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Abstract. – OBJECTIVE: In healthy persons,
cardiovascular risk is the result of multiple inter-
acting risk associates including demographic,
clinical, genetic and environmental factors. Sev-
eral non-invasive tools such as echocardiogra-
phy, ultrasonography and electrocardiography
as well as new biochemical markers were shown
to be applicable to predict cardiovascular
events. However, implementation of all of these
tools has not been tested before. The aim of the
study was to evaluate the independent predic-
tors of major adverse cardiovascular events in a
prospective population based study, with the
use of bioempedance analysis, echocardiogra-
phy, ultrasonography and ECG.

PATIENTS AND METHODS: The baseline mea-
surements were conducted on 2230 participants
(1427 women, 803 men with a mean age of
49±15). The follow-up was done 36 months after
the baseline admission via telephone call. Major
adverse event was defined as mortality or my-
ocardial infarction or stroke.

RESULTS: Follow-up data was possible in 1495
participants (65%). During the follow-up of 36
months (4485 patient years), 42 major adverse
events occurred (0.03%). Among them, 16 were
death (1 stroke, 2 cancer, 13 cardiac related), 12
were stroke and 14 were myocardial infarction.
Age, body mass index and atrial fibrillation were
independent predictors of major adverse events;
AF being the most powerful (Odds ratio 10.46;
95% confidence interval [1.73-63.14]; p = 0.010).

CONCLUSIONS: Age, lower body mass index
and atrial fibrillation were independent predictors
of major cardiovascular events in our cohort.

Key Words:
Cardiovascular event, Predictor, Atrial fibrillation.

Introduction

Cardiovascular events including myocardial
infarction and stroke are the leading causes of
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death worldwide. In apparently healthy persons,
cardiovascular risk is most frequently the result
of multiple interacting risk factors1. Overall risk
is affected by demographic, clinical, genetic and
environmental factors. Evaluation of risk factors
in different ethnic and social groups is essential
to understand the variety of independent predic-
tors of mortality and morbidity, as well as to op-
timally target preventive responses in that specif-
ic population. There are numerous multivariable
risk prediction tools that synthesize vascular risk
factor information to estimate absolute CVD risk
in individual patients. Newer risk factors of ath-
erosclerosis and various noninvasive tests of sub-
clinical cardiovascular occlusive disease urge
clinicians to improve and refine the risk assess-
ment processes in specific ethnic populations.

Although major risk factors for developing
cardiovascular disease were widely established
there are various minor contributors. It is clear
that, different combinations of risk factors may
interact in complex ways that are difficult to
model. Furthermore, new non-invasive tools such
as echocardiography, ultrasonography and elec-
trocardiography as well as new biochemical
markers were shown to be applicable to predict
cardiovascular events2-7. However, implementa-
tion of all of these tools has not been tested be-
fore, in a population based cohort.

The aim of the study was to evaluate the pre-
dictors of major adverse cardiovascular events in
a prospective population based study, with the
use of bioempedance analysis (visceral fat and
muscle level measurement), echocardiography
(left ventricular mass, ejection fraction and heart
chamber dimension measurements, ultrasonogra-
phy (carotid intima media thickness (CIMT)
measurement) and electrocardiography (ECG;
heart rate, rhythm, PR and QT wave measure-
ments).
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MAE (n = 42) No MAE (n = 1453) p value

Age, years 66 ± 15 48 ± 15 < 0.001
Sex, female (%) 22 (52%) 903 (62%) 0.199
Marital status, married (%) 35 (83%) 1251 (86%) 0.569
Smoker, (%) 3 (7%) 263 (18%) 0.068
Hypertension, (%) 27 (64%) 567 (39%) 0.001
DM, (%) 16 (38%) 511 (35%) 0.700
Coronary artery disease, (%) 11 (26%) 80 (6%) < 0.001
COPD 8 (20%) 102 (8%) 0.005
BMI, kg/m2 27 ± 4 29 ± 6 0.010
Waist circumference, cm 92 ± 11 94 ± 14 0.305
Systolic blood pressure, mmHg 137 ± 28 125 ± 24 < 0.001
Diastolic blood pressure, mmHg 81 ± 17 78 ± 13 < 0.001

Table I. Comparison of demographic and clinical characteristics of subjects with and without major adverse events.

