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A 12-week aerobic training program
reduced serum C-reactive protein in women
with metabolic syndrome

OBJECTIVE It is widely accepted that individuals with metabolic syndrome
present a proinflammatory state that may finally result in an increased car-
diovascular risk profile. This study was designed to determine the effect of
regular exercise on serum C-reactive protein (CRP) in women with metabolic
syndrome. METHOD Sixty adult women with metabolic syndrome according to
the National Cholesterol Education Program Adult Treatment Panel lll criteria
volunteered for this study, of whom 45 were randomly included in the experi-
mental intervention group. These women performed a 12-week aerobic train-
ing program, 3 days/week, consisting of warm-up (10 min), main part (20-35
min, increasing by 5 minutes each three weeks) at a work intensity of 60-75%
of peak heart rate (increasing by 5% each three weeks) and cool-down (10
min). The control group of 15-age and BMI-matched women with metabolic
syndrome did not perform any training program. Written informed consent
was obtained from all participants and the protocol was approved by an
institutional ethics committee. Levels of serum high-sensitivity CRP (hs-CRP)
were assessed by immunonephelometric assay twice, 72 hours before starting
the program (pre-intervention) and after its completion (post-intervention).
Indices of body fat distribution were also calculated. RESULTS When compared
to the baseline, hs-CRP levels decreased significantly following the exercise
program (5.2+0.9 vs 3.7+0.7 mg/L; P<0.05). A moderate association was found
between hs-CRP and waist circumference. No changes were reported in the
controls. CONCLUSIONS A 12-week aerobic training program reduced serum
hs-CRP levels in women with metabolic syndrome.

Although serum lipid levels have traditionally been
cited to explain the incidence of atherosclerosis, other risk
factors, such as chronic inflammation are now recognized
as important contributors. In this respect, it is widely ac-
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syndrome showed significantly higher levels of CRP than
their counterparts, even after adjustment for body mass
index (BMI) and age.®

Fortunately there is evidence from randomized interven-

cepted that individuals with metabolic syndrome present
a proinflammatory state with high circulating cytokine
levels that may finally result in an increased cardiovascular
risk profile.’-

In a population-based cohort of 1,035 middle-aged
subjects Ukkola and Kesaniemi* reported a sex-specific
interplay between metabolic and inflammatory markers
in the pathogenesis of metabolic syndrome. Metabolic
syndrome was associated independently with high leptin
in men and with high sensitivity C-reactive protein (hs-CRP)
in women. Further, in a sample representative of a Span-
ish Mediterranean community, patients with metabolic

tion studies that physical training is effective in improving
not only the lipid profile® but also the proinflammatory
status in adult women, as regular exercise reduced the
biochemical markers of inflammation in participants. The
main problem is that the programs reported had a dura-
tion of several months: 6 months, % or 4 months,” which
may compromise the adherence of the participants to
such intervention programs.’

For these reasons the present study was designed to
determine the influence of a 12-week intervention program
based on aerobic exercise in serum levels of hs-CRP in
women with metabolic syndrome.
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MATERIAL AND METHOD

Sixty adult women with metabolic syndrome according to the
criteria reported by the National Cholesterol Education Program
Adult Treatment Panel Il volunteered for this study. Forty-five
were randomly included in an intervention group to perform a
12-week aerobic training program, 3 days/week, consisting of
warm-up (10 min), main part (20-35 min, increasing by 5 minutes
each three weeks), at a work intensity of 60-75% of peak heart
rate (increasing by 5% each three weeks) and cool-down (10
min). Participants in the program underwent a complete physical
examination at the start of the program. None of the subjects was
under any drug therapy (mainly drugs known to effect insulin
resistance or lipids including hormone replacement therapy or
oral contraceptives) and none had a prior history of disease or
injury that would contraindicate daily exercise. The control group
included 15 age-, sex- and BMI-matched women with metabolic
syndrome that did not perform any training program during the
course of the study.

Written informed consent was obtained from all participants
and the protocol was approved by an institutional ethics com-
mittee.

Blood samples were drawn after a 12-h overnight fast twice:
3 days before starting the program (pre-intervention) and 3 days
after its completion (post-intervention). Serum hs-CRP levels were
assessed by immunonephelometric assay (N Latex CRP mono, Dade
Behring, Germany). Indices of body fat distribution, including waist
circumference and waist to hip ratio, were also calculated.

Statistical analysis was performed using the statistical package
for social sciences (SPSS 11.0 for Mac). Results were expressed as
mean=SD. Pre-intervention and post-intervention values were
compared using matched paired t-tests. Pearson’s “r” coefficient
was used to determine potential correlations between assessed
parameters. A value of P<0.05 was considered statistically sig-
nificant.

RESULTS

When compared to baseline, the mean hs-CRP level
was significantly lower (5.2+0.9 vs 3.7+0.7 mg/L; P<0.05)
after the exercise program. Similarly, both waist circumfer-
ence (96.2+2.1 vs 94.6+1.8; P<0.05) and waist-to-hip ratio
(0.88+0.06 vs 0.85+0.06; P<0.05) were also decreased to
a statistically significant degree. A moderate association
was found between hs-CRP and both waist circumference
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(r=0.49; P<0.001) and waist-to-hip ratio (r=0.42; P<0.05). In
contrast, no changes were reported in the hs-CRP levels of
the control subjects over the course of the study period.

