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Abstract 

Introduction: Overweight/obesity is a global and national public health problem associated 
with cardiometabolic risk, functional limitation, and reduced health-related quality of life. 
Pragmatic evidence from primary healthcare (PHC) programs remains limited. 
Objective: To evaluate whether a 12-week concurrent training program delivered in PHC was 
associated with pre-post changes in cardiometabolic profile, functional performance, SF-36 
total score, and serum IL-6 in adults with overweight/obesity. 
Methodology: Quasi-experimental single-group pre-post study in two CESFAMs (La Cisterna, 
Chile). Adults 18-60 years with BMI >25 kg/m² attended three sessions/week (planned aerobic 
and strength components) plus educational support and non-standardized nutritional 
counseling. Outcomes were assessed at baseline and week 12. Wilcoxon matched-pairs signed-
rank tests were used, and effect sizes were estimated using r and rank-biserial correlation. 
Results: Forty participants completed assessments (estimated VO₂max n=18). Weight and BMI 
remained stable. Favorable pre-post changes were observed in HOMA-IR, HbA1c, triglycerides, 
VLDL, functional performance, 6MWT distance, estimated VO₂max, SF-36 total score, and IL-6. 
Total cholesterol increased modestly and should therefore be interpreted cautiously. 
Functional outcomes showed the largest effect sizes. 
Discussion: In a real-world PHC context, favorable cardiometabolic, functional, and person-
centered changes may occur without marked weight loss; however, given the single-group pre-
post design, these findings should be interpreted as preliminary and non-causal. 
Conclusions: A 12-week concurrent training program implemented in CESFAM was associated 
with favorable pre-post changes in insulin resistance, selected lipid fractions, function, quality 
of life, and IL-6. Controlled pragmatic studies are needed to confirm causality and 
implementation potential. 
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Resumen 

Introducción: El sobrepeso/obesidad constituye un problema de salud pública global y 
nacional, asociado con riesgo cardiometabólico, limitación funcional y deterioro de la calidad 
de vida. En atención primaria de salud (APS) existe evidencia pragmática limitada sobre 
programas implementados en CESFAM. 
Objetivo: Evaluar si un programa de entrenamiento concurrente de 12 semanas en APS se 
asoció con cambios pre-post en perfil cardiometabólico, desempeño funcional, puntaje total del 
SF-36 e IL-6 sérica en adultos con sobrepeso/obesidad. 
Metodología: Estudio cuasi-experimental pre-post de grupo único en dos CESFAM (La Cisterna, 
Chile). Adultos de 18 a 60 años con IMC >25 kg/m² realizaron tres sesiones semanales con 
componentes aeróbicos y de fuerza, además de apoyo educativo y consejería nutricional no 
estandarizada. Los desenlaces se evaluaron en basal y semana 12. Se utilizaron pruebas de 
Wilcoxon pareadas y tamaños de efecto mediante r y correlación rank-biserial. 
Resultados: Cuarenta participantes completaron evaluaciones (VO₂max estimado n=18). El 
peso y el IMC se mantuvieron estables. Se observaron cambios favorables en HOMA-IR, HbA1c, 
triglicéridos, VLDL, desempeño funcional, TM6M, VO₂max estimado, puntaje SF-36 e IL-6. El 
colesterol total aumentó levemente y debe interpretarse con cautela. Los desenlaces 
funcionales mostraron los mayores tamaños de efecto. 
Discusión: En APS pueden observarse cambios cardiometabólicos y funcionales sin pérdidas de 
peso marcadas; sin embargo, el diseño de grupo único implica que los hallazgos son 
preliminares y no causales. 
Conclusiones: El programa se asoció con mejoras en resistencia a la insulina, perfil lipídico, 
función, calidad de vida e IL-6. Se requieren estudios controlados para confirmar causalidad. 
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Introduction

Overweight and obesity are defined as abnormal or excessive fat accumulation that may impair health 
(Piché et al., 2020). Globally, excess body weight remains one of the most relevant public health 
challenges. According to the World Health Organization, in 2022 approximately 2.5 billion adults were 
living with overweight, including more than 890 million adults with obesity; this represented 43% of 
adults worldwide and reached higher proportions in the Region of the Americas (World Health 
Organization, 2025). In Chile, national data also show a high burden of excess weight, with 40.2% of the 
population classified as overweight, 31.4% as obese, and 3.4% as morbidly obese (MINSAL, 2018). 
Excess body weight is associated with high blood pressure, dyslipidemia, type 2 diabetes mellitus, 
hepatic steatosis, obstructive sleep apnea, some types of cancer, sarcopenia, and mortality (Apovian, 
2016; Flegal et al., 2013; Piché et al., 2020). Therefore, feasible interventions implemented within the 
Chilean public health system are needed to address this cardiometabolic and functional burden. 

