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                        ORIGINAL ARTICLE    

 Arterial elasticity and oxidized LDL among men with metabolic 
syndrome and different 10-year cardiovascular risk estimated by 
FINRISK and SCORE models      

    HANNA     POHJANT Ä HTI-MAAROOS  1,2,3  ,       ARI     PALOM Ä KI  1,2  ,       P Ä IVI     KANKKUNEN  1,4  ,  
     SARI     HUSGAFVEL  1  ,       TIMO     KNUTH  2  ,       KAI     VESTERINEN  5    &        KALEVI     OKSANEN  1    

  1  Kanta-H ä me Central Hospital, Ahvenistontie 20, FI-13530, H ä meenlinna, Finland,   2  Linnan Klinikka, 
Raatihuoneenkatu 10, FI-13100, H ä meenlinna, Finland,   3  Heart Center, Kuopio University Hospital, PL 1777, FI-70211, 
Kuopio, Finland,   4  Finnish Institute of Occupational Health, Topeliuksenkatu 41 aA, FI-00250, Helsinki, Finland,  
 5  Mehil ä inen Oy, Outpatient Clinics and Hospitals, Pohjoinen Hesperiankatu 17 C, FI-00260, Helsinki, Finland                              

 Abstract 
  Background.  SCORE and FINRISK models are designed to estimate patient ’ s risk for cardiovascular diseases (CVD). 
Increased circulating oxidized LDL (oxLDL) and impaired arterial elasticity, on their part, are considered as markers of 
subclinical atherosclerosis. Subjects with metabolic syndrome (MetS) are thought to be at high risk for CVD because of 
metabolic abnormalities.   
  Aim.  To study among men with MetS whether subjects with three, four, or fi ve MetS variables or different estimated 
10-year CVD risk differ in oxLDL and arterial elasticity.   
  Methods.  OxLDL was assessed by a capture ELISA and arterial elasticity by a radial artery tonometer among 120 men 
with MetS. Ten-year CVD risk was calculated for those without CVD or statin medication by FINRISK and SCORE at 
the actual age and at the extrapolated age of 60.   
  Results.  High-risk subjects by FINRISK and SCORE had impaired arterial elasticity. In addition, high-risk subjects by 
FINRISK at the extrapolated age had elevated oxLDL levels. The number of MetS variables did not associate with arterial 
elasticity or oxLDL.   
  Conclusion.  Among men with MetS, estimation of 10-year CVD risk, especially when extrapolated to age 60, seems to 
differentiate subjects with respect to markers of subclinical atherosclerosis.   
  Trial registration.  ClinicalTrials.gov NCT01119404.   

 Key words: Arterial elasticity  ,   cardiovascular risk  ,   coronary heart disease  ,   FINRISK  ,   metabolic syndrome  ,   oxidized LDL  ,   
SCORE  ,   stroke       

        Introduction 

 Treatment of cardiovascular diseases (CVD) is well 
established and effective. To achieve even better 
results, life-style intervention and preventive medica-
tion should be targeted to those at high risk even 
before any clinical symptoms and events. SCORE 
and FINRISK risk score models have been developed 
to estimate a 10-year risk of CVD events and death 
and thus the need for primary prevention (1,2). 

 LDL oxidation in the arterial wall is a key event 
in atherosclerosis (3). Oxidized LDL (oxLDL) 
together with cardiovascular risk factors damages 
the endothelium of the arterial wall (3). Increased 
oxidative stress in the vascular wall causes altera-
tions in the elastic properties and function of the 
arteries (3). Since elevated levels of circulating 
oxLDL and loss of arterial elasticity associate with 
future cardiovascular events and mortality (4 – 7), 
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they are believed to serve as early markers of sub-
clinical CVD. 

 Patients with metabolic syndrome (MetS) are 
known to be at high risk for CVD and all-cause mor-
tality (8). Traditional risk factors do not fully explain 
the excess risk of CVD connected to MetS (9 – 11). 
However, since the defi nitions take account of a clus-
ter of even mild metabolic abnormalities, the impor-
tance of MetS has been questioned (12). As the 
number of overweight people continues to increase, 
the number of MetS subjects and associated diseases 
increase as well. A better understanding of connec-
tions between MetS and CVD would therefore be of 
great benefi t. 

 We have previously reported impaired arterial 
elasticity and increased oxLDL among men with 
MetS compared to controls (13). However, it is not 
known whether men with MetS and high estimated 
10-year CVD risk but without symptoms of vascular 
disease have differences in oxLDL levels and vascular 
function. In the present study, we assessed the levels 
of oxLDL by a capture ELISA immunoassay, arterial 
elasticity by a non-invasive radial artery tonometer, 
and 10-year risk of CVD events and death by FIN-
RISK and SCORE risk models among men with 
MetS (1,2). The aim was to study whether subjects 
with different numbers of MetS features or different 
estimated CVD risk have differences in these markers 
of subclinical atherosclerosis.   

