olympus Diagnostic, Hamburg, Germany). Insulin was measured with
an enzyme immunoassay Kit, and the homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated [(fasting insulin (uIU/mL) x fasting glucose (mg/dL))/405].
Apolipoproteins A and B and a highly sensitive C-reactive protein (hs-CRP) and
glycosylated hemoglobin were determined by immunoturbidimetry (HORIBA-ABX
Diagnostics, Japan) with an autoanalyzer (PENTRA-400, HORIBA-ABX Diagnostics,
Japan). The albumin-creatinine ratio was measured from a first morning urine sample.
Values above or equal to 30 mg/g in women were considered pathological. The estimated
glomerular filtration rate was determined by the modification of diet in renal disease

(MDRD) equation [12] (GFe (MDRD)):

175 x SCr — 1.154 x age — 0.203 x 0.742

SCr: serum creatinine

Regarding inflammatory markers, serum high-sensitivity CRP and interleukin 6 (IL-6)
were measured in serum. Serum were initially separated by centrifugation and stored at —
70°C. CRP levels were assessed by an immunoturbidimetric method using the
ARCHITECT cSystems; MULTIGENT CRP Vario assay. Bioserum concentration of IL-
6 (pg/mL) was measured by immunoradiometric assay using commercial Kits
(MILLIPLEX MAP Kit Human High Sensitivity T Cell Magnetic Bead Panel
[HSTMAG-28SK], Millipore) following the manufacturer’s instructions. Quantitative
data were obtained by using the Luminex-200 system (Luminex Corporation, Austin,
TX), and data analysis was performed on XPonent 3.1 software. The detections limits for

IL-6 were 0.73 pg/mL.
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Leptin was measured by the enzyme-linked immunosorbent assay DBC Direct Kit
(Diagnostic Biochem. Canada, Canada) with 0.5 ng/ml sensitivity. Intraassay coefficient

of variation (CV) and interassay CV of the kit were 5.9 and 3.7%, respectively.

4.8 OTHER MEASUREMENTS

All participants filled out a sociodemographic and clinical data questionnaire to gather
information, such as age, disease duration, presence of dyslipidemia, diabetes,
hypertension, current medication (antidiabetic and corticosteroid), and tobacco
consumption. The Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) was
included to assess disease activity [13]. SLEDAI considers the presence or absence of
several clinical and analytical manifestations. The final score goes from 0 to 105, where
a higher score shows a higher degree of disease activity. The degree of tissue damage
from the onset of the disease was evaluated by the Systemic Lupus International
Collaborating Clinics / American College of Rheumatology Damage Index (SDI) [14].
The score ranges from 0 to 40, where a higher score means greater damage produced by

SLE.
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Below is a table showing each measurement and in which study each measurement was

used.

Back-Scratch Test
Handgrip Strength
Chair Stand Test
6-Minutes Walk Test
VOZmax
Relative Handgrip Strength
Systolic Blood Pressure
Diastolic Blood Pressure
Pulse Wave Velocity
Fasting Glucose
Glycosylated Hemoglobin
High Density Lipoprotein Cholesterol
Low Density Lipoprotein Cholesterol
Total Cholesterol
Triglycerides
Homeostatic Model Assessment for insuline resistance
hs-CRP
Glomerular Filtration Rate
Microalbuminuria
Leptin
Interleukin-6
Dyslipidemia

Parameter Study
Body Mass Index Study 1, Study 2, Study 3
Fat Mass Index Study 1
Body Fat Percentage Study 2
Waist Circumference Study 1, Study 2, Study 3
Hip Circumference Study 1
Waist-to-height ratio Study 1, Study 2
Waist-to-hip ratio Study 1

Study 1, Study 2
Study 1, Study 2, Study 3
Study 1
Study 1, Study 2
Study 1
Study 3
Study 3
Study 3
Study 3
Study 3
Study 3
Study 3
Study 3
Study 3
Study 3
Study 3
Study 2, Study 3
Study 3
Study 3
Study 2
Study 2
Study 2
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Abstract: Background and objectives: Higher physical fitness is associated with a more favorable weight
and body composition in the general population, although this association has not been studied in
patients with systemic lupus erythematosus (SLE). The aim of the present study was to examine the
association of different components of physical fitness with body composition in women with SLE
with mild disease activity. Materials and Methods: This cross-sectional study included 77 women with
SLE (43.2 & 13.8 years old) and clinical stability during the previous 6 months. Body composition
(including body mass index (BMI), fat mass index (FMI), waist circumference, waist-to-height ratio
and waist-to-hip ratio) was assessed using a stadiometer, an anthropometric tape, and a bioimpedance
device. Physical fitness included cardiorespiratory fitness (Siconolfi step test and 6 min walk test),
muscular strength (handgrip strength test as upper body measure and 30 s chair stand as lower
body measure), and flexibility (back-scratch test). Participants with a fitness level equal or above the
median of the study sample were categorized as “fit” and those below the median were categorized
as “unfit”. Linear regression assessed the association of physical fitness with body composition
parameters. Results: Cardiorespiratory fitness and upper body muscular strength were negatively
associated with BMI, FMI, waist circumference, and waist-to-height ratio (all, p < 0.05). Lower body
muscular strength and flexibility were negatively related to FMI, waist circumference, waist-to-height
ratio, and waist-to-hip ratio (all, p < 0.05). These relationships were still significant after controlling for
age, disease duration, accrual damage, and SLE activity. Overall, fit patients presented significantly
lower values in all body composition parameters compared to unfit patients (all, p < 0.05). Conclusions:
The main findings of the present study suggest that physical fitness is inversely associated with body
composition in women with SLE. Given the cross-sectional nature of this study, future clinical trials
should study the causal pathways underlying these relationships.

Keywords: physical fitness; flexibility; muscular strength; cardiorespiratory fitness; body
composition; systemic lupus erythematosus; obesity

1. Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease of unknown origin which affects
approximately 20 of every 100,000 females [1]. It is characterized by an immune mediated damage
that may affect the skin, joints, kidney, brain, and most systems and organs [2]. SLE is associated
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with progressive and irreversible accrual organic damage, which has been shown to be a predictor of
morbidity and early mortality [3]. However, the prognosis of the disease and patients” quality of life
has improved in recent years as a result of better diagnostic methods and more effective treatments [4].

Cardiovascular diseases currently represent one of the main causes of mortality in this
population [5]. Obesity, which increases the risk of cardiovascular disease and atherosclerosis, is present
in nearly 50% of women with SLE [6]. In particular, body mass index (BMI; as a measure of excess
of body weight), fat mass index [7,8] (FMI; as measure of excess of body fat), waist circumference,
and waist-to-hip and waist-to-height ratios [9] (as measures of central fat) represent independent
predictors of cardiovascular disease [10,11]. Ramirez et al. [12] observed that women with SLE present
a higher BMI, waist-to-hip ratio, and FMI compared to the general population. Adiposity is intimately
associated with a systemic low-grade chronic inflammatory state, thus contributing to cardiovascular
disease risk in this population [13]. Therefore, identifying modifiable factors that can potentially be
associated with a more favorable body weight and composition is of clinical interest.

Physical fitness is a powerful marker of present and future cardiovascular health [10] that can
be modified through exercise. In the general population, higher fitness significantly attenuates the
detrimental effect that obesity has on cardiovascular health and cardiovascular mortality [14]. Similarly,
lower physical fitness has also been related to higher levels of adiposity and higher BMI in the
general population [10]. For instance, muscular strength has been inversely related to adiposity and
cardiometabolic risk [15], and cardiorespiratory fitness (CRF) has been negatively associated with
BMI [16] and positively related to an increased fat-free mass in women [17].

Patients with SLE present a reduced CRF [18-22], functional capacity [23,24], and muscular
strength [25,26], and these fitness components have been positively associated with health-related
outcomes [19,20,23]. However, the association of physical fitness components with body weight and
composition has not been studied in detail in this population. This information is relevant because it
could lead to implementation of new studies focused at increasing fitness levels in this population
with the aim of improving body composition and ultimately reducing cardiovascular risk.

The aim of the present study was to evaluate the association of different components of physical
fitness (CRF, muscular strength, and flexibility) with body composition (BMI, FMI, waist circumference,
waist-to-height ratio, and waist-to-hip ratio) in women with SLE.

2. Materials and Methods

2.1. Design and Participants

In this cross-sectional study, a total of 172 Caucasian patients with SLE were invited to participate
in the study. Recruitment was performed through the Systemic Autoimmune Diseases Unit of the
“Virgen de las Nieves” University Hospital and the “San Cecilio” University Hospital in Granada.
Inclusion criteria were: Women aged between 18 and 60 years, with >4 SLE classification criteria
provided by the American College of Rheumatology [27], a minimum follow-up of one year at our unit,
and clinical stability (i.e., the absence of changes in the systematic lupus erythematosus disease activity
index (SLEDAI) and/or treatment) during the previous 6 months. Exclusion criteria were: Not being
able to read, understand, and/or sign the informed consent; cancer; history of clinical cardiovascular
disease and/or lung disease in the last year, or receiving doses of biological treatment higher than
10 mg/d of prednisone (or equivalent) in the previous 6 months.

