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Abstract  115 

 116 

BACKGROUND There is limited prospective evidence on the association between 117 

physical activity (PA) and inflammation in older adults. Our aim was to assess the 118 

associations between changes in PA and changes in the inflammatory profile in older 119 

individuals who are overweight or obese. 120 

 121 

METHODS This prospective study included 489 men and women, aged 55 to 75 years, 122 

from the PREDIMED-Plus trial. Levels of interleukin 6 (IL-6), interleukin 8 (IL-8), 123 

interleukin 18 (IL-18), monocyte chemo-attractant protein-1 (MCP-1), C-peptide, high-124 

sensitivity C-reactive protein (hs-CRP), leptin, and regulated on activation, normal T-125 

cell expressed and secreted chemokine (RANTES) were obtained from fasting blood 126 

samples and a composite inflammatory score based on these biomarkers was calculated. 127 

Physical activity was measured by a validated questionnaire. All measures were taken at 128 

baseline and one-year follow-up.  129 

 130 

RESULTS Multiple linear regression models showed an association between an 131 

increase in total PA and a decrease in the inflammatory score (p=0.012), which was 132 

particularly driven by a decrease in C-peptide (p=0.037). Similarly, the inflammatory 133 

score decreased with increasing moderate PA (p=0.001), and moderate-to-vigorous PA 134 

(p=0.006).  135 

 136 

CONCLUSIONS Increases in total PA, moderate and moderate-to-vigorous PA were 137 

associated with a decrease in the inflammatory profile of obese or overweight older 138 



 

7 
 

individuals. This finding is relevant for PA recommendations and public health 139 

strategies. 140 

 141 

Keywords  142 

Prospective study, light physical activity, moderate-to-vigorous physical activity, 143 

inflammation, and inflammatory score. 144 

 145 

  146 
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Introduction 147 

Aging is associated with increased and persistent low-level inflammation (1) and 148 

obesity is associated with an increased pro-inflammatory state (2). Furthermore, strong 149 

evidence links low-grade inflammation with the pathogenesis of numerous chronic 150 

diseases, including dementia, cancer, and coronary heart disease (3–5). Therefore, it is 151 

paramount to identify the most appropriate strategies to improve the inflammatory 152 

profile.  153 

Increased physical activity (PA) is associated with a decrease in the incidence of several 154 

chronic diseases in the general population (6) and in older adults (7,8). It has been 155 

suggested that these protective associations are partially due to the anti-inflammatory 156 

effect of PA (9).  157 

In the general adult population, randomized clinical trials provide convincing evidence 158 

of the anti-inflammatory effect of PA in normal weight and overweight/obese 159 

individuals (10–13). However, the majority of trials have been short-term and show 160 

inconsistent results (14–18). Moreover, the interventions have mainly been composed of 161 

structured sessions of aerobic, resistance, and strength exercises that are difficult to 162 

carry out in everyday life, especially for older individuals who are overweight or obese 163 

(19).  164 

There is limited and inconsistent prospective evidence on the association between PA 165 

and inflammatory markers in older adults. Two studies have shown no significant 166 

association between these two variables (20,21); however, an earlier study found an 167 

inverse association between changes in PA and levels of inflammatory markers (22). 168 

We therefore analysed the association of one-year changes in total, light, moderate, 169 

vigorous, and moderate-to-vigorous PA (MVPA) with concurrent changes in the 170 

inflammatory profile, measured by a composite inflammatory score, in older individuals 171 
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who are overweight or obese and have metabolic syndrome. Furthermore, we analysed 172 

the association of changes in PA with changes in the levels of IL-6, IL-8, IL-18, MCP-173 