DISCUSSION

This study was designed to investigate the effects
of a short-term intervention program based on aerobic
exercise in adult women with metabolic syndrome. The
findings suggested that a 12-week training program may
reduce proinflammatory biomarkers such as hs-CRP in
participants.

Several authors, including Kadoglou et al® and Thompson
et al,? have recently reported that regular exercise improved
proinflammatory status in adult women, reducing signifi-
cantly plasmatic cytokines and acute phase reactants. The
most striking feature of the present study was that the
exercise program lasted only 12 weeks.

Laboratory analyses to detect acute phase reactants in
general and hs-CRP in particular are expensive, complex
and invasive.”” Consequently this study was also designed
to identify potential bioindicators of serum CRP. The results
suggested that both waist circumference and waist-to-hip
ratio may be considered cheap, easy and non-invasive
bioindicators of hs-CRP levels in women with metabolic
syndrome before and after training.

Similarly, Santos et al’? reported that central obesity in
general, and waist circumference in particular, were among
the most important determinants of the low-grade chronic
inflammation present in metabolic syndrome, based on a
representative sample of 1,022 urban adults. Similar results
were reported by Lim et al’® in a community-based cohort
of 9,773 Koreans aged 40-59 years. These findings may be
explained at least in part by the role of abdominal adipose
tissue as an important source of proinflammatory cytokines,
which may finally increase the production of acute phase
reactants such as CRPs.""274

From the findings of this study it may be concluded a
12-week aerobic training program reduced serum hs-CRP
levels in women with metabolic syndrome. Further studies
on this topic are required to confirm this effect.



EXERCISE REDUCES CRP IN METABOLIC SYNDROME 365

MEPIAHYH

Mpoéypappa agpoflag aocknong 12 eBSopadwyv peiwoe tn C-avtiSpwoa MPWTEIVN YUVAIKWV
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FKOMOX Eival yvwoTtd o1l Ta ATOUA ME HUETABOAIKO GUVSPOUO EUPAVICOULV HIa TIPOPAEYHOVWSN KATACTACH, TTOU
pmmopei TEAIKA va odnyNoel o€ auénuévo kapdlayyelakod kivbuvo. O oxeSIaOUOG TNG HEAETNG EYIVE Yia TOV KABOPIOUO
NG emidpaong tng doknong otn C-avtidpwoa MPWTEIVN O€ YUVAIKEG e HETABOAIKO cUvSpopo. YAIKO-MEOOAOX
‘EAaBav pépog 60 eVAAIKEG YUVAIKEG ME HETABOAIKO oUVSpOpO cUUPWVA HE Ta SlEBvV TapadekTd KpIThpla. Zapdvta
TIEVTE YUVAIKEG ATTOTEAECAV TUXAIA TNV TTEIPAMATIK OUASA YIA VO CUUMETACXEL O€ €va TTPOYPAM A AgPOBLlag doknong,
Sidpkelag 12 eBdopddwy, 3 nuépec/eBSopada, mou mepAduave anod nmpobéppavon (10 min), KUplo pépog (20-35 min,
pe avénon 5 min kAOe 3 eBSouddec), og emimedo epyaciag 60—75% TnG avwTEPNG KAPSIAKNAG ouxvoTnTag (avEnon 5%
KAOe 3 eBSopddeq) kat xaAdpwaon (10 min). H opdda eAéyyxou mepAApBave 15 yuvaikeg, TUXAIOTIOINUEVEG OO0V apopd
otnVv NAKia kat to Seiktn pafag cwpatog (BMI), mou dev EAapav pE€POoG Og KATTOLO TTIPOYPAMMA. ONEG Ol CUUETEXOVOEG
£€Swoav yparnTr cLUYKATAOeon Kal TO TIPWTOKOANO £YIVE amToSekTd amd Tnv Emitpornr Aeovioloyiag tou Kévtpou. Ot TIpEG
NG LVYNANRG evalcOnoiag C-avtidpwoag MpwTteivng (hs-CRP) eAripOnoav pe SImA HETPNON, UE AVOOOVEPENOUETPLKN
H€B0S0, 72 Wwpeg TPV amd TNV Evapén Tou TPOYPAMUATOG Kal META TN Ajén autou. Emiong, éyive mpoodloplopdg Tou
SeikTn Katavoung Tov cwpatikoL Aimoug. AMTOTEAEZMATA X e cUyKpLIonN ME TIG BaCIKEG TIPEG, Ta emimeda TG hs-CRP
BpEOnNKaV oNUAVTIKA HEIWHEVA HETA aTTO TNV Adoknon (5,2+0,9 évavti 3,7+0,7 mg/L, P<0,05). EmmAéov, Bp£Onke pia
METPLA OUOYETION HETAEL TNG hs-CRP kal TG TEPIMETPOL TNG HEoNG. AvTiBeTa, Sev mapatnpriOnkav HeETABOAEG oTNV
opdda eréyxou. TYMMEPAZMATA Eva mpoypappua agpofiag doknong 12 eBSopddwyv peiwvel ta emimeda tng hs-CRP
TOU 0pOU O€ YUVAIKEG HE METABOAIKO cUVSpoUO.

Né&eg eupeTnpiov: Acknon, hs-CRP, MetafoAiké cuvdpopo
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