All participants received detailed information about the study aims and procedures and signed
informed consent before being included in the study. The Research Ethics Committee of Granada
reviewed and approved the study protocol on 31 October 2016 (reference number: 09/2016).

The flowchart of the participants included in this study is presented in Figure 1. From a total of
172 patients initially invited, 81 refused to participate (41 patients reported living very far from the
hospital, 36 were not able to find time to perform the evaluations, and 4 were not interested), 12 patients
did not present clinical stability during the 6 previous months, and 2 patients had cardiovascular
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disease during the previous year. A total of 77 women with SLE (mean age 43.2, SD 13.8) met the
inclusion criteria, agreed to participate, and were assessed in two waves (49 women in October 2016
and 28 women in February 2017). Both evaluations were identical, with the exception that the 6 min
walk test (6MWT) and Siconolfi step test were not carried out (n = 28) in the wave of 2017 due to
timing issues. One woman did not perform the handgrip strength test and the back-scratch test due to
a wrist injury.

Participants with SLE initially contacted (n = 172)

Refused to participate (n = 81)

- Lived too far from the hospital (n = 41)

- Unavailable (n = 36)

- Notinterested (n = 4)

A 4

Patients with SLE that agreed to participate
(n=91)

Excluded due to inclusion criteria (n = 14)

- Did not present clinical stability during the 6
months prior to the beginning of the study (n = 12)

- Had cardiovascular diseases during the previous
year (n=2)

A 4

Patients with SLE eligible for the study
(n=77)

Excluded due to Incomplete data (n = 7)

- Incomplete SF-36 questionnaire (n = 6)

- Incomplete fitness tests (n = 1)

/\

Sample with complete data Sample with complete data in the 2nd wave
in the 1st wave (aerobic capacity test not assessed)
(n=49) (n=28)
Final sample
(n=77)

Figure 1. Flow diagram of the inclusion of women with systemic lupus erythematosus (SLE) for the
present study.

2.2. Anthropometric Measures

Height (cm) was measured using a stadiometer (SECA 222, Hamburg, Germany) and weight,
fat mass, and lean mass (kg) with a bioimpedance device (InBody R20, Biospace, Seoul, Korea).
BMI (weight in kg/height in m?) and FMI (fat mass in kg/height in m?) were calculated.
Waist perimeter and hip circumference (cm) were measured with an anthropometric tape (Harpenden,
Holtain Ltd., Wales, UK). The waist-to-hip (waist circumference /hip perimeter) and waist-to-height
(waist circumference/height) ratios were calculated.

2.3. Physical Fitness Measures

Cardiorespiratory fitness was assessed using the Siconolfi step test and the 6MWT. The Siconolfi
step test [28] has been previously validated to estimate maximum oxygen consumption (VOpmayx) in
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patients with SLE [29]. The test was carried out as described in the original protocol [28], using a
wooden box (25.4 cm high x 30.5 cm wide x 45.7 cm long). In stage 1, each patient was instructed
to step up and down the box for 3 min at a rate of 17 times per min, controlled by a metronome.
Heart rate (HR) was continuously monitored with an HR monitor (Polar V800, Osakeyhtit, Kempele,
Finland). The test was finalized when the average HR during the last 30 s of stage 1 reached >65% of
the estimated maximum HR (220-age). Otherwise, the participant would perform a second stage of
3 min at a rate of 26 times per min. In case the participant did not reach >65% of the maximum HR
during the last 30 s of stage 2, a third stage was performed at a rate of 32 times per min. The stage
in which 65% of the maximum HR was reached was recorded and VO;,,x Was estimated from the
following formula [28]:

VO2max = 0.302 x (stage multiplier x body weight/1000)/(((0.667

x heart rate stage) —42) /100) — (0.019 x age) + 1.593 M

where stage multiplier was 16.287 for stage 1, 24.910 for stage 2, and 35.533 for stage 3. Stage HR
corresponds to average HR obtained during the last 30 s of the highest stage reached.

The 6MWT measures the maximum distance (in meters) that a person can walk in six min [30].
This test has been widely used in rheumatic diseases, including patients with SLE [24]. The test was
performed along a 50 m circuit, broken into 5 m long sections by 10 cones. The total distance was
calculated as the number of complete laps plus the number of sections covered within the last lap in
case of an incomplete final lap at the expiration of the allowed time.

Muscular strength was assessed through the 30 s chair stand test (lower body) and the handgrip
strength test (upper body). The 30 s chair stand test [30,31] measures the number of times a person can
get up completely from a chair, starting from a sitting position, with a straight back and feet flat on
the floor in 30 s. The handgrip strength test [32] was assessed using a digital dynamometer (Model
T.K.K.540®; Takei Scientific Instruments Co., Ltd., Niigata, Japan). Alternating between the two hands,
participants performed the test twice with a one-min break between the two attempts of each hand.
The best score of each hand was used to compute an average of the two scores.

Upper body flexibility was assessed through the back-scratch test [30] that measures how close
the hands can be brought together behind the back. In the standing position, the participant should
place one hand (facing inwards, fingers extended) behind the head and back over the shoulder and
move down the back to reach as far as possible. The other hand should be placed behind the back
(palm facing outward, fingers extended) and reach up as far as possible, trying to touch or overlap the
middle fingers of both hands. The distance between the tips of the middle fingers of the hands was
measured. If the fingers only touch, the score would be “zero”, if they do not touch the score would be
negative and if they overlap the score would be positive. The participants performed the test twice
with each hand and the average of the best value from both hands was used.

2.4. Other Measurements

All participants filled out a sociodemographic and clinical data questionnaire to gather
information, such as age, disease duration, presence of dyslipidemia, diabetes, hypertension, current
medication (including antidiabetics and corticosteroids), and tobacco consumption. The systemic
lupus erythematosus disease activity index (SLEDAI) was included to assess disease activity [33].
SLEDAI considers the presence or absence of several clinical and analytical manifestations. The final
score goes from 0-105, where a higher score shows a higher degree of disease activity. The degree
of tissue damage from the onset of the disease was evaluated by the Systemic Lupus International
Collaborating Clinics/ American College of Rheumatology Damage Index (SDI) [34]. The score ranges
from 040, where a higher score means greater damage produced by SLE.
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2.5. Statistical Analysis

The descriptive characteristics of the study sample are presented as mean and standard deviation
unless otherwise indicated. The physical fitness and body composition-related variables were assessed
for normality through the Kolmogorov-Smirnov Test and Q-Q charts, and all showed an approximately
normal distribution. Scatter plots and Pearson’s bivariate correlations were used as preliminary
analyses to understand the raw association of physical fitness (Siconolfi, GMWT, handgrip, 30 s chair
stand, and back-scratch tests) with body composition (BMI, FMI, waist circumference, waist-to-height
ratio, and waist-to-hip ratio). Subsequently, linear regression models were built, including each
parameter of body composition as dependent variables and each fitness test as independent variables
in separate regression models along with age, SLEDAI, SDI, and disease duration as relevant factors
that might confound the association of interest [35]. Additionally, participants were categorized as
“fit” (i.e., equal or above the median in each fitness test) or “unfit” (below the median in each fitness
test) and both groups (fit vs. unfit) were compared using analysis of covariance (ANCOVA) with the
aforementioned covariables. Statistical analysis was performed with SPSS v.23 (IBM, New York, NY,
USA). Statistical significance was established at p < 0.05 (all p-values were two-tailed).

3. Results

The descriptive characteristics of the study participants are presented in Table 1. The average BMI
was 25.5 (SD 4.5) kg/ m?, the average waist circumference was 81.7 (SD 10.7) cm, and the average hip
circumference was 98.1 (SD 9.9) cm. The average VOymax assessed with the Siconolfi step test was 24.4
(SD 3.2) mL/kg/min and the average distance in the 6MWT was 570.8 (SD 71.7) meters. The average
handgrip strength was 23.6 (SD 5.3) kg, the average score of the 30 s chair stand test was 14.9 (SD 3.1),
and the average score of the back-scratch test was —0.8 (SD 9.6) cm.

Table 1. Descriptive characteristics of the study participants.

