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Abstract

Background: programs of weight loss and a healthy
diet are recommended for patients with cardiovascular
risk but the effectiveness of these programs in decreasing
cardiovascular mortality is controversial.

Aim: to examine the acute and long-term effects of a
2-month cardiac rehabilitation program on chemokines
related to inflammation in subjects with cardiovascular
disease.

Design: prospective cohort study.

Methods: twenty-six patients with cardiovascular di-
sease enrolled in a cardiac rehabilitation program based
on nutritional and exercise interventions were studied.
Lifestyle and clinical, metabolic and inflammatory varia-
bles were analysed.

Results: 88.5% were men and the mean age was
54.9 + 7.8 years. At the end of the cardiac rehabilitation
program the levels of carbohydrate and lipid metabolism
were lower, except for high density lipoprotein choleste-
rol which was higher. The levels of uric acid, interleu-
kin-6, interleukin-1Beta, adiponectin and leptin remai-
ned stable. Interleukin-6 correlated positively with levels
of C-reactive protein and negatively with blood glucose.
Interleukin-1Beta correlated positively with C-reactive
protein levels and negatively with blood pressure figures.
Significant correlations were seen between the changes in
levels of interleukin-6 and interleukin-1Beta and changes
in metabolic equivalents, and in C-reactive protein levels
before and after the cardiac rehabilitation program. No
significant correlations were observed with weight, waist
circumference or fat mass.

Conclusions: a cardiac rehabilitation program decrea-
sed anthropometric variables and blood pressure figu-
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EFECTOS DEL EJERCICIO
SOBRE LA INFLAMACION EN
REHABILITACION CARDIACA

Resumen

Introduccion: alos pacientes con riesgo cardiovascular
se les recomiendan programas de pérdida de peso y dieta
saludable, pero la eficacia de estos programas a la hora
de reducir la mortalidad es controvertida.

Objetivo: examinar los efectos agudos y a largo plazo
de un programa de rehabilitacion cardiaca de dos meses de
duracion sobre las quemocinas relacionadas con la infla-
macion en pacientes con enfermedad cardiovascular.

Diseiio: estudio de cohortes prospectivo.

Métodos: se estudiaron 26 pacientes con enfermedad
cardiovascular inscritos en un programa de rehabilita-
cion cardiaca basado en intervenciones nutricionales y
de ejercicio. Se analizaron el estilo de vida y variables
clinicas, metabdlicas e inflamatorias.

Resultados: 88,5% eran hombres y la edad media fue
de 54,9 + 7,8 afios. Al final del programa de rehabilita-
cion cardiaca las variables del perfil glucémico y lipidico
descendieron, excepto el colesterol de lipoproteinas de
alta densidad, que aumentd. Acido irico, interleucina-6,
interleucina-1 beta, adiponectina y leptina se mantuvie-
ron estables. Interleucina-6 correlacioné positivamente
con proteina C reactiva y negativamente con glucosa en
sangre. Interleucina-1 beta correlacioné positivamente
con proteina C-reactiva y negativamente con las cifras
de presion arterial. Encontramos correlaciones signifi-
cativas entre los cambios en interleucina-6 e interleuci-
na-1 beta y los cambios en los equivalentes metabdélicos
y proteina C-reactiva, antes y después del programa de
rehabilitacion cardiaca. No se observaron correlaciones
significativas con peso, circunferencia de cintura o masa
grasa.

Conclusiones: la rehabilitacion cardiaca mejora las
variables antropométricas, las cifras de presion arterial,
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res, and improved lipid metabolism and ergometry data.
However, no changes regarding the inflammatory state
were observed.

(Nutr Hosp. 2015;31:2633-2640)

DOI:10.3305/nh.2015.31.6.8868

Key words: Cardiovascular disease. Weight loss. Healthy
diet. Cardiac rehabilitation program. Chemokines.

Abbreviations

AMI: acute myocardial infarction.

BMI: body mass index.

CVD: cardiovascular disease.

HbAlc: glycated haemoglobin.

HDL.: high density lipoprotein.

IL-6: interleukin 6.

