
1 
 

Doctoral Thesis 

 

SERGIO SOLA RODRÍGUEZ 
 

IMPACT OF PHYSICAL FITNESS ON 
MARKERS OF CARDIOMETABOLIC 

HEALTH IN WOMEN WITH SYSTEMIC 
LUPUS ERYTHEMATOSUS 

 
 
 

 
 

 

July 2022 
 

  
 



2 
 

 

  



3 
 

 

 

 

Impact of Physical Fitness on Markers of Cardiometabolic Health in 

Women with Systemic Lupus Erythematosus 

 

Impacto de la condición física sobre marcadores de salud cardiometabólica 

en mujeres con lupus eritematoso sistémico 

 

Autor de la Tesis Doctoral: Sergio Sola Rodríguez 

 

 

Director de la Tesis Doctoral [Doctoral Thesis Supervisor] 

 

Alberto Soriano Maldonado  

PhD 

Profesor Titular de Universidad 

Universidad de Almería 

España 

 

 

 

 

 

Programa de Doctorado en Educación RD99/11 

 

 

 

 

 

  



4 
 

 

  



5 
 

 

 

 

 

 

 

 

 

  ALBERTO SORIANO MALDONADO,    

 PROFESOR TITULAR DE LA UNIVERSIDAD DE ALMERÍA  

 

CERTIFICA: 

 

Que la Tesis Doctoral titulada “Impact of Physical Fitness on Markers of 

Cardiometabolic Health in Women with Systemic Lupus Erythematosus” que 

presenta D. Sergio Sola Rodríguez al superior juicio del Tribunal que designe 

la Universidad de Almería, ha sido realizada bajo mi dirección durante los 

años 2018-2021, siendo expresión de la capacidad técnica e interpretativa de 

su autor en condiciones tan aventajadas que lo hacen merecedor del Título de 

Doctor por la Universidad de Almería, siempre y cuando así lo considere el 

citado Tribunal. 

 

 

 

  

Dr. D. Alberto Soriano Maldonado 

Profesor Titular de Universidad 

--- 

Área de Educación Física y Deportiva 

Departamento de Educación 

Facultad de Ciencias de la Educación 

Universidad de Almería 



6 
 

  



7 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
A mis padres, Pedro y Mari Carmen 

Y a mis hermanos, Iván y Pedro 
 

Que han hecho posible 
todo lo que he conseguido 

 
  



8 
 

  



9 
 

TABLE OF CONTENTS 
 

Resumen…………………………………………………………………………………………………11 

Abstract…………………………………………………….............................................15 

1. Introduction......................................................................................19 

1.1 References………………………………………………………………………………………………………24 

2. Objetivos……………………………………………………………………………………………33 

3. Aims………………………………………………………………………………………………….37 

4. Methods……………………………………………………………………………………………41 

4.1 Design and Participants……………………………………..…………………………………….43 

4.2 Procedures…………………………………………………………………………………………………….44 

4.3 Anthropometric Measures………………………………………………………………………44 

4.4 Physical Fitness Measures………………………………………………………………………45 

4.5 Measurement of Relative Handgrip Strength……………………………………46 

4.6 Measurement of Cardiometabolic Risk Factors……..........................47 

4.7 Blood samples and biochemical analyses…………….……………………………48 

4.8 Other Measurements………………………………………..........................................49 

4.9 References………………………………………………………………………………………………………51 

5. Results and Discussion…………………………..………………………………….55 

Study I………………………………………………………………………………………………………………………57 



10 
 

Study II………………………………………..……………………………………………………………………..……72 

Study III……………………………………………………………………………………………………………………84 

6. Conclusiones…………………………………….……………………………………..…….97 

7. Conclusions…………………….………………………………………………………………101 

8. Future Research  Directions……………………………………………………105 

9. Agradecimientos…………………………………………………………………..……..109 

 

 

 

  



11 
 

 

 

 

 

 

 

                          RESUMEN 
 

  



12 
 

  



13 
 

El lupus eritematoso sistémico (LES) es una enfermedad autoinmune sistémica de 

etiología desconocida y multifactorial que afecta predominantemente a mujeres adultas 

jóvenes. Esta enfermedad crónica causa una amplia gama de síntomas que afectan a una 

gran variedad de órganos, incluida la piel, las articulaciones, los pulmones, los riñones y 

el cerebro. La identificación de factores asociados con una mejor sintomatología y una 

menor gravedad de la enfermedad es de gran interés clínico y de salud pública.  

Los principales objetivos de la presente Tesis Doctoral fueron: estudiar la relación entre 

el nivel de los diferentes componentes de condición física con varios parámetros de la 

composición corporal, examinar la asociación entre la fuerza relative de prensión manual 

con varios marcadores de riesgo cardiometabólico y evaluar el papel de la condición física 

en la asociación de la masa corporal y la adiposidad con la inflamación 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 caucásicas con LES participaron en el proyecto 

EJERCITALES. Se llevaron a cabo medidas antropométricas, de condición física, 

medidas de fuerza relativa del agarre y factores de riesgo cardiometabólico, muestras de 

sangre y análisis bioquímicos junto a otras mediciones. Los principales hallazgos de esta 

Tesis Doctoral fueron: I) Que la condición física se asoció inversamente con el peso 

corporal y la composición corporal en mujeres con LES. Descubrimos que la capacidad 

aeróbica se asoció inversamente con el índice de masa corporal, el índice de masa grasa, 

el perímetro de cintura y el índice cintura-altura, aunque no con el índice cintura-cadera. 

Observamos diferencias en todos los resultados de composición corporal al dividir y 

comparar nuestra muestra en pacientes "fit" y "unfit" según las pruebas de capacidad 

aeróbica, como la prueba Siconolfi y la prueba de marcha de 6 minutos. II) Que una mayor 

fuerza relativa de agarre se asoció con una menor presión arterial sistólica, triglicéridos, 
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proteína C reactiva, velocidad de la onda de pulso e índice de riesgo cardiometabólico 

agrupado (puntaje z) en mujeres con LES. Además, la fuerza de agarre relativa podría ser 

una alternativa a la fuerza de agarre absoluta al evaluar el riesgo cardiometabólico. III) 

Que los niveles más altos de condición física podrían atenuar el impacto de una mayor 

masa corporal y adiposidad sobre la inflamación en mujeres con LES. En general, 

observamos que una mayor condición física se asoció 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 comprensión sobre la condición física 

y la composición corporal en relación con la sintomatología y la gravedad de la 

enfermedad en mujeres con LES. Estos resultados conducirán a futuras investigaciones 

para comprender el valor preventivo y terapéutico de la condición física en esta población.   
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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. Identifying 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: I) 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. II) 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. III) 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. 

 

  



19 
 

 

 

 

 

 

 

 

 

 

 

               1. INTRODUCTION 

 

  



20 
 

 

  



21 
 

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 
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[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 análisis completo 

de la asociación entre la condición física y la composición corporal en mujeres con LES. 

Además, también se estudió la utilidad de la prensión manual relativa como herramienta 

para medir el riesgo cardiometabólico en esta población. El resultado de esta Tesis 

Doctoral se organiza en tres estudios, en función de los siguientes objetivos específicos: 

 

I. Estudio I: El objetivo de este estudio fue evaluar la asociación de 

diferentes componentes de la condición física (capacidad aeróbica, fuerza 

muscular y flexibilidad) con la composición corporal (IMC, índice de 

masa grasa, perímetro de cintura, índice cintura-altura y el índice cintura-

cadera) en mujeres con LES. 

 

II. Estudio II: El objetivo de este estudio fue evaluar el papel de la condición 

física (capacidad aeróbica, fuerza muscular y flexibilidad) en la asociación 

de la masa corporal y la adiposidad con la inflamación (sensibilidad a 

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

 

 

III. Estudio III: Este estudio tuvo como objetivo examinar la asociación de la 

prensión manual relativa con los factores de riesgo de enfermedad 

cardiometabólica, como la presión arterial, la glucosa en ayunas, la 

hemoglobina glicosilada, el colesterol, los triglicéridos, sensibilidad a 

proteina C reactiva, la velocidad de onda del pulso, la filtración glomerular 

y la microalbúmina en mujeres con LES. 
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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: 

 

IV. 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. 

 

V. 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. 

 

 

VI. Study III: 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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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 × 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 × (stage multiplier × body weight/ 1,000) / (((0.667 × heart rate stage) – 

42) / 100) - (0.019 × 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 

PWV 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, albumin 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 (μIU/mL) × 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 × SCr − 1.154 × age − 0.203 × 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. 

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 

Back-Scratch Test Study 1, Study 2 

Handgrip Strength Study 1, Study 2, Study 3 

Chair Stand Test Study 1 

6-Minutes Walk Test Study 1, Study 2 

VO2max Study 1 

Relative Handgrip Strength Study 3 

Systolic Blood Pressure Study 3 

Diastolic Blood Pressure Study 3 

Pulse Wave Velocity Study 3 

Fasting Glucose Study 3 

Glycosylated Hemoglobin Study 3 

High Density Lipoprotein Cholesterol Study 3 

Low Density Lipoprotein Cholesterol Study 3 

Total Cholesterol Study 3 

Triglycerides Study 3 

Homeostatic Model Assessment for insuline resistance Study 3 

hs-CRP Study 2, Study 3 

Glomerular Filtration Rate Study 3 

Microalbuminuria Study 3 

Leptin Study 2 

Interleukin-6 Study 2 

Dyslipidemia Study 2 

 

  

 

  



51 
 

4.9 REFERENCES 

1. Updating the American College of Rheumatology revised criteria for the 

classification of systemic lupus erythematosus 

2. Siconolfi SF, Garber CE, Lasater TM, Carleton RA. A simple, valid step test for 

estimating maximal oxygen uptake in epidemiologic studies. Am J Epidemiol. 