N Mean SD
Age (years) 77 43.2 13.8
Weight (kg) 77 65.1 11.1
Height (cm) 77 160.1 6.8
BMI (kg/m?) 77 25.5 45
FMI (kg/m?) 77 9.23 3.87
Waist circumference (cm) 77 81.7 10.7
Hip circumference (cm) 77 98.1 9.9
Waist-to-height ratio (units) 77 0.51 0.07
Waist-to-hip ratio (units) 77 0.83 0.06
Back-Scratch test (cm) 76 —0.8 9.6
Handgrip strength (kg) 76 23.6 53
Chair stand test (rep) 77 14.9 3.1
6MWT (m) 49 570.8 71.7
VOymax estimated (mL/kg/min) 49 244 32
SLEDAI (score) 77 0.68 1.5
SDI (score) 77 0.55 1.11
Duration of SLE (years) 77 13.9 10.1
Accumulated corticosteroid dose (last 3 years; mg) 77 2875 2677
Dyslipidemia (%) 77 18
Diabetes (%) 77 1
Arterial hypertension (%) 77 17
Smokers (%) 77 53
Statins intake (%) 77 18
Antidiabetic drugs intake (%) 77 3
Corticosteroid dose (%; mg/d) 77 65

FMI: Fat mass index; BMI: Body mass index; SLEDALI: Systemic lupus erythematosus disease activity index; SDI:
Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; 6MWT: 6
min walk test; SLE: Systemic lupus erythematosus. All variables show mean and SD values except accumulated
corticosteroid dose, dyslipidemia, diabetes, arterial hypertension, smokers, statins intake, antidiabetic drugs intake,
and corticosteroid dose.
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The raw association (without adjustment variables) between different components of physical
fitness and BMI, FMI, waist circumference, waist-to-height ratio, and waist-to-hip ratio in women
with SLE is presented in Figure 2. CRF was inversely associated with BMI, FMI, waist circumference,
and waist-to-height and waist-to-hip ratios (rrange = from —0.74 to —0.43; all p < 0.05). Lower body
muscular strength was inversely associated with waist circumference, and waist-to-height and
waist-to-hip ratios (rrange = from —0.40 to —0.31; all p < 0.05). Flexibility was inversely associated with
BMI, FMI, waist circumference, and waist-to-height and waist-to-hip ratios (rrange = from —0.52 to
—0.38; all p < 0.05).
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Figure 2. Graphic representation of the crude association between components of physical fitness and
different components of body composition. 6MWT: 6-min walk test, BMI: Body mass index, FMI: Fat
mass index.

The linear regression models evaluating the association between physical fitness levels and body
composition in women with SLE are presented in Table 2. Both crude and adjusted analysis yielded
virtually the same results. CRF, assessed through the Siconolfi step test, was inversely associated
with BMI (unstandardized coefficient (B) = —1.83; 95% confidence interval (CI) —2.36 to —1.31;
p <0.001), FMI (B = —1.41; 95% CI —1.91 to —0.91; p < 0.001), waist circumference (B = —3.73; 95% CI
—4.74 to —2.71; p < 0.001), and waist-to-height ratio (B = —0.02; 95% CI —0.03 to —0.01; p < 0.001).
CRE, assessed through 6MWT, was inversely associated with BMI (B = —0.04; 95% CI —0.06 to —0.02;
p =0.001), FMI (B = —0.04; 95% CI —0.06 to —0.02; p < 0.001), waist circumference (B = —0.05; 95% CI
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—0.10 to —0.01; p = 0.029), and waist-to-height ratio (B = —0.001; 95% CI —0.001 to 0.001; p = 0.001).
The association of handgrip strength with the outcome variables was further adjusted for body weight,
as some studies [36,37] have shown that obese people tend to perform best in the handgrip strength
test. Muscular strength, as assessed through handgrip strength, was inversely associated with BMI
(B =—0.14;95% CI —0.24 to —0.04; p = 0.006), FMI (B = —0.21; 95% CI —0.31 to —0.11; p < 0.001), waist
circumference (B = —0.40; 95% CI —0.70 to —0.11; p = 0.007), and waist-to-height ratio (B = —0.004;
95% CI —0.01 to —0.002; p = 0.001). Muscular strength, as assessed through the 30-s chair stand test,
was inversely associated with waist circumference (B = —1.20; 95% CI —2.30 to —0.10; p = 0.033), the
waist-to-height ratio (B = —0.01; 95% CI —0.01 to —0.001; p = 0.03), and the waist-to-hip ratio (B = —0.01;
95% CI —0.01 to —0.002; p = 0.011). Finally, flexibility, assessed through the back-scratch test, was
inversely associated with BMI (B=-0.21; 95% CI —0.31 to —0.10; p < 0.001), FMI (B = —0.18; 95% CI —0.28
to —0.09; p < 0.001), waist circumference (B = —0.40; 95% CI —0.67 to —0.14; p = 0.003), waist-to-height
ratio (B = —0.004; 95% CI —0.005 to —0.002; p < 0.001), and waist-to-hip ratio (B = —0.002; 95% CI
—0.004 to —0.001; p < 0.001). Further adjustment for dyslipidemia, diabetes, arterial hypertension,
smoking, and intake of statins and antidiabetics, or corticosteroids (and accumulated corticosteroid
dose in the previous 3 years) as possible relevant confounders [34] did not change the results.

Table 2. Linear regression analysis evaluating the association between different components of physical
fitness and body composition in women with systemic lupus erythematosus *.

B B SE CI 95% y
Siconolfi VOypax *
Body Mass Index —1.14 —1.83 0.26 —-2.35 —1.30 <0.001
Fat Mass Index —1.05 —1.41 0.24 —-1.91 —0.91 <0.001
Waist Circumference —1.09 —3.73 0.50 —4.74 —2.71 <0.001
Waist-to-Height Ratio —0.90 -0.02 0.00 —0.02 —0.01 <0.001
Waist-to-Hip Ratio —0.30 —0.01 0.00 —0.01 0.00 0.151
6MWT *
Body Mass Index —0.57 —0.04 0.01 —0.06 —0.01 <0.001
Fat Mass Index —0.65 —0.03 0.00 —0.05 —0.02 <0.001
Waist Circumference —0.35 —0.05 0.02 —0.10 —0.00 0.029
Waist-to-Height Ratio —0.53 —0.001 0.00 —0.001 <0.001 0.001
Waist-to-Hip Ratio —0.22 <0.00 0.00 0.00 0.00 0.162
Handgrip
Body Mass Index —-0.16 —0.14 0.05 —0.24 —0.04 0.006
Fat Mass Index —0.29 —0.21 0.05 —0.31 —-0.11 <0.001
Waist Circumference —-0.19 —0.40 0.14 —0.69 —0.11 0.007
Waist-to-Height Ratio —0.29 —0.004 0.00 —0.01 —0.00 0.001
Waist-to-Hip Ratio —0.15 —0.002 0.00 —0.00 0.00 0.246
Chair Stand Test
Body Mass Index —0.23 —-0.33 0.24 —0.81 0.14 0.168
Fat Mass Index —0.29 -0.36 0.20 -0.77 0.04 0.083
Waist Circumference —0.35 —1.20 0.55 —2.30 —0.09 0.033
Waist-to-Height Ratio —0.36 —0.01 0.00 —0.01 —0.00 0.030
Waist-to-Hip Ratio —0.41 —0.01 0.00 —0.01 —0.00 0.011
Back-Scratch
Body Mass Index —0.43 —0.20 0.05 —0.31 —0.09 <0.001
Fat Mass Index —0.44 —0.18 0.05 —0.28 —0.09 <0.001
Waist Circumference —0.36 —0.40 0.13 —0.66 —0.14 0.003
Waist-to-Height Ratio —0.48 —0.004 0.00 —0.01 —0.00 <0.001
Waist-to-Hip Ratio —0.29 —0.002 0.00 —0.00 —0.00 <0.001