IL-1f: interleukin 1.

IPAQ: International Physical Activity Questionnaire.
LDL: low density lipoprotein.

MCP-1: monocyte chemoattractant protein-1.
METs: metabolic equivalents.

PVD: peripheral vascular disease.

SD: standard deviation.

TNF-ou: tumour necrosis factor-o.

VCAM-1: vascular cell adhesion molecular-1.
WC: waist circumference.

Background

A progressive distancing from Mediterranean diet has
been observed with more overweight and obesity and,
therefore, higher risk of cardiovascular disease (CVD)'.
Events arising from CVD are caused by an atherosclero-
tic process. It is well known that the addition of physi-
cal exercise to hypocaloric treatments produced greater
fat mass and weight loss than dieting alone®. Exercise
is known to prevent plaque development and induce
the regression of vascular stenosis. Exercise asserts this
atheroprotective role by reducing or preventing oxidati-
ve stress and inflammation through various pathways?.
In addition, exercise improves insulin action in the im-
mediate post-exercise period, though the mechanism is
unclear®. Low muscle condition has been associated with
less healthy clinical, lipid and metabolic profile revealing
the importance of training as indicator of cardiovascular
health’. Research has suggested that changes in diet and
exercise, even if only modest weight loss is reached, im-
prove insulin sensitivity and decrease blood pressure, li-
pids and inflammatory cytokines levels®. Nevertheless, a
recent study found that an intensive lifestyle intervention
based on reduced calorie intake and increased physical
activity for 10 years did not reduce the risk of cardiovas-
cular morbidity or mortality, as compared with a con-
trol program of diabetes support and education, among
overweight or obese patients with type 2 diabetes’.

asi como el perfil de lipidos y los resultados de la ergome-
tria. Sin embargo, no se observaron cambios con respecto
al estado inflamatorio.

(Nutr Hosp. 2015;31:2633-2640)
DOI1:10.3305/nh.2015.31.6.8868

Palabras clave: Enfermedad cardiovascular. Pérdida de
peso. Dieta sana. Programa de rehabilitacion cardiaca.
Quemocinas.

There are pro-inflammatory factors linked to athe-
rosclerosis such us interleukin 6 (IL-6)°. Recently,
IL-6 has been recognized as the predominant exercise
cytokine. It is released by the muscle in response to
contractions®. The pathological versus beneficial role
of IL-6 remains unclear. On one hand, increased IL-6
in obesity is associated with the physiopathology of
type 2 diabetes, while on the other hand muscle-de-
rived IL-6 seems to increase glucose uptake and fat
oxidation in skeletal muscle and improve glucose
tolerance and insulin sensitivity*. Ellingsgaard et
al? found that IL-6, released from either contracting
skeletal muscle or white adipose tissue, enhances in-
sulin secretion by increasing glucagon-like peptide-1
secretion from intestinal L cells and pancreatic alpha
cells. Other authors have suggested that IL-6 could
exert modulatory effects during exercise'’. Interleukin
1B (IL-1P) is another inflammation chemokine related
to the metabolic syndrome'.

The purpose of this study was to examine the effects
of a 2-month cardiac rehabilitation program on chemo-
kines related to inflammation in subjects with CVD.

Materials and methods
Study Population

We conducted a longitudinal prospective study, in-
volving 26 patients enrolled in a cardiac rehabilitation
program after an acute cardiac event during 2010. The
candidates were informed of the characteristics and
objectives of the study before they signed an informed
consent. The inclusion criteria were: provision of in-
formed consent, suitable cardiac diagnosis, clinically
stable patients, and a life expectancy of at least one
year. Exclusion criteria included: age less than 18 or
more than 80 years, and the presence of acute or chro-
nic inflammatory disease, infectious disease, metasta-
tic disease, or psychological disease.