MAE: major adverse events; COPD: Chronic obstructive pulmonary disease.

Statistical Analysis
Statistical Package for Social Sciences soft-

ware (SPSS 12, Chicago, IL, USA) was used for
analysis. Descriptive parameters were shown as
mean ± standard deviation or in percentages.
Two-sided t-tests and Pearson’s chi-square tests
were used to analyze the differences in means
and proportions between groups. Kolmogorov-
Smirnov test was applied to test for a normal
distribution. Abnormally distributed variables
were compared using Mann-Whitney U test.
Logistic regression analysis was used to deter-
mine the independent predictors of MAE. A p
value of < 0.05 was considered significant.

Results

Mean age at entry was 50 ± 15 years (mean ±
SD). Follow-up data was possible in 1495 partic-
ipants (65%). During the follow-up of 36 months
(4485 patient years), 42 MAE occurred. Among
them, 16 were death (1 stroke, 2 cancer, 13 car-
diac related), 12 were stroke and 14 were my-
ocardial infarction. Comparison of subjects with
and without MAE was shown in Table I. The par-
ticipants who had MAE were older, had signifi-
cantly lower body mass index and the frequency
of hypertension, coronary artery disease or
chronic obstructive pulmonary disease was high-
er in these subjects. Comparison of variables
measured with ECG, echocardiography, ultra-
sonography and bioempedance analysis showed
that participants who had MAE had significantly
higher PR and corrected QT wave durations, EF,
left ventricular mass, left atrial diameter and cor-

Patients and Methods

Patients
The result of this report is part of the prospec-

tive MELEN study. Aim, patient selection, meth-
ods and definition of the MELEN study was de-
scribed in detail8. Body weight categories were
defined according to the World Health Organiza-
tion body mass index (BMI) criteria as follows:
BMI < 18.5 lean, 18.5-24.9 normal, 25-29.9
overweight, ≥ 30 obese and ≥ 40 morbidly obese.
The aim of the Melen Study was to investigate
the cardiovascular risk profile of Turkish adults
by utilizing newest techniques. The baseline
measurements were conducted on 2230 partici-
pants (1427 women, 803 men with a mean age of
49). The study protocol was approved by the
Ethics Committee of Duzce University and every
subject signed a consent form. The participants
underwent a Doppler Ultrasound examination of
carotid intima media thickness, echocardiograph-
ic examination, ECG recording, bioempedance
meter analysis of body composition and several
biochemical analysis.

Follow-up
The follow-up was done 36 months after the

baseline admission via telephone call. The partic-
ipants were asked whether they had myocardial
infarction or stroke during the follow-up period.
Mortality data was gathered from first degree rel-
atives. Questions related with in-hospital death
with a medical diagnosis, sudden death possibly
due to cardiovascular origin and other causes
such as accidents. Major adverse event (MAE)
was defined as mortality or myocardial infarction
or stroke.
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MAE: major adverse events.

MAE (n = 42) No MAE (n = 1453) p value

Heart rate; bpm 76 ± 14 73 ± 12 0.056
PR wave duration; ms 162 ± 25 153 ± 26 0.045
Corrected QT wave duration; ms 410 ± 27 402 ± 25 0.030
Atrial fibrillation; (%) 7 (17%) 14 (1%) < 0.001
Ejection fraction, % 59 ± 11 64 ± 6 < 0.001
Left ventricular mass; gr 265 ± 80 209 ± 62 < 0.001
LA diameter; mm 37 ± 6 33 ± 4 < 0.001
Diastolic dysfunction; (%) 25 (66%) 526 (37%) < 0.001
CIMTc; mm 0.83 ± 0.45 0.59 ± 0.17 < 0.001
Total skeletal mass (%) 31 ± 5 29 ± 6 0.160
Total body fat (%) 29 ± 10 34 ± 1 1 0.008
Goiter 12 (29%) 415 (29%) 0.970