f3, standardized coefficient; B, unstandardized coefficient indicating the expected unit change in the dependent
variable for one unit change in the independent variable; SE, standard error; CI, confidence interval; * n = 77 except
for models that include the Siconolfi step test and 6-min walk test (6MWT) (n = 49). All regression models were
adjusted for age, SLEDAI, SDI, and disease duration. Handgrip was additionally adjusted for body weight.
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Figure 3 shows the differences in body composition between patients categorized as “fit” and
those categorized as “unfit” according to the median value for each fitness test. Regarding CRF, women
categorized as “unfit” (using the Siconolfi step test) had a higher BMI (mean difference 5.44 kg/m?;
95% CI 2.61-8.26; p < 0.001), FMI (mean difference 3.51 kg/m2; 95% CI 0.99-6.03; p = 0.007), waist
circumference (mean difference 14.18 cm; 95% CI 8.72—19.64; p < 0.001), waist-to-height ratio (mean
difference 0.08 units; 95% CI 0.05-0.12; p < 0.001), and waist-to-hip ratio (mean difference 0.05 units;
95% CI 0.02-0.09; p = 0.001) than those categorized as “fit”. Women categorized as “unfit” (using
the 6MWT) had a higher BMI (mean difference 6.02 kg/ m?; 95% CI 3.24-8.81; p <0.001), FMI (mean
difference 4.46 kg/ mZ; 95% CI 2.02-6.90; p = 0.001), waist circumference (mean difference 11.81 c¢m;
95% CI 5.70-17.96; p < 0.001), waist-to-height ratio (mean difference 0.09 units; 95% CI 0.05-0.12;
p < 0.001), and waist-to-hip ratio (mean difference 0.05 units; 95% CI 0.01-0.08; p < 0.008) than those
categorized as “fit”. Regarding strength, women categorized as “unfit” (using the handgrip strength
test) had a higher BMI (mean difference 1.08 kg/ m?; 95% CI 0.10-2.05; p = 0.03), FMI (mean difference
1.59 kg/ mZ; 95% CI 0.58-2.59; p = 0.002), waist circumference (mean difference 3.34 cm; 95% CI
0.45-6.23; p = 0.024), and waist-to-height ratio (mean difference 0.03 units; 95% CI 0.008-0.05; p = 0.008)
than those categorized as “fit”. Women categorized as “unfit” (using the 30-sec chair stand test)
had a higher waist-to-height ratio (mean difference 0.03 units; 95% CI 0.002-0.07; p = 0.041), and
waist-to-hip ratio (mean difference 0.04 units; 95% CI 0.01-0.07; p = 0.011) than those categorized as
“fit”. Regarding flexibility, women categorized as “unfit” (using the back-scratch test) had a higher BMI
(mean difference 3.21 kg/ m2; 95% CI 1.16-5.27; p = 0.003), FMI (mean difference 2.59 kg/ m?2; 95% CI
0.82-4.36; p = 0.005), waist circumference (mean difference 5.08 cm; 95% CI 0.02-10.14; p = 0.049),
waist-to-height ratio (mean difference 0.04 units; 95% CI 0.01-0.08; p = 0.007), and waist-to-hip ratio
(mean difference 0.03 units; 95% CI 0.005-0.06; p = 0.022) than those categorized as “fit”.
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Figure 3. Means (95% confidence interval) of parameters of body composition in “fit” and “unfit”
patients according to the median value for cardiorespiratory fitness (24.5 VOop,x in the Siconolfi
step test; 575 m in the 6 min walk test (6MWT)), upper body strength (24.2 kg in handgrip strength
test), lower body strength (15 repetitions in the 30 s chair stand test), and flexibility (1.35 cm in the
back-scratch test). Differences between groups were studied using analysis of covariance (ANCOVA)
with age, SLEDAI, SDI, and disease duration entered as covariates. * p < 0.05, ** p < 0.01. All analyses
were adjusted for age, SLEDAI, SDI, and disease duration. Handgrip was additionally adjusted for
body weight.

4. Discussion

The main findings of this study suggest that physical fitness is inversely associated with body
weight and composition in women with SLE. These results were consistent regardless of the fitness
component evaluated and despite the adjustment for multiple potential confounders.
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In this study, CRF was inversely associated with BMI, FMI, waist circumference and
waist-to-height ratio, although not with waist-to-hip. We observed differences in all the body
composition outcomes when comparing “fit” and “unfit” patients according to the Siconolfi step
and the 6MWT tests. Our results cannot be compared with other studies in SLE or similar conditions,
as our objective has not been previously addressed in the literature. Our findings are, however,
consistent with previous studies in the general population that showed an inverse association between
CRF and body composition across all parameters. Dagan et al. [38] found negative associations of
CRF with BMI and waist circumference in adult women. Other studies have also observed negative
associations of CRF with total body fat [39] and central obesity (assessed by waist circumference [40],
waist-to-hip ratio and waist-to-height ratio [41]). We hypothesized that an increase of CRF might be
related to improvements in body composition-related parameters, since CRF substantially attenuates
the obesity-related health risks through a reduction of abdominal adiposity [42] and total body
fat [43]. It is worth noting that CRF is determined by genetic factors and physical activity, and it
could be possible that CRF was an indirect measure of the physical activity performed, a recognized
determinant of body composition in SLE [35]. On the other direction of the pathway between CRF
and body composition, it is also plausible that greater fat mass leads to decreased VOyn,x by reducing
the amount of lean tissue (that extracts oxygen during the test) per kg of body weight. Importantly,
CRF was the fitness component that presented the strongest inverse association with most body
composition indicators assessed in the present study. The present results, along with the previous
evidence relating positively CRF to different health outcomes in SLE [22,24], highlight that CRF is a
relevant health marker in this particular population. Interventions aimed at increasing CRF in patients
with SLE are warranted and have shown to be effective and safe for these patients [24]. For instance,
Soriano-Maldonado et al. [24] recently showed that a 12-week aerobic exercise intervention combining
continuous and interval sessions of progressing intensity improved the time to achieve the 85% of the
maximal heart rate by an average of 2.3 min (i.e., corresponding to approximately 7.5 mL/kg/min
of VOZmax)'

A negative association between handgrip muscular strength and BMI, FMI, waist circumference
and waist-to-height ratio was observed, but only when adding body weight [36,37] into the models.
This finding suggests that a higher isometric muscular strength of the upper limb, relative to total
body weight, might be an indicator of body composition. No previous studies have focused on the
association between isometric muscular strength and body composition in SLE. Hayat et al. [44]
found that grip strength was positively related to BMI, but after further adjustment for weight, as we
did in our study, grip strength and BMI were inversely associated. Regarding fat mass percentage
(FM%), another study found that absolute grip strength was inversely associated with fat mass in
elderly people [45]. In terms of central adiposity, grip strength has been negatively related to waist
circumference in older adults [46]. With reference to lower-body strength, we found no association
between BMI, FMI, and the 30 s chair stand test, and no differences were observed between BMI, FMI,
waist circumference and 30 s chair stand test either when comparing “fit” and “unfit” individuals.
The differences found between the strength tests used could be due to the different features of strength
assessed. While handgrip may be representative of the maximal isometric strength [47], the functional
30 s chair stand test may be representative of the maximum strength in older adults [31] but not
necessarily in adults. Indeed, previous studies in postmenopausal women did not find an association
between the 30 s chair stand test and waist circumference [48], whereas there was an association
between the 30 s chair stand test and BMI in older women [49]. A higher muscular strength, and its
maintenance, increases resting metabolic rate, increases high density lipoprotein cholesterol (HDL-c),
decreases low density lipoprotein cholesterol (LDL-c), decreases triglycerides, and increases insulin
resistance, thus contributing to a better body composition [50,51]. It is also possible that central obesity
could reduce muscular strength through increasing subclinical inflammation and insulin resistance.
Pro-inflammatory cytokines and adipokines are produced in adipose tissue, especially in visceral
areas [52], leading to catabolism, and contributing to muscle mass and strength decline [53]. Moreover,
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insulin resistance and a reduced anabolic action of insulin has been related to adiposity [54] and to loss
of muscular strength [55]. Future prospective studies should elucidate whether muscular strength is
able to counteract the effect of obesity in SLE, as it has been demonstrated in other populations [10,56].

We also found a negative relationship between flexibility and obesity in women with SLE.
An inverse relationship between lower-body flexibility and BMI has been previously described in older
men but not in women [57] or was not found in either gender [58]. Previous research linking fitness
to cardiometabolic risk found higher values of waist circumference related to upper-body flexibility
in perimenopausal women [59] and to lower-body flexibility in elderly people [60]. The low number
of studies focused on assessing the benefits of flexibility in health, along with the heterogeneity of
the populations and the methods used to assess it, constitute a limitation for the interpretation of
the present results, which needs to be contrasted in future reports. The back-scratch test used in
the present study assesses scapular mobility, and a reduced scapular motion has been previously
linked to higher BMI by Gupta et al. [61]. Stretching has been shown to reduce inflammation [62]
and improve vascular function [63], and it remains unknown whether these benefits could potentially
be related to decreases in BMI. On the other hand, we speculate that a larger body size (especially
greater arm mass) might limit the joint range of motion in this test. In line with our findings regarding
FM%, the concentration of adipose tissue around the joints possibly increases the friction between the
surfaces of the joints, which reduces the ability of stretching and may reduce, therefore, flexibility [64].
Due to the potential relevance of flexibility for health in SLE [65] and other populations [59,60,64],
interventions and prospective studies are needed to clarify the role of this fitness component and the
nature of the relationships found in this study.

This study has limitations that should be highlighted. The cross-sectional design of our study
excludes establishment of causal relationships, and future prospective research should confirm or
contrast these findings and attempt to evaluate the directionality of the association. The sample size
was relatively small, excluding men and women with medium-to-high disease activity. Therefore,
our results do not pretend to be generalizable to the whole SLE population.

5. Conclusions

In conclusion, the results of the present study suggest that lower physical fitness is associated
with higher body weight and more unfavorable body composition (i.e., including measures of total and
central adiposity) in women with SLE. More specifically, CRF, muscular strength, and flexibility
components are inversely associated with BMI, FMI, waist circumference, and waist-to-height
ratio. The relatively low levels of CRF and muscular strength, and the high prevalence of obesity
consistently observed in this population underlie the need to take preventive actions to improve
these health parameters. Due to the tight and bidirectional connection between physical fitness and
body composition, further prospective and experimental research is needed to elucidate how their
interaction affects the cardiovascular health of patients with SLE.