Cardiac rehabilitation program

The program was carried out according to the pro-
tocol approved by the Ethics Committee of our Hos-
pital and conformed to the guidelines of the Helsinki
protocol.
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Rehabilitation intervention: The program included
early mobilization, respiratory exercises, prevention of
complications and basic information about heart disea-
se. Two months after hospital discharge, we checked
for clinical and risk factors at a specialized outpatient
office and physical training for 8 weeks, psychologi-
cal treatment by relaxation techniques, and a health
education program were carried out. The health edu-
cation program consisted of talks about theoretical and
practical aspects of CVD. The exercises were perfor-
med 3 times a week. The physical training consisted
of warming up, aerobic exercise and cooling down /
relaxation phases. Stretching and exercises with free
weights (1-2 kg) were performed in the warming-up
phase for 20 minutes. Then, treadmill or bicycle ae-
robic exercise was performed for 30 minutes. Finally,
walking and breathing exercises were performed in the
cooling-down phase for 10 minutes. An ergometry test
was performed before and after the cardiac rehabilita-
tion program.

Nutritional intervention: A Mediterranean diet was
recommended, encouraging a low calorie and fat diet,
and higher consumption of oleic and omega-3 acids,
which are associated with a better cardiovascular pro-
file. The dietary intervention included a reduction of
500-600 kilocalories per day with 50% carbohydrates,
30% fats and 15-20% proteins. In addition, a review
of the diabetes education of the patients with diabetes
was performed.

Study variables

At the first (baseline) visit we reviewed the inclu-
sion and exclusion criteria and obtained demographic
data as well as information about the main diagnosis,
associated disorders, pharmacological treatment and
physical activity using the International Physical Acti-
vity Questionnaire (IPAQ)'2. Eating habits were recor-
ded using an adaptation of the Trichopoulou scale, a
validated extensive semi-quantitative questionnaire on
food intake, which indicates the degree of adherence to
the traditional Mediterranean diet". The physical exa-
mination included data for weight, height, body mass
index (BMI), waist circumference (WC) and single
frequency impedance (Bio-medica®). We collected the
data before the acute cardiac event (retrospectively),
and before and at the end of the cardiac rehabilitation
program, as well as 12 months later.

Laboratory determinations

Following a minimum 8-h fast venous blood sam-
ples were drawn for biochemical analyses at three ti-
mes: before and at the end of the cardiac rehabilitation
program, as well as 12 months later. Samples were
centrifuged at 4000 rpm for 15 minutes at 4 C°. Plasma
and serum were aliquotted and stored at -80 C° until

analysis. The biochemical variables were measured
using standard enzymatic methods. The plasma adipo-
kine levels were measured using manual commercial
kits. Human IL-6 Quantikine ELISA Kit from R&D
Systems (Abingdon, United Kingdom) for IL-6 levels,
Human IL-1 beta/IL-1F2 Quantikine HS ELISA Kit
from R&D Systems (Abingdon, United Kingdom) for
IL-1f levels, ELISA kits (DRG Diagnostics, Marburg,
Germany) for adiponectin levels, and ELISA kit from
Mediagnost (Reutlingen, Germany) for leptin levels,
according to the manufacturer’s instructions, respec-
tively.

Statistical analysis

Descriptive statistics included mean, standard de-
viation (SD), and ranges for quantitative variables,
and percentages for qualitative variables. Information
from each visit was compared by the Mann Whitney
U and the Friedman test for non-parametric varia-
bles. The Wilcoxon test for paired samples was used
to compare different times (Bonferroni correction was
applied). A level of p<0.05 was accepted as being sta-
tistically significant.

Results

We studied 26 patients, 88.5% men and with a mean
age of 54.9+7.8 years. The most frequent cardiac event
leading to inclusion in the cardiac rehabilitation pro-
gram was acute myocardial infarction (AMI) with stent
implantation (47.1%). Other cardiac events included
angina with stent 24.1%, coronary bypass 20.2% and
AMI without stent 8.6%. A previous cardiac event was
present in 42.3% of the patients.

Ergometry data before and after the rehabilitation
program were obtained (Table I). Significant diffe-
rences were found in tolerated exercise time (6.1+2.3
vs. 7.3£3 minutes; p=0.006), metabolic equivalents
(METs) (7.4+2.3 vs. 8.2+2.8; p=0.045), and Borg’s per-
ceived exertion scale (11.7x1.5 vs. 13.6x1.3; p<0.001),
which improved after the rehabilitation program.