1985;121(3):382-390. doi:10.1093/oxfordjournals.aje.a114010 

3. Marcora SM, Casanova F, Fortes MB, Maddison PJ. Validity and reliability of the 

Siconolfi Step Test for assessment of physical fitness in patients with systemic 

lupus erythematosus. Arthritis Rheum. 2007;57(6):1007-1011. 

doi:10.1002/art.22886 

4. Rikli RE, Jones CJ. Functional Fitness Normative Scores for Community-

Residing Older Adults, Ages 60-94. J. Aging Phys. Activ. 1999, 7, 162–181. 

5. Soriano-Maldonado A, Morillas-de-Laguno P, Sabio JM, et al. Effects of 12-week 

Aerobic Exercise on Arterial Stiffness, Inflammation, and Cardiorespiratory 

Fitness in Women with Systemic LUPUS Erythematosus: Non-Randomized 

Controlled Trial. J Clin Med. 2018;7(12):477. Published 2018 Nov 24. 

doi:10.3390/jcm7120477 

6. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body 

strength in community-residing older adults. Res Q Exerc Sport. 1999;70(2):113-

119. doi:10.1080/02701367.1999.10608028 

7. Ruiz-Ruiz J, Mesa JL, Gutiérrez A, Castillo MJ. Hand size influences optimal grip 

span in women but not in men. J Hand Surg Am. 2002;27(5):897-901. 

doi:10.1053/jhsu.2002.34315 



52 
 

8. Choquette S, Bouchard DR, Doyon CY, Sénéchal M, Brochu M, Dionne IJ. 

Relative strength as a determinant of mobility in elders 67-84 years of age. a nuage 

study: nutrition as a determinant of successful aging. J Nutr Health Aging. 

2010;14(3):190-195. doi:10.1007/s12603-010-0047-4 

9. Mansia G, De Backer G, Dominiczak A, et al. 2007 ESH-ESC Guidelines for the 

management of arterial hypertension: the task force for the management of arterial 

hypertension of the European Society of Hypertension (ESH) and of the European 

Society of Cardiology (ESC). Blood Press. 2007;16(3):135-232. 

doi:10.1080/08037050701461084 

10. Wei W, Tölle M, Zidek W, van der Giet M. Validation of the mobil-O-Graph: 24 

h-blood pressure measurement device. Blood Press Monit. 2010;15(4):225-228. 

doi:10.1097/MBP.0b013e328338892f 

11. Grillo A, Parati G, Rovina M, et al. Short-Term Repeatability of Noninvasive 

Aortic Pulse Wave Velocity Assessment: Comparison Between Methods and 

Devices. Am J Hypertens. 2017;31(1):80-88. doi:10.1093/ajh/hpx140 

12. Levey AS, Coresh J, Greene T, et al. Using standardized serum creatinine values 

in the modification of diet in renal disease study equation for estimating 

glomerular filtration rate [published correction appears in Ann Intern Med. 2008 

Oct 7;149(7):519] [published correction appears in Ann Intern Med. 2021 

Apr;174(4):584]. Ann Intern Med. 2006;145(4):247-254. doi:10.7326/0003-

4819-145-4-200608150-00004 

13. Griffiths B, Mosca M, Gordon C. Assessment of patients with systemic lupus 

erythematosus and the use of lupus disease activity indices. Best Pract Res Clin 

Rheumatol. 2005;19(5):685-708. doi:10.1016/j.berh.2005.03.010 



53 
 

14. Gladman D, Ginzler E, Goldsmith C, 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 Rheum. 

1996;39(3):363-369. doi:10.1002/art.1780390303 

  



54 
 

 

  



55 
 

 

 

 

 

 

                        5. RESULTS         
AND DISCUSSION 

 
  



56 
 

 

  



57 
 

STUDY: I 

TITLE: Physical Fitness and Body Composition in Women with Systemic Lupus 

Erythematosus. 

PUBLICATION TYPE: Scientific article. 

AUTHORS: Sola-Rodríguez Sergio, Gavilán-Carrera Blanca, Vargas-Hitos José 

Antonio, Sabio José Mario, Morillas-de-Laguno Pablo, Soriano-Maldonado Alberto. 

EDITORIAL / SCIENTIFIC JOURNAL: MDPI / Medicina 

VOLUME / NUMBER: 55 / 2 

PAGES: 14 

PUBLICATION YEAR: 2019 

DOI (DIGITAL OBJECT IDENTIFIER): https://doi.org/10.3390/medicina55020057 

JCR (JOURNAL CITATION REPORT): (Q3) in “Medicine, General & Internal” 

 



medicina

Article

Physical Fitness and Body Composition in Women
with Systemic Lupus Erythematosus

Sergio Sola-Rodríguez 1,*, Blanca Gavilán-Carrera 2, José Antonio Vargas-Hitos 3,
José Mario Sabio 3, Pablo Morillas-de-Laguno 2 and Alberto Soriano-Maldonado 1,4

1 Department of Education, Faculty of Education Sciences, University of Almería, 04120 Almería, Spain;
asoriano@ual.es

2 Department of Physical Education and Sport, Faculty of Sport Sciences, University of Granada,
18071 Granada, Spain; bgavilan@ugr.es (B.G.-C.); pmorillasdelaguno@hotmail.com (P.M.-d.-L.)

3 Systemic Autoimmune Diseases Unit, Department of Internal Medicine, “Virgen de las Nieves” University
Hospital, 18014 Granada, Spain; joseantoniovh@hotmail.com (J.A.V.-H.); jomasabio@gmail.com (J.M.S.)

4 SPORT Research Group (CTS-1024), CERNEP Research Center, University of Almería, 04120 Almería, Spain
* Correspondence: sergiosola95@gmail.com; Tel.: +34-675-109-317

Received: 29 November 2018; Accepted: 18 February 2019; Published: 21 February 2019
����������
�������

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]. Ramírez 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.
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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 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, 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 (VO2max) 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 × 30.5 cm wide × 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, Osakeyhtiö, 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 VO2max was estimated from the
following formula [28]:

VO2max = 0.302 × (stage multiplier × body weight/1000)/(((0.667
×heart rate stage)−42)/100)− (0.019 × age) + 1.593

(1)

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 0–40, 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, 6MWT, 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/m2, 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 VO2max 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/m2) 77 25.5 4.5
FMI (kg/m2) 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 5.3
Chair stand test (rep) 77 14.9 3.1

6MWT (m) 49 570.8 71.7
VO2max estimated (mL/kg/min) 49 24.4 3.2

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; SLEDAI: 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).Medicina 2019, 54, x 7 of 14 
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Figure 2. Graphic representation of the crude association between components of physical fitness and
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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).
CRF, 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



Medicina 2019, 55, 57 7 of 14

−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 *.

β B SE CI 95% p

Siconolfi VO2max *
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

β, 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/m2;
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/m2; 95% CI 3.24–8.81; p < 0.001), FMI (mean
difference 4.46 kg/m2; 95% CI 2.02–6.90; p = 0.001), waist circumference (mean difference 11.81 cm;
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/m2; 95% CI 0.10–2.05; p = 0.03), FMI (mean difference
1.59 kg/m2; 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/m2; 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”.

Medicina 2019, 54, x 9 of 14 

 

(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/m2; 95% CI 3.24–8.81; p < 0.001), FMI 
(mean difference 4.46 kg/m2; 95% CI 2.02–6.90; p = 0.001), waist circumference (mean difference 11.81 
cm; 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/m2; 95% CI 0.10–2.05; p = 0.03), FMI (mean difference 
1.59 kg/m2; 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/m2; 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”. 

 

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 VO2max 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. 

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 

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 VO2max 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.



Medicina 2019, 55, 57 9 of 14

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 VO2max 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 VO2max).

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.
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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.
org 2
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 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 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.

2.2 Sample Size Calculation
The sample size was calculated for a clinical trial (NCT03107442)
about the effects of aerobic exercise on arterial stiffness (primary
outcome), inflammation, fitness (secondary outcomes) and
patient-reported outcomes that was published earlier (22, 23).
A total of 58 women with SLE were recruited for the trial,
although a larger sample (n=77) performed baseline evaluations
for cross-sectional analyses. Therefore, the nature of this study
can be considered exploratory.

2.3 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.

2.4 Outcome Measures
2.4.1 Body Mass and Adiposity Assessment
Height (cm) was measured using a height gauge, weight (kg) and
body fat percentage with a bioimpedance device (InBody R20,
Biospace, Seoul, Korea), and BMI was calculated (kg/m2). Waist
October 2021 | Volume 12 | Article 729672
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circumference (cm) was measured with an anthropometric tape
(Harpenden, Holtain Ltd., Wales, UK), and waist-to-height ratio
(waist circumference/height) was calculated.

2.4.2 Blood Samples and Biochemical Analyses
Fasting blood specimens for biochemical and immunological
tests were collected and routinely processed by the central
laboratory of our hospital.

Regarding inflammatory markers, high-sensitivity CRP and
interleukin 6 (IL-6) were measured in serum, which was 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.

Leptin was measured in serum by the enzyme-linked
immunosorbent assay DBC Direct Kit (Diagnostic Biochem.
Canada, Canada) with 0.5 ng/ml sensitivity. Intra assay
coefficient of variation (CV) and interassay CV of the kit were
5.9 and 3.7%, respectively.

2.4.3 Physical Fitness
Cardiorespiratory fitness was assessed through the 6-minute
walk test. The 6-minute walk test measures the maximum
distance (in meters) a person is able to walk during six
minutes (24). Previously, this test has been commonly used to
investigate cardiorespiratory fitness in rheumatic diseases,
including patients with SLE (25–27).

Upper-body range of motion, also referred to as flexibility,
was assessed with the back-scratch test (24). This test measures
how close the hands can be brought together behind the back.
The distance between (or overlap of) the middle fingers behind
the back was recorded twice for each arm, and the best scores
from the right and left arms were averaged.