Table II. Comparison of variables measured with ECG, echocardiography, ultrasonography and bioempedance analysis among
subjects with and without major adverse events (MAE).

rected carotid intima media thickness where as
mean body fat was significantly lower (Table II).
Atrial fibrillation and diastolic dysfunction were
also more frequent in participants with MAE.
Among biochemical variables only creatinine
significantly differed (Table III). Logistic regres-
sion analyses disclosed that age, body mass in-
dex and atrial fibrillation were independent pre-
dictors of MAE; AF being the most powerful
(Odds ratio 10.46; 95% confidence interval
[1.73-63.14]; p = 0.010) (Table IV). Lower fami-
ly income, waist circumference and waist to
height ratio in these participants showed that low
BMI might be associated with malnutrition in
our cohort.

Discussion

The present study showed that higher age,
lower body mass index and atrial fibrillation
were independent predictors of major cardiovas-
cular events in our cohort. Frequency of hyper-
tension, chronic obstructive pulmonary disease,
coronary artery disease, carotid intima media
thickness, left ventricular mass, corrected QT
wave duration, creatinine, body fat and ejection
fraction differed significantly among subjects
with MAE; however, lost independence in multi-
variate logistic regression.

The dynamics of cardiovascular events and
mortality vary greatly in pattern, magnitude and

MAE: major adverse events.

MAE (n = 42) No MAE (n = 1453) p value

Hemoglobin, g/dl 12.8 ± 1.5 13.1 ± 1.6 0.153
Neutrophyl/ Lymphocyte ratio 1.8 ± 0.8 1.8 ± 1.5 0.856
Mean platelet volume 8.8 ± 1.0 8.8 ± 1.4 0.857
Total cholesterol, mg/dl 171 ± 40 180 ± 39 0.155
HDL cholesterol, mg/dl 44 ± 12 44 ± 11 0.755
Triglycerides, mg/dl 144 ± 76 175 ± 115 0.095
LDL-C, mg/dl 99 ± 30 103 ± 33 0.508
Creatinine, mg/dl 0.88 ± 0.17 0.80 ± 0.21 0.029
ALT, mg/dl 13 ± 5 17 ± 5 0.616
AST, mg/dl 22 ± 9 21 ± 8 0.505
High sensitive CRP, mg/dl 2.1 ± 1.9 2.0 ± 2.1 0.819
Glucose, mg/dl 112 ± 26 115 ± 48 0.702
HOMA 3.5 ± 2.9 2.9 ± 2.3 0.572
Metabolic syndrome, (%) 9 (21%) 405 (29%) 0.293

Table III. Comparison of biochemical variables of subjects with and without major adverse events (MAE).
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timing in different parts of the world. Although
different non-invasive tools were introduced for
better prediction of hard end-points, their applic-
ability in a simultaneous multi-scan fashion is
still unknown. Therefore, the aim of the current
study should be interpreted as an important goal
in cardiovascular disease epidemics.

The most important finding of the current
study is the determination of AF as the most
powerful predictor of MAE. Atrial fibrillation in-
creases the risk of embolic stroke, cardiovascular
mortality and the occurrence increases with age,
hypertension, heart failure, coronary artery dis-
ease, obesity and chronic obstructive pulmonary
disease9,10. In other words, AF stays in the inter-
section of risks and end-points related with car-
diovascular events. Therefore, it is not surprising
to detect it as the most important predictor of
MAE, taking into account that it is poorly main-
tained and proper anticoagulation is defective in
our country11. Age, on the other hand is the most
important well known risk factor of MAE in both
genders12.