Demographic and clinical variables at the begin-
ning, at the end, and 12 months after the cardiac reha-
bilitation program are shown in table II and figures 1
and 2. Anthropometric variables, fat mass, and blood
pressure decreased at the end of the cardiac rehabilita-
tion program but then increased close to baseline levels
12 months later. The changes in waist circumference,
fat mass, and systolic blood pressure were significant.
The results of the Trichopoulou questionnaire impro-
ved after the cardiac rehabilitation program and remai-
ned stable later. After their cardiac event, most patients
stopped smoking (Fig. 1a) and significantly reduced
the grams of alcohol consumption (Table II). After 12
months, alcohol consumption increased again, though
mainly with meals (Fig. 1b). Other significant changes

Effects of exercise on inflammation
in cardiac rehabilitation
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were also noted concerning physical activity quanti-
fied by IPAQ (Fig. 1c), hypertension drugs (Fig. 2a),
treatment with metformin (Fig. 2b) and treatment with

Table I
Ergometry results before and after the cardiac
rehabilitation program

Ergometry  Ergometry
before CRP  after CRP

Baseline HR (bpm) 69.2+8.6 69.3=+11.1 0.300
Submax HR (bpm) 123.9+169 122+15.6 0.897
Baseline SBP (mmHg) 114.2+18.6 112.3 +18.8 0.899

P

Submax SBP (mmHg) 148 +25 147.1+224 0.896
Baseline DBP (mmHg) 713+79 67.5+88 0.357
Submax DBP (mmHg)  73+9.5 714+9.5 0.205
Time (min) 6.1+23 73+3 0.006
METs 74+23 82+2.8 0.045
Borg 11.7+15 13.6+13 <0.001

Notes to Table : Data expressed as means + SD. CRP: cardiac
rehabilitation program; Submax HR: submaximum heart rate;
bpm: beats per minute; Submax SBP: submaximum systolic blood
pressure; mmHg: millimetres of mercury; min: minutes; METs:
metabolic equivalents.

statins (Fig. 2c¢) between the initial state and the visits
after the acute cardiac event.

The analytical variables pre and post exercise at
the beginning, at the end, and 12 months after the
cardiac rehabilitation program are shown in table III
(only a pre-exercise evaluation was performed at the
12-month visit). At the end of the cardiac rehabilita-
tion program, we observed lower levels of all the study
variables except for high density lipoprotein (HDL)
cholesterol, which increased, and levels of uric acid,
IL-6, IL-1p, adiponectin, and leptin, which remained
stable. After 12 months, levels of insulin, peptide C,
total cholesterol, HDL cholesterol, triglycerides, IL-6
and leptin worsened close to baseline levels whereas
glucose, glycated haemoglobin (HbAlc), low density
lipoprotein (LDL) cholesterol, uric acid, C-reactive
protein, IL-1B, and adiponectin remained stable. Only
changes in levels of total cholesterol and LDL choles-
terol reached statistical significance.

Significant correlations were found between levels
of IL-6, positively with C-reactive protein, HDL cho-
lesterol, adiponectin, total cholesterol and LDL cho-
lesterol; and negatively with levels of glucose and
HbAlc. In addition, levels of IL-1B correlated positi-
vely with levels of glucose, leptin and C-reactive pro-
tein and the consumption of alcohol in grams per day,
and negatively with blood pressure figures (data not
shown).