Muscular strength was assessed with the handgrip strength
test as previously described (28). In this test, the subject holds a
dynamometer in the hand, with the arm at right angles and the
elbow by the side of the body. When ready, the subject squeezes
the dynamometer with maximum isometric effort for about 5
seconds. The best result after two trials for each hand is recorded,
with at least 30 seconds recovery between each effort, and best
score of each hand was used to compute an average of the
two hands.

2.4.4 Other Measurements
All participants filled out a socio-demographic and clinical data
questionnaire, information that was completed consulting a
computerized database of the patients that included age,
educational level, occupational status, and SLE data (diagnostic
criteria, year of diagnosis, time of evolution, and treatments).
Disease activity was assessed through SLEDAI, which takes into
Frontiers in Immunology | www.frontiersin.org 3
account the presence/absence of several clinical and analytical
manifestations; the final score ranges from 0 to 105, where a
higher score indicates higher degree of disease activity (29).
Blood pressure was measured with Mobil-O-Graph® (IEM
GmbH, Stolberg, Germany) (30).

2.5 Statistical Analysis
The descriptive characteristics of the study participants are
presented as median and interquartile range for continuous
variables, and frequencies and percentages for categorical
variables, unless otherwise indicated. Two inflammatory
markers (i.e. IL-6 and hsCRP) were winsorized due to the
presence of 1 and 3 outliers, respectively. The distribution of
the main study variables assessed through histograms,
Kolmogorov-Smirnov Test, and Q–Q charts, showed a non-
normal distribution. Consequently, non-parametric tests were
used. Quantile regression models were built, including each
inflammatory marker as dependent variable in separate models
and the body mass or adiposity indicator, fitness, and the body
mass/adiposity×fitness interaction as independent variables. Age,
SLEDAI, and corticosteroid intake were entered as potential
confounders (31). Whenever the interaction was not
significant, it was removed from the models and the results are
presented without the interaction term.

The statistical analyses were performed with Stata v.14.0 (Stata
Corp LP., Texas, USA. Statistical significance was set at P<0.05.
3 RESULTS

The flowchart of the study participants 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 previous 6 months at the
beginning of the study, and 2 patients had cardiovascular disease
during the previous year. A total of 77 women with SLE (mean
age 43.2, SD 13.8) fulfilled 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 6-minute
walk test, IL-6 and CRP were not carried out (n=28) in 2017
wave due to timing issues. One woman did not perform both
handgrip strength test and back-scratch test due to a wrist injury.

The descriptive characteristics of the study participants are
presented in Table 1. The median BMI was 24.0 (IQR 22.5 –
27.3) kg/m2, the median waist-to-height ratio was 0.48 (IQR 0.47 –
0.55) cm and the median body fat percentage was 34.5 (IQR 28.9 –
40.5). Regarding inflammatory variables, the median hsCRP levels
were 1.77 mg/L (IQR 0.7 – 3.12), the median IL-6 levels were 2.16
(IQR 1 – 4.23) pg/mL, and the median leptin levels were 28.8 ng/
mL (IQR 19.15 – 52.55). For cardiorespiratory fitness, the median
walking distance assessed with the 6-minute walk test was 575
(IQR 525 – 625) meters. For muscular strength, the median
handgrip strength was 24.2 (IQR 20.2 – 26.5) kg. For range of
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FIGURE 1 | Flow diagram of the study participants throughout the study.
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motion, the average score in the back-scratch test was 0.1
(IQR -7.5 – 7.25) cm.

Tables 2–4 represent the association of body mass/adiposity and
physical fitness (and their interaction) with inflammation after
controlling for potential confounders. Regarding cardiorespiratory
fitness, there was a significant interaction with BMI on IL-6
(P<0.05), indicating that higher cardiorespiratory fitness was
associated with a lower increase in IL-6 per each additional BMI
unit. For example, participants who were able to walk 380 meters in
the 6-minute walk test presented an increase of 1.13 pg/mL in IL-6
for 1 incremental BMI unit, while those who were able to walk 560
meters presented an increase of 0.12 pg/mL in IL-6 for 1
incremental BMI unit. There was also a significant interaction of
cardiorespiratory fitness with body fat percentage on IL-6 (P<0.05).
Range of motion also interacted with BMI on IL-6 (P<0.05) so that,
for example, a score of -20 cm in the back-scratch test was
associated with an increase of 0.80 pg/mL in IL-6 for 1
incremental BMI unit, while a score of +1 cm was associated with
an increase of 0.07 pg/mL in IL-6 for 1 incremental BMI unit.
Furthermore, there was an interaction with body fat percentage on
hsCRP (P<0.05). Finally, there was an interaction of muscular
strength with body fat percentage on leptin (P<0.05). There were
also non-significant interactions, such as interaction of range of
motion with BMI on hsCRP (P=0.056), the interaction of
Frontiers in Immunology | www.frontiersin.org 5
cardiorespiratory fitness with waist-to-height ratio on IL-6
(P=0.078), and the interaction of muscular strength with body fat
percentage on IL-6 (P=0.057). A graphical representation of the
main study findings presenting the key interactions of body mass/
adiposity with physical fitness on inflammatory markers is
displayed in Figure 2.
4 DISCUSSION

The main findings of this study suggest 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/adiposity. These findings open a window of opportunity to
understand the potential of fitness to counteract the effect of
higher body mass and adiposity on inflammation in autoimmune
diseases, although this needs to be corroborated in future and
larger prospective studies.

To the best of our knowledge, this is the first study evaluating
how the association of body mass and adiposity with relevant
inflammatory markers might be dependent of physical fitness in
TABLE 1 | Descriptive characteristics of the study participants.

N Median IQR

Age (years) 77 42.7 32.6 – 53.88
Weight (kg) 77 62.7 57.9 – 69.0
Height (cm) 77 159.5 155 – 164
Body Mass Index (kg/m2) 77 24.0 22.5 – 27.3
Waist-to-Height Ratio (cm) 77 0.48 0.465 – 0.552
Body Fat (%) 77 34.5 28.9 – 40.5
Waist circumference (cm) 77 78.0 73.4 – 87.0
6-Minute Walk Test (meters) 49 575 525 – 625
Back-scratch Test (cm) 76 0.125 -7.5 – 7.25
Dominant back-scratch Test (cm) 76 3.0 -4.5 – 8.25
Non dominant back-scratch Test (cm) 76 -2.75 -11.5 – 6.0
Handgrip Strength (kg) 76 24.2 20.2 – 26.5
Dominant Handgrip Strength (kg) 76 24.05 20.3 – 27.25
Non dominant Handgrip Strength (kg) 75 24.0 20.3 – 27.0
Interleukin 6 (pg/mL) 44 2.16 1.0 – 4.23
hsCRP (mg/L) 77 1.77 0.7 – 3.12
Leptin (ng/mL) 44 28.75 19.15 – 52.55
Dyslipidemia (n, %) 77 14 (18)
Diabetes (n, %) 77 1 (1)
Smokers (n, %) 77 45 (58)
Duration of SLE (years) 77 12 6 – 21
SLEDAI* 77 0.68 1.5
SDI* 77 0.55 1.11
Cumulative Prednisone dose (mg) 77 2547.5 0 – 5056.25
Daily Prednisone dose (mg) 77 2.5 0 – 5

n (%)
Prednisone use (%) 77 50 (65)
Immunosuppressants (%) 77 35 (45)
Antimalarials (%) 77 69 (89)
NSAIDs intake (%) 77 0 (0)
October 2021 | Volume 12 | A
IQR, Interquartile range; hsCRP, High sensitivity C-reactive protein; SLEDAI, Systemic lupus erythematosus disease activity index; NSAIDs, Nonsteroidal anti-inflammatory drugs; SLE,
Systemic lupus erythematosus. SDI, Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index. All variables show mean and SD values except
corticosteroid dose, immunosuppressants, dyslipidemia, diabetes, and smokers. *Mean and standard deviation.
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women with SLE. Although the association of body mass and
adiposity with inflammation is well-described both in the general
population (32–34) and in SLE (4), research analyzing the potential
role of fitness in this association is limited and inconclusive. While
Park etal. (35) found an interaction effect of cardiorespiratory fitness
with waist circumference on IL-6 in young adults, Bergens, Nilsson
and Kadi (36) did not found an interaction effect when considering
cardiorespiratory fitness and adiposity with pro and anti-
inflammatory biomarkers in a sample of older women.

In this study, higher cardiorespiratory fitness was associated
with lower increase in IL-6 per additional unit of either BMI,
body fat percentage and, to a lesser extent, of waist-to-height
Frontiers in Immunology | www.frontiersin.org 6
ratio. These findings suggest that the association of body mass
and adiposity with inflammation in SLE could depend on the
level of cardiorespiratory fitness and that SLE patients with lower
cardiorespiratory fitness levels could have higher risk of obesity-
related low-grade inflammation. Cardiorespiratory fitness is a
relevant health-related parameter that strongly predicts mortality
risk in the general population (13) and is associated with a more
favorable body composition (37) and higher health-related
quality of life in SLE (38). These results extend the potential
beneficial roles of cardiorespiratory fitness in women with SLE.