 Material and methods 

 Study subjects were referred from consecutive 
patients diagnosed with MetS in a routine physical 
examination with laboratory tests in primary health 
care. Altogether 120 men were recruited, aged 30 – 65 
and diagnosed with MetS according to National 
Cholesterol Education Program (NCEP) recommen-
dations (14). None of the study subjects was excluded 
later on. Information on the subjects ’  medical history, 
smoking, alcohol consumption, physical activity, 

dietary habits, and cardiovascular diseases in the 
family was gathered during a standardized interview. 
Previously diagnosed CVD was determined based on 
patients ’  records and their self-report during the 
interview. Mean alcohol intake (g/day) was calculated 
by multiplying the average number of alcohol por-
tions/month by ethanol content of each taken bever-
age and dividing it by 30. Subjects ’  weight, height, 
waist circumference, and blood pressure were mea-
sured according to general recommendations. Pulse 
pressure (PP) was calculated as systolic blood pres-
sure (SBP, mmHg) minus diastolic blood pressure 
(DBP, mmHg). Body mass index (BMI) was calcu-
lated as weight (kg)/height ²  (m ² ). Subjects fi lled in a 
questionnaire on their average times, duration, type, 
and intensity level (four predetermined choices) of 
leisure time physical exercise per week. We calculated 
the mean energy expenditure of daily physical exercise 
by multiplying the metabolic equivalent (MET) value 
and exercise times per week and person ’ s weight in 
kilograms and mean duration of exercise in hours and 
fi nally dividing it by 7 (15). The compendium of phys-
ical activities and subjects ’  self-rated intensity levels of 
the exercise sessions were used in estimating the cor-
rect MET value (16). The study was approved by the 
ethics committee at the Kanta-H ä me Hospital District 
(registration number 513/2008). Study subjects were 
recruited within 11 months after the approval. Before 
any study procedures, the subjects signed an informed 
consent. All data were analyzed anonymously.  

 Study design 

 OxLDL and arterial elasticity indices were compared 
between men with three, four, or fi ve MetS variables 
( n   �  120). In a primary prevention setting, only men 
with MetS and without CVD or statin medication 
( n   �  79) were included. Differences in oxLDL and 
arterial elasticity indices were assessed between sub-
jects with different estimated 10-year CVD risk. The 

Key messages

Among men with metabolic syndrome (MetS),   •
impairment in elastic properties of arteries 
and increased circulating oxidized LDL were 
already evident among those without any 
symptoms but with statistically estimated high 
risk of cardiovascular diseases (CVD).
Among men with MetS, 10-year CVD risk   •
estimation, especially when extrapolated to 
age 60, seems to fi nd those at high CVD risk, 
additive to the presence of MetS only.

Abbreviations    

  BMI    body mass index   
  C1    large arterial elasticity   
  C2    small arterial elasticity   
  CVD    cardiovascular disease   
  DBP    diastolic blood pressure   
  HbA1C    glycosylated hemoglobin   
  HDL-C    high-density lipoprotein cholesterol   
  LDL-C    low-density lipoprotein cholesterol   
  MetS    metabolic syndrome   
  NCEP    National Cholesterol Education Program   
  oxLDL    oxidized LDL   
  PP    pulse pressure   
  PWV    pulse wave velocity   
  SBP    systolic blood pressure   
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effect of different factors on oxLDL and arterial 
elasticity indices (C1 and C2) were assessed in 
multivariate analyses among 120 men with MetS.   

 Laboratory procedures 

 Venous blood was drawn after 12 hours of fasting. 
Plasma levels of oxLDL were determined as dupli-
cates by a validated, commercial two-site immunoas-
say (ELISA, Mercodia, Uppsala, Sweden) (17). The 
assay uses the same monoclonal antibody mAb-4E6 
as in studies by Holvoet et al. (4,18). CV% of the 
oxLDL measurement was 7.7%. Glycosylated hemo-
globin (HbA1C) was assessed by a standardized 
method in percent and then converted to mmol/mol 
(19). The laboratory practices strict internal and 
external quality control (Labquality Oy).   

 Arterial elasticity 

 Radial artery pulse wave was recorded non-invasively 
by an arterial tonometry (HDI/PulseWave ™  CR-2000, 
Hypertension Diagnostics, Inc. Eagan, MN, USA), 
which uses a modifi ed Windkessel model (20). Values 
assessed by this validated method have been reported 
to correlate tightly with those determined invasively 
(20). 