1, C-peptide, hs-CRP, leptin, and RANTES. 174 

 175 

Methods 176 

 177 

Study Subjects  178 

Participants were men (aged 55-75 years) and women (aged 60-75 years) at high risk of 179 

cardiovascular disease. Inclusion criteria included being overweight or obese (body 180 

mass index [BMI] ≥ 27 and < 40 kg/m
2 

) and meeting at least three of the Metabolic 181 

Syndrome criteria: abdominal obesity (waist circumference > 102 cm in men or ≥ 88 cm 182 

in women), hypertriglyceridemia (triglycerides ≥ 1.7 mmol/L or taking triglycerides-183 

lowering medication), low HDL-cholesterol (< 1.0 mmol/L in men or < 1.3 mmol/L in 184 

women or taking medication to raise HDL-cholesterol), hypertension (systolic blood 185 

pressure ≥ 130 and /or diastolic blood pressure ≥ 85 mmHg or using antihypertensive 186 

medication), and hyperglycaemia (glucose ≥ 5.5 mmol/L or taking glycaemia-lowering 187 

medication) (23). 188 

 189 

Study Design  190 

The present study was a prospective cohort analysis in a subpopulation (the first 1013 191 

recruited candidates) of the PREDIMED-Plus (PREvención con DIeta MEDiterránea 192 

Plus) survey. A detailed description of the trial can be found at http://predimedplus.com 193 

(24). Briefly, PREDIMED-Plus is a parallel, multicentre, randomized controlled trial 194 

designed to analyse the effect of an intensive lifestyle intervention on cardiovascular 195 

morbidity and mortality.  196 

http://predimedplus.com/
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PREDIMED-Plus recruited 6874 participants from 23 centres of the National Spanish 197 

Health System, who were randomized into an intervention or a control group. The 198 

intervention consisted of an energy-restricted Mediterranean diet, PA promotion, and 199 

behavioural support. The control group received usual health care for cardiovascular 200 

prevention and advice on following a Mediterranean diet but with no energy restrictions 201 

or PA recommendations.  202 

The PA intervention (25) was delivered by dieticians who received additional training 203 

on PA recommendations. During the first year of the trial, the intervention group 204 

received PA education during 12 face-to-face individual sessions, 3 group sessions 205 

related to PA (out of 12 sessions), and 12 telephone calls. In the individual sessions, 206 

they received personalized recommendations to increase PA levels. In the first 6 207 

months, the dieticians recommended a progressive increase in PA level to achieve at 208 

least 150 minutes per week of MVPA. The goal was to walk at least 45 minutes per day, 209 

6 days per week. The recommendations also included strength, flexibility, and balance 210 

exercises. A pedometer was given to all participants as a motivational and self-211 

monitoring tool to encourage them to take 10,000 steps per day. 212 

Ethics Committees of all participating centres approved the study protocol, which was 213 

based on the standards of the declaration of Helsinki. This study is registered at the 214 

International Standard Randomized Controlled Trial with number 89898870.  215 

The recruitment occurred between September 2013 and November 2016; the 216 

PREDIMED-Plus trial is expected to last for six years. The present study includes data 217 

from baseline and one-year follow-up. All participants provided written informed 218 

consent. 219 

 220 

Outcome Assessment 221 
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At baseline and one-year follow-up, blood samples were collected after the participants 222 

had fasted 12 hours overnight. Certified nurses collected the samples according to usual 223 

protocol in primary care centres. Aliquots were stored in freezers at -80ºC until analysis. 224 

Routine biochemical analysis was done in laboratories using standard methods. The 225 

following biomarkers of inflammation were analysed in a central laboratory: IL-6, IL-8, 226 

IL-18, MCP-1, C-peptide, hs-CRP, leptin, and RANTES. With the exception of hs-227 

CRP, these biomarkers were simultaneously measured using a XMAG-Luminex assay 228 

(Biorad, Hercules, California, USA) with multiplex technology. First, all samples were 229 

incubated and beads were suspended and covered with antibodies specific to the 230 

molecules. Samples were washed, a cocktail of biotinylated detection antibodies was 231 

applied, and the samples were then incubated with streptavidin-phycoerythrin. We used 232 

a BioPlex 200 (Biorad) to read the fluorescent sign. Serum level of hs-CRP was 233 

measured by a wide-range latex-enhanced immunoturbidimetric assay on an ADVIA 234 

2400 analyser (Siemens Healthcare Diagnostics Inc., Tarrytown, NY, USA). 235 

The lowest detectable values for IL-6, IL-8, IL-18, MCP-1, C-peptide, hs-CRP, leptin, 236 

and RANTES were 0.34 pg/ml, 0.36 pg/ml, 0.29 pg/ml, 0.4 pg/ml, 0.09 ng/ml, 0.4 237 

mg/L, 0.88 ng/ml, and 0.19 ng/ml, respectively. Values under these limits at baseline 238 

and at year one were imputed to be half of the lowest detected value (26). Therefore, IL-239 