We also observed that higher levels of upper-body range of
motion were associated with lower increase in IL-6 per unit of
TABLE 2 | Quantile regression analyses assessing the interaction of body mass/adiposity with cardiorespiratory fitness on inflammatory markers.

hsCRP

B SE 95% CI p

BMI 0.209 0.063 0.082 , 0.336 0.002
CRF 0.01 0.005 -0.001 , 0.02 0.065
BMI×CRF NS*

WHtR 4.661 5.193 -5.811 , 15.133 0.374
CRF 0.005 0.005 -0.006 , 0.016 0.371
WHtR×CRF NS*

BF% 0.048 0.038 -0.028 , 0.124 0.213
CRF 0.006 0.005 -0.048 , 0.017 0.268
BF%×CRF NS*

IL-6

B SE 95% CI p

BMI 5.504 1.478 2.509 , 8.5 0.001
CRF 0.229 0.071 0.085 , 0.372 0.003
BMI×CRF -0.009 0.003 -0.015 , -0.004 0.002

WHtR 142.8 71.72 -2.522 , 288.1 0.054
CRF 0.122 0.069 -0.019 , 0.263 0.088
WHtR×CRF -0.245 0.135 -0.519 , 0.029 0.078

BF% 1.351 0.537 0.264 , 2.438 0.016
CRF 0.076 0.035 0.004 , 0.148 0.039
BF%×CRF -0.002 0.001 -0.004 , 0 0.026

Leptin

B SE 95% CI p

BMI 3.188 0.568 2.038 , 4.338 <0.001
CRF 0.016 0.047 -0.079 , 0.111 0.741
BMI×CRF NS*

WHtR -356.93 295.76 -956.21 , 242.33 0.235
CRF -0.587 0.283 -1.16 , -0.013 0.045
WHtR×CRF NS*

BF% 2.442 0.346 1.742 , 3.142 <0.001
CRF 0 0.048 -0.097 , 0.097 0.997
BF%×CRF NS*
October 2021 | Volume 12 | Article
The markers of inflammation were high sensitivity C-reactive protein (hsCRP), interleukin 6 (IL-6) and leptin. The markers of body mass/adiposity were body mass index (BMI), waist-to-
height ratio (WHtR) and body fat percentage (BF%); CRF, cardiorespiratory fitness.
B, unstandardized regression coefficient indicating the expected unit change in the dependent variable for one-unit change in the independent variable; SE, standard error NS, non-
significant.
Quantile regression models were built including each inflammatory marker as dependent variable in separate models and the body mass or adiposity indicator, CRF, and the body mass/
adiposity×CRF interaction as independent variables. All the analyses were adjusted for age, SLEDAI, and accumulated corticosteroid intake. When the interaction was not significant, the
interaction term was removed from the regression model and the results are presented without interaction (i.e., the independent association of body mass/adiposity and CRF with the
inflammatory marker).
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both BMI, and with lower increase in hsCRP per additional unit
of body fat percentage. Evidence regarding the role of range of
motion on health in patients with SLE is scarce, although its
potential has recently gained attention in other populations (39–
41). For instance, greater range of motion has been related with
lower cardiometabolic risk (42) and a more favorable
cardiovascular profile (43) in perimenopausal women, and
with lower risk of metabolic syndrome in older adults (44).
Further research on the association of range of motion with
health-related parameters in autoimmune diseases is needed.
Taken together, these findings suggest that the low-grade
Frontiers in Immunology | www.frontiersin.org 7
inflammatory profile associated with higher body mass and
adiposity in SLE could be attenuated in people with higher
range of motion, which also needs to be confirmed or contrasted.

Our results corroborated prior research underlining that
higher body mass and adiposity is associated with higher leptin
concentrations (45, 46). However, we failed to observe that
fitness attenuated the association of body mass and adiposity
with leptin. In fact, higher muscular strength was surprisingly
related to higher increase in leptin per additional unit of body fat
percentage. This particular result is difficult to explain and
further research is needed to understand the rationale behind
TABLE 3 | Quantile regression analyses assessing the interaction of body mass/adiposity with range of motion on inflammatory markers.

hsCRP

B SE 95% CI p

BMI -0.014 0.067 -0.148 , 0.12 0.835
ROM 0.203 0.135 -0.066 , 0.473 0.137
BMI×ROM -0.01 0.005 -0.021 , 0.0003 0.056

WHtR 3.359 4.472 -5.561 , 12.281 0.455
ROM -0.054 0.034 -0.123 , 0.139 0.116
WHtR×ROM NS*

BF% -0.02 0.03 -0.08 , 0.04 0.496
ROM 0.222 0.087 0.048 , 0.397 0.013
BF%×ROM -0.008 0.002 -0.013 , -0.003 0.001

IL-6

B SE 95% CI p

BMI 0.109 0.203 -0.302 , 0.52 0.594
ROM 0.932 0.443 0.035 , 1.829 0.042
BMI×ROM -0.035 0.017 -0.068 , -0.001 0.045

WHtR 1.845 10.924 -20.27 , 23.96 0.867
ROM 0.06 0.074 -0.089 , 0.21 0.417
WHtR ×ROM NS*

BF% 0.135 0.08 -0.028 , 0.298 0.102
ROM 0.07 0.073 -0.078 , 0.218 0.34
BF%×ROM NS*

Leptin

B SE 95% CI p

BMI 3.636 0.558 2.507 , 4.766 <0.001
ROM 0.433 0.323 -0.221 , 1.086 0.188
BMI×ROM NS*

WHtR 253.53 52.62 147.01 , 360.06 <0.001
ROM 0.17 0.4 -0.639 , 0.98 0.673
WHtR×ROM NS*

BF% 2.374 0.402 1.56 , 3.189 <0.001
ROM -0.064 0.392 -0.859 , 0.73 0.871
BF%×ROM NS*
October 2021 | Volume 12 | Article
The markers of inflammation were high sensitivity C-reactive protein (hsCRP), interleukin 6 (IL-6) and leptin. The markers of body mass/adiposity were body mass index (BMI), waist-to-
height ratio (WHtR) and body fat percentage (BF%); ROM, range of motion (ROM).
B, unstandardized regression coefficient indicating the expected unit change in the dependent variable for one-unit change in the independent variable; SE, standard error; NS, non-
significant.
Quantile regression models were built including each inflammatory marker as dependent variable in separate models and the body mass or adiposity indicator, ROM, and the body mass/
adiposity×ROM interaction as independent variables. All the analyses were adjusted for age, SLEDAI, and accumulated corticosteroid intake. When the interaction was not significant, the
interaction term was removed from the regression model and the results are presented without interaction (i.e., the independent association of body mass/adiposity and ROM with the
inflammatory marker).
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it. In fact, previous research showed that resistance training
decreases plasma leptin levels in elderly women (47), which to
some extent contrasts this observation.

Physical fitness has previously shown to attenuate the
detrimental effect that obesity has on cardiovascular mortality
in the general population (48). We might speculate that one of
the mechanisms by which fitness attenuates this association is
through attenuating the impact of obesity on inflammation.
Obesity is present in almost 50% of women with SLE (8) and
adipose tissue has the capacity not only to recruit and activate
mononuclear cells (49) but also to produce key inflammatory
cytokines, such as IL-6, which stimulates the production of CRP
Frontiers in Immunology | www.frontiersin.org 8
and other acute phase proteins by the liver (50). 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.

This study has limitations. The cross-sectional design precludes
establishment of causal relationships; therefore, we do not know
whether increasing fitness through exercise programs will have an
impact on the obesity-inflammation relationship. The sample size
was relatively small, particularly for the leptin and IL-6 analyses,
and thus they need to be confirmed or contrasted in future
prospective and experimental research with larger sample sizes.
TABLE 4 | Quantile regression analyses assessing the interaction of body mass/adiposity with muscular strength on inflammatory markers.

hsCRP

B SE 95% CI p

BMI 0.181 0.056 0.069 , 0.293 0.002
HGS -0.05 0.052 -0.154 , 0.054 0.342
BMI×HGS NS*

WHtR 5.574 4.352 -3.109 , 14.258 0.205
HGS -0.038 0.062 -0.162 , 0.085 0.539
WHtR×HGS NS*

BF% 0.054 0.033 -0.011 , 0.121 0.103
HGS -0.026 0.057 -0.141 , 0.089 0.653
BF%×HGS NS*

IL-6

B SE 95% CI p

BMI 0.067 0.187 -0.312 , 0.446 0.723
HGS -0.013 0.163 -0.342 , 0.317 0.939
BMI×HGS NS*

WHtR 0.407 9.671 -19.17 , 19.98 0.967
HGS 0.002 0.114 -0.228 , 0.233 0.983
WHtR ×HGS NS*

BF% 0.571 0.276 0.012 , 1.129 0.046
HGS 0.751 0.429 -0.118 , 0.354 0.989
BF%×HGS -0.021 0.107 -0.043 , 0 0.057

Leptin

B SE 95% CI p

BMI 3.193 0.526 2.128 , 4.259 <0.001
HGS -0.282 0.564 -1.424 , 0.859 0.619
BMI×HGS NS*

WHtR 264.53 35.574 192.52 , 336.55 <0.001
HGS 0.543 0.5 -0.47 , 1.557 0.285
WHtR×HGS NS*

BF% -0.231 1.094 -2.448 , 1.985 0.834
HGS -3.095 1.735 -6.611 , 0.42 0.083
BF%×HGS 0.106 0.043 0.019 , 0.194 0.018
October 2021 | Volume 12 | Article
The markers of inflammation were high sensitivity C-reactive protein (hsCRP), interleukin 6 (IL-6) and leptin. The markers of body mass/adiposity were body mass index (BMI), waist-to-
height ratio (WHtR) and body fat percentage (BF%); HGS, handgrip strength (HGS).
B, unstandardized regression coefficient indicating the expected unit change in the dependent variable for one-unit change in the independent variable; SE, standard error NS, non-
significant.
Quantile regression models were built including each inflammatory marker as dependent variable in separate models and the body mass or adiposity indicator, HGS, and the body mass/
adiposity×HGS interaction as independent variables. All the analyses were adjusted for age, SLEDAI, and accumulated corticosteroid intake. When the interaction was not significant, the
interaction term was removed from the regression model and the results are presented without interaction (i.e., the independent association of body mass/adiposity and HGS with the
inflammatory marker).
729672

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Sola-Rodrı́guez et al. Fitness, Adiposity, and Inflammation in Lupus
Finally, the study was performed only in women with SLE with
low or inactive disease; thus, we do not know whether these results
apply to men or to women with higher disease activity.