Another important finding of the current
study is the independent contribution of body
mass index to MAE. In a large prospective
study, body weight and mortality were directly
related, although the relation lost significance
after accounting for confounding by cigarette
smoking and bias resulting from illness-related
weight loss13. Association between mortality
and body mass index is U-shaped making mal-
nutrition and obesity important mortality con-
tributors. Adjustment for smoking and the ex-
clusion of subjects with preexisting and subclin-
ical disease did not alter the association in prop-
erly designed prospective studies14. Low body
weight is also a well known risk factor of mor-
tality in patients with heart failure15. In our co-

hort, subjects who had MAE had 2 points lower
body mass index than their healthy counter-
parts. Logistic regression analysis also revealed
an inverse relation with BMI and MAE, every
point increase in BMI involving 11% risk re-
ductions. This is contradictory with what report-
ed in the general literature unless we do not
consider malnutrition as a cause of lower BMI.
Therefore, we further analyzed association of
family income with BMI. The participants who
had MAE during follow-up had significantly
lower income (606 ± 303 vs 833 ± 658 lira per
month; p = 0.03). Furthermore, waist circumfer-
ence and waist to height ratio were lower in
these subjects but did not reach significance (91
± 11 vs 94 ± 14 cm; p = 0.845 and 0.58 ± 0.08
vs 0.59 ± 0.9; p = 0.305; respectively). There-
fore, low BMI might be associated with malnu-
trition in our cohort, which is a well known risk
of mortality. On the other hand, lower body
weight might promote chronic diseases and be-
come an independent predictor of MAE.

In our study, carotid intima media thickness,
chronic obstructive pulmonary disease, estab-
lished coronary artery disease, hypertension,
ejection fraction, diastolic dysfunction and crea-
tinine level lost their significance in the logistic
regression analysis. Of these, carotid intima me-
dia thickness had the greatest Odds ratio (4.28;
95% confidence interval 0.86-21.38; p = 0.0763).
A meta-analysis showed that carotid intima me-
dia thickness is a strong predictor of future vas-
cular events; with the relative risk per 0.1 mm
carotid intima media thickness difference is 18%
higher for stroke and 15% higher for myocardial
infarction16. Carotid intima media thickness is as-
sociated with vascular risk factors and it is partic-
ularly useful as an end point in young popula-
tions16. The results of MESA Study (Multi-Eth-

OR 95% CI p value

Age 1.05 1.01-1.09 0.009
Hypertension 1.23 0.48-3.16 0.673
Coronary artery disease 3.06 0.98-9.56 0.054
COPD 1.68 0.56-5.05 0.352
Body mass index 0.89 0.82-0.97 0.007
Corrected CIMT 4.28 0.86-21.38 0.076
Ejection fraction 1.01 0.95-1.07 0.805
Diastolic dysfunction 1.89 0.76-4.72 0.172
Corrected QT wave duration 1.01 0.98-1.02 0.919
Atrial fibrillation 10.46 1.73-63.14 0.010
Creatinine 0.79 0.14-4.31 0.790

Table IV. Logistic regression for prediction of major adverse events (MAE).



Conclusions

Age, lower body mass index and atrial fibril-
lation had the most important impact on major
cardiovascular events in our cohort. Electrocar-
diographic and anthropometric measurements
were the most important tools of risk assess-
ment. Taking into account that classic risk fac-
tors explain only a fraction of the causes of car-
diovascular diseases, evaluation of all major
prognostic determinants are mandatory in order
to implement efficient programs for the preven-
tion and control of cardiovascular events. Pa-
tients with atrial fibrillation should also be sub-
jects of careful follow-up and core of nation-
wide preventive acts.
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variables and cardiovascular risk in our cohort.
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dependent risk predictor.

The loss of independent collaboration of es-
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obstructive pulmonary disease and coronary
artery disease may be related with their better
treatment and follow-up compared to the appar-
ently healthy counterparts.

There are several unexpected findings of the
current study. One of them is the loss of signifi-
cance of echocardiographic variables (ejection
fraction and diastolic dysfunction) on MAE.
Copenhagen City Heart Study reported that com-
bined diastolic and systolic performance index
measured with tissue Doppler was an indepen-
dent predictor of death20. Furthermore, left ven-
tricular systolic dysfunction and left ventricular
diastolic dysfunction were independent predic-
tors of a first cardiovascular event in Olmsted
County study21. We think that body mass index is
a more powerful risk contributor in our subjects
with heart failure, eliminating contribution of
ejection fraction and diastolic filling parameters.
Another finding of our study was the ineffective-
ness of HsCRP as a risk factor for MAE. Several
studies have consistently shown Hs-CRP as a
powerful predictor of MAE in apparently healthy
men and women22,23. Unfortunately, we could not
establish such a correlation in our study cohort.
Single measurement of Hs CRP at baseline and
relatively short follow-up duration may be a pos-
sible explanation for this result.