6, C-peptide, leptin, and hs-CRP had 101, 1, 1, and 22 values imputed at baseline, and 240 

114, 1, 1, and 28 values imputed at one-year follow-up, respectively.  241 

 242 

Exposure variable 243 

The validated REGICOR short PA (sPA) questionnaire (27) was administered to 244 

participants by trained stuff at baseline and at one-year follow-up. Participants indicated 245 

the frequency (number of days per month) and duration (minutes per day) of performing 246 
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six types of activities during a usual  month: walking at a slow or normal pace, walking 247 

at a fast pace (brisk walking), walking in the countryside or in the mountains, climbing 248 

stairs, gardening, and exercising or playing sports. Each of these activities had a specific 249 

intensity, expressed in metabolic equivalent task (MET) units. Energy expenditure in 250 

total PA was measured in MET-minutes per day (MET-min/d), calculated as the sum of 251 

the frequency, duration, and intensity of each activity, divided by 30 days per month. 252 

We estimated PA according to total, light (≤4 METs), moderate (4–5.5 METs), vigorous 253 

(≥6 METs), and MVPA (>4 METs) intensity, at baseline and one-year follow-up. The 254 

REGICOR sPA questionnaire was created and validated in the framework of a large-255 

scale Spanish study (27), which found high reliability and reasonable validity (Intraclass 256 

correlation coefficient for total PA = 0.82 and Spearman correlation coefficient for total 257 

PA= 0.39, respectively), and sensitivity in detecting changes from baseline to the last 258 

visit of their 27-week study in both moderate and vigorous PA.  259 

 260 

Covariables 261 

At baseline, a general questionnaire collected information on sex, age, smoking status, 262 

education level, history of medical conditions, and medication used. Education level 263 

was dichotomized as having an education level higher or lower primary school.  264 

Smoking status was dichotomized as smoker or non-smoker. Smokers were defined as 265 

current smokers and those who had stopped smoking less than a year before the baseline 266 

visit. A 17-item questionnaire, which was a modified version of a previously validated 267 

14-item questionnaire (28), was used to assess the adherence to an energy-restricted 268 

Mediterranean diet (29). Weight and height were measured annually by trained stuff 269 

using a calibrated beam scale and a wall-mounted stadiometer, respectively. The BMI 270 
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was calculated by dividing the weight (kg) by the height squared (m
2
). All these 271 

covariables were measured at baseline and follow-up visits.  272 

 273 

Statistical analysis 274 

Participants’ baseline characteristics are shown in Table 1. To estimate the overall 275 

inflammatory profile, a composite inflammatory score of eight inflammatory markers 276 

(IL-6, IL-8, IL-18, MCP-1, C-peptide, hs-CRP, leptin, and RANTES) was created. For 277 

this purpose, we created quintiles of each biomarker at baseline and at follow-up.  For 278 

each biomarker, the same cut points were used at both time points. By summing these 279 

quintiles, we obtained a score at baseline and a score at follow-up. The change in the 280 

inflammatory score was the difference between the baseline score and a year after score. 281 

The score ranged from 8 (all biomarkers in the first quintile) to 40 (all biomarkers in the 282 

fifth quintile); a higher score indicated a higher inflammatory profile. Multiple linear 283 

regression models were fitted to estimate the associations between changes in PA and 284 

changes in the inflammatory score, IL-6, IL-8, IL-18, MCP-1, C-peptide, hs-CRP, leptin 285 

and RANTES. Final models were adjusted by sex, age, intervention group, change in 286 

BMI, smoking status, education level, adherence to an energy-restricted Mediterranean 287 

diet, baseline PA, and the corresponding inflammatory marker or inflammation score at 288 

baseline. To analyse the independent association between changes in each PA intensity 289 

level, inflammation markers, and the inflammatory score, total PA was replaced by 290 

light, moderate, vigorous, and MVPA in mutually adjusted models. In addition, general 291 

linear models were used to analyse the associations between changes in the 292 

inflammatory score and quintiles of the changes in total PA.. Linear trend was measured 293 

by  polynomial contrast and a post hoc Bonferroni correction was performed for 294 

multiple comparisons. 295 
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Interaction analyses were performed for sex, age, intervention group, smoking, and 296 