In conclusion, thefindings of thepresent study suggest thathigher
levels of physical fitness, particularly cardiorespiratory fitness and
Frontiers in Immunology | www.frontiersin.org 9
range ofmotion,might attenuate the association of higher bodymass
and adiposity with inflammation in women with SLE. These results
underline a potentialmechanism bywhich fitnessmightmitigate the
effect of obesity on cardiovascular disease, although they must be
corroborated in future prospective and experimental research.
A B

D

E F

G H

C

FIGURE 2 | Graphical representation of the interaction of body mass and adiposity with physical fitness on inflammation in women with systemic lupus
erythematosus. (A, C, E) ROM, upper-body range of motion assessed by the back-scratch test. (B, D, F) CRF, cardiorespiratory fitness assessed by the distance
walked in the 6-minute walk test. (G, H) Muscular strength assessed with handgrip dynamometry. BMI, body mass index; BF%, body fat percentage; WHtR, waist-
to-height ratio; hsCRP, high sensitivity C-reactive protein; IL6, interleukin6.
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Juan Jiménez-Alonso) as well as Luis Manuel Sáez-Urán and
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Jimenez V, Alvarez-Gallardo IC, et al. Association of Physical Fitness With
Pain in Women With Fibromyalgia: The Al-Andalus Project. Arthritis Care
Res (Hoboken) (2015) 67:1561–70. doi: 10.1002/acr.22610

16. Montalbán-Méndez C, Soriano-Maldonado A, Vargas-Hitos JA, Sáez-Urán
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Rıós-Fernańdez, Sabio and Soriano-Maldonado. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
October 2021 | Volume 12 | Article 729672

https://doi.org/10.1016/j.pcad.2017.03.001
https://doi.org/10.1002/art.1780400928
https://doi.org/10.3390/jcm7120477
https://doi.org/10.1080/09638288.2020.1808904 
https://doi.org/10.1123/japa.7.2.129
https://doi.org/10.1177/0961203316630818
https://doi.org/10.1093/pm/pnv036
https://doi.org/10.3899/jrheum.170994
https://doi.org/10.1053/jhsu.2002.34315
https://doi.org/10.1016/j.berh.2005.03.010
https://doi.org/10.1097/MBP.0b013e328338892f
https://doi.org/10.1093/rheumatology/38.1.59
https://doi.org/10.1053/j.ajkd.2017.06.028
https://doi.org/10.1007/s40618-016-0457-1
https://doi.org/10.1001/jama.282.22.2131
https://doi.org/10.1002/ajhb.22959
https://doi.org/10.1210/jc.2019-00067
https://doi.org/10.3390/medicina55020057
https://doi.org/10.1371/journal.pone.0212436
https://doi.org/10.1111/ijcp.12822
https://doi.org/10.5312/wjo.v6.i10.762
https://doi.org/10.5312/wjo.v6.i10.762
https://doi.org/10.1016/j.pmr.2017.06.001
https://doi.org/10.1016/j.pmr.2017.06.001
https://doi.org/10.1016/j.maturitas.2016.08.008
https://doi.org/10.1016/j.maturitas.2018.11.015
https://doi.org/10.1371/journal.pone.0117167
https://doi.org/10.3390/nu11112664
https://doi.org/10.3389/fphys.2018.00640
https://doi.org/10.1136/bjsm.2008.046151
https://doi.org/10.1016/S2213-8587(18)30143-8
https://doi.org/10.1161/01.CIR.0000142055.53122.FA
https://doi.org/10.1210/jc.2004-0395
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


STUDY: III 

TITLE: Relative Handgrip Strength as Marker of Cardiometabolic Risk in Women with 

Systemic Lupus Erythematosus. 

PUBLICATION TYPE: Scientific article. 

AUTHORS: Sola-Rodríguez Sergio, Vargas-Hitos José Antonio, Gavilán-Carrera 

Blanca, Rosales-Castillo Antonio, Sabio José Mario, Hernández-Martínez Alba, 

Martínez-Rosales Elena, Ortego-Centeno Norberto, Soriano-Maldonado Alberto. 

EDITORIAL / SCIENTIFIC JOURNAL: MDPI / International Journal of 

Environmental Research and Public Health 

VOLUME / NUMBER: 18 / 9 

PAGES: 11 

PUBLICATION YEAR: 2021 

DOI (DIGITAL OBJECT IDENTIFIER): https://doi.org/10.3390/ijerph18094630  

JCR (JOURNAL CITATION REPORT): (Q1) in “SSCI (Social Sciences)” 

 



International  Journal  of

Environmental Research

and Public Health

Article

Relative Handgrip Strength as Marker of Cardiometabolic Risk
in Women with Systemic Lupus Erythematosus

Sergio Sola-Rodríguez 1,2,* , José Antonio Vargas-Hitos 3, Blanca Gavilán-Carrera 4, Antonio Rosales-Castillo 3,
José Mario Sabio 3, Alba Hernández-Martínez 1,2 , Elena Martínez-Rosales 1,2 , Norberto Ortego-Centeno 5

and Alberto Soriano-Maldonado 1,2

����������
�������

Citation: Sola-Rodríguez, S.;

Vargas-Hitos, J.A.;

Gavilán-Carrera, B.;

Rosales-Castillo, A.; Sabio, J.M.;

Hernández-Martínez, A.;

Martínez-Rosales, E.;

Ortego-Centeno, N.;

Soriano-Maldonado, A. Relative

Handgrip Strength as Marker of

Cardiometabolic Risk in Women with

Systemic Lupus Erythematosus. Int. J.

Environ. Res. Public Health 2021, 18,

4630. https://doi.org/10.3390/

ijerph18094630

Academic Editor: Paul B. Tchounwou

Received: 8 April 2021

Accepted: 26 April 2021

Published: 27 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Education, Faculty of Education Sciences, University of Almería, 04120 Almería, Spain;
ahm137@ual.es (A.H.-M.); emr809@ual.es (E.M.-R.); asoriano@ual.es (A.S.-M.)

2 SPORT Research Group (CTS-1024), CERNEP Research Center, University of Almería, 04120 Almería, Spain
3 Systemic Autoimmune Diseases Unit, Department of Internal Medicine, Virgen de las Nieves University

Hospital, 18014 Granada, Spain; joseantoniovh@hotmail.com (J.A.V.-H.); anrocas90@hotmail.com (A.R.-C.);
jomasabio@gmail.com (J.M.S.)

4 Department of Physical Education and Sport, Faculty of Sport Sciences, University of Granada,
18071 Granada, Spain; bgavilan@ugr.es

5 Systemic Autoimmune Diseases Unit, Department of Internal Medicine, “San Cecilio” University Hospital,
18016 Granada, Spain; nortego@ugr.es

* Correspondence: sergiosola95@gmail.com; Tel.: +34-675-109-317

Abstract: This study aimed to examine the association of relative handgrip strength (rHGS) with
cardiometabolic disease risk factors in women with systemic lupus erythematosus (SLE). Methods:
Seventy-seven women with SLE (mean age 43.2, SD 13.8) and clinical stability during the previous
six months were included. Handgrip strength was assessed with a digital dynamometer and rHGS
was defined as absolute handgrip strength (aHGS) divided by body mass index (BMI). We measured
blood pressure, markers of lipid and glucose metabolism, inflammation (high sensitivity C-reactive
protein [hs-CRP]), arterial stiffness (pulse wave velocity [PWV]), and renal function. A clustered
cardiometabolic risk index (z-score) was computed. Results: Pearson′s bivariate correlations revealed
that higher rHGS was associated with lower systolic blood pressure (SBP), triglycerides, hs-CRP, PWV,
and lower clustered cardiometabolic risk (rrange = from −0.43 to −0.23; all p < 0.05). Multivariable
linear regression analyses adjusted for age, disease activity (SLEDAI), and accrual damage (SDI)
confirmed these results (all p < 0.05) except for triglycerides. Conclusions: The findings suggest that
higher rHGS is significantly associated with lower cardiometabolic risk in women with SLE.

Keywords: autoimmune disease; cardiovascular risk; muscle strength; body mass index; metabolism;
cardiovascular disease; lupus; risk factors

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease marked with
a wide variety of organ system dysfunctions, such as damage to joints, lungs, heart,
kidneys, brain, blood vessels or skin [1,2]. The SLE prevalence rates are 20 of every
100,000 women [3], and it affects women at a rate of 10:1 more than men [4]. Due to
improved diagnostic methods and treatments [5], mortality in SLE patients continues
to improve. However, cardiovascular and metabolic diseases are still one of the biggest
causes of mortality in SLE [6], and common risk factors cannot fully explain the increased
cardiometabolic risk in this population [7].

Traditional cardiometabolic risk factors including hypertension, diabetes, dyslipi-
demia, and smoking [8,9], and non-traditional cardiometabolic risk factors including
abdominal obesity, insulin resistance, lipid profile, arterial stiffness, renal markers, and
high-sensitivity C-reactive protein (hs-CRP; as a marker of inflammation [10,11]) lev-
els [8,12,13] are both expensive and difficult to measure outside a clinical environment [14].
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Furthermore, patients with SLE are usually treated with corticosteroids, which at high
doses interfere with lipid and glycemic metabolism [15].

Muscular strength is reduced in women with SLE [16,17], and low strength levels
are associated with higher fatigue, worse quality of life [18], and higher risk of cardio-
vascular disease and mortality [19,20]. Handgrip strength, a simple and quick method
to assess upper body muscular strength, is inversely associated with coronary heart dis-
ease [19,21], inflammation (which appears very often in SLE) [22], and mortality risk [23]
in the general population. In women with SLE, handgrip strength is negatively related to
obesity [13,17,19], and positively associated with quality of life [24].