 The measurement was conducted after at least 15 
minutes of rest in a semi-sitting position. Subjects 
refrained from eating, smoking, drinking caffeinated 
drinks, and taking medication for 12 hours and drink-
ing alcohol for two days prior to measurement. A 
stabilizer was used to immobilize the wrist and to sta-
bilize the radial artery. A sensor with a manually 
adjustable shift was placed on the radial artery. The 
tonometer automatically adjusted and calibrated itself 
until the waveform was stable. During the measure-
ment, the device cross-correlated the individual pulse 
waves. The capacitive elasticity of large arteries (C1) 
and the refl ective elasticity of small arteries (C2) were 
automatically assessed by the tonometer as a mean of 
the fi ve most similar pulse waves appearing during 30 
seconds of measurement. The pulse waves and the 
data were displayed automatically on a computer 
screen from which the uniformity of the waveforms 
and possible artifacts were easily detected. The mean 
of four consecutive measurements was assessed to 
diminish the variability and possible bias caused by a 
single measurement. Intraindividual CV% was 9.0% 
for C1 and 8.8% for C2. All measurements were 
performed by the same experienced nurse.   

 Cardiovascular risk estimates 

 Since cardiovascular risk score models are designed 
to evaluate the need for primary prevention, only 

subjects without established CVD and statin medica-
tion ( n   �  79) were included in the analyses comparing 
different risk groups. Subjects with statin medication 
were excluded from the risk estimate analyses because 
they had earlier been evaluated to be at high risk for 
CVD events by their physician, and an effective pri-
mary prevention according to recommendations had 
been initiated. FINRISK and SCORE models were 
used to calculate the 10-year risk of cardiovascular 
events and death. Since younger subjects with notable 
risk factors have low absolute risk, we also extrapo-
lated the risk to age 60 to assess a possible high rela-
tive risk. The extrapolated risk was assessed among 
those younger than 60. 

 The FINRISK 10-year risk of lethal and non-
lethal CVD events was calculated as a sum of the 
risk of coronary heart disease event and the risk of 
stroke (1). The SCORE 10-year risk of CVD death 
was calculated by using coeffi cients for populations 
at high CVD risk and the formula presented by the 
SCORE project (2). 

 Differences in oxLDL and arterial elasticity were 
assessed between low-, medium-, and high-risk sub-
jects by FINRISK and SCORE at the actual age and 
at the extrapolated age of 60. In FINRISK, low risk 
was  �  5%, medium 5% – 14.99%, and high  �  15%. In 
SCORE, the groups were  �  3%, 3% – 4.99%, and  �  5%, 
respectively.   

 Statistics 

 Statistics were analyzed with SPSS for Windows 17.0. 
Data are expressed as mean  �  SD if not mentioned 
otherwise. All 120 subjects were included in the mul-
tivariate analyses. Correlations between different 
variables were assessed, and only the variables with-
out a strong correlation (�0.5  �   r   �  0.5) with each 
other were included as covariates into the multivari-
ate analyses. Covariates with evident non-linear rela-
tion to oxLDL and arterial elasticity were excluded. 
Linear regression model was used stepwise to assess 
the effect of different covariates (relevant risk factors, 
established CVD, and statin medication) on oxLDL 
and arterial elasticity. Analyses were reassured by 
automatic forward and backward methods as well as 
manually by the enter method. Smoking, diabetes, 
family history of CVD, statin medication, and estab-
lished CVD were included as dichotomous covariates 
in the multivariate analyses. Smoking was dichoto-
mized as never and current/former but also as never/
former and current. The  β  values are presented for 
signifi cant covariates included in the fi nal models. 
Formulas, adjusted  R  2  (the level at which the model 
explains changes in oxLDL, C1, and C2) and  P  val-
ues are presented for the fi nal models. Residual anal-
yses were carried out for the models. All 120 men 
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were also included in the analyses comparing subjects 
with different numbers of MetS variables. The results 
were adjusted for established CVD and statin medi-
cation. Only the subjects without established CVD 
and statin medication ( n   �  79) were included in the 
CVD risk estimate analyses, which are used to assess 
the need for primary prevention. Associations between 
continuous and categorical variables were assessed by 
 t  test in case of normality and by Mann – Whitney  U  
test in case of non-normality. Associations between 
three-categorical and continuous variables were 
assessed by ANOVA in case of normality, with use 
of Bonferroni  post-hoc  analysis. When Mann – Whitney 
 U  test was used for three-categorical variables in 
case of non-normality,  P  value was corrected by mul-
tiplying it by 3. Associations between categorical 
variables were studied by chi-square test.  P   �  0.05 
was considered statistically signifi cant.   