Table II
Clinical and anthropometric characteristics
Before CRP After CRP 12 months P
Weight (kg) 83.8£16.6 80.7+14.2 83.6 £ 18.9 0.053
BMI (kg/m2) 29.5+4.9 28.5+44 293+5.9 0.081
WC (cm) 103.7+11.4 101.2+8.4 104.9 £ 13.5 0.035
Fat mass (kg) 31.4+8.8 26.8 +6.1 30.4 +10.9 0.042
Lean mass (kg) 524+17.38 539 +8.1 532+8 0.100
Basal metabolism (Kcal) 1682.1 £282.2 1618.9 £231.4 1684.9 £ 307.5 0.329
Trichopoulou questionnaire 74+26 10.8 1.6 103 +£2.1 <0.001
IPAQ = 150 min/week (%) 73.1 96.2 88.5 0.014
SBP (mmHg) 126.7 + 14.6 119+ 15.6 126.6 + 18.4 0.002
DBP (mmHg) 78 £ 10.5 74.2+10.8 78.6 £ 8.1 0.091
Cigarettes per day 03+1.2 05+19 0.6+2 <0.001
Grams of alcohol 103 +11.5 9.9+103 16.5+12.2 <0.001
Insulin units/kg 0.01+0.01 0.1+0.1 0.1 +0.03 0.154
Nap (%) 50 57.7 53.8 0.519
Stroke (%) 0 0 7.7 0.480
PVD (%) 3.8 7.7 3.8 0.392

Notes to Table 2: Data expressed as means + SD and %. CRP: cardiac rehabilitation program; BMI: body mass index; WC: waist circumference;
SBP: systolic blood pressure; DBP: diastolic blood pressure; IPAQ: International Physical Activity Questionnaire; PVD: peripheral vascular

disease.
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Fig. Ic: Prevalence of physical activity based on the IPAQ ques-
tionnaire.

Fig. 1.—Toxic habits and physical activity questionnaire.

The possible relationships between changes in body
composition and changes in levels of IL-6 and IL-1
after the cardiac rehabilitation program were analyzed.
No significant correlations were found for weight, WC
or fat mass. Notably, we found a significant negati-
ve correlation between the change in levels of IL-13
prior to exercise and the change in METs (r = -0.600;
p=0.03) and a significant positive correlation between
the change in levels of IL-6 prior to exercise and the
change in levels of C-reactive protein (r=0.604;
p=0.01), before and after the cardiac rehabilitation
program.

Fig. 2c: Prevalence of different diabetes treatments

Fig. 2.—Blood pressure, dyslipidemia and diabetes treatments.

Discussion

Short-term studies have shown that cardiac rehabi-
litation programs improve the clinical, metabolic and
inflammatory profile of patients with CVD and lead
to a reduction in cardiac and overall mortality'*'>. Our
results concerning smoking cessation agree with those
already published'®. However, we have found no re-
levant data about alcohol consumption with which to
compare our results. We found that the anthropometric
variables and blood pressure figures decreased at the
end of the cardiac rehabilitation program but increased

Effects of exercise on inflammation
in cardiac rehabilitation
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Table I1I
Pre-exercise and post-exercise analytical variables before the CRP, after the CRP and 12 months later

Before CRP Before CRP After CRP After CRP 12 months

pre-exercise post-exercise pre-exercise post-exercise
Glucose; mg/dl 116.3 £28.8 122.2 +23.9 113.5+15.1 124.6 £45.2 112.0 £ 19
(mmol/L) (6.4 +1.6) (6.7 £1.3) (6.3+£0.8) (6.9£2.5) (6.2+1.1)
HbAlc; % 6.4+0.7 ) 6.1+0.6 ) 6+0.7
(mmol/mol) (41.9£4.6) (39.9+£3.9) (39.3£4.6)
Insulin; mcU/ml 14.6 +11.8 49.9 +26.7 11.9+£8 259+19.4 16.1 £15.2
(pmol/L) (104.8 + 84.7) (358 £ 191.6)* (854 £57.4) (185.8 £ 139.2)° (115.5 £ 109.1)
Peptide C; ng/ml 32+ 14 . 30411 - 38423
(=mcg/L)
Total chol; mg/dl 172.8 £34.5 138.2+26.9 1559 +30.8 133.2 £38.2 158.2+34.3
(mmol/L) 4.5+0.9) 3.6x£0.7) 4+0.8) (BS5x1)P (4.1 £0.9)
HDL chol; mg/dl 403 +10.4 472 +£10.9 429+11.2 443 +£12.2 40.7 £10.9
(mmol/L) (1+£0.3) (1.2+£0.3) (1.1 £0.3) (1.2£0.3) (1.1 £0.3)
LDL chol; mg/dl 101.7 £ 24.1 80+ 17.2 87.5+22.1 78.1 £ 16.5 88.8 +29.9
(mmol/L) (2.6 £0.6) 2.1+£04) (2.3+£0.6) (2+0.4)y (2.3 +£0.8)
TG; mg/dl 166.5 +73.5 122 +44.1 1622 +91.5 141.1 £79.7 167.8 £ 115.6
(mmol/L) (1.9+£0.8) (1.4 +£0.5) 1.8x1) (1.6 £0.9) (1.9+1.3)
Uric acid; mg/dl 6+1.1 ) 59+1.7 ) 6.1+1.3
(mmol/L) 0.4+0.1) 0.4+0.1) 0.4+0.1)
C-reactive protein; 10.7 £20.6 32£03 45+44 35+13 47+37
mg/L (= mcg/ml)
IL-6; pg/ml 43+£29 4.7+2.1 42+24 44 +1.7 49+37
IL-1B; pg/mL 0.3+0.2 0.2 +0.03° 03+04 04+0.3° 0.2+0.02
Adiponectin; ng/ml 5.8+39 - 5.7+35 - 6.2+3.7
Leptin; pg/ml 14.8 £13.1 - 144 +12.8 - 20.5 £27.8