Among the strategies with evidence for the management of overweight and obesity, structured physical 
exercise has shown benefits on cardiometabolic risk, functional capacity, and health-related quality of 
life in adults (Celik & Yildiz, 2021; Oppert et al., 2021). In addition, recent evidence published in Retos 
supports the relevance of exercise-based interventions, including concurrent training, for improving 
indicators of physical condition and quality of life (Gómez-Rossel & Merellano-Navarro, 2024; Pleticosic-
Ramírez et al., 2024). These approaches are particularly relevant in community and PHC contexts, where 
low-cost and feasible programs may help translate exercise recommendations into practice. 

Different training modalities have been used in adults with overweight or obesity, including endurance 
training, resistance training, high-intensity interval training, and combined or concurrent training (Ho 
et al., 2012; Su et al., 2019). Concurrent training is clinically attractive because it integrates aerobic and 
strength stimuli within the same session, potentially improving time efficiency, exercise tolerance, 
cardiorespiratory fitness, and neuromuscular performance (Wadsworth et al., 2022). However, for 
pragmatic programs to be interpreted and replicated, the exercise dose, perceived exertion targets, and 
week-by-week progression must be described transparently. 

Health-related quality of life is frequently impaired in adults with overweight or obesity, and its 
assessment is relevant when evaluating interventions that aim to affect not only body weight but also 
perceived function and well-being (Stephenson et al., 2021; Taylor et al., 2013). The SF-36 was selected 
because it is a generic, widely used instrument for assessing physical and mental dimensions of health-
related quality of life across clinical and community populations. Although instruments such as EQ-5D 
or WHOQOL-BREF are also useful, SF-36 was considered appropriate for this PHC study because it 
allows broad characterization of perceived health and comparison with exercise-based interventions. 
Its use is also supported by evidence of validity and reliability in Chilean populations (Lera et al., 2013). 

Nutritional education and counseling are commonly incorporated into comprehensive lifestyle 
programs for overweight and obesity (Hsu et al., 2019; Shalitin & Moreno, 2021). In the present study, 
however, nutritional support was provided only as general counseling within the real-world PHC 
context. Dietary intake was not standardized, prescribed, monitored, or quantified; therefore, 
nutritional counseling should be interpreted as a non-controlled cointervention rather than as an 
independent nutritional intervention. 

We understand cardiometabolic variables to be a set of measurements and parameters related to a 
person's cardiovascular and metabolic health (Sattar et al., 2020). These variables include factors that 
affect the heart and metabolism and studying them is essential for assessing the risk of cardiovascular 
and metabolic diseases (Domanski et al., 2020). Some of the commonly considered cardiometabolic 
variables include Blood pressure, glucose levels, lipid profile (including total cholesterol, LDL 
cholesterol (low-density lipoprotein), HDL cholesterol (high-density lipoprotein), and triglycerides. 
Body mass index (BMI), waist circumference, insulin levels, insulin resistance index (Sidhu et al., 2023). 
These variables provide a comprehensive view of a person's cardiovascular and metabolic health, 
allowing healthcare professionals to assess risks, diagnose diseases, and design strategies for the 
prevention and treatment of obesity or overweight (Trouwborst et al., 2018). 

Physical functional variables in the human context refer to measures and characteristics that assess 
physical functioning and the human body's ability to perform various activities (Haskell et al., 2007). 
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These variables are fundamental to understanding a person's health and physical performance. Some 
physical functional variables are muscle strength, flexibility, cardiovascular endurance (Ferrari et al., 
2022). These physical functional variables provide a comprehensive view of a person's physical 
condition and are essential both for assessing overall health and for designing personalized exercise 
programs (Gálvez et al., 2022). The evaluation of these variables can be measured with functional tests 
in subjects who are obese or overweight (Cifuentes Silva et al., 2023). 

At the physiological level, skeletal muscle plays an endocrine role by secreting soluble factors in 
response to stimuli such as exercise, known as myokines (Severinsen & Pedersen, 2020). IL-6 has a dual 
biological role in the context of obesity and exercise. Chronically elevated resting IL-6 is commonly 
interpreted as part of the low-grade inflammatory state associated with excess adiposity, whereas 
transient exercise-induced IL-6 release from skeletal muscle may act as a myokine involved in metabolic 
regulation and anti-inflammatory signaling (Muñoz-Cánoves et al., 2013; Pedersen & Febbraio, 2008). 
Therefore, changes in resting serum IL-6 after an exercise program must be interpreted cautiously, 
considering both inflammatory and myokine-related pathways. 