 Results 

 Seventeen subjects had previously diagnosed CVD. 
Fourteen of them had been diagnosed with coronary 
heart disease, fi ve with ischemic cerebrovascular dis-
ease, and one with peripheral vascular disease. Three 
of those with CVD were not treated with statins. 
Since altogether 35 patients were on statin medica-
tion, 21 patients had statin medication but not estab-
lished CVD. Use of other pharmacological therapy 
among all study subjects (subjects without CVD and 
statin medication in brackets) was as follows: aspirin 
or other antiplatelet agent was used by 23.3% (3.8%), 
beta-blockers by 34.2% (19.0%), ACE inhibitors or 
angiotensin receptor blockers by 38.3% (31.6%), 
and lipid-lowering drugs by 31.7% (0%) of the 
subjects, respectively. 

 A total of 35 subjects had three, 61 subjects had 
four, and 24 subjects had fi ve MetS variables. There 
was no difference in oxLDL, C1, or C2 between 
subjects with different number of MetS variables, 
nor did they differ in age, life-style, medical history, 
or laboratory measurements. 

 High-risk ( � 15%) subjects according to the FIN-
RISK model at the actual age had lower C1 and C2 
compared to low-risk ( � 5%) subjects (Figure 1A). 
Medium-risk (5% – 14.99%) subjects also had lower 
C2 than low risk subjects. High-risk ( � 5%) subjects 
according to SCORE at the actual age had impaired 
C1 and C2 compared to medium-risk (3% – 4.99%) 
and low-risk ( � 3%) subjects (Figure 1B). In oxLDL 
levels, there was no difference between the risk groups 
by either FINRISK or SCORE at the actual age. 

 According to the FINRISK model at the pro-
jected age of 60, all subjects belonged to medium-risk 
(5% – 14.99%) or high-risk ( � 15%) groups. Clinical 
characteristics of these subjects are presented in Table 

I. Eight (18.1%) of high-risk and one (2.9%) of 
medium-risk subjects were on metformin medi-
cation ( P   �  0.03). The groups did not differ 
in the number of any other medication. High-risk 
subjects had impaired C1 and C2 as well as elevated 
levels of oxLDL compared to medium-risk subjects 
(Figure 2). Besides the differences in oxLDL, C1 
and C2, the risk groups differed signifi cantly only in 
risk factors included in the FINRISK model. The 

Figure 1. Large (C1) and small (C2) arterial elasticity among 
low-, medium-, and high-risk subjects according to FINRISK (A) 
and SCORE (B) models at the actual age. A: C1 was 18.5 � 3.2 
mL/mmHg � 10 among low-risk (� 5%; n � 26), 16.4 � 4.1 mL/
mmHg � 10 among medium-risk (5%–14.99%; n � 36), and 
14.8 � 4.5 mL/mmHg � 10 among high-risk (� 15%; n � 17) 
subjects according to FINRISK at the actual age. C2 was 
10.1 � 3.6 mL/mmHg � 100, 6.7 � 3.0 mL/mmHg � 100, and 
4.9 � 2.0 mL/mmHg � 100, respectively. B: C1 was 17.6 � 3.6 
mL/mmHg � 10 among low-risk (� 3%; n � 44), 17.2 � 4.1 mL/
mmHg � 10 among medium-risk (3%–4.99%; n � 20), and 
13.6 � 4.4 mL/mmHg � 10 among high-risk (� 5%; n � 15) 
subjects according to SCORE at the actual age. C2 was 8.4 � 3.7 
mL/mmHg � 100, 7.3 � 3.4 mL/mmHg � 100, and 4.6 � 2.1 mL/
mmHg � 100, respectively.
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differences in C1 and oxLDL remained signifi cant 
also after adjustment for age, smoking, prediabetes/
diabetes, LDL cholesterol, and previously diagnosed 
hypertension,  P   �  0.001 and  P   �  0.022, respectively. 
The difference in C2 did not remain signifi cant after 
adjustment for age or diabetes. After adjustment for 
SBP and previously diagnosed hypertension, the dif-
ference remained signifi cant in C1 ( P   �  0.045) but 
not in C2. The high-risk group was further on divided 
into high (15% – 19.99%) and very high ( � 20%) risk, 
but this did not yield any additional benefi t. 

 With an alternative risk score division of FIN-
RISK at the actual age (low  �  5%, medium 5% –
 9.99%, and high  �  10%), there was still a signifi cant 
difference between low- and high-risk subjects in C1 
( P   �  0.004) as well as between low and medium risk 
in C2 ( P   �  0.001). The same division in FINRISK at 
the projected age of 60 could not be analyzed because 
there were not enough subjects with risk  � 10%. 