Notes to Table 3: Data expressed as means + SD and %. CRP: cardiac rehabilitation program; HbAlc: glycated hemoglobin; Total chol: total
cholesterol; LDL chol: low density lipoprotein cholesterol; HDL chol: high density lipoprotein cholesterol; TG: triglycerides; IL-6: interleukin

6; IL-1B: Interleukin 1f.

“Significant differences between preexercise and postexercise times before CRP (p<0.05).
"Significant differences between preexercise and postexercise times after CRP (p<0.05).
Significant differences between preexercise before CRP, after CRP and 12 months later (p<0.05).

almost back to baseline levels 12 months later, against
Lépez Frias et al.'> whose patients kept the achieved
positive changes in body composition after 12 months.
Even if our results were modest, though still in agree-
ment with previous data'’. No significant changes
were observed in carbohydrate metabolism, unlike the
results described by Singh et al.’®in a 3-year randomi-
zed controlled study based on moderate exercise and
diet with a high quantity of fruit and vegetables. A sig-
nificant decrease was found in levels of total choleste-
rol and LDL cholesterol in our study, though this may
have been as a result of treatment with statins. Similar
results were described by Brochu et al.'? and Schuler
et al."” after diet and exercise programs, though both
studies also found improved levels of triglycerides.
Cytokine changes related to exercise are less well
studied. Over recent years some authors have studied
regular exercise as a natural anti-atherogenic activity
and its effects on oxidative stress and inflammatory

pathways®. Our results showed that levels of C-reac-
tive protein decreased, though not significantly, fo-
llowing the 2-month cardiac rehabilitation program
and remained stable 12 months later. Other studies,
too, have shown that aerobic exercise training induces
a reduction in levels of C-reactive protein®.

At present, the role of IL-6 as a pro-inflammatory or
anti-inflammatory cytokine is controversial. The relea-
se of IL-6 during exercise induces inhibition of TNF-o
production and a release of other anti-inflammatory
cytokines such as the IL-1 receptor antagonist and IL-
10°. The patients in our study showed no significantly
higher levels of IL-6 after acute exercise, in line with
studies in mice?' and in humans’.

Concerning CVD patients, Pereira et al.> compared
the response of IL-6 after two submaximal intensities
of exercise in individuals with heart failure and found
no differences after low intensity and a significant
increase after moderate intensity. After our cardiac
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rehabilitation program there was a non-significant re-
duction in levels of pre-exercise IL-6. Results, thou-
gh, are controversial. On one hand, some authors have
found that pre-exercise levels of IL-6 decreased after
different exercise programs in patients with heart fai-
lure®?*. On the other hand, others observed no chan-
ges in pre-exercise levels of IL-6 after 12 months of
follow-up®, similar to our results.