In the community of La Cisterna, Chile, a 12-week concurrent training program was implemented in 
CESFAM facilities with three weekly sessions. The program was designed to be operational with 
community resources and to progress according to participant tolerance. From a PHC perspective, 
evaluating this type of program provides local evidence on feasible, real-world interventions for a highly 
prevalent condition at a level of care where continuity and adherence are central challenges. 

Therefore, the objective of this study was to evaluate whether 12 weeks of concurrent training 
implemented in PHC were associated with pre-post changes in cardiometabolic profile, functional 
capacity, health-related quality of life measured using SF-36, and serum IL-6 concentration in adults 
with overweight or obesity. We hypothesized that the program would be associated with favorable pre-
post changes in these outcomes, particularly functional performance, even in the absence of marked 
changes in body weight. 

 

Method 

A single-group quasi-experimental study with a before-after (pre-post) design was conducted in the 
context of primary health care (PHC). Measurements were taken at week 0 (baseline assessment) and 
week 12 (post-intervention). The study did not include randomization, blinding, or a parallel control 
group; therefore, it was designed to evaluate within-participant changes after a real-world PHC 
intervention, but not to establish causal effects attributable exclusively to concurrent training. The 
intervention was implemented at the Eduardo Frei Montalva and Santa Anselma CESFAMs, located in 
La Cisterna (Metropolitan Region, Chile). 

Adults between 18 and 60 years of age with a BMI >25 kg/m², residing in La Cisterna and users of the 
participating CESFAMs, who were medically cleared to perform physical activity were included. 
Recruitment was carried out through informational activities, social media, and printed material, 
followed by an informational talk. People with moderate-to-severe cognitive impairment, traumatic 
conditions preventing exercise, severe heart disease contraindicating exercise, or absence of medical 
clearance were excluded. Participant flow is summarized in Supplementary Figure S1. Of 112 
individuals assessed for eligibility, 56 entered baseline assessment and started the program; 16 were 
lost during the 12-week intervention and 40 completed post-intervention assessment. No a priori 
sample size calculation was performed because the study was embedded in a PHC-based community 
program; therefore, the sample should be interpreted as pragmatic and exploratory. 

The intervention program consisted of 12 weeks of concurrent training at a frequency of three sessions 
per week. Each session included a warm-up phase, an aerobic component, and a strength component. 
The aerobic component was structured using functional and adaptable movements, including jogging, 
skipping, jumping jacks, side-to-side movements, and adapted burpees. Intensity was guided by 
perceived exertion using the Borg scale, progressing from moderate perceived exertion to higher-
intensity interval blocks according to participant tolerance. The strength component included isotonic 
and isometric exercises targeting lower limbs, upper limbs, and trunk, with progression based on sets, 
repetitions, time under tension, and technical execution. The detailed week-by-week progression of the 
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aerobic and strength components is provided in Supplementary Tables S2 and S3. Heart rate monitors, 
direct load quantification, and VO₂-based intensity prescription were not systematically available; 
therefore, Borg and OMNI-RES were used operationally to guide intensity, but were not analyzed as 
study outcomes. In parallel with exercise sessions, educational talks and general nutritional counseling 
were provided; however, dietary intake was not standardized, monitored, or quantified. 

The variables were collected at the beginning and end of the program (week 0 and 12) following 
standardized procedures. For biochemical evaluation, venous blood samples were obtained to 
determine lipid profile (total cholesterol, LDL, HDL, and triglycerides), glycemic markers (fasting 
glucose and HbA1c), fasting insulin, and HOMA-IR calculation as an estimator of insulin resistance. For 
the inflammatory component, the analysis was restricted to serum cytokines, quantifying IL-6 using 
high-sensitivity ELISA according to the manufacturer's protocol (Invitrogen™ Human IL-6 ELISA Kit, 
Thermo Fisher; KHC0061). Anthropometry included measurement of weight and height, as well as waist 
and mid-thigh circumference using a non-stretchable tape measure; BMI and waist circumference were 
calculated from these measurements. 

Physical and functional performance was assessed using a set of tests designed to measure strength and 
functional capacity. Handgrip strength was measured with a dynamometer according to protocol, 
performing three attempts per hand with 60 seconds of rest, recording the best value (Cifuentes-Silva 
et al., 2023). Functional capacity was assessed with the 6-minute walk test (6MWT) in a 30-meter 
marked corridor, with standardized instructions. Cardiorespiratory capacity was estimated using the 
20 m Shuttle Run Test, starting at 8.5 km/h and increasing by 0.5 km/h per minute, recording meters 
covered and estimating VO₂max according to estimation equations (Léger & Lambert, 1982). 
Additionally, the elbow flexion-extension test (maximum repetitions with standardized technique) and 
the prone plank were applied, recording the total time and using as the completion criterion the loss of 
technique not corrected within 3 seconds according to protocol (Foster et al., 2025). Health-related 
quality of life was assessed exclusively using the SF-36 questionnaire, self-administered at the beginning 
and end of the intervention. During the program, perceived exertion was monitored using the Borg scale 
(0–10) for the aerobic component and OMNI-RES (0–10) for the strength component, in order to guide 
intensity control in a practical way in the community setting. 