BMI. To assess the number of biomarkers that explained the associations between the 297 

inflammatory score and changes in PA, we created a new score, excluding the 298 

biomarkers that had a significant association with changes in PA, and repeated the 299 

analysis. Finally, we used multiple linear regression analysis with cubic spline models 300 

to assess the dose–response association of the changes in total, light and moderate-to-301 

vigorous levels of PA with changes in the inflammatory score. For this purpose, we set 302 

the reference cut-point at 0 MET-min/d, corresponding to no change in PA. For this 303 

analysis we used the ‘gam’ package in R, version 3.0.2. All final models were adjusted 304 

by sex, age, intervention group, change in BMI, smoking status, education level, 305 

adherence to an energy-restricted Mediterranean diet, baseline inflammation score, and 306 

baseline total, light PA or MVPA as appropriate; all different intensities of PA were 307 

mutually adjusted. 308 

Associations were considered significant if p<0.05. With the exception of the spline 309 

analysis, all statistical analysis was done with SPSS for Windows version 22, using the 310 

complete PREDIMED-Plus database available as of March 27, 2018. 311 

 312 

Results 313 

The present study includes data from baseline and one-year follow-up. This study 314 

included the first 1013 candidates recruited to the PREDIMED-Plus study. Of these, 315 

172 did not meet the inclusion or randomization criteria and 143 declined to participate. 316 

After allocation to one of the two groups, the first 70 randomized participants were 317 

excluded due to a protocol change in the pre-randomization requirement and 2 318 

participants were excluded due to a cancer diagnosis. Of the 626 remaining participants, 319 

134 did not have complete data of all inflammatory markers at baseline and follow-up. 320 
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Changes in PA generated few extreme values, but these were influential. We eliminated 321 

three extreme values that exceeded 3 standard deviations [SDs] from the mean changes 322 

in PA, obtaining a final sample of 489 participants. The final sample was 489 323 

individuals (230 men and 259 women), with a mean age of 65.47±4.8 (Supplemental 324 

Figure 1). After a year of follow-up, participants reported a mean ± SD change in total 325 

PA of 67±372 MET-min/d (87±427 MET-min/d in men and 49±314 MET-min/d in 326 

women). The mean change in light PA and MVPA was 6±159 MET-min/d and 61 ± 362 327 

MET-min/d, respectively. Characteristics of the participants at baseline and at one-year 328 

follow-up are outlined in Table 1.   329 

At one-year follow-up, a significant linear association was observed between an 330 

increase in total PA and a decrease in c-peptide (p=0.001) and leptin (p=0.008) in 331 

multiple linear regression models adjusted by sex and age (Table 2). The inverse 332 

association between changes in C-peptide and in total PA did not change meaningfully 333 

after additional adjustment by intervention group, change in BMI, smoking status, 334 

education level, adherence to an energy–restricted Mediterranean diet, and the baseline 335 

values for total PA and for the corresponding inflammatory marker. 336 

In fully adjusted models, an inverse linear association was observed between changes in 337 

MVPA and changes in C- peptide, whereas changes in light PA were not significantly 338 

associated with changes in either biomarker (Supplemental Table 1).  339 

Table 3 shows the association between changes in total, light, moderate, vigorous, and 340 

MVPA and changes in the inflammatory score, assessed by multiple linear regression 341 

models. An increase in total PA and MVPA was inversely associated with changes in 342 

the inflammatory score (p linear trend <0.05 for both) after adjusting for sex, age, 343 

intervention group, change in BMI, smoking status, education level, adherence to the 344 

energy-restricted Mediterranean diet, baseline inflammatory score, and the 345 
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corresponding type of PA intensity at baseline. In the case of MVPA, further adjustment 346 

for light PA did not affect this association. In further analysis, changes in moderate PA 347 

showed an independent and inverse association with changes in the inflammatory score 348 

(p=0.001). The inclusion of changes in intakes of energy, vitamin C, vitamin E, omega-349 