S. Albayrak, H. Ozhan, Y. Aslantas, I. Ekinozu, H. Tibilli, O. Kayapinar; for the MELEN Study Investigators



1451

Predictors of major adverse cardiovascular events

4) RAUTAHARJU PM, KOOPERBERG C, LARSON JC, LACROIX
A. Electrocardiographic abnormalities that predict
coronary heart disease events and mortality in
postmenopausal women: the Women's Health Ini-
tiative. Circulation 2006; 113: 473-480.

5) AUER R, BAUER DC, MARQUES-VIDAL P, BUTLER J, MIN
LJ, CORNUZ J, SATTERFIELD S, NEWMAN AB, VITTING-
HOFF E, RODONDI N; HEALTH ABC STUDY. Association
of major and minor ECG abnormalities with coro-
nary heart disease events. JAMA 2012; 307:
1497-1505.

6) GARDIN JM, MCCLELLAND R, KITZMAN D, LIMA JA,
BOMMER W, KLOPFENSTEIN HS, WONG ND, SMITH
VE, GOTTDIENER J. M-mode echocardiographic
predictors of six- to seven-year incidence of
coronary hear t disease, stroke, congestive
heart failure, and mortality in an elderly cohort
(the Cardiovascular Health Study). Am J Cardiol
2001; 87: 1051-1057.

7) BLAKE GJ, RIFAI N, BURING JE, RIDKER PM. Blood
pressure, C-reactive protein, and risk of future
cardiovascular events. Circulation 2003; 108:
2993-2999.

8) AYDIN Y, OZHAN H, ALBAYRAK S, TURKER Y, BULUR S, ER-
DEN I, BESIR FH, DEMIRIN H, AYDIN LY, DIKICI S,
MEMISOGULLARI R, BALTACI D, ERKAN ME, ERBAS M,
YAZGAN O, BASAR C, AYDIN M, ALEMDAR R, KAYA A,
ORDU S, CAGLAR O, DUMLU T, GUNGOR A, CELBEK G,
YILDIRIM HA, UÇGUN T, BULUR S, YANIK E, CANAN F,
KARABACAK A, YALCIN S, ONDER E, KAYAPINAR O, CELER
A, CEMALETTTIN G, ASLANTAS Y, EKINOZU I, COSKUN H,
KUDAS O, YAZGAN S, KUTLUCAN A, CIL H, ERBILEN E.
for the MELEN Investigators. MELEN Study: ratio-
nale, methodology and basic results. Eur J Gen
Med 2011; 8: 308-313.

9) NIEUWLAAT R, CAPUCCI A, CAMM AJ, OLSSON SB, AN-
DRESEN D, DAVIES DW, COBBE S, BREITHARDT G, LE
HEUZEY JY, PRINS MH, LÉVY S, CRIJNS HJ; EUROPEAN
HEART SURVEY INVESTIGATORS. Atrial fibrillation man-
agement: a prospective survey in ESC member
countries: the Euro Heart Survey on Atrial Fibril-
lation. Eur Heart J 2005; 26: 2422-2434.

10) NABAUER M, GERTH A, LIMBOURG T, SCHNEIDER S, OEFF
M, KIRCHHOF P, GOETTE A, LEWALTER T, RAVENS U,
MEINERTZ T, BREITHARDT G, STEINBECK G. The Registry
of the German Competence NETwork on Atrial
Fibrillation: patient characteristics and initial man-
agement. Europace 2009; 11: 423-434.