In terms of safety, in the event of major adverse events (e.g., syncope, status epilepticus, or 
cardiopulmonary arrest), a blue alert was activated in accordance with CESFAM protocol. All 
participants provided written informed consent before entering the study. The study was approved by 
the Institutional Ethics Committee of the University of Santiago, Chile (Ethics Report N° 028/2025), and 
was conducted according to the principles of the Declaration of Helsinki. Statistical analysis was 
performed using GraphPad Prism 9.0. Given the nonparametric approach, results were reported as 
median and interquartile range (IQR = Q1-Q3 = p25-p75). Pre-post comparisons were performed using 
the Wilcoxon matched-pairs signed-rank test, considering statistical significance at p < 0.05. Effect size 
was estimated using r = Z/√N and rank-biserial correlation for Wilcoxon comparisons. Complete effect-
size estimates are presented in Supplementary Table S1. 

 

Results 

Participant flow is shown in Supplementary Figure S1. Forty participants completed baseline and post-
intervention assessments and were included in the main analysis, except for estimated VO₂max, which 
was analyzed in the subgroup that completed the shuttle-run test at both time points (n=18). Baseline 
characteristics, including sociodemographic, anthropometric, cardiometabolic, functional, comorbidity, 
and medication-use variables, are presented in Table 1. Attendance and adherence data are summarized 
in Table 2. Variables are presented as median [IQR: Q1-Q3], and pre-post comparisons were performed 
using the Wilcoxon matched-pairs signed-rank test. Effect sizes for all outcomes displayed in the main 
figures are reported in Supplementary Table S1. 

Overall, the largest effect sizes were observed for functional outcomes, particularly prone plank, push-
ups, 1-min sit-to-stand, 6MWT, estimated VO₂max, and handgrip strength. SF-36 total score and VLDL 
cholesterol also showed favorable changes with moderate effect sizes, whereas body weight and BMI 
showed trivial-to-small changes. 
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Table 1. Baseline characteristics of the sample 
Variable Median [Q1–Q3] or n (%) Unit 

Sociodemographic characteristics   
Age 42.0 [35.0–51.0] years 

Female sex 28 (70%) n (%) 
Male sex 12 (30%) n (%) 

Anthropometry and metabolic index   
Height 163.0 [158.0–169.0] cm 

Body weight 86.0 [77.0–98.0] kg 
Body mass index (BMI) 32.30 [29.18–34.45] kg/m² 

BMI classification: overweight (25–29.9) 14 (35%) n (%) 
BMI classification: obesity (≥30) 26 (65%) n (%) 

Waist circumference 98.5 [91.0–107.0] cm 
Systolic blood pressure 128.0 [118.0–140.0] mmHg 
Diastolic blood pressure 82.0 [76.0–89.0] mmHg 

Metabolic and biochemical profile   
Fasting glucose 97.0 [88.5–108.0] mg/dL 

Glycated hemoglobin (HbA1c) 5.60 [5.50–5.85] % 
Fasting insulin 14.8 [9.6–20.3] µIU/mL 

HOMA-IR 3.94 [2.30–5.01] AU 
Total cholesterol 160.0 [135.0–193.0] mg/dL 
LDL cholesterol 98.0 [78.0–122.5] mg/dL 
HDL cholesterol 46.5 [39.0–55.0] mg/dL 

Triglycerides 133.5 [92.5–179.0] mg/dL 
VLDL 28.0 [19.5–36.0] mg/dL 

Baseline functional variables   
Handgrip strength (right hand) 32.0 [27.5–40.0] kg 
Handgrip strength (left hand) 31.0 [25.5–38.0] kg 

Prone plank 48.0 [31.0–63.5] s 
Push-ups 12.0 [4.5–19.0] reps 

1-min sit-to-stand 27.0 [25.0–33.5] reps 
6-minute walk test (6MWT) 570.0 [517.5–600.0] m 
Estimated VO₂max (n=18) 32.80 [29.08–37.05] mL·kg⁻¹·min⁻¹ 

Quality of life and inflammation   
SF-36 total score 57.38 [41.75–78.44] points 

Serum IL-6 3,900 [2,555–5,048] pg/mL 
Comorbidities and medications   

Hypertension 18 (45%) n (%) 
Type 2 diabetes mellitus 7 (17.5%) n (%) 
Diagnosed dyslipidemia 22 (55%) n (%) 