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 mus-
cular strength in clinical practice and public health [25] and has been recommended in
recent research to address the increased strength due to body mass [25–28]. Handgrip
strength and BMI have both been linked to cardiometabolic disease risk in the general
population [29–32], although the evidence regarding the association of rHGS with car-
diometabolic risk in women is scarce [26]. Since rHGS is cost- and time-efficient, it is
of clinical interest to understand the extent to which it might be associated with car-
diometabolic risk factors in a population at high risk of cardiometabolic diseases, such as
women with SLE.

The primary purpose of the current study was to examine the association of rHGS
with biomarkers of cardiometabolic disease risk 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. Inclusion criteria were: (i) women aged between 18 and 60 years with
(ii) >4 SLE classification criteria provided by the American College of Rheumatology [33];
(iii) a minimum follow-up of one year at our unit; and (iv) 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: (i) not being able to
read, understand, and/or sign the informed consent; (ii) having cancer; (iii) history of
clinical cardiovascular disease and/or lung disease in the last year; and (iv) 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.

2.2. Measurement of Relative Handgrip Strength

Muscular strength was assessed through the handgrip strength test. The handgrip
strength test [34] 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 encouraged by the evaluators to exert to their
maximal effort during a couple of seconds, alternating between the two hands. Participants
performed the test twice with a one-minute break between the two attempts of each hand.
The aHGS was summed from the best score of each hand. The rHGS was defined as aHGS
divided by BMI [25]. Height (cm) was measured using a stadiometer (SECA 222, Hamburg,
Germany) and weight (kg) with a bioimpedance device (InBody R20, Biospace, Seoul,
Korea). BMI was calculated as weight (kg) divided by height squared (m2).

2.3. 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 Hyperten-
sion [35], after 5 min of rest.
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Arterial stiffness was indirectly assessed through the pulse wave velocity (PWV) [36].
The test was performed in a sitting position after 5 min of rest, using the Mobil-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 [36]. PWV was obtained from a single measurement. The coefficient
of variation (CV) of the Mobil-O-Graph for consecutive PWV analyses is 3.4%, and its
intraclass correlation coefficient is 0.98 (0.96–0.99) [37].

Venous fasting blood samples were collected in the morning with heparin as the anti-
coagulant. 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, albumin and
creatinine concentrations were analyzed enzymatically with 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 calcu-
lated [(fasting insulin (µIU/mL) × fasting glucose (mg/dL))/405]. Apolipoproteins A
and B, 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 [38]: (GFe (MDRD)):

175 × SCr − 1.154 × age − 0.203 × 0.742

SCr: serum creatinine

2.4. Other Measurements

All participants filled out a sociodemographic and clinical data questionnaire to gather
information, such as age, disease duration, current medication (including antidiabetics
and corticosteroids), and tobacco consumption. The systemic lupus erythematosus disease
activity index (SLEDAI) was included to assess disease activity [39], considering the
presence or absence of several clinical and analytical manifestations in the preceding
10 days. The final score ranges from 0 to 105, where a higher score indicates a higher degree
of disease activity. The degree of tissue damage from the onset of the disease was evaluated
by the International Collaborating Clinics/American College of Rheumatology’s systemic
lupus damage index (SLICC-SDI) [40]. The score ranges from 0 to 40, where a higher score
indicates greater damage produced by SLE in the last 6 months.

2.5. Sample Size

The sample size was calculated for a clinical trial evaluating the effects of aerobic
exercise on arterial stiffness, inflammation, and fitness, which was published earlier [41].
We recruited 58 participants for that trial, although a larger sample (n = 77) was used to
perform baseline evaluations for cross-sectional analyses.

2.6. Statistical Analysis

The descriptive characteristics of the study participants are presented as means and
standard deviations for continuous variables, and as frequencies and percentages for cat-
egorical variables, unless otherwise indicated in Table 1. Due to the presence of outliers,
hs-CRP was winsorized. Normality was assessed through histograms, the Kolmogorov–
Smirnov Test, and Q–Q plots, with muscular strength and cardiometabolic risk factors
showing a normal distribution. Pearson’s bivariate correlations were used to explore
the raw association between rHGS and cardiometabolic risk factors, and we additionally
assessed the crude association of aHGS and BMI with cardiometabolic risk factors. Regres-
sion models were built including each cardiometabolic risk factor as dependent variables
in separate models. rHGS, age, SLEDAI, and SDI were entered as independent variables
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in all models (enter method). Age, SLEDAI, and SDI were entered as covariables due to
their potential role as confounders [42]. Menopause, statins or corticosteroids were initially
included, but they did not alter the coefficients, and thus they were not included in final
models to avoid overfitting [43].

Table 1. Descriptive characteristics of the study participants (n = 77).

Mean SD

Age (years) 43.2 1.57
Weight (kg) 65.1 1.27
Height (cm) 160.1 0.77

Body Mass Index (kg/m2) 25.5 0.51
Absolute Handgrip Strength (kg) 47.2 1.24

Relative Handgrip Strength (kg/BMI) 1.89 0.05
SLEDAI 0.6 0.17

Duration of SLE (years) 13.9 1.15
Systolic Blood Pressure (mmHg) 118 1.29
Diastolic Blood Pressure (mmHg) 76.5 1.18

Pulse Wave Velocity (m/s) 6.47 0.17
Fasting Glucose (mg/dL) 76.3 2.17

Glycosylated Hemoglobin (%) 5.31
High Density Lipoprotein (mg/dL) 57.8 1.57
Low Density Lipoprotein (mg/dL) 100.7 2.88

Total Cholesterol (mg/dL) 177.5 3.56
Triglycerides (mg/dL) 93.6 4.85

Homeostatic Model Assessment 1.45 0.09
hs-CRP (mg/L) 2.73 0.17

Glomerular Filtration (mL/min/1.73 m2) 92.6 3.33
Microalbuminuria (%) 28

Cumulative Prednisone dose (mg) 2875 2677
Daily Prednisone dose (mg) 3.99 0.57

Prednisone use (%) 65
Immunosuppressants (%) 45

Antimalarials (%) 89
For absolute and relative handgrip strength the total sample size was n = 75 due to missing data. SLEDAI:
systemic lupus erythematosus disease activity index; hs-CRP: high-sensitivity C-reactive protein.

A clustered cardiometabolic risk index (z-score) [12] was created using the mean
of the standardized scores [(value-mean)/standard deviation] for SBP, fasting glucose,
triglycerides, HOMA-IR, total cholesterol/HDL-c, and hs-CRP. Statistical significance was
set at p < 0.05.

3. Results

The flowchart of the study participants 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 previous 6 months to
the beginning of the study, and 2 patients had cardiovascular disease during the previous
year. A total of 77 women with SLE (mean age 43.2, SD 13.8) complied with 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. Two women did not
perform the handgrip strength test due to a wrist injury.
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The descriptive characteristics of the study participants are presented in Table 1.
The average BMI was 25.5 (SD 0.51) kg/m2. The average aHGS was 47.2 (SD 1.24) kg
and for rHGS was 1.89 (SD 0.05) units. Regarding cardiometabolic risk variables, the
average SBP was 118 (SD 1.29) mmHg, the average DBP was 76.5 (SD 1.18) mmHg, and
the average fasting glucose levels were 76.3 (SD 2.17) mg/dL. Average total cholesterol
was 177.5 (SD 3.56) mg/dL, the average hs-CRP levels were 2.73 (SD 0.35) mg/L and the
average PWV was 6.47 (SD 0.17) m/s.

Table 2 represents the raw association of rHGS, aHGS, and BMI with cardiometabolic
risk factors. rHGS was negatively associated with SBP, triglycerides, hs-CRP, PWV, and
z-score (rrange = from –0.43 to −0.23; all p < 0.05). aHGS was negatively associated
with triglycerides and PWV (rrange = from −0.34 to −0.23; all p < 0.05). Finally, BMI
was positively associated with SBP, DBP, fasting glucose, HOMA-IR, PWV, and z-score
(rrange = from 0.23 to 0.44; all p < 0.05). A graphic representation of the crude association
of rHGS and cardiometabolic risk factors is presented in Figure 2. The linear regression
models evaluating the association of rHGS and cardiometabolic risk factors are presented
in Table 3. rHGS was inversely associated with SBP (unstandardized coefficient (B) = −6.58;
95% confidence interval (CI) −11.91 to −1.26; p = 0.016), hs-CRP (B = −1.67; 95% CI −3.11
to −0.23; p = 0.023), PWV (B = −0.34; 95% CI −0.58 to −0.09; p = 0.007) and z-score
(B = −0.30; 95% CI −0.54 to −0.06; p = 0.014). These results were consistent even when
statins and corticosteroids were included as covariates.
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Table 2. Pearson’s bivariate correlations analysis evaluating the raw association between relative
handgrip strength, absolute handgrip strength and body mass index with cardiometabolic risk
components in women with systemic lupus erythematosus.

rHGS (n = 75) aHGS (n = 75) BMI

SBP −0.34 ** −0.15 0.40 **
DBP −0.13 0.01 0.32 **

Fasting Glucose −0.06 0.08 0.23 *
Glycosylated
Hemoglobin −0.13 −0.07 0.11

HDL 0.04 0.08 0.04
LDL 0.04 0.04 −0.00

Total Cholesterol 0.01 0.03 0.04
Triglycerides −0.28 * −0.23 * 0.15

HOMA-IR −0.15 0.11 0.43 **
hs-CRP −0.23 * −0.15 0.17
PWV −0.43 ** −0.34 ** 0.24 *

Glomerular Filtration 0.11 0.08 −0.10
Microalbumin 0.05 −0.04 −0.15

z−score −0.32 ** −0.09 0.44 **
SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; HOMA-IR: homeostatic model assessment of insulin resistance; hs-CRP: high-sensitivity C-reactive
protein; PWV: pulse wave velocity. Notes: * p < 0.05; ** p < 0.01.