 Also by the SCORE model at the projected age 
of 60, all subjects belonged to medium- (3% – 4.99%) 
or high-risk ( � 5%) groups. High-risk subjects had 
impaired C1 compared to subjects with medium risk 
(Figure 3A). The difference remained signifi cant even 
after adjustment for age ( P   �  0.001). High-risk subjects 

also had higher levels of oxLDL, but it did not quite 
reach statistical signifi cance (Figure 3B). There was no 
difference in C2 between the groups (Figure 3A). 

 Covariates selected to the multivariate analyses are 
presented in Table II and the covariates included in the 
fi nal models in Table III. LDL-C and triglycerides were 
positively and physical exercise negatively associated 
with oxLDL. The formula for oxLDL (U/L) was 
22.1  �  3.54  �  triglycerides (mmol/L)  �  17.20  �  LDL-C 
(mmol/L)  –  0.04  �  physical exercise (kcal/day),   P   �  0.001. 
Diabetes and PP were negatively and waist circumfer-
ence positively associated with C1. The formula for 
C1 (mL/mmHg  �  10) was 23.7  –  0.33  �  PP (mmHg) 
 –  1.18  �  diabetes  �  0.11  �  waist circumference (cm), 
 P   �  0.001. Age and PP were negatively associated with 
C2. The formula for C2 (mL/mmHg  �  100) was 
22.2  –  0.08  �  PP (mmHg)  –  0.22  �  age (years), 
 P   �  0.001. When SBP or DBP were selected separately 
to the models instead of PP, they both were negatively 
associated with C1,  β   �  −0.19,  P   �  0.001 and  β   �  �0.22, 
 P   �  0.001, respectively. SBP ( β   �  �0.05,  P   �  0.006) was 
negatively associated with C2. Dichotomizing smoking 
to never and current/former, or never/former and 
current, did not reveal a signifi cant association to 
oxLDL or arterial elasticity.    

  Table I. Demographics of the subjects with medium (5% – 14.99%) or high ( �  15%) 10-year cardiovascular risk according to the FINRISK 
model at the projected age of 60.  

Medium risk 
 n   �  35

High risk 
 n   �  44 P

Age, years 46.5  �  8.1 50.5  �  8.0 0.030
Waist circumference, cm 111.0  �  10.4 116.5  �  14.7 NS
BMI, kg/m 2 31.4  �  4.7 33.2  �  5.4 NS
SBP, mmHg 131.5  �  10.6 145.2  �  14.9   �  0.001
DBP, mmHg 79.0  �  7.2 84.7  �  8.9 0.003
MetS variables according to NCEP:

waist circumference  	  102 cm,  n  (%) 31 (88.6%) 41 (93.2%) NS
blood pressure  �  130/85,  n  (%) 35 (100.0%) 44 (100.0%) NS
HDL-C  �  1.03 mmol/L,  n  (%) 21 (60.0%) 18 (40.9%) NS
triglycerides  �  1.7 mmol/L,  n  (%) 33 (94.3%) 40 (90.9%) NS
glucose  �  6.1 mmol/L or diabetes,  n  (%) 14 (35.0%) 33 (75.0%) 0.002

Diabetics,  n  (%) 2 (5.7%) 26 (59.1%)   �  0.001
Hypertension,  n  (%) 15 (42.9%) 23 (52.3%) NS
Family history of CVD,  n  (%) 14 (40.0%) 23 (52.3%) NS
Physical activity, kcal/day 198.3  �  159.6 205.8  �  240.4 NS
Alcohol intake, g/day 12.9  �  10.5 19.0  �  19.1 NS
Smoking: NS

current,  n  (%) 4 (11.4%) 14 (31.8%)
former,  n  (%) 19 (54.3%) 15 (34.1%)
never,  n  (%) 12 (34.3%) 15 (34.1%)

Fasting glucose, mmol/L 6.18  �  1.3 7.33  �  2.1 0.001
HbA1C: 0.002

(%) 5.82  �  0.7 6.46  �  1.0
(mmol/mol) 41.5  �  5.0 46.1  �  7.1

Total cholesterol, mmol/L 5.44  �  0.9 6.18  �  1.2 0.003
HDL-C, mmol/L 1.10  �  0.2 1.19  �  0.3 NS
LDL-C, mmol/L 3.53  �  0.9 3.90  �  1.0 NS
Triglycerides, mmol/L 2.42  �  1.2 3.09  �  2.4 NS
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 Discussion 

 In the present study among men with MetS, sub-
jects with high estimated 10-year CVD risk by the 
FINRISK and SCORE models had impaired arte-
rial elasticity compared to those with lower risk. In 
addition, subjects with high risk by the FINRISK 
model at the projected age of 60 had elevated levels 
of oxLDL compared to subjects with medium risk. 
It is intriguing that impairment in elastic properties 
of arteries and increased circulating oxLDL were 
already evident among those without any symptoms 
but with statistically estimated high risk of CVD. 
Since increased oxLDL and impaired arterial elas-
ticity associate with future CVD events (4 – 7), our 
fi ndings imply that CVD risk estimates are able to 
detect MetS subjects at high CVD risk, additive to 
the presence of MetS only. 