Metabolic syndrome 15 (37.5%) n (%) 
Use of antihypertensives 16 (40%) n (%) 

Use of oral hypoglycemics 6 (15%) n (%) 
Use of statins or other lipid-lowering drugs 12 (30%) n (%) 

Polypharmacy (≥2 drugs) 19 (47.5%) n (%) 

Data are presented as median [Q1–Q3] for continuous variables and as n (%) for categorical variables. Baseline values correspond to 
assessments performed at week 0, before the beginning of the 12-week concurrent training program. Estimated VO₂max is reported for the 
subgroup that completed the shuttle-run test at baseline and post-intervention (n = 18). Comorbidities and medication use are presented to 
characterize the clinical profile of the sample and to support interpretation of cardiometabolic outcomes. Abbreviations: Q1, quartile 1 (p25); 
Q3, quartile 3 (p75); IQR, interquartile range (Q3−Q1); BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; 
LDL, low-density lipoprotein; HDL, high-density lipoprotein; VLDL, very low-density lipoprotein; 6MWT, 6-minute walk test; VO₂max, 
maximum oxygen consumption; SF-36, Short Form-36; IL-6, interleukin-6; AU, arbitrary units. 

 

Table 2. Adherence and attendance to the concurrent training program 
Variable Median [Q1–Q3] or n (%) Unit / Observation 

Attendance (completers only, n=40)   
Total sessions attended 30.0 [26.0–33.0] sessions 

Percentage of sessions completed 83.3 [72.2–91.7] % 
Distribution of attendance percentage (completers, n=40)   

≥ 90% (32–36 sessions) 12 (30%) n (%) 
75–89% (27–31 sessions) 18 (45%) n (%) 
60–74% (22–26 sessions) 8 (20%) n (%) 

< 60% (≤ 21 sessions) 2 (5%) n (%) 
Explicit minimum adherence criterion   

Operational definition 
Not missing 3 consecutive sessions 

without justification 
a priori criterion 

Accepted justification 
Illness, medical appointment, family 

emergency (with prior notice or medical 
certificate) 

does not count as unjustified 
absence 

Adherence according to criterion (among those who started, n=56)   
Adherent (met criterion throughout the intervention) 44 (78.6%) n (%) 
– Completed 12 weeks without violating the criterion 40 (71.4%) n (%) 

– Completed 12 weeks with 1 violation episode + counseling 
(recovered) 

4 (7.1%) n (%) 

Non-adherent (violated criterion → dropped out of the program) 12 (21.4%) n (%) 
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Total losses during the intervention (consistent with flow diagram) 16 (28.6%) n (% of 56 starters) 
Composition of the 16 losses   

Non-adherent due to criterion violation (3 consecutive unjustified 
absences) 

12 (75%) % of losses 

Other reasons for dropout (with or without criterion violation) 4 (25%) % of losses 
Detailed reasons for the 16 losses   

3 consecutive unjustified absences (without prior withdrawal) 8 (50.0%) % of losses 
Voluntary withdrawal (lack of time/motivation) that also violated 

criterion 
4 (25.0%) % of losses 

Non-serious injury unrelated to the program 2 (12.5%) % of losses 
Minor adverse event (musculoskeletal pain) 1 (6.25%) % of losses 

Moved outside catchment area 1 (6.25%) % of losses 
Adverse events   

Serious adverse events (cardiopulmonary arrest, syncope, etc.) 0 (0%) n (%) 
Minor adverse events (transient muscle pain, fatigue) 1 (2.5% of completers) n (%) 

Attendance was calculated based on the expected dose of 36 sessions (3 sessions/week for 12 weeks). Attendance variables are reported for 
participants who completed the post-intervention assessment (n = 40), whereas adherence, losses, and dropout reasons are reported among 
participants who started the intervention (n = 56). Operational adherence was defined a priori as not missing three consecutive sessions 
without justification. Justified absences included illness, medical appointments, or family emergencies communicated to the research team or 
supported by a medical certificate when applicable. Percentages are expressed according to the denominator indicated in each section of the 
table. Minor adverse events corresponded to transient musculoskeletal symptoms, whereas serious adverse events were defined as events 
requiring activation of the CESFAM emergency protocol; no serious adverse events were recorded. Data are presented as median [Q1–Q3] for 
continuous variables and as n (%) for categorical variables. Abbreviations: Q1, quartile 1 (p25); Q3, quartile 3 (p75); IQR, interquartile range 
(Q3−Q1). 

 

Figure 1. Body weight and BMI remained stable after the concurrent training program. 