Author Contributions: Conceptualization, S.5.-R., A.S.-M., and J.A.V.-H.; Data curation, A.S.-M., PM.-d.-L.,
and J.A.V.-H.; Formal analysis, S.S.-R. and A.S.-M.; Funding acquisition, A.S.-M. and J.A.V.-H.; Investigation,
SS-R., AS-M., PM.-d.-L., JM.S,, B.G.-C,, and J.A.V.-H.; Methodology, S.5.-R., A.S.-M., and J.A.V.-H.; Project
administration, ]J.A.V.-H.; Resources, PM.-d.-L., ] M.S., B.G.-C,, and J.A.V.-H.; Supervision, A.S.-M., ].A.V.-H.,
and J.M.S.; Visualization, B.G.-C.; Writing-Original draft, S.5.-R.; Writing-Review and editing, S.S.-R., A.S5.-M.,
PM.-d.-L.,].M.S., B.G.-C., and ].A.V.-H.

Funding: This work was supported by Consejeria de Salud, Junta de Andalucia (grant number: PI-0525-2016)
and by the Ilustre Colegio Oficial de Médicos de Granada (Premios de Investigacion 2017). BGC was supported
by the Spanish Ministry of Education (FPU15/00002).

Acknowledgments: The authors would like to thank the members of the Autoimmune Diseases Unit at
the “Virgen de las Nieves” University Hospital (i.e., Antonio Rosales-Castillo, Luis Manuel Saez-Uran,
Nuria Navarrete-Navarrete, Monica Zamora-Pasadas, and Juan Jiménez-Alonso) as well as
Cristina Montalban-Méndez for their work and support, and all the patients who participated for their
collaboration. The results of the present study are part of a Doctoral Thesis conducted in the Education Doctoral



Medicina 2019, 55, 57 11 0f 14

Program of the University of Almeria, Spain. The funders had no role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Somers, E.C.; Marder, W.; Cagnoli, P; Lewis, E.E.; DeGuire, P.; Gordon, C.; Helmick, C.G.; Wang, L.; Wing, J.J.;
Dhar, ].P; et al. Population-based incidence and prevalence of systemic lupus erythematosus: The Michigan
Lupus Epidemiology and Surveillance program. Arthritis Rheumatol. 2014, 66, 369-378. [CrossRef] [PubMed]

2. Kipen, Y,; Strauss, B.J.; Morand, E.F. Body composition in systemic lupus erythematosus. Br. ]. Rheumatol.
1998, 37, 514-519. [CrossRef] [PubMed]

3. Hak, A.E,; Karlson, E.W,; Feskanich, D.; Stampfer, M.].; Costenbader, K.H. Systemic lupus erythematosus
and the risk of cardiovascular disease: Results from the nurses” health study. Arthritis Rheumatol. 2009, 61,
1396-1402. [CrossRef] [PubMed]

4. Bichile, T.; Petri, M. Prevention and management of co-morbidities in SLE. Presse Med. 2014, 43, 187-195.
[CrossRef] [PubMed]

5. Fors-Nieves, C.E.; Izmirly, PM. Mortality in Systemic Lupus Erythematosus: An Updated Review.
Curr. Rheumatol. Rep. 2016, 18, 121-128. [CrossRef] [PubMed]

6. Katz, P; Gregorich, S.; Yazdany, J.; Trupin, L.; Julian, L.; Yelin, E.; Criswell, L.A. Obesity and its measurement
in a community-based sample of women with systemic lupus erythematosus. Arthritis Care Res. (Hoboken)
2011, 63, 261-268. [CrossRef] [PubMed]

7. Peltz, G.; Aguirre, M.T.; Sanderson, M.; Fadden, M.K. The role of fat mass index in determining obesity.
Am. J. Hum. Biol. 2010, 22, 639-647. [CrossRef] [PubMed]

8. Kyle, U.G.; Schutz, Y.; Dupertuis, Y.M.; Pichard, C. Body composition interpretation. Contributions of the
fat-free mass index and the body fat mass index. Nutrition 2003, 19, 597-604. [CrossRef]

9. De Koning, L.; Merchant, A.T.; Pogue, J.; Anand, S.S. Waist circumference and waist-to-hip ratio as predictors
of cardiovascular events: Meta-regression analysis of prospective studies. Eur. Heart . 2007, 28, 850-856.

10. Ortega, F.B.; Cadenas-Sanchez, C.; Lee, D.; Ruiz, ].R.; Blair, S.N.; Sui, X. Fitness and Fatness as Health
Markers through the Lifespan: An overview of Current Knowledge. Prog. Prev. Med. 2018, 3, 1-10.

11. Linauskas, A.; Overvad, K.; Symmons, D.; Johansen, M.B.; Steengard-Pedersen, K.; de Thurah, A. Body fat
percentage, waist circumference and obesity as risk factors for rheumatoid arthritis—A Danish cohort study.
Arthritis Care Res. (Hoboken) 2018, 7, 1132-1139. [CrossRef] [PubMed]

12.  Ramirez, A.; Hurtado, G.F.; Martinez, M.; Mendoza, C. Analisis de la composicién corporal en mujeres
adultas con lupus eritematoso sistémico. Nutr. Hosp. 2012, 27, 950-951.

13.  Vadacca, M.; Margiotta, D.; Rigon, A.; Cacciapaglia, F.; Coppolino, G.; Amoroso, A.; Afeltra, A. Adipokines
and systemic lupus erythematosus: Relationship with metabolic sindrome and cardiovascular disease risk
factors. J. Rheumatol. 2009, 36, 295-297. [CrossRef] [PubMed]

14. Lavie, C.J.; Deedwania, P.; Ortega, F.B. Obesity is rarely healthy. Lancet Diabetes Endocrinol. 2018, 6, 678-679.
[CrossRef]

15. Réamirez-Vélez, R.; Meneses-Echavez, ].F; Gonzalez-Ruiz, K.; Correa, J.E. Fitness muscular y riesgo
cardio-metabdlico en adultos jévenes colombianos. Nutr. Hosp. 2014, 30, 769-775. [PubMed]

16. Prioreschi, A.; Brage, S.; Westgate, K.; Norris, S.A.; Micklesfield, L.K. Cardiorespiratory fitness levels and
associations with physical activity and body composition in young South African adults from Soweto.
BMC Public Health 2017, 17, 1-8. [CrossRef] [PubMed]

17. Li, H; Sui, X.; Huang, S.; Lavie, C.J.; Wang, Z.; Blair, S.N. Secular change in cardiorespiratory fitness and
body composition in women: The Aerobics Center Longitudinal Study. Mayo Clin. Proc. 2015, 90, 43-52.
[CrossRef] [PubMed]

18.  Houghton, K.M.; Tucker, L.B.; Potts, ].E.; McKenzie, D.C. Fitness, fatigue, disease activity and quality of life
in pediatric lupus. Arthritis Rheum. 2008, 59, 537-545. [CrossRef] [PubMed]

19. Keyser, RE.; Rus, V.; Cade, W.T.; Kalappa, N.; Flores, RH.; Handwerger, B.S. Evidence for aerobic
insufficiency in women with systemic Lupus erythematosus. Arthritis Rheum. 2003, 49, 16-22. [CrossRef]
[PubMed]


http://dx.doi.org/10.1002/art.38238
http://www.ncbi.nlm.nih.gov/pubmed/24504809
http://dx.doi.org/10.1093/rheumatology/37.5.514
http://www.ncbi.nlm.nih.gov/pubmed/9651078
http://dx.doi.org/10.1002/art.24537
http://www.ncbi.nlm.nih.gov/pubmed/19790130
http://dx.doi.org/10.1016/j.lpm.2014.03.009
http://www.ncbi.nlm.nih.gov/pubmed/24855047
http://dx.doi.org/10.1007/s11926-016-0571-2
http://www.ncbi.nlm.nih.gov/pubmed/26984805
http://dx.doi.org/10.1002/acr.20343
http://www.ncbi.nlm.nih.gov/pubmed/20824801
http://dx.doi.org/10.1002/ajhb.21056
http://www.ncbi.nlm.nih.gov/pubmed/20737611
http://dx.doi.org/10.1016/S0899-9007(03)00061-3
http://dx.doi.org/10.1002/acr.23694
http://www.ncbi.nlm.nih.gov/pubmed/29975015
http://dx.doi.org/10.3899/jrheum.080503
http://www.ncbi.nlm.nih.gov/pubmed/19132788
http://dx.doi.org/10.1016/S2213-8587(18)30143-8
http://www.ncbi.nlm.nih.gov/pubmed/25335660
http://dx.doi.org/10.1186/s12889-017-4212-0
http://www.ncbi.nlm.nih.gov/pubmed/28381219
http://dx.doi.org/10.1016/j.mayocp.2014.08.020
http://www.ncbi.nlm.nih.gov/pubmed/25500108
http://dx.doi.org/10.1002/art.23534
http://www.ncbi.nlm.nih.gov/pubmed/18383417
http://dx.doi.org/10.1002/art.10926
http://www.ncbi.nlm.nih.gov/pubmed/12579589