11) ERTAS F, KAYA H, KAYA Z, BULUR S, KÖSE N, GÜL M,
KAHYA EREN N, CAGLIYAN CE, KÖROGLU B, VATAN B,
ACAR G, YÜKSEL M, BILIK MZ, GEDIK S, SIMSEK Z, AKIL
MA, YILMAZ R, OYLUMLU M, ARIBA A, YILDIZ A, AY-
DIN M, YETER E, KANADASI M, ERGENE O, OZHAN H,
ULGEN MS. Epidemiology of atrial fibrillation in
Turkey: preliminary results of the multicenter
AFTER study. Turk Kardiyol Dern Ars 2013; 41:
99-104.

12) JOUSILAHTI P, VARTIAINEN E, TUOMILEHTO J, PUSKA P.
Sex, age, cardiovascular risk factors, and coro-

nary heart disease: a prospective follow-up study
of 14786 middle-aged men and women in Fin-
land. Circulation 1999; 99: 1165-1172.

13) LEE IM, MANSON JE, HENNEKENS CH, PAFFENBARGER RS
JR. Body weight and mortality. A 27-year follow-up
of middle-aged men. JAMA 1993; 270: 2823-
2828.

14) MIKKELSEN KL, HEITMANN BL, KEIDING N, SØRENSEN TI.
Independent effects of stable and changing body
weight on total mortality. Epidemiology 1999; 10:
671-678.

15) ANKER SD, PONIKOWSKI P, VARNEY S, CHUA TP, CLARK
AL, WEBB-PEPLOE KM, HARRINGTON D, KOX WJ,
POOLE-WILSON PA, COATS AJ. Wasting as an inde-
pendent risk factor for mortality in chronic heart
failure. Lancet 1997; 349: 1050-1053.

16) CHAMBLESS LE, HEISS G, FOLSOM AR, ROSAMOND W,
SZKLO M, SHARRETT AR, CLEGG LX. Association of
coronary heart disease incidence with carotid ar-
terial wall thickness and major risk factors: the
Atherosclerosis Risk in Communities (ARIC)
Study, 1987-1993. Am J Epidemiol 1997; 146:
483-494.

17) POLAK JF, SZKLO M, KRONMAL RA, BURKE GL, SHEA S,
ZAVODNI AE, O’LEARY DH. The value of carotid
artery plaque and intima-media thickness for inci-
dent cardiovascular disease: the multi-ethnic
study of atherosclerosis. J Am Heart Assoc 2013;
2: e000087.

18) JOUVEN X, EMPANA JP, SCHWARTZ PJ, DESNOS M, COUR-
BON D, DUCIMETIÈRE P. Heart-rate profile during ex-
ercise as a predictor of sudden death. N Engl J
Med 2005; 352: 1951-1958.

19) SCHOUTEN EG, DEKKER JM, MEPPELINK P, KOK FJ, VAN-
DENBROUCKE JP, POOL J. QT interval prolongation
predicts cardiovascular mortality in an apparently
healthy population. Circulation 1991; 84: 1516-
1523.

20) MOGELVANG R, SOGAARD P, PEDERSEN SA, OLSEN NT,
MAROTT JL, SCHNOHR P, GOETZE JP, JENSEN JS. Cardiac
dysfunction assessed by echocardiographic tis-
sue Doppler imaging is an independent predictor
of mortality in the general population. Circulation
2009; 119: 2679-2685.

21) TSANG TS, BARNES ME, GERSH BJ, TAKEMOTO Y, ROSALES
AG, BAILEY KR, SEWARD JB. Prediction of risk for first
age-related cardiovascular events in an elderly pop-
ulation: the incremental value of echocardiography.
J Am Coll Cardiol 2003; 42: 1199-1205.

22) BLAKE GJ, RIFAI N, BURING JE, RIDKER PM. Blood
pressure, C-reactive protein, and risk of future
cardiovascular events. Circulation 2003; 108:
2993-2999.

23) RIDKER PM, PAYNTER NP, RIFAI N, GAZIANO JM, COOK
NR. C-reactive protein and parental history im-
prove global cardiovascular risk prediction: the
Reynolds Risk Score for men. Circulation 2008;
118: 2243-2251.