 To our knowledge, this is the fi rst report on impaired 
arterial elasticity and increased oxLDL among men 
with MetS and high calculated CVD risk. Our fi ndings 
support previous studies reporting an association 
between arterial stiffness, assessed by pulse wave veloc-
ity (PWV), and Framingham risk score (21). Framing-
ham risk score has also been reported to associate with 
increased oxLDL levels (22,23). Impaired large arterial 
elasticity and increased oxLDL also seem to associate 
with MetS (13,24,25). Since all our study subjects had 
MetS, the presence and magnitude of CVD risk factors 
additional to those of MetS criteria contributed to the 
deterioration in the elasticity of arteries and increase in 
oxLDL levels. 

 The importance of MetS has been questioned 
(12). However, the value of diabetes in predicting 
future CVD events is unquestionable (12,26,27). In 

Figure 2. Large (C1) and small (C2) arterial elasticity (A) and 
oxidized LDL (oxLDL) (B) among medium- and high-risk 
subjects according to the FINRISK model at the projected age of 
60. C1 was 18.9 � 3.3 mL/mmHg � 10 among medium-risk (5%–
14.99%; n � 35) and 15.1 � 4.0 mL/mmHg � 10 among high-risk 
(� 15%; n � 44) subjects. C2 was 8.6 � 3.6 mL/mmHg � 100 and 
6.5 � 3.4 mL/mmHg � 100, respectively. OxLDL was 70.7 � 38.1 
U/L among medium-risk and 94.8 � 32.1 U/L among high-risk 
subjects.

Figure 3. Large (C1) and small (C2) arterial elasticity (A) and 
oxidized LDL (oxLDL) (B) among medium- and high-risk subjects 
according to the SCORE model at the projected age of 60. C1 was 
20.0 � 3.0 mL/mmHg � 10 among medium-risk (3%–4.99%; 
n � 19) and 15.7 � 3.9 mL/mmHg � 10 among high-risk (� 5%; 
n � 60) subjects. C2 was 7.6 � 3.4 mL/mmHg � 100 and 7.3 � 3.7 
mL/mmHg � 100, respectively. OxLDL was 70.1 � 35.8 U/L among 
medium-risk and 88.8 � 36.0 U/L among high-risk subjects.
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the present study, there were signifi cantly more dia-
betics among those at high estimated 10-year CVD 
risk according to FINRISK at the projected age of 
60 compared to those at medium risk (Table I). 
Thus, the presence of diabetes may explain part of 
the difference in oxLDL and arterial elasticity 
between the groups. However, even after adjustment 
for the presence of prediabetes and diabetes, the dif-
ference in C1 and oxLDL between the groups 
remained signifi cant. Thus, besides the prevention 
and treatment of diabetes, an aggressive manage-
ment of other risk factors among MetS subjects 
should be taken into account. 

 FINRISK at the projected age of 60 was superior 
to FINRISK at the actual age in differentiating MetS 
subjects with increased oxLDL and impaired arterial 
elasticity. This supports the suggestion of the Euro-
pean Society of Cardiology to extrapolate risk to age 
60 to reveal those young subjects at high relative 
risk (28). In FINRISK at the projected age of 60, 
differences were seen between risk scores 5% –
 14.99% and  � 15%. As the small arterial elasticity 
was impaired already among subjects with  � 5% risk 
in FINRISK at the actual age, a lower threshold 
might be considered if actual age is used in FIN-
RISK estimate. We also found signifi cant differences 
in arterial elasticity between risk scores  � 4.99% 
and  � 5% in SCORE both at the actual and at the 
projected age of 60. It supports the use of the  � 5% 
threshold in SCORE for more aggressive primary 
prevention. 

 The FINRISK model has been constructed from 
a series of prospective studies among Finns, and it 
takes account of more cardiovascular risk factors 
than SCORE (29). This may explain why FINRISK 
differentiated MetS subjects with impaired arterial 
elasticity and increased oxLDL better than SCORE 
in the present study. Although we studied only Finn-
ish MetS subjects, the use of the FINRISK model 
has not been limited to a Finnish population (30). 