 

 
 
Comparison of body weight (kg) (A) and body mass index (BMI; kg/m²) (B) between baseline (week 0) and post-intervention (week 12). 
Weight: 86.0 [77.0–98.0] vs. 86.0 [79.0–96.0]; BMI: 32.30 [29.18–34.45] vs. 32.40 [30.43–34.84]. Data are presented as median [Q1–Q3], n=40. 
The pre-post comparison was performed using the Wilcoxon matched-pairs signed-rank test. Effect sizes are reported in Supplementary Table 
S1. Abbreviations: BMI, body mass index; Q1, quartile 1 (p25); Q3, quartile 3 (p75); IQR, interquartile range (Q3−Q1). 

 

Figure 2. Pre-post changes in insulin resistance and glycemic parameters after the concurrent training program. 

 

 
 
Comparison of glycosylated hemoglobin (HbA1c; %) (A) and HOMA-IR index (AU) (B) between week 0 and week 12. HbA1c: 5.600 [5.500-
5.850] vs. 5.600 [5.350-5.900]; HOMA-IR: 3.940 [2.300-5.010] vs. 3.370 [1.880-4.840]. Data are presented as median [Q1-Q3], n=40. The pre-
post comparison was performed using the Wilcoxon matched-pairs signed-rank test; * indicates p < 0.05. Effect sizes are reported in 
Supplementary Table S1. Abbreviations: HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; AU, 
arbitrary units; Q1, quartile 1 (p25); Q3, quartile 3 (p75); IQR, interquartile range (Q3-Q1). 
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Figure 3. Changes in selected lipid profile markers after the concurrent training program. 

 

 
 
Comparison of total cholesterol (A), triglycerides (B), and VLDL cholesterol (C) (mg/dL) between week 0 and week 12. Total cholesterol: 160.0 
[135.0-193.0] vs. 170.0 [139.0-206.0]; triglycerides: 133.5 [92.5-179.0] vs. 114.0 [63.25-169.5]; VLDL cholesterol: 28.0 [19.5-36.0] vs. 22.5 
[13.0-32.5]. Data are presented as median [Q1-Q3], n=40. The pre-post comparison was performed using the Wilcoxon matched-pairs signed-
rank test; * indicates p < 0.05. Because total cholesterol increased, the lipid profile should not be interpreted as uniformly improved. Effect 
sizes are reported in Supplementary Table S1. Abbreviations: VLDL, very low-density lipoprotein; Q1, quartile 1 (p25); Q3, quartile 3 (p75); 
IQR, interquartile range (Q3-Q1). 

 

Figure 4. Pre-post changes in bilateral handgrip strength after the concurrent training program. 

 

Comparison of handgrip strength (kg) in the right (A) and left (B) hands between week 0 and week 12. Right hand: 32.0 [27.5–40.0] vs. 34.0 
[30.0–40.5]; left hand: 31.0 [25.5–38.0] vs. 34.0 [27.0–39.0]. Data are presented as median [Q1–Q3], n=40. The pre-post comparison was 
performed using the Wilcoxon matched-pairs signed-rank test; * indicates p < 0.05. Effect sizes are reported in Supplementary Table S1. 
Abbreviations: Q1, quartile 1 (p25); Q3, quartile 3 (p75); IQR, interquartile range (Q3−Q1). 

 

Figure 5. Pre-post changes in trunk and limb performance after the concurrent training program. 
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Comparison of physical performance between week 0 and week 12 using prone plank (s) (A), push-ups (repetitions) (B), and 1-minute sit-to-
stand test (C) (repetitions). Prone plank: 48.0 [31.0–63.52] vs. 73.0 [56.0–97.0]; push-ups: 12.0 [4.5–19.0] vs. 16.0 [11.5–23.0]; sit-to-stand in 
1 min: 27.0 [25.0–33.5] vs. 35.0 [30.0–40.0]. Data are presented as median [Q1–Q3], n=40. The pre-post comparison was performed using the 
Wilcoxon matched-pairs signed-rank test; * indicates p < 0.05. Effect sizes are reported in Supplementary Table S1. Abbreviations: Q1, quartile 
1 (p25); Q3, quartile 3 (p75); IQR, interquartile range (Q3−Q1). 

 

Figure 6. Pre-post changes in functional capacity and estimated VO₂max after the concurrent training program. 

 

 
 
Comparison of functional capacity measured by the 6-minute walk test (A) (6MWT; m) and estimated VO₂max (B) (mL·kg⁻¹·min⁻¹) between 
week 0 and week 12. 6MWT: 570.0 [517.5–600.0] vs 610.0 [561.8–634.8], n=40; Estimated VO₂max: 32.80 [29.08–37.05] vs 35.45 [32.05–
37.90], n=18. Data are presented as median [Q1–Q3]. The pre-post comparison was performed using the Wilcoxon matched-pairs signed-rank 
test; * indicates p < 0.05. Effect sizes are reported in Supplementary Table S1. Abbreviations: 6MWT, 6-minute walk test; VO₂max, maximum 
oxygen consumption; Q1, quartile 1 (p25); Q3, quartile 3 (p75); IQR, interquartile range (Q3−Q1). 