Table 3. Multivariable linear regression analysis evaluating the association of relative handgrip strength with cardiometabolic
risk components in women with systemic lupus erythematosus (n = 75).

Beta B Std Error 95% CI p R2

SBP −0.29 −6.58 2.67 −11.91 −1.26 0.016 0.20
DBP −0.10 −2.02 2.63 −7.27 3.23 0.445 0.03

Fasting
Glucose −0.09 −3.58 5.00 −13.55 6.39 0.476 0.01

Glycosylated
Hemoglobin −0.02 −0.02 0.11 −0.25 0.20 0.846 0.10

HDL 0.10 2.77 3.56 −4.33 9.89 0.438 0.02
LDL 0.16 8.06 6.08 −4.06 20.20 0.189 0.14
Total

Cholesterol 0.15 9.03 7.25 −5.44 23.50 0.218 0.18

Triglycerides −0.23 −19.41 10.50 −40.35 1.52 0.069 0.12
HOMA-IR −0.19 −0.34 0.22 −0.79 0.10 0.127 0.03

hs-CRP −0.29 −1.67 0.72 −3.11 −0.23 0.023 0.09
PWV −0.11 −0.34 0.12 −0.58 −0.09 0.007 0.91

Glomerular
Filtration −0.14 −7.68 5.75 −19.16 3.80 0.187 0.37

Microalbumin −0.11 −0.01 0.11 −0.23 0.21 0.925 0.10
z-score −0.30 −0.30 0.12 −0.54 −0.06 0.014 0.15

B: unstandardized coefficient; SBP: systolic blood pressure DBP: diastolic blood pressure; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; HOMA-IR: homeostatic model assessment of insulin resistance; hs-CRP: high-sensitivity C-reactive protein; PWV: pulse wave
velocity. All regression models were adjusted for age, SLEDAI, and SDI. Regression models were built including each cardiometabolic risk
factor as dependent variables in separate models. Relative handgrip strength was entered as the independent variable in all models (enter
method) where age, SLEDAI, and SDI were entered as confounders in order to adjust the independent variable. Statistically significant
associations (p < 0.05) are highlighted in bold.
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Figure 2. Graphic representation of the crude association of rHGS and cardiometabolic risk factors.

4. Discussion

The main finding of this study is that a higher rHGS was associated with lower
SBP, triglycerides, hs-CRP, PWV, and clustered cardiometabolic risk index (z-score) in
women with SLE. Furthermore, rHGS could be an alternative to aHGS when evaluating
cardiometabolic risk. Our results were consistent despite adjusting for multiple potential
confounders such as age, SLEDAI, SDI, statins, menopause, smoking or corticosteroids.
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The association of aHGS and cardiometabolic risk has been previously studied in the
general population. Lee et al. [27] found that a higher aHGS was associated with lower car-
diovascular risk in older Korean adults. Similar findings were described by Leong et al. [21],
who found that aHGS was inversely associated with all-cause death in a prospective co-
hort study with 140,000 men and women. However, Gregorio-Arenas et al. [44] found
no association of aHGS with cardiometabolic risk in a sample of 228 perimenopausal
women. In line with this, Gubelmann, Vollenweider and Marques-Vidal [45] observed no
association between aHGS and cardiovascular risk in healthy adults. Regarding rHGS,
previous studies have assessed its association with cardiometabolic risk, although not in
rheumatological or autoimmune populations. Choquette et al. found that rHGS could be
an indicator of cardiometabolic risk in 1793 community-dwelling men and women [25].
Moreover, Lawman et al. [28] found that higher rHGS was significantly associated with
lower SBP, triglycerides, glucose, and higher HDL in both healthy men and women. Finally,
Campa et al. [46] demonstrated that resistance training is effective in improving both
cardiometabolic risk factors and rHGS in obese women, but improvements regarding rHGS
are only achieved if training frequency is high and prolonged over time [47]. Our results
are overall in line with these findings derived from other populations and extend current
knowledge on potential indicators of cardiometabolic risk in SLE, as well as agreeing with
recent literature.

The novel approach of this study is the concurrent analysis of the association of rHGS,
aHGS and BMI itself with cardiometabolic risk factors. Although no statistical test can
compare the strength of their independent association with the outcomes, these analyses
provide the opportunity to determine which of these markers of risk is more worthwhile in
clinical practice. Overall, rHGS and BMI were clearly better indicators of cardiometabolic
risk than aHGS. However, when comparing BMI with rHGS, the results were less clear.
While BMI was associated with markers of insulin resistance and the association with the
clustered cardiometabolic risk score was stronger than with rHGS, rHGS was more strongly
associated with arterial stiffness and, more importantly, with hs-CRP. As inflammation
is a hallmark of autoimmune diseases including SLE, these results should not be taken
into consideration when deciding whether to include the assessment of handgrip strength
in clinical practice. The relatively low sample size precludes making strong arguments
either in favor of or against this, although further research on this topic seems warranted.
In practical terms, it is obvious that BMI is the simplest way to obtain a strong marker of
cardiometabolic risk. However, it must be considered that adding a handgrip strength
assessment takes approximately 2 min (including double assessment of both hands), which,
depending on the context, might be feasible or not.

This study has potential limitations. Although other widely used tools to measure CV
risk have been proposed, these tools could underestimate CV risk in patients with SLE. Our
study provides a greater knowledge of CV risk using individual factors and a cluster score.
The cross-sectional design precludes the establishment of causal relationships; therefore,
our results must be corroborated in future prospective and experimental research. The
sample size was relatively small, and we do not know whether these results apply to men
or to women with medium or high disease activity, as only women with mild disease
activity were included.

5. Conclusions

The findings suggest that higher rHGS is significantly associated with lower car-
diometabolic risk in women with SLE. Although assessing rHGS might add relevant informa-
tion regarding the potential cardiometabolic risk of SLE patients, BMI alone is a rather good
indicator of cardiometabolic risk that might be preferred under time-constrained situations.
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             6. CONCLUSIONES 

 
  



 

  



Los resultados de la presente Tesis Doctoral sugieren que: 

 

 

I. Una menor condición física se asocia con un mayor peso corporal y una 

composición corporal más desfavorable (es decir, incluidas las medidas de 

adiposidad total y central) en mujeres con LES. Más específicamente, los 

componentes de capacidad aeróbica, fuerza muscular y flexibilidad están 

inversamente asociados con el IMC, índice de masa grasa, perímetro de 

cintura y el índice cintura-altura. Los niveles relativamente bajos 

capacidad aeróbica y fuerza muscular, y la alta prevalencia de obesidad 

observada de manera constante en esta población, subyacen a la necesidad 

de tomar acciones preventivas para mejorar estos parámetros de salud. 

Debido a la estrecha y bidireccional conexión entre la condición física y 

la composición corporal, se necesitan más investigaciones prospectivas y 

experimentales para dilucidar cómo su interacción afecta la salud 

cardiovascular de los pacientes con LES. 

 

II. Los niveles más altos de condición física, en particular la capacidad 

aeróbica y la amplitud de movimiento, podrían atenuar la asociación de 

una mayor masa corporal y adiposidad con la inflamación en mujeres con 

LES. Estos resultados subrayan un potencial mecanismo por el cual la 

condición física podría mitigar el efecto de la obesidad sobre la 

enfermedad cardiovascular, aunque deben ser corroborados en futuras 

investigaciones prospectivas y experimentales. 

 

III. Una fuerza de prensión manual relativa más alta se asocia 

significativamente con un menor riesgo cardiometabólico en mujeres con 

LES. En particular, una mayor fuerza de prensión manual relativa se 

asoció con una menor presión arterial sistólica, triglicéridos, proteina C 

reactiva, velocidad onda-pulso e índice de riesgo cardiometabólico 

agrupado (puntaje z). Los resultados fueron consistentes a pesar de ajustar 

por múltiples factores potenciales de confusión como la edad, SLEDAI, 

SDI, estatinas, menopausia, tabaquismo o corticosteroides. Aunque la 

evaluación de la fuerza de prensión manual relativa podría agregar 

información relevante con respecto al riesgo cardiometabólico potencial 

de los pacientes con LES, el IMC por sí solo es un indicador bastante 

bueno del riesgo cardiometabólico que podría ser preferido en situaciones 

de tiempo limitado. 

 

  



 

  



 

 

 

 

 

 

 

 

 

               7. CONCLUSIONS 

 
  



 

  



The results of the present Doctoral Thesis suggest that: 

 

 

I. 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. 

 

II. Higher levels of physical fitness, particularly cardiorespiratory fitness and 

range of motion might attenuate the association of higher body mass and 

adiposity with inflammation in women with SLE. These results underline 

a potential mechanism by which fitness might mitigate the effect of 

obesity on cardiovascular disease, although they must be corroborated in 

future prospective and experimental research. 

 

 

III. Higher rHGS is significantly associated with lower cardiometabolic risk  

in women with SLE. In particular, higher rHGS was associated with lower 

SBP, triglycerides, hs-CRP, PWV, and clustered cardiometabolic risk 

index (z-score). The results were consistent despite adjusting for multiple 

potential confounders such as age, SLEDAI, SDI, statins, menopause, 

smoking or corticosteroids. Although assessing rHGS might add relevant 

information regarding the potential cardiometabolic risk of SLE patients, 

BMI alone is a rather good indicator of cardiometabolic risk that might be 

preferred under time-constrained situations. 

  



 

 

  



 

 

 

                       8. FUTURE 

RESEARCH DIRECTIONS  

  



 

  



The results of the first study suggest that lower physical fitness is associated with higher 

body weight and more unfavorable body composition in women with SLE. 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. 