 The number of MetS variables had no effect on 
oxLDL levels or arterial elasticity. Earlier, Koskinen 
et al. found no difference in carotid intima media 
thickness (IMT) progression between subjects with 
three and four-to-fi ve MetS components (11). This 
is in agreement with our study as IMT is also con-
sidered a marker of subclinical atherosclerosis. How-
ever, Lapointe et al. (31) reported higher oxLDL 
among subjects with fi ve compared to those with 
only three MetS components. In another study, 
impaired arterial fl ow-mediated function associated 
with increasing number of MetS variables (32). The 
variation of fi ndings may be caused by different 
study populations or methods used. 

 In the multivariate analyses of the present study, 
increased pulse pressure (PP) and the presence of 
diabetes associated with impaired C1, and increased 
PP and age with impaired C2. An elevated PP is 
known to refl ect the increased stiffness of large arter-
ies (33). In addition, in a follow-up study among 
342,815 healthy subjects, high PP (i.e. high SBP and 
low DBP) associated with an increased CVD risk 
among men aged 45 – 57 years (34). In another study, 
coronary heart disease risk was found to associate 
with lower DBP at any level of SBP  �  120 mmHg 
especially among the middle-aged and elderly (35). 
In agreement, we found a stronger association 
between elevated PP and impaired C1 and C2 com-
pared to that between SBP and arterial elasticity 

Table II. Cardiovascular risk factors included in the multivariate 
analyses of circulating levels of oxidized LDL and arterial elasticity 
(n � 120).

Mean (SD)

Covariates (if not mentioned otherwise)

Age, years 50.7 (8.1)
Current/former smokers, n (%)a,b 25/58 (21.2%/49.2%)
Diabetics, n (%)a 49 (40.8%)
Family history of CVD, n (%)a 62 (51.7%)
Diagnosed CVD, n (%)a 17 (14.2%)
Statin medication, n (%)a 35 (29.2%)
Physical activity, kcal/day 185.8 (198.1)
LDL-C, mmol/L 3.3 (1.1)
HDL-C, mmol/L 1.2 (0.3)
Triglycerides, mmol/L 2.5 (1.8)
Pulse pressure, mmHg 56.9 (8.1)
Waist circumference, cm 113.2 (12.4)

aDichotomous covariate was used (0 if no, 1 if yes).
bSmoking was dichotomized as no (0), if never and yes (1), if former/
current smoker but also as no if never/former and yes if current. 
Neither of these was selected as a signifi cant covariate to the fi nal 
models.

Table III. Final models of the multivariate analyses of oxidized LDL 
(oxLDL) as well as large (C1) and small (C2) arterial elasticity. 
The β values of signifi cant covariates as well as adjusted R2 and P 
values of the models are presented.

β R2 P

OxLDL, U/L 0.29  �0.001
Triglycerides, mmol/L 3.54
LDL-C, mmol/L 17.20
Physical exercise, kcal/day −0.04
Constant 22.07

C1, mmHg/mL � 10 0.50  �0.001
Pulse pressure, mmHg −0.33
Diabetesa −1.18
Waist circumference, cm 0.11
Constant 23.71

C2, mmHg/mL � 100 0.33  �0.001
Age, years −0.22
Pulse pressure, mmHg −0.08
Constant 22.17

aDichotomous covariate was used (0 if no, 1 if yes).
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indices among middle-aged men with MetS. Since 
both elevated PP and impaired large arterial elasticity 
have been found to associate with MetS, the stiffen-
ing of large arteries may contribute to the increased 
CVD risk among MetS subjects (24,25,36). The 
question of whether the arterial elasticity measure-
ment is superior to PP in assessing the changes in 
large arterial function, and especially in predicting 
future CVD events, needs to be elucidated in a 
prospective study. 

 The results of the multivariate analysis of C1 
support previous studies reporting elevated glucose 
level and hypertension to correlate with impaired 
large arterial elasticity (24,25). However, opposite to 
what was expected (24,25), waist circumference was 
positively associated with C1 in the present study. 
This fi nding may be due to the selected study group 
containing only men with MetS and increased waist 
circumference. Among a highly selected study group, 
generally accepted risk factors may not act in an 
expected way in statistical analyses. 

 Elevated levels of oxLDL have been reported to 
associate with different MetS components (17). In 
the multivariate analysis of oxLDL in the present 
study, only triglycerides of the MetS components as 
well as physical inactivity and LDL cholesterol 
related positively to increased oxLDL levels. The 
effect of these risk factors remained signifi cant even 
after adjustment for statin medication and other risk 
factors assessed in the study. Elevated levels of LDL 
cholesterol and triglycerides are known to be inde-
pendent risk factors for CVD events (37,38). Trig-
lycerides boost the production of small, dense LDL 
particles more prone to oxidation (17). Regular aer-
obic exercise, on its part, has been reported to reduce 
the level of oxidative stress (39). Since physical activ-
ity associated with lower oxLDL levels in the present 
study, regular aerobic exercise should be recom-
mended for those at high CVD risk. 