 

Figure 7. Pre-post change in health-related quality of life after the concurrent training program. 

 

Comparison of the total SF-36 score (points) between week 0 and week 12. Total SF-36: 57.38 [41.75–78.44] vs. 64.57 [53.80–84.23]. Data are 
presented as median [Q1–Q3], n=40. The pre-post comparison was performed using the Wilcoxon matched-pairs signed-rank test; * indicates 
p < 0.05. Effect sizes are reported in Supplementary Table S1. Abbreviations: SF-36, Short Form-36; Q1, quartile 1 (p25); Q3, quartile 3 (p75); 
IQR, interquartile range (Q3−Q1). 
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Figure 8. Pre-post change in serum IL-6 concentration after the concurrent training program. 
 

Comparison of serum interleukin-6 (IL-6; pg/mL) concentration between week 0 and week 12. IL-6: 3,900 [2,555–5,048] vs. 3,600 [2,295–
5,024]. Data are presented as median [Q1–Q3], n=40. The pre-post comparison was performed using the Wilcoxon matched-pairs signed-rank 
test; * indicates p < 0.05. Effect sizes are reported in Supplementary Table S1. Abbreviations: IL-6, interleukin-6; Q1, quartile 1 (p25); Q3, 
quartile 3 (p75); IQR, interquartile range (Q3−Q1). 

 

Discussion 

In this single-group pre-post study conducted in PHC, a 12-week concurrent training program was 
associated with favorable changes in insulin resistance-related markers, selected lipid fractions, 
physical performance, SF-36 total score, and serum IL-6, with stable weight and BMI. These findings 
should not be interpreted as causal effects because the design lacked a control group, randomization, 
and blinding. Instead, they provide preliminary real-world evidence suggesting that a feasible 
concurrent exercise program may be associated with clinically relevant functional and metabolic signals 
in adults with overweight or obesity. 

A key finding was the coexistence of favorable metabolic and functional changes with stable weight and 
BMI. This pattern suggests that health-related adaptations may occur even in the absence of substantial 
weight loss, particularly when exercise improves cardiorespiratory capacity and neuromuscular 
performance (Duncan et al., 2003; Ross et al., 2000). This interpretation is consistent with adult 
evidence showing that combined or concurrent exercise can improve metabolic and fitness outcomes in 
overweight or obese populations (AbouAssi et al., 2015; Jamka et al., 2022; Schwingshackl et al., 2013), 
and with recent Retos publications emphasizing the role of exercise programs in physical condition and 
quality-of-life outcomes (Gómez-Rossel & Merellano-Navarro, 2024; Pleticosic-Ramírez et al., 2024). 

In terms of glycemic profile and insulin resistance, HOMA-IR and HbA1c showed favorable pre-post 
changes with moderate effect sizes. These findings are biologically plausible because exercise can 
increase contraction-mediated glucose uptake, GLUT4 translocation, mitochondrial adaptations, and 
the metabolic sink represented by active skeletal muscle (Fealy et al., 2014; Richter & Hargreaves, 
2013). However, the absence of a control group and the presence of non-standardized counseling 
prevent attributing these changes exclusively to the exercise program. 

With regard to the lipid profile, triglycerides and VLDL decreased, which is consistent with mechanisms 
expected from regular exercise, including increased lipoprotein lipase activity, fatty acid oxidation, and 
improved metabolism of triglyceride-rich lipoproteins (Gill & Hardman, 2003; Haskell, 1984; Muscella 
et al., 2020). However, total cholesterol increased modestly and significantly in the analysis, which 
prevents interpreting the lipid profile as uniformly improved. In the absence of a control group, dietary 
monitoring, and a detailed causal assessment of medication or dietary changes, this increase may reflect 
individual variability, unmeasured nutritional changes, seasonal variation, changes in lipid subfractions, 
or regression to the mean (Ockene et al., 2004; Smith et al., 1993). Future studies should include LDL, 
HDL, non-HDL cholesterol, TG/HDL ratio, medication stability, and dietary intake monitoring to better 
interpret lipid-risk directionality. 
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In the functional domain, bilateral handgrip strength, plank time, push-ups, sit-to-stand performance, 
6MWT, and estimated VO₂max showed the largest effect sizes. These results suggest relevant changes 
in neuromuscular performance, exercise tolerance, and functional capacity, all of which are clinically 
meaningful in community settings where excess weight is associated with early functional limitation 
(Adair et al., 2018; Bohannon, 2019). The detailed aerobic and strength progressions reported in 
Supplementary Tables S2 and S3 strengthen the replicability of the exercise component and respond to 
the need for transparent reporting of intervention dose. 