3 fatty acids, vegetables, and fruits in the regression models did not affect the direction 350 

and magnitude of the association of changes in the inflammatory score with changes in 351 

total PA and MVPA (Supplemental Table 2)  352 

Interaction analysis found that sex, age, intervention group, smoking, and BMI did not 353 

significantly modulate the association between changes in PA and changes in the 354 

inflammatory score (all p-values of interaction terms >0.05, data not shown).  To assess 355 

whether the association between changes in the inflammatory profile and changes in PA 356 

was determined only by those biomarkers that were significantly associated with 357 

changes in total PA, we created a new 7-variable score, excluding C-peptide from the 358 

analysis. Although the magnitudes of the associations were attenuated, they were 359 

similar in direction to those identified using the 8-variable score (Supplemental Table 360 

3). Further analysis showed that changes in the inflammatory score were inversely 361 

associated with quintiles of the changes in total PA (p for linear trend <0.002) 362 

(Supplemental Table 4). 363 

The dose-response curve of changes in PA (light and MVPA) and changes in the 364 

inflammatory score obtained by multiple linear regression analysis with cubic spline 365 

models is shown in Supplemental Figure 2. We set the reference point as no change in 366 

PA. The splines showed a linear association between increases in total PA and MVPA 367 

during the study period and decreases in the inflammatory score, whereas decreases in 368 

MVPA were linearly associated with increases in the inflammatory score. A 369 
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nonsignificant association between changes in light PA and in the inflammatory score 370 

was observed. 371 

 372 

Discussion  373 

In the present study, an increase in total PA was inversely associated with changes in 374 

the inflammatory score and in the levels of C-peptide. The inflammatory score 375 

decreased with increasing level of moderate PA and MVPA, but not light and vigorous 376 

PA, at one-year follow-up.  377 

Only a few studies have assessed the prospective association between PA and 378 

inflammatory markers (20–22,30,31). Two of these studies were performed in the 379 

general adult population and used models that included changes in PA and not in the 380 

inflammatory biomarkers. A study with 1754 younger individuals (aged 36 to 64 years) 381 

analysed the association between changes in PA and in inflammatory biomarkers in the 382 

group aged 60-64 years. Compared to individuals who were inactive at all time-points, 383 

those who were active throughout the study had 15% lower levels of IL-6 and 18.3% 384 

lower levels of leptin (30). Similarly, Hamer and colleagues studied 4289 individuals 385 

from the Whitehall II study, aged 35 to 55 years old, and reported that those who 386 

increased their PA levels showed 2% lower levels of IL-6 and 5% lower levels of CRP, 387 

compared to individuals who maintained their PA levels throughout the 10 years of 388 

follow-up (31). This suggests increasing levels of PA as a possible predictor of lower 389 

levels of inflammatory markers in the adult population.  390 

There is little prospective evidence of an association between PA and inflammation in 391 

older adults (20–22). Lee and colleagues assessed PA and six inflammatory biomarkers 392 

in 1355 women aged 50-79 years, at baseline and after three years. They found a cross-393 

sectional and inverse association between PA and the inflammatory markers at both 394 
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time-points. As in our study, however, they did not find a significant association 395 

between changes in total PA and changes in CRP, IL-6, leptin, adiponectin, and resistin 396 

(21) . Parsons and colleagues studied the association between one-year change in 397 

accelerometer-determined PA and inflammatory markers (CRP and IL-6) in 490 older 398 

men. They found no significant relationship between IL-6 and CRP levels and changes 399 

in PA. The authors attributed these findings to the very small changes in PA during the 400 

study period (20). In a 20-year follow-up, however, Wannamethee and colleagues 401 

reported an inverse association between changes in PA and levels of CRP and white 402 

blood cells at year 20 (22). In our study, the finding that only changes in C-peptide were 403 

significantly associated with changes in PA also could be due to power limitations, 404 

explained in part by the low variability in the changes that occurred in each biomarker.  405 

It seems improbable that one inflammatory biomarker could represent the overall 406 

inflammatory state of an individual. Therefore, to better capture the overall individual 407 

inflammatory profile, we created an inflammatory score based on the sum of the 408 

changes in all eight biomarkers. To our knowledge, the association between PA and the 409 

overall inflammatory profile has not previously been assessed in a prospective study. A 410 

cross-sectional study in middle-aged individuals (40 to 69 years old) found an inverse 411 

association between accelerometer-assessed total PA and an overall inflammation index 412 

composed of the levels of five cytokines (32). In our study, the association between 413 

changes in PA and changes in a 7-biomarker score (excluding C-peptide), although 414 

attenuated, was similar in direction to those identified using the original 8-biomarker 415 

score. This finding confirmed that the association between these two variables was not 416 

driven by a single biomarker, the inclusion of eight biomarkers was pertinent, and this 417 

approach identified further additive effects. 418 



 