Medicina 2019, 55, 57 12 of 14

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Montalban-Méndez, C.; Soriano-Maldonado, A.; Vargas-Hitos, ].A.; Sdez-Uran, L.M.; Rosales-Castillo, A.;
Morillas-de-Laguno, P.; Gavilan-Carrera, B.; Jiménez-Alonso, J. Cardiorespiratory fitness and age-related
arterial stiffness in women with systemic lupus erythematosus. Eur. |. Clin. Investig. 2018, 48, 1-8. [CrossRef]
[PubMed]

Pinto, A.J.; Miyake, C.N.; Benatti, EB.; Silva, C.A.; Sallum, A.M.; Borba, E.; de Sa-Pinto, A.L.; Bonfa, E.;
Gualano, B. Reduced aerobic capacity and quality of life in physically inactive patients with systemic lupus
erythematosus with mild or inactive disease. Arthritis Care Res. (Hoboken) 2016, 68, 1780-1786. [CrossRef]
[PubMed]

Tench, C.; Bentley, D.; Vleck, V.; McCurdie, I.; White, P.; P’Cruz, D. Aerobic fitness, fatigue, and physical
disability in systemic lupus erythematosus. J. Rheumatol. 2002, 29, 474-481. [PubMed]

Balsamo, S.; Nascimento, C.; Tibana, R.A.; de Santana, F.S.; da Mota, L.M.; Dos Santos-Neto, L.L. The
quality of life of patients with lupus erythematosus influences cardiovascular capacity in 6-minute walk test.
Rev. Bras. Reumatol. 2013, 53, 75-87. [PubMed]

Soriano-Maldonado, A.; Morillas-de-Laguno, P.; Sabio, ].M.; Gavilan-Carrera, B.; Rosales-Castillo, A.;
Montalbdn-Méndez, C.; Sdez-Uran, L.M.; Callejas-Rubio, J.L.; Vargas-Hitos, J.A. Effects of 12-week Aerobic
Exercise on Arterial Stiffness, Inflammation, and Cardiorespiratory Fitness in Women with Sytemic Lupus
Erythematosus: Non-Randomized Controlled Trial. J. Clin. Med. 2018, 7, 477-494. [CrossRef] [PubMed]
Andrews, ].S.; Trupin, L.; Schmajuk, G.; Barton, J.; Margaretten, M.; Yazdany, J.; Yelin, E.H.; Katz, P.P. Muscle
strength, muscle mass, and physical disability in women with systemic lupus erythematosus. Arthritis Care
Res. (Hoboken) 2015, 67, 120-127. [CrossRef] [PubMed]

Andrews, ].S.; Trupin, L.; Schmajuk, G.; Barton, J.; Margaretten, M.; Yazdany, J.; Yelin, E.H.; Katz, P.P. Muscle
strength and Changes in Physical Function in Women with Systemic Lupus Erythematosus. Arthritis Care
Res. (Hoboken) 2015, 67, 1070-1077. [CrossRef] [PubMed]

Hochberg, M.C. Updating the American College of Rheumatology revised criteria for the classification of
systemic lupus erythematosus. Arthritis Rheumatol. 1997, 40, 17-25. [CrossRef]

Siconolfi, S.E; Garber, C.E.; Lasater, T.M.; Carleton, R.A. A simple, valid step test for estimating maximal
oxygen uptake in epidemiologic studies. Am. ]. Epidemiol. 1985, 121, 382-390. [CrossRef] [PubMed]
Marcora, S.M.; Casanova, E,; Fortes, M.B.; Maddison, PJ. Validity and reliability of the Siconolfi Step Test for
assessment of physical fitness in patients with systemic lupus erythematosus. Arthritis Rheumatol. 2007, 57,
1007-1011. [CrossRef] [PubMed]

Rikli, R.E.; Jones, C.J. Functional Fitness Normative Scores for Community-Residing Older Adults, Ages
60-94. ]. Aging Phys. Activ. 1999, 7, 162-181. [CrossRef]

Jones, C.J.; Rikli, R.E.; Beam, W.C. A 30-s chair-stand test as a measure of lower body strength in
community-residing older adults. Res. Q. Exerc. Sport. 1999, 70, 113-119. [CrossRef] [PubMed]

Ruiz-Ruiz, J.; Mesa, ].L.; Gutiérrez, A.; Castillo, M.J. Hand size influences optimal grip span in women but
not men. J. Hand Surg. Am. 2002, 27, 897-901. [CrossRef] [PubMed]

Griffiths, B.; Mosca, M.; Gordon, C. Assessment of patients with systemic lupus erythematosus and use of
lupus disease activity indices. Best Pract. Res. Clin. Rheumatol. 2005, 19, 685-708. [CrossRef] [PubMed]
Gladman, D.; Ginzler, E.; Goldsmith, C.; Fortin, P.; Liang, M.; Urowitz, M.; Bacon, P.; Bombardieri, S.;
Hanly, J.; Hay, E.; et al. The development and initial validation of the systemic lupus international
collaborating clinics/ American College of Rheumatology Damage Index for Systemic Lupus Erythematosus.
Arthritis Rheumatol. 1996, 39, 363-369. [CrossRef]

Kipen, Y.; Briganti, E.M.; Strauss, B.J.; Littlejohn, G.O.; Morand, E.F. Three year follow-up of body
composition changes in pre-menopausal women with systemic lupus erythematosus. Rheumatology (Oxford)
1999, 38, 59-65. [CrossRef] [PubMed]

Keevil, VL.; Khaw, K.T. Overadjustment in regression analyses: Considerations when evaluating
relationships between body mass index, muscle strength, and body size. |. Gerontol. A Biol. Sci. Med. Sci.
2014, 69, 616-617. [CrossRef] [PubMed]

Balogun, J.A.; Akinloye, A.A.; Adendola, S.A. Grip strength as a function of age, height, body weight and
Quetelet index. Physiother. Theory Pract. 1991, 7, 111-119. [CrossRef]

Dagan, S.S.; Segev, S.; Novikov, I; Dankner, R. Waist circumference vs body mass index in association with
cardiorespiratory fitness in healthy men and women: A cross sectional analysis of 403 subjects. Nutr. |. 2013,
15, 12-20. [CrossRef] [PubMed]


http://dx.doi.org/10.1111/eci.12885
http://www.ncbi.nlm.nih.gov/pubmed/29319879
http://dx.doi.org/10.1002/acr.22905
http://www.ncbi.nlm.nih.gov/pubmed/27058995
http://www.ncbi.nlm.nih.gov/pubmed/11908559
http://www.ncbi.nlm.nih.gov/pubmed/23588518
http://dx.doi.org/10.3390/jcm7120477
http://www.ncbi.nlm.nih.gov/pubmed/30477218
http://dx.doi.org/10.1002/acr.22399
http://www.ncbi.nlm.nih.gov/pubmed/25049114
http://dx.doi.org/10.1002/acr.22560
http://www.ncbi.nlm.nih.gov/pubmed/25623919
http://dx.doi.org/10.1002/art.1780400928
http://dx.doi.org/10.1093/oxfordjournals.aje.a114010
http://www.ncbi.nlm.nih.gov/pubmed/4014128
http://dx.doi.org/10.1002/art.22886
http://www.ncbi.nlm.nih.gov/pubmed/17665489
http://dx.doi.org/10.1123/japa.7.2.162
http://dx.doi.org/10.1080/02701367.1999.10608028
http://www.ncbi.nlm.nih.gov/pubmed/10380242
http://dx.doi.org/10.1053/jhsu.2002.34315
http://www.ncbi.nlm.nih.gov/pubmed/12239682
http://dx.doi.org/10.1016/j.berh.2005.03.010
http://www.ncbi.nlm.nih.gov/pubmed/16150398
http://dx.doi.org/10.1002/art.1780390303
http://dx.doi.org/10.1093/rheumatology/38.1.59
http://www.ncbi.nlm.nih.gov/pubmed/10334684
http://dx.doi.org/10.1093/gerona/glt186
http://www.ncbi.nlm.nih.gov/pubmed/24300030
http://dx.doi.org/10.3109/09593989109106961
http://dx.doi.org/10.1186/1475-2891-12-12
http://www.ncbi.nlm.nih.gov/pubmed/23317009

Medicina 2019, 55, 57 13 of 14

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Lesser, L. A; Dick, T.J.; Guenette, J.A.; Hoogbruin, A.; Mackey, D.C.; Singer, J.; Lear, S.A. The association
between cardiorespiratory fitness and abdominal adiposity in postmenopausal, physically inactive South
Asian women. Prev. Med. Rep. 2015, 21, 783-787. [CrossRef] [PubMed]

Ross, R.; Katzmarzyk, P.T. Cardiorespiratory fitness is associated with diminished total and abdominal
obesity independent of body mass index. Int. ]. Obes. Relat. Metab. Disord. 2003, 27, 204-210. [CrossRef]
[PubMed]