Regarding the type of exercise, an eccentric exer-
cise program in pre and postmenopausal women in-
creased levels of IL-6 72h post-exercise®. No changes
were observed after 6 weeks of moderate or high in-
tensity resistance training in healthy young men* or
after 16 weeks of moderate to high intensity resistance
and concurrent training in middle-aged men?’. The va-
rious exercise programs in the different studies lasted
between 6 and 16 weeks.

These results are important because a significant in-
verse relationship has been described between physical
capacity and IL-6 in patients with stable CVD*. We
found significant correlations between IL-6 and certain
variables. Notable among these was the positive correla-
tion between pre-exercise IL-6 and post-exercise C-re-
active protein levels at baseline. This is in agreement
with Naghii et al.?? who examined the effects of regular
physical activity on non-lipid cardiovascular risk factors
in healthy military recruits. We found a negative corre-
lation between IL-6 and pre and post-exercise glucose
levels at baseline, unlike Mitchell et al.*°, who conclu-
ded that a resistance and aerobic exercise in young obese
men did not influence glucose tolerance as evaluated by
an oral glucose tolerance test. We also observed signi-
ficant correlations in levels of IL-6 with lipid fractions,
though no relevant published data were found. Hamer et
al.*' described a significant positive correlation between
IL-6 and systolic blood pressure after acute exercise,
though we did not observe this significant correlation.
Unlike our results, Karch et al.*> found that IL-6 levels
correlated negatively with the IPAQ score.

IL-1B has emerged as a new inflammatory che-
mokine related to the metabolic syndrome. Previous
studies have described a significant increase in levels
of IL-1P in intestinal lymphocytes in mice after acute
exercise!’. In other study, IL-1 was measured at ba-
seline, and at 3 and 6 months in Korean women with
metabolic syndrome enrolled in an exercise and diet
program, with no significant changes'!, similar to our
results. We observed significant correlations of IL-1f,
positive with levels of C-reactive protein and negative
with blood pressure figures. To our knowledge, no si-
milar data have been published.

Assessing changes in body composition and chan-
ges in levels of IL-6 and IL-1p after the cardiac reha-
bilitation program showed no significant correlations
concerning weight, WC or fat mass. Some ergometry
data showed significant correlations with changes in
levels of IL-6 and IL-1P before and after the program.
As far as we are aware, no similar data have been pu-
blished either.

Regarding other cytokines, some authors have
found a decrease in plasma levels of adiponectin'® and
leptin® after acute exercise, but these data were not
available in our study.

We recognize several limitations in our study. As
only a few heterogeneous studies have evaluated the
effects of exercise on inflammation markers in pa-
tients with CVD comparison of results is difficult,
especially regarding IL-1B. Our patient population
sample was small and our follow-up period was short
if we consider the long natural history of CVD and the
heterogeneity of the intervention programs published.
In addition, after 12 months, patients were only eva-
luated pre-exercise because the gym and patient mo-
nitoring facilities were not available during and after
exercise.

Conclusion

Our patients experienced a decrease in anthropome-
tric variables and blood pressure figures, and an im-
provement in lipid metabolism as a result of the car-
diac rehabilitation program. However, 12 months later
these variables had increased close to baseline values.
Although data fail to agree, a systematic review*® and
a meta-analysis* conducted in patients with CVD con-
cluded that exercise training reduced levels of IL-6.
Thus, IL-6 could explain the anti-inflammatory effect
of regular exercise in patients with CVD. However, our
study found no significant changes in levels of IL-6 or
IL-1B and a non-significant decline in levels of C-re-
active protein after the cardiac rehabilitation program.
In addition, no association was found between chan-
ges in levels of IL6 or IL-1P and weight, WC or fat
mass. Hence and in accordance with the recent results
of the Look AHEAD study’, the absence of significant
changes regarding the inflammatory status after a car-
diac rehabilitation program could explain the lack of
improvement in cardiovascular morbidity or mortality
observed in that study, although not all of the patients
were diabetic and all of them already had CVD. Fur-
ther research will be needed to elucidate the effects of
exercise and diet on inflammatory pathways.
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