19 
 

Several studies have found an inverse association of light PA with all-cause mortality 419 

and the incidence of obesity (33,34). However, its association with low-level 420 

inflammation is not widely studied (35–37). Cross-sectional evidence in these three 421 

studies showed an inverse association between light PA and inflammatory markers, 422 

ranging from 16% to 66% of the biomarkers studied, in older individuals. In contrast, 423 

Nilsson and colleagues observed that replacing sedentary time with light PA was 424 

associated with lower fibrinogen levels, but not with lower CRP, in older women (38).  425 

If the goal is to control inflammatory parameters in older individuals, MVPA intensity 426 

PA seems to be most beneficial. However, in the present study, increments in moderate 427 

PA seemed to be enough to decrease the overall inflammatory profile in this population. 428 

In older adults, moderate PA could be a feasible and safe option to control low-level 429 

inflammation. Brisk walking (4.3 METs) or walking at a normal pace (5.3 METs) are 430 

accessible activities requiring no special equipment, and therefore offer a valid option 431 

for older individuals to include in their daily lives.  432 

Changes in fat mass could be a mechanism explaining the association between changes 433 

in PA and changes in inflammation. However, our findings indicated that this 434 

association was independent of changes in BMI. Additionally, Vella and colleagues 435 

found a cross-sectional association between higher levels of PA and a decrease in pro-436 

inflammatory cytokines, independently of objectively measured visceral fat (39). Along 437 

the same line, the inverse association found by Hamer and colleagues between 10-year 438 

changes in PA and inflammatory biomarkers was independent of changes in BMI (31). 439 

Additionally, healthy diet patterns such as the Mediterranean diet exhibit anti-440 

inflammatory properties (40), which might attenuate the association between physical 441 

activity and inflammation. However, in the present study adjustment for changes in 442 

nutrients or foods with anti-inflammatory properties had no meaningful effect on the 443 
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association of the inflammatory score with total PA and MVPA. All these findings seem 444 

to indicate that other mechanisms could partially explain these associations.  445 

Increased BMI, unhealthy diet, smoking, and increasing age have been associated with a 446 

worse inflammatory profile. Our finding that improved levels of total PA and MVPA 447 

were associated with a better inflammatory profile, independently of all these 448 

covariables, is of importance. The independent and protective association of PA with 449 

inflammation has been linked, in part, to changes in the epigenetic profile: chronic 450 

moderate PA seems to be associated with the regulation of gene expression, promoting 451 

a decrease in pro-inflammatory markers, an increase in anti-inflammatory markers, and 452 

a decrease in the cell response to pro-inflammatory cytokines (41,42).  453 

Our study observed a linear association between changes in PA and changes in C-454 

peptide. This biomarker has been directly associated with insulin resistance and 455 

cardiovascular disease (43,44). Previous cross-sectional studies showing an association 456 

between PA and C-peptide have found inconsistent results (45–47). Alessa and 457 

colleagues reported that objectively measured total PA was inversely associated with C-458 

peptide only when not adjusted by BMI (46),  while others have shown this association 459 

to be independent of surrogate markers of body fat (45,47).  460 

The strengths of this study are the prospective design and the assessment of eight 461 

biomarkers and PA at baseline and one-year follow-up. A study limitation is the 462 

measurement of PA and diet quality by self-reported questionnaires. Recall and 463 

reporting biases are inherent limitations of self-reported data and can lead to 464 

misclassification. The measurement error of these self-reported data is most likely to be 465 

random, which would attenuate the association of the exposure variables with the 466 

outcome. 467 
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In conclusion, an increase of total, moderate and moderate-to-vigorous levels of PA was 468 

associated with an improved inflammatory profile, measured by a composite score of 469 

eight inflammatory markers. These associations were independent of inflammation-470 

related confounders. 471 
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Table 1 Characteristics of participants at baseline and at follow-up (n=489) 
a 