Consistently, functional capacity measured by TM6M increased in the entire group, and estimated 
VO₂max increased in the subgroup with available measurements. In PHC, these changes acquire clinical 
value because they are linked to mobility, exercise tolerance, and the ability to sustain daily physical 
activity (van Baak et al., 2021). The literature shows that exercise, including combined programs, can 
improve cardiorespiratory fitness and strength, and that these improvements are not only associated 
with lower cardiometabolic risk but also with better perceived functionality (Lee et al., 2024; Ross et al., 
2016). Furthermore, in interventions where the objective is comprehensive (cardiometabolic risk + 
function), the combination of stimuli is often more efficient than single-modality approaches, especially 
when planning seeks to adapt to time and resource constraints (Healy et al., 2024; Lee et al., 2024).  

A relevant person-centered finding was the increase in the SF-36 total score, with a moderate effect size. 
This is consistent with evidence showing that exercise may improve perceived health, physical function, 
and psychological outcomes in adults with excess weight or cardiometabolic risk (Carraça et al., 2021; 
Collins et al., 2020). Nevertheless, because only the total SF-36 score was analyzed, it was not possible 
to determine whether the change was mainly driven by physical functioning, bodily pain, vitality, social 
functioning, or mental health domains. Future analyses should examine individual SF-36 domains to 
improve clinical interpretation. 

In the inflammatory analysis, resting serum IL-6 decreased after the intervention, with a small effect 
size. This finding should be interpreted cautiously because IL-6 has complex and context-dependent 
biology. Lower resting IL-6 may reflect attenuation of chronic low-grade inflammation associated with 
adiposity, whereas acute exercise-induced IL-6 release from skeletal muscle may participate in 
metabolic regulation and anti-inflammatory signaling (Pedersen & Febbraio, 2008; Muñoz-Cánoves et 
al., 2013). Therefore, the present result should be considered a preliminary inflammatory signal rather 
than definitive evidence of an anti-inflammatory effect. Future studies should include broader 
inflammatory panels, body composition, and follow-up assessments. 

From a PHC perspective, the study provides real-world evidence on a program that was feasible to 
implement in CESFAM, with three weekly sessions, aerobic and strength components, and an adaptable 
progression. However, the term scalability should be used cautiously because this study did not formally 
assess cost, staff training requirements, fidelity, resource use, or implementation outcomes. Thus, the 
findings may inform future PHC-based interventions but do not by themselves demonstrate scalability. 

This study has several limitations. First, the single-group pre-post design without randomization, 
blinding, or a control group prevents causal attribution of the observed changes to concurrent training 
alone. Second, the sample was pragmatic and relatively small, with no a priori power calculation, 
limiting precision and generalizability. Third, estimated VO₂max was available only in a subsample 
(n=18), which may introduce selection bias. Fourth, educational and nutritional counseling were not 
standardized or quantified, and dietary intake was not monitored; therefore, their independent 
contribution to cardiometabolic outcomes cannot be separated from the exercise component. Fifth, Borg 
and OMNI-RES were used to guide intensity during sessions, but perceived exertion data were not 
systematically analyzed as outcomes, limiting intensity verification. Sixth, although adherence and 
attendance were summarized, dose-response analyses were not performed. Finally, IL-6 was the only 
inflammatory marker measured, and no follow-up assessment was available to determine maintenance 
of changes over time. 

These limitations coexist with important strengths: implementation in a real PHC setting, reporting of 
participant flow and adherence, inclusion of baseline clinical characterization, incorporation of effect-
size estimates, and detailed reporting of the planned aerobic and strength progression. Future 
pragmatic controlled trials should include usual-care or active control groups, systematic monitoring of 
exercise load and adherence, standardized or quantified nutritional components, body composition 
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assessment, broader inflammatory panels, and follow-up to evaluate the sustainability of changes and 
their relationship with clinical outcomes. 

 

Conclusions 

A 12-week concurrent training program implemented in PHC was associated with favorable pre-post 
changes in insulin resistance, selected lipid fractions, physical performance, functional capacity, SF-36 
total score, and serum IL-6, without significant changes in weight or BMI. Given the single-group pre-
post design, these findings should be interpreted as preliminary real-world evidence rather than causal 
proof of intervention efficacy. Controlled pragmatic studies are needed to confirm these results and 
determine their sustainability, cost, fidelity, and implementation potential in PHC settings. 
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