Farrell, S.W.; Fitzgerald, S.J.; McAuley, P.A.; Barlow, C.E. Cardiorespiratory fitness, adiposity, and all-cause
mortality in women. Med. Sci. Sports Exerc. 2010, 42, 2006-2012. [CrossRef] [PubMed]

Wong, S.L.; Katzmarzyk, P.; Nichaman, M.Z.; Church, T.S.; Blair, S.N.; Ross, R. Cardiorespiratory fitness
is associated with lower abdominal fat independent of body mass index. Med. Sci. Sports Exerc. 2004, 36,
286-291. [CrossRef] [PubMed]

Janssen, I.; Katzmarzyk, PT.; Ross, R.; Leon, A.S.; Skinner, J.S.; Rao, D.C.; Wilmore, J.H.; Rankinen, T,;
Bouchard, C. Fitness alters the associations of BMI and waist circumference with total and abdominal fat.
Obes. Res. 2004, 12, 525-537. [CrossRef] [PubMed]

Hayat, S.A.; Luben, R.; Keevil, V.L.; Moore, S.; Dalzell, N.; Bhaniani, A.; Khawaja, A.P; Foster, P.; Brayne, C.;
Wareham, N.J.; et al. Cohort profile: A prospective cohort study of objective physical and cognitive capability
and visual health in an ageing population of men and women in Norfolk (EPIC-Norfolk 3). Int. . Epidemiol.
2014, 43, 1063-1072. [CrossRef] [PubMed]

Newman, A.B.; Haggerty, C.L.; Goodpaster, B.; Harris, T.; Kritchevsky, S.; Nevitt, M.; Miles, T.P.; Visser, M.
Strength and muscle quality in a well-functioning cohort of older adults: The Health, Aging and Body
Composition Study. J. Am. Geriatr. Soc. 2003, 51, 323-330. [CrossRef] [PubMed]

Keevil, VL.; Luben, R.; Dalzell, N.; Hayat, S.A.; Sayer, A.A.; Wareham, N.J.; Khaw, K.T. Cross-sectional
associations between different measures of obesity and muscle strength in men and women in a British
cohort study. J. Nutr. Health. Aging 2015, 19, 3-11. [CrossRef] [PubMed]

Nevill, A.M.; Holder, R.L. Modelling handgrip strength in the presence of confounding variables: Results
from the Allied Dunbar National Fitness Survey. Ergonomics 2000, 43, 1547-1558. [CrossRef] [PubMed]
Dulac, M.C.; Carvalho, L.P.; Aubertin-Leheudre, M. Functional capacity depends on lower limb muscle
strength rather than on abdominal obesity in active postmenopausal women. Menopause 2018, 25, 176-181.
[CrossRef] [PubMed]

Hardy, R.; Cooper, R.; Aihie-Sayer, A.; Ben-Schlomo, Y.; Cooper, C.; Deary, L].; Demakakos, P.; Gallacher, J.;
Martin, R.M.; McNeill, G; et al. Body mass index, muscle strength and physical performance in older adults
from eight cohort studies: The HALCyon programme. PLoS ONE 2013, 8, 1-13. [CrossRef] [PubMed]
Skrypnik, D.; Bogdanski, P.; Madry, E.; Karolkiewicz, J.; Ratajczak, M.; Krysciak, J.; Pupek-Musialik, D.;
Walkowiak, J. Effects of Endurance and Endurance Strength Training on Body Composition and Physical
Capacity in Women with Abdominal Obesity. Obes. Facts 2015, 8, 175-187.

Dias, I.; Farinatti, P.; De Souza, M.G.; Manhanini, D.P,; Balthazar, E.; Dantas, D.L.; De Andrade Pinto, E.H.;
Bouskela, E.; Kraemer-Aguiar, L.G. Effects of Resistance Training on Obese Adolescents. Med. Sci.
Sports Exerc. 2015, 47, 2636-2644. [CrossRef] [PubMed]

Fontana, L.; Eagon, J.C.; Trujillo, M.E.; Scherer, P.E.; Klein, S. Visceral fat adipokines secretion is associated
with systemic inflammation in obese humans. Diabetes 2007, 56, 1010-1013. [CrossRef] [PubMed]

Schaap, L.A.; Plujim, S.M.; Deeg, D.J.; Harris, T.B.; Kritchevsky, S.B.; Newman, A.B.; Colbert, L.H.; Pahor, M.;
Rubin, S.M.; Tylavsky, F.A.; et al. Higher inflammatory marker levels in older persons: Associations with
5-year change in muscle mass and muscle strength. J. Gerontol. A Biol. Sci. Med. Sci. 2009, 64, 1183-1189.
[CrossRef] [PubMed]

Kahn, S.E.; Hull, R.L.; Utzschneider, K.M. Mechanisms linking obesity to insulin resistance and type 2
diabetes. Nature 2006, 444, 840-846. [CrossRef] [PubMed]

Park, S.W.; Goodpaster, B.H.; Strotmeyer, E.S.; Kuller, L.H.; Broudeau, R.; Kammerer, C.; de Rekeneire, N.;
Harris, T.B.; Schwartz, A.V.; Tylavsky, F.A.; et al. Accelerated loss of skeletal muscle strength in older adults
with type 2 diabetes: The health, aging, and body composition study. Diabetes Care 2007, 30, 1507-1512.
[CrossRef] [PubMed]

Kim, Y,; Wijndaele, K.; Lee, D.C.; Sharp, S.J.; Wareham, N.; Brage, S. Independent and joint associations of
grip strength and adiposity with all-cause and cardiovascular disease mortality in 403,199 adults: The UK
Biobank study. Am. J. Clin. Nutr. 2017, 106, 773-782. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.pmedr.2015.09.007
http://www.ncbi.nlm.nih.gov/pubmed/26844150
http://dx.doi.org/10.1038/sj.ijo.802222
http://www.ncbi.nlm.nih.gov/pubmed/12587000
http://dx.doi.org/10.1249/MSS.0b013e3181df12bf
http://www.ncbi.nlm.nih.gov/pubmed/20351588
http://dx.doi.org/10.1249/01.MSS.0000113665.40775.35
http://www.ncbi.nlm.nih.gov/pubmed/14767252
http://dx.doi.org/10.1038/oby.2004.60
http://www.ncbi.nlm.nih.gov/pubmed/15044671
http://dx.doi.org/10.1093/ije/dyt086
http://www.ncbi.nlm.nih.gov/pubmed/23771720
http://dx.doi.org/10.1046/j.1532-5415.2003.51105.x
http://www.ncbi.nlm.nih.gov/pubmed/12588575
http://dx.doi.org/10.1007/s12603-014-0492-6
http://www.ncbi.nlm.nih.gov/pubmed/25560810
http://dx.doi.org/10.1080/001401300750003970
http://www.ncbi.nlm.nih.gov/pubmed/11083135
http://dx.doi.org/10.1097/GME.0000000000000970
http://www.ncbi.nlm.nih.gov/pubmed/28832428
http://dx.doi.org/10.1371/journal.pone.0056483
http://www.ncbi.nlm.nih.gov/pubmed/23437142
http://dx.doi.org/10.1249/MSS.0000000000000705
http://www.ncbi.nlm.nih.gov/pubmed/25973557
http://dx.doi.org/10.2337/db06-1656
http://www.ncbi.nlm.nih.gov/pubmed/17287468
http://dx.doi.org/10.1093/gerona/glp097
http://www.ncbi.nlm.nih.gov/pubmed/19622801
http://dx.doi.org/10.1038/nature05482
http://www.ncbi.nlm.nih.gov/pubmed/17167471
http://dx.doi.org/10.2337/dc06-2537
http://www.ncbi.nlm.nih.gov/pubmed/17363749
http://dx.doi.org/10.3945/ajcn.117.156851
http://www.ncbi.nlm.nih.gov/pubmed/28793990

Medicina 2019, 55, 57 14 of 14

57.

58.

59.

60.

61.

62.

63.

64.

65.