Characteristic Baseline Follow-up 

Men, n 230 (47.0%) 230 (47.0%) 

Age, years 65.5±4.8 66.6 ±4.8 

Study group, n   

     Intervention group 256 (52.4%) 256 (52.4%) 

     Control group 233 (47.6%) 233 (47.6%) 

More than primary education, n  237 (48.5%)  

BMI, kg/m
2  b 

32.4 (32.1 to 32.7) 31.7 (31.3 to 32.0) 

Smokers, n
 c
 68 (13.9%) 55 (11.2%) 

MedDiet score 
d 

8.9 (8.7 to 9.1) 11.5 (11.2 to 11.7) 

PA, MET-min/d   

     Total 316 (130 to 539) 375 (212 to 627) 

     Light 64 (0 to 160) 80 (0 to 200) 

     Moderate  70 (0 to 271) 120 (0 to 300) 

     Vigorous  23 (0 to 168) 32 (1 to 205) 

     MVPA 195 (40 to 408) 247 (44 to 504) 

Markers of inflammation    

     IL-6 pg/ml 1.33 (0.55 to 2.15) 1.16 (0.39 to 2.27) 

     IL-8 pg/ml 8.07 (5.91 to 10.63) 7.95 (5.95 to 10.67) 

     IL-18 pg/ml  80.26 (58.10 to 107.49) 78.07 (59.21 to 102.51) 

     MCP-1 pg/ml 67.18 (47.44 to 88.37) 64.02 (43.88 to 87.92) 

     C- peptide ng/ml 1.55 (1.50 to 1.60) 1.49 (1.44 to 1.54) 

      Hs-CRP mg/L 2.37 (1.28 to 4.95) 2.30 (1.11 to 4.43) 

     Leptin ng/ml 14.80 (8.21 to 26.34) 13.71 (7.44 to 23.82) 
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Characteristic   

     RANTES ng/ml 10.13 (9.99 to 10.28) 10.21 (10.05 to 10.37) 

Note. BMI = Body mass index, hs-CRP = high-sensitivity C-reactive protein, IL-6 = 

Interleukin 6, IL-8 = Interleukin 8, IL-18 = Interleukin 18, MCP-1= Monocyte chemo-

attractant protein-1, MedDiet score = Adherence to an energy-restricted Mediterranean 

diet, MET-min/day= Metabolic equivalent of task minutes per day, mg/L = milligram 

per litre, ng/ml = nanogram/ millilitre, PA= Physical activity, pg/ml = picogram/ 

millilitre, RANTES = Regulated on activation, normal T-cell expressed and secreted 

chemokine. 

a 
Categorical, continuous normal, and continuous non-normal distributed variables are 

expressed as n (proportion), mean (confidence interval), and median (interquartile 

range), respectively.  

b 
BMI was calculated by dividing the weight (kilograms) by the square of the height 

(meters). 

c 
Smokers included current smokers and ex-smokers who stopped smoking less than a 

year before baseline 

d 
MedDiet score ranges from 0 (minimum adherence) to 17 (maximum adherence).  
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Table 2 Association between one-year changes in total PA and in inflammatory 

markers
 a 

(n=489) 

 Δ total PA (100 MET-min/d)  

Δ inflammatory markers Β coefficient (95% CI) P for linear trend 

IL-6 pg/ml
 
   

      Model 1 -0.02 (-0.15 to 0.11) 0.771 

      Model 2 -0.01 (-0.14 to 0.11) 0.843 

IL-8 pg/ml
 
   

     Model 1 0.12 (-0.23 to 0.47) 0.503 

     Model 2 0.15 (-0.14 to 0.43) 0.311 

IL-18 pg/ml   

     Model 1 -0.56 (-1.20 to 0.08) 0.086 

     Model 2 -0.61 (-1.33 to 0.10) 0.094 

MCP-1 pg/ml   

     Model 1 -0.29 (-1.12 to 0.54) 0.491 

     Model 2 -0.83 (-1.78 to 0.11) 0.084 

C- peptide ng/ml   

     Model 1 -0.02 (-0.03 to -0.006) 0.001 

     Model 2 -0.01 (-0.02 to -0.0007) 0.037 

Hs-CRP mg/L    

     Model 1 -0.10 (-0.33 to 0.14) 0.413 

     Model 2 -0.06 (-0.27 to 0.15) 0.577 

Leptin ng/ml
 
   