 We calculated the 10-year CVD risk score only 
among those without established CVD because the 
risk score models are designed to assess the need for 
primary prevention. There were also a relatively large 
number of those with statin medication but without 
established CVD. These patients had been estimated 
to be at high risk for future CVD events by their 
physician, and the primary prevention with statin 
therapy had been initiated according to recommen-
dations. Because of this, and the fact that statins 
affect lipid levels and may affect arterial elasticity as 
well (40), we also excluded subjects with statin med-
ication from the analyses including risk score mod-
els. However, to ensure a greater number of subjects 
in this relatively small study, all study subjects were 
included in the multivariate analyses as well as in the 
analyses comparing subjects with different number 

of MetS variables. In these analyses, the effect of 
CVD and statin medication was taken into account 
by adjusting the results for these covariates. 

 Linear regression model, used in the multivariate 
analyses, has limitations. Since it assumes the effects 
of covariates to be linear, a covariate with non-linear 
effect may be disregarded from the model. In addi-
tion, the stepwise method is often indiscriminate and 
may produce models with incorrect covariates. Fur-
thermore, the regression model assumes that covari-
ates do not have strong correlations with each other. 
We selected only established CVD risk factors, statin 
medication, and previously diagnosed CVD as cova-
riates into the analyses. To avoid shortcomings, only 
the variables without strong correlations with each 
other were included as covariates into the multivari-
ate analyses. The linear relations of continuous cova-
riates to oxLDL and arterial elasticity were verifi ed. 
In addition, the results were reassured by automatic 
forward and backward methods as well as manually 
by the enter method. Finally, the relevance of the 
models was confi rmed visually. 

 The non-invasive pulse wave analysis has been 
criticized since the model is based on a number of 
theoretical approximations and there are no studies on 
the possible predictive value on future CVD events 
(41). However, values obtained by the non-invasive 
pulse contour analysis have been found to correlate 
tightly with those assessed invasively (20). In addition, 
C1 has been reported to relate signifi cantly to MRI-
determined aortic distensibility, and C2, on its part, 
to endothelial function assessed by fl ow-mediated dila-
tion (42,43). Furthermore, impaired arterial elasticity, 
assessed by this method, has been found to associate 
with hypertension, symptomatic coronary artery dis-
ease, severity of peripheral vascular disease, microalbu-
minuria, erectile dysfunction, as well as with MetS, all 
known as high-risk conditions for future CVD events 
(20,24,25,44 – 46). PWV, the golden standard for mea-
suring arterial elasticity, may also be inaccurate among 
subjects with MetS, abdominal obesity, and diabetes 
(41). For these reasons, the pulse contour analysis, 
a reproducible method to assess systemic arterial 
stiffness, was used in the present study (41,47). 

 The relatively small number of subjects is a lim-
itation of the study. In addition, subjects were not 
randomly selected from a certain population. As sub-
jects without MetS were not recruited as well, the 
effect of the presence of MetS per se could not be 
assessed. However, the main aim of the study was to 
compare MetS subjects with high estimated CVD 
risk to those with lower risk, not the differences 
between MetS and non-MetS subjects. Previously, 
we and others have reported increased oxLDL levels 
and impaired arterial elasticity among subjects with 
MetS compared to those without (13,24,25,31). 
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 Indices of pulse wave analysis have been found 
to correlate differently among men and women (48). 
The present study assessed for the fi rst time whether 
statistically high CVD risk among MetS associated 
with both impaired arterial elasticity and increased 
oxLDL. To avoid internal biases caused by gender, 
only men were included. Results cannot therefore be 
generalized to women and subjects without MetS. 

 The pathophysiological process between MetS 
and CVD is not fully understood. Since markers of 
infl ammation and insulin resistance indices may 
explain the connection between metabolic abnor-
malities and increased CVD risk, their association to 
oxLDL and arterial elasticity would have been inter-
esting to study (49,50). In addition, the value of 
oxLDL and arterial elasticity in predicting future 
CVD events among MetS subjects, additive to the 
traditional CVD risk score models, needs to be 
evaluated in prospective studies. 

 In conclusion, asymptomatic men with MetS and 
high 10-year CVD risk had increased oxLDL and 
impaired arterial elasticity compared to those with 
lower risk. Hence, 10-year CVD risk estimation, 
especially when extrapolated to age 60, seems to dif-
ferentiate MetS subjects with respect to markers of 
subclinical atherosclerosis. 
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