Silva, N.A.; Menezes, T.N.; Melo, R.L.; Pedraza, D.F. Handgrip strength and flexibility and their association
with anthropometric variables in the elderly. Rev. Assoc. Med. Bras. 2013, 59, 128-135. [CrossRef] [PubMed]
Barbosa, A.R.; Souza, ].M.; Lebrao, M.L.; de Fatima, M. Nutritional status and physical performance of
erderly in the city of Sao Paulo. Rev. Assoc. Med. Bras. 2007, 53, 75-79. [CrossRef] [PubMed]
Gregorio-Arenas, E.; Ruiz-Cabello, P.; Camiletti-Moiron, D.; Moratalla-Cecilia, N.; Aranda, P;
Lopez-Jurado, M.; Llopis, ].; Aparicio, V.A. The associations between physical fitness and cardiometabolic
risk and body-size phenotypes in perimenopausal women. Maturitas 2016, 92, 162-167. [CrossRef] [PubMed]
Chang, K.V,; Hung, C.Y,; Li, C.M,; Lin, Y.H.; Wang, T.G.; Tsai, K.S.; Han, D.S. Reduced flexibility associated
with metabolic syndrome in community-dwelling elders. PLoS ONE 2015, 10, 1-11. [CrossRef] [PubMed]
Gupta, M,; Dashottar, A.; Borstad, ].D. Scapula kinematics differ by body mass index. J. Appl. Biomech. 2013,
29, 380-385. [CrossRef] [PubMed]

Irwin, M.R.; Olmstead, R. Mitigating cellular inflammation in older adults: A randomized controlled trial of
Tai Chi Chih. Am. |. Geriatr. Psychiatry 2012, 20, 764-772. [CrossRef] [PubMed]

Kruse, N.T.; Scheuermann, B.W. Cardiovascular Responses to Skeletal Muscle Stretching: “Stretching” the
Truth or a New Exercise Paradigm for Cardiovascular Medicine? Sports Med. 2017, 47, 2507-2520. [CrossRef]
[PubMed]

Silva, T.A.; Frisoli, A.; Pinheiro, M.M.; Szejnfeld, V.L. Sarcopenia and aging: Etiological aspects and
therapeutic options. Rev. Bras. Reumatol. 2006, 46, 391-397.

Timoéteo, R.P,; Silva, A.F.; Micheli, D.C.; Candido-Murta, E.E,; Freire, M.; Teodoro, R.B.; Lima, EM.; Martins
Tavares Murta, B.; Bertoncello, D. Increased flexibility, pain reduction and unaltered levels of IL-10 and
CD11b +lymphocytes in patients with systemic lupus erythematosus were associated with kinesiotherapy:.
Lupus 2018, 27, 1159-1168. [CrossRef] [PubMed]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘ @ s article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.ramb.2012.10.002
http://www.ncbi.nlm.nih.gov/pubmed/23582553
http://dx.doi.org/10.1590/S0104-42302007000100024
http://www.ncbi.nlm.nih.gov/pubmed/17420899
http://dx.doi.org/10.1016/j.maturitas.2016.08.008
http://www.ncbi.nlm.nih.gov/pubmed/27621255
http://dx.doi.org/10.1371/journal.pone.0117167
http://www.ncbi.nlm.nih.gov/pubmed/25614984
http://dx.doi.org/10.1123/jab.29.4.380
http://www.ncbi.nlm.nih.gov/pubmed/22923369
http://dx.doi.org/10.1097/JGP.0b013e3182330fd3
http://www.ncbi.nlm.nih.gov/pubmed/21934474
http://dx.doi.org/10.1007/s40279-017-0768-1
http://www.ncbi.nlm.nih.gov/pubmed/28780647
http://dx.doi.org/10.1177/0961203318768880
http://www.ncbi.nlm.nih.gov/pubmed/29635996
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

STUDY: Il

TITLE: Physical Fitness Attenuates the Impact of Higher Body Mass and Adiposity on

Inflammation in Women With Systemic Lupus Erythematosus.
PUBLICATION TYPE: Scientific article.

AUTHORS: Sola-Rodriguez Sergio, Vargas-Hitos José Antonio, Gavilan-Carrera
Blanca, Rosales-Castillo Antonio, Rios-Ferndndez Raquel, Sabio José Mario, Soriano-

Maldonado Alberto.

EDITORIAL / SCIENTIFIC JOURNAL: Frontiers / Frontiers in Immunology
VOLUME /NUMBER: 12/ X

PAGES: 11

PUBLICATION YEAR: 2021

DOI (DIGITAL OBJECT IDENTIFIER):

https://doi.org/10.3389/fimmu.2021.729672

JCR (JOURNAL CITATION REPORT): (Q1) in “Immunology”



:\' frontiers
In Immunology

ORIGINAL RESEARCH
published: 14 October 2021
doi: 10.3389/fimmu.2021.729672

OPEN ACCESS

Edited by:
Nancy Agmon-Levin,
Sheba Medical Center, Israel

Reviewed by:

Ralf J. Ludwig,

University of Libeck, Germany
Ming-Kuei Shih,

National Kaohsiung University of
Hospitality and Tourism, Taiwan

*Correspondence:
José Antonio Vargas-Hitos
Joseantoniovh@hotmail.com

Specialty section:

This article was submitted to
Autoimmune and
Autoinflammatory Disorders,
a section of the journal
Frontiers in Immunology

Received: 25 June 2021
Accepted: 20 September 2021
Published: 14 October 2021

Citation:
Sola-Rodriguez S, Vargas-Hitos JA,

Gavilan-Carrera B, Rosales-Castillo A,

Rios-Fernandez R, Sabio JM and

Soriano-Maldonado A (2021) Physical

Fitness Attenuates the Impact of

Higher Body Mass and Adiposity on
Inflammation in Women With Systemic

Lupus Erythematosus.
Front. Immunol. 12:729672.
doi: 10.3389/fimmu.2021.729672

Check for
updates

Physical Fitness Attenuates the
Impact of Higher Body Mass and
Adiposity on Inflammation in Women
With Systemic Lupus Erythematosus
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Aims: Higher body mass and adiposity represent independent contributors to the
systemic low-grade inflammatory state often observed in patients with systemic lupus
erythematosus (SLE). This study assessed the role of physical fitness in the association of
body mass and adiposity with inflammation in women with SLE.

Methods: A total of 77 women with SLE were included in this cross-sectional study. We
obtained body mass index, waist-to-height ratio, and body fat percentage as indicators of
body mass and adiposity. Inflammation was assessed through Serum levels of C-reactive
protein, interleukin 6, and leptin. Cardiorespiratory fitness was assessed with the 6-minute
walk test, range of motion with the back-scratch test, and muscular strength with
handgrip dynamometry.

Results: Cardiorespiratory fitness attenuated the association of both body mass index
and body fat percentage with interleukin 6 (all, P<0.05). Range of motion attenuated the
association of body mass index with interleukin 6 (P<0.05) and the association of body fat
percentage with C-reactive protein (P<0.05). These interactions indicated that higher
fitness was associated with a lower increase in inflammation per unit increase of body
mass or adiposity. Muscular strength showed a non-significant trend to attenuate the
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association of body fat percentage with interleukin 6 (P=0.057) but potentiated the
association of body fat percentage with leptin (P<0.05).

Conclusion: These findings suggest that higher levels of cardiorespiratory fitness and
range of motion might attenuate the impact of higher body mass and adiposity on
inflammation in women with SLE. The role of muscular strength requires further

investigation.

Keywords: obesity, systemic low-grade inflammation, cardiorespiratory fitness, range of motion, flexibility,
autoimmune diseases, body mass index, body fat percentage (BF%)

1 INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune disease
characterized by a chronic low-grade inflammatory state that is
independent of the disease activity (1). This inflammatory state,
along with a higher prevalence of traditional cardiovascular risk
factors, seems to contribute to the increased risk of
atherosclerosis and premature cardiovascular diseases observed
in this population (2, 3).

Higher body mass and adiposity represent have shown to be
independent contributors to the systemic low-grade
inflammatory state of patients with SLE (4, 5) that worsen the
course of SLE (2) and are associated with higher disease activity
and damage accrual (5). This is not surprising since adipose
tissue is an active endocrine organ that secretes a variety of
cytokines such as C-reactive protein (hsCRP), interleukin-6 (IL-
6), and leptin, which are, in fact, involved in atherosclerosis not
only in the general population (6) but also in patients with
systemic autoimmune diseases (2, 7, 8). Among other relevant
indicators, body mass index (BMI; a measure of body mass) (9),
waist-to-height ratio (a measure of central adiposity) (10) and
body fat percentage (a measure of total adiposity) (11), are
independent predictors of cardiovascular diseases (2, 12).

Physical fitness is a strong modifiable health marker both in the
general population (13) and in patients with rheumatological
diseases (14, 15). Several studies have observed that patients with
SLE present low levels of cardiorespiratory fitness (16, 17) and
muscular strength (18), which are closely related to the functional
status, fatigue and the quality of life of the patients (19). As low
physical fitness, and particularly low cardiorespiratory fitness is a
significant mortality predictor in the general population (20) that
seems to be associated with higher age-related arterial stiffness (16)
and a worse cardiovascular profile in patients with rheumatic
conditions (14), we hypothesized that physical fitness could
attenuate the impact of higher body mass and adiposity on
inflammation in women with SLE. As fitness is modifiable
through exercise interventions, investigating the extent to which
fitness influences the association of body mass and adiposity with
inflammation in patients with SLE is of clinical interest and may
help to provide further insight into the potential role of exercise as
an anti-inflammatory therapy in this population.

Therefore, the aim of this study was to assess the role of
physical fitness in the association of body mass and adiposity
with inflammation in women with SLE.

2 MATERIAL AND METHODS

2.1 Design and Participants

This is a cross-sectional study in which 172 patients with SLE
were recruited. Women, with a diagnosis of SLE according to the
ACR criteria (21), with a minimum medical follow-up of 1 year
at our unit and both treatment and clinical stability (defined as
no changes in the 