     Model 1 -0.29 (-0.51 to -0.08) 0.008 

     Model 2 -0.08 (-0.30 to 0.15) 0.501 
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 Δ total PA (100 MET-min/d)  

Δ inflammatory markers Β coefficient (95% CI) P for linear trend 

RANTES ng/ml   

     Model 1 0.003 (-0.03 to 0.04) 0.865 

     Model 2 -0.03 (-0.07 to 0.01) 0.346 

Note. CI= confidence interval, hs-CRP = high-sensitivity C-reactive protein, IL-6 = 

Interleukin 6, IL-8 = Interleukin 8, IL-18 = Interleukin 18, MCP-1 = Monocyte chemo-

attractant protein-1, MET-min/day= Metabolic equivalent of task minutes per day, mg/L 

= milligram per litre, ng/ml = nanogram/ millilitre, PA= Physical activity, pg/ml = 

picogram/ millilitre, RANTES = Regulated on activation, normal T-cell expressed and 

secreted chemokine.  

a 
Linear regression models were used in this analysis. Model 1 was adjusted by sex and 

age. Model 2 was additionally adjusted by intervention group, changes in body mass 

index, smoking status, education level, adherence to an energy–restricted Mediterranean 

diet, by the level of the corresponding inflammatory marker at baseline, and by total PA 

at baseline. 
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Table 3 Association between one-year changes in the inflammatory score and in PA 

(total, light, moderate-to-vigorous, moderate, and vigorous) 
a
  (n=489) 

Δ inflammatory score
b
 Β coefficient (95% CI) P for linear trend 

 Δ total PA (100 MET-min/d)  

       Model 1 -0.12 (-0.22 to -0.02) 0.023 

       Model 2 -0.15 (-0.26 to -0.03) 0.012  

 Δ light PA (100 MET-min/d)  

       Model 1 0.17 (-0.07 to 0.42) 0.162 

       Model 2 0.10 (-0.19 to 0.39) 0.495  

 Δ MVPA (100 MET-min/d)  

       Model 1 -0.16 (-0.27 to -0.05) 0.003 

       Model 2 -0.16 (-0.27 to -0.05) 0.006  

 Δ moderate PA (100 MET-min/d)  

       Model 1 -0.31 (-0.47 to -0.16) <0.001 

       Model 2 -0.27 (-0.43 to 0.11) 0.001 

 Δ vigorous PA (100 MET-min/d)  

       Model 1 -0.03 (-0.19 to 0.12) 0.661 

       Model 2 -0.05 (-0.22 to 0.13) 0.604 

Note. CI= confidence interval, MET-min/day= Metabolic equivalent of task minutes per 

day, MVPA = Moderate to vigorous physical activity, PA= Physical activity. 

a 
Linear regression models were used in this analysis. Model 1 was adjusted by sex and 

age. Model 2 was additionally adjusted by intervention group, changes in body mass 

index, smoking status, education level, adherence to an energy–restricted Mediterranean 

diet, inflammation score at baseline, the corresponding type of PA at baseline, and 

finally all different intensities of PA were mutually adjusted. 
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b 
The inflammatory score ranged from 8 (minimum inflammatory state) to 40 

(maximum inflammatory state).  
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Supplemental Figure 1:  Flow Chart of the eligible participants. 

MedDiet= Mediterranean diet, wk= week  

 

Supplemental Figure 2:  Dose-response association between changes in the 

inflammatory score and changes in A) total, B) moderate-to-vigorous intensity, and C) 

light PA. 

Image obtained by multiple linear regression analysis with cubic spline models.  

All models were adjusted by sex, age, intervention group, changes in body mass index, 

smoking status, education level, adherence to an energy–restricted Mediterranean diet, 

inflammation score at baseline, the corresponding type of PA at baseline, and finally all 

different intensities of PA were mutually adjusted. 

The inflammatory score ranged from 8 (minimum inflammatory state) to 40 (maximum 

inflammatory state). 

Physical activity was measured in MET-min/day= Metabolic equivalent of task minutes 

per day (MET-mins/day).  

MVPA= moderate-to-vigorous physical activity 

 