The findings of the second study suggest that higher levels of physical fitness 

(cardiorespiratory fitness and range of motion) could attenuate the association of higher 

body mass and adiposity with inflammation in women with SLE. These results underline 

a potential mechanism by which fitness might mitigate the effect of obesity on 

cardiovascular disease, although they must be corroborated in future prospective and 

experimental research. 

The findings of third study suggest that higher rHGS is significantly associated with lower 

cardiometabolic risk in women with SLE.Although assessing rHGS might add relevant 

information regarding the potential cardiometabolic risk of SLE patients. 

Another interesting finding of this thesis is that higher muscular strength was surprisingly 

related to higher increase in leptin per additional unit of body fat percentage. This 

particular result is difficult to explain and further research is needed to understand the 

rationale behind it. In fact, previous research showed that resistance training decreases 

plasma leptin levels in elderly women, which to some extent contrasts this observation. 

  



 

  



 

 

 

 

 

 

 

       9. AGRADECIMIENTOS 

  



 
 

 

  

 

  



Supongo que mucha gente lo primero que hará a la hora de escribir un apartado tan 

importante como son los Agradecimientos de una tesis doctoral es mirar otras tesis para 

saber cómo empezar, y yo no voy a ser menos. Desde ya pido perdón porque seguro que 

me olvido de alguien que de una manera u otra me ha ayudado para que esta tesis se haya 

podido terminar en tiempo y forma… 

Cada tesis es un mundo, y a mí y a más doctorand@s nos ha tocado vivir esta etapa 

formativa en una época tan extraña como es una pandemia mundial. Si al hecho de pasar 

más de 2 años de tesis en pandemia se le suma el estar delicado de salud durante mucho 

tiempo, no me queda más remedio que empezar estos agradecimientos dando las gracias 

a la sanidad pública. Porque a pesar de tener que trabajar en situaciones de colapso y de 

falta de recursos (tanto de personal como de medios) me han tratado y han hecho todo lo 

necesario para poder recuperar algo tan importante y que muchas veces se nos olvida 

como es la salud (ya nos lo recordaba Tato durante los años de carrera y que razón 

llevaba…). Nunca he considerado tener una salud de hierro, pero es cierto que durante 

estos 4 años de ser doctorando parece que mucha suerte no he tenido: piedras en el riñón, 

problemas digestivos durante más de 1 año y medio, y alguna operación de la que aún me 

estoy recuperando que han sido pequeñas piedras en el camino, que si bien me han 

frenado, no han hecho más que reforzar mi idea de que la actividad física y el deporte son 

un pilar fundamental para mantener una buena salud. 

En primer lugar quiero agradecer todo lo que ha hecho durante estos años de tesis, e 

incluso antes como profesor de grado y de máster a mi tutor Alberto Soriano. Los que 

conozcáis a Alberto ya sabéis el tipo de persona que es, tiene un corazón que no le cabe 

en el pecho. Desde el primer momento solo me ha dado facilidades de todo tipo, y aunque 

sé que le faltan horas en sus días para llevar a cabo su trabajo, sus proyectos y su familia, 

siempre ha sacado tiempo para dedicárselo a sus doctorand@s. Con un tutor/director de 



tesis así, la vida del doctorando se hace un poco más sencilla (dentro de lo complicada 

que puede llegar a ser a veces). Muchas gracias de verdad Alberto, no solo por ayudarme 

si no por motivarme cuando uno solo no es capaz de tirar hacia delante. 

Después quiero agradecer a mis compis desde primero de carrera hasta final del 

doctorado, Alba y Elena. A pesar de que nuestras líneas de investigación son diferentes, 

aún recuerdo cuando en septiembre de 2020 me preguntasteis si estaba disponible para 

colaborar en un artículo que nos ha traído muchas complicaciones de cabeza, pero 

también muchas alegrías tras meses de trabajo. Ese artículo que nos ha traído tanta 

repercusión, congresos, simposios… Me habéis ayudado una barbaridad durante estos 

años y solo os puedo desear mucha suerte porque vais a ser dos investigadoras increíbles. 

Durante el primer año de doctorado tuve la oportunidad de vivir lo que considero la parte 

más importante de una investigación, y es el trabajo de campo. Muchas gracias a José 

Vargas por contar conmigo para el grupo de investigación de lupus. Cuantas cosas aprendí 

durante esos meses en el Hospital Virgen de las Nieves de Granada. También agradecer 

a mis compañeros del grupo de investigación de lupus: Antonio, Felipe, Blanca, Pablo y 

a algunos más que me dejo pero que sin el trabajo de todos ellos no habría sido posible 

seguir con ese trabajo de seguimiento en pacientes con lupus. También agradecer a todas 

las pacientes, ya que sin ellas nada de esta tesis doctoral se habría podido llevar a cabo, 

ellas son las verdaderas protagonistas de que la investigación pueda avanzar. PD: Javi, 

mil gracias por dejarme dormir en tu piso el tiempo que hiciese falta en Granada, nunca 

te perdonaré el haberte ido en segundo de carrera a Granada a estudiar CCAFD, y te 

prometo que algún verano podré ir a tu cumple en Motril, tú sigue invitándome que ya 

caerá… ;) 

También agradecer a esas personas que fueron mis compañeros de piso pero que han 

acabado siendo muy importantes a pesar de que la vida nos lleva a cada uno por caminos 



separados. Muchas gracias a Jesús, Carlitos, José María (el big boss) y a Álvaro. Nunca 

se me olvidarán esas tardes jugando en la terraza al pádel con una tumbona como red y 

alguna sartén como pala (y del pobre vecino al que cada tarde le llovían pelotas de pádel 

a su patio). A ver si podemos volver a reunirnos como hicimos en el bautizo del hijo de 

JM… 

No quiero hacer este apartado muy extenso, pero no me quiero olvidar de esa gente que 

no está vinculada al mundo académico pero que de una manera u otra me ha ayudado a 

que esta tesis doctoral sea una realidad. Juanma, Juanjo, Ricardo y Paquito, cuantas 

noches nos hemos quedado jugando o simplemente hablando, muchas gracias por 

aguantar mis enfados cuando las cosas no nos salían como debían. 

Al mejor equipo que se puede tener en el mundo (a la hora de escribir estas líneas sigo 

hablando con ellos), muchas gracias Iván y Víctor, porque sin vuestra insistencia nunca 

habría sido parte de esta gran familia. Gracias también a Óscar, que ha sido el culpable 

de que estemos todos reunidos. Pablo, Cuba, Palermo, Juanvi, David, Diego, Gonzo, 

Íñigo, Cheche, Santi, Javi y al nuevo del equipo Unai, os quiero un montón, sois esa 

segunda familia que todo el mundo debería tener. Por motivos de salud no pude estar con 

vosotros en Alicante el pasado verano, pero en enero de este 2022 por fin pudimos 

juntarnos todos (aunque solo fuese un fin de semana) en Toledo y sin duda ha sido uno 

de los mejores findes de mi vida. Este verano hay que volver a repetir, pero a poder ser 

una semana, que 3 días se nos hizo muy corto… 

Agradecer también a Rubén, Rocío y Jeho por compartir vuestro tiempo estos últimos 

meses conmigo. Nos conocimos un poco de rebote, pero me alegro mucho de formar parte 

de vuestras vidas de una forma u otra y espero seguir contando con vosotros en el futuro. 

 



Y por último pero no por ello menos importante, agradecer a mis padres y hermanos por 

todo el apoyo que me han dado durante estos 4 años.  

Iván, a pesar de que ya tengas 18 años, voy a seguir tratándote como si tuvieses 10 años, 

ya que para eso eres y serás siempre mi hermano menor. Justo vas a empezar tu etapa en 

la universidad cuando yo la termino, así que te deseo la misma suerte que he tenido yo de 

conocer a personas increíbles que me han ayudado y acompañado por este camino. 

Pedro, desde que tengo uso de razón siempre me has apoyado y ayudado en todo, siempre 

estabas ahí para todo lo que he necesitado y contar con alguien así ya es un lujo, pero que 

sea tu hermano mayor es de las mejores cosas que me han podido pasar en la vida. Que 

durante los casi 27 años de vida que llevo dando por saco no me hayas fallado ni una sola 

vez dice mucho del tipo de persona que eres, muchas gracias de todo corazón. 

Y para terminar, a Mamá y Papá, que os voy a decir que no sepáis. Gracias por 

aguantarnos a mí y a mis hermanos durante todos estos años, por manteneros unidos a 

pesar de todo y por intentar de todas las formas que recuperase el ánimo y la salud cuando 

estaba en mis horas más bajas… Sin ninguna duda si ahora estoy bien, es gracias a 

vosotros. 


	TesisParte1
	Physical Fitness and Body Composition in Women
	Introduction 
	Materials and Methods 
	Design and Participants 
	Anthropometric Measures 
	Physical Fitness Measures 
	Other Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

	TesisParte2
	Physical Fitness Attenuates the Impact of Higher Body Mass and Adiposity on Inflammation in Women With Systemic Lupus Erythematosus
	Physical Fitness Attenuates the Impact of Higher Body Mass and Adiposity on Inflammation in Women With Systemic Lupus Erythematosus
	1 Introduction
	2 Material and Methods
	2.1 Design and Participants
	2.2 Sample Size Calculation
	2.3 Procedures
	2.4 Outcome Measures
	2.4.1 Body Mass and Adiposity Assessment
	2.4.2 Blood Samples and Biochemical Analyses
	2.4.3 Physical Fitness
	2.4.4 Other Measurements

	2.5 Statistical Analysis

	3 Results
	4 Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


	TesisParte3
	Relative Handgrip Strength as Marker of Cardiometabolic Risk
	Introduction 
	Materials and Methods 
	Design and Participants 
	Measurement of Relative Handgrip Strength 
	Measurement of Cardiometabolic Risk Factors 
	Other Measurements 
	Sample Size 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

	TesisParte4


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


