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The Relation of QT Interval Parameters
and Osteopontin in Obese Women

AABBSSTTRRAACCTT  OObbjjeeccttiivvee:: An elevated mortality risk has been reported in subjects with increased QT
interval parameters. Higher prevalence of increased QT interval parameters has been found in pa-
tients with type 1 and  type 2 diabetes, coronary heart disease and obesity. Osteopontin is a
chemokine which is agreed to be an inflammatory mediator and is found to be associated with ath-
erosclerosis, diabetes and obesity. Our aim was to investigate relationship of osteopontin and cor-
rected QT interval and QT dispersion  in obese patients. MMaatteerriiaall  aanndd  MMeetthhooddss:: The study included
45 obese female patients and 22 age and sex matched non obese control subjects. As well as mak-
ing physical and antropometric examinations, fasting plasma glucose, post prandial plasma glu-
cose, lipid profile, osteopontin levels were obtained in all female person. QT interval and QT
dispersion were measured from electrocardiograms of all the women and corrected QT was cal-
culated. We then compared all the parameters in two groups and seeked correlations between
them. RReessuullttss:: Obese group had significantly higher plasma osteopontin levels, QTc interval and
QTc dispersion than the control group. We also found positive correlations between OPN levels and
QT interval parameters. CCoonncclluussiioonn::  In conclusion we demonstrated that obese women who had
higher osteopontin levels also had longer QTc interval and QT dispersion than non obese ones. As
long QT interval and dispersion are markers of increased risk of death and as osteopontin is agreed
to be a marker of inflammation, and perhaps of atherosclerosis, we may speculate that high osteo-
pontin may be used as a marker of mortality risk. 

KKeeyy  WWoorrddss::  Osteopontin; obesity; electrocardiography

ÖÖZZEETT  AAmmaaçç::  QT interval parametrelerinde artma saptanan kişilerde artmış mortalite riski
raporlanmıştır. Tip 1 ve tip 2 diyabetik hastalar, koroner kalp hastaları ve obezlerde artmış QT
interval ve QT dispersiyon sıklığı saptanmıştır. İnflamatuar mediatör olarak kabul edilen bir
kemokin olan osteopontin aterosklerozis, diyabet ve obezite ile ilişkili bulunmuştur. Çalışmamızda
obez hastalarda osteopontin and QT interval parametreleri arasındaki ilişkiyi araştırıldı. GGeerreeçç  vvee
YYöönntteemmlleerr::  Çalışmaya 45 obez, 22 nonobez kontrol kadınları dahil edildi. Bütün kadınlarda
antropometrik değerlendirmelere ek olarak açlık kan şekeri, tokluk kan şekeri, lipid profili ve
osteopontin tetkikleri yapıldı. Vakaların elektrogramlarından QT intervali ve QT dispersiyonu,
düzeltilmiş QT hesaplandı. Sonra iki grup içindeki tüm parametreler kıyaslandı ve aralarında
korelasyon araştırıldı. BBuullgguullaarr::  Obez grubun kontrol gruptan daha yüksek osteopontin değerlerine
ve uzamış QTc interval ve QT dispersiyonuna sahip oldukları saptandı. Ayrıca osteopontin ile
uzamış QTc intervali ve QT dispersiyonu  arasında pozitif korelasyon bulundu. SSoonnuuçç::  Sonuç olarak
yüksek osteopontin seviyelerine sahip obez kadınların nonobez olanlara oranla uzamış QTc interval
ve QT dispersiyonuna  sahip olduklarını saptadık. Uzamış QT parametreleri artmış mortalite riskine
sahip olduğundan ve osteopontinin inflamasyon ve belki ateroskleroz belirteci olduğu kabul
edildiğinden yüksek osteopontin değerlerinin mortalite riski belirleyicisi olarak kullanılabileceği
spekülasyonunu yapabilir miyiz, diye düşünmekteyiz. 

AAnnaahhttaarr  KKeelliimmeelleerr:: Osteopontin; obezite; elektrokardiyografi
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he QT interval reflects the total duration of
ventricular myocardial depolarization and
repolarization; its prolongation is associated

with sudden death and poor survival.1 An excess
mortality risk has been reported in normal subjects
with QT interval prolongation.2 Higher prevalence
of corrected QT interval (QTc) and QT interval
dispersion(QTd) prolongation has been found in
patients with Type 1 diabetes,3-6 Type 2 diabetes,7-

9 coronary heart disease,10 and end stage renal dis-
ease.11

Osteopontin (OPN) is an extracellular matrix
associated protein involved in monocyte motility,
inflammatory immune response, mineralization in
bone and kidney, cell survival, inflammation, and
tumour biology12-18 and is expressed in activated
macrophages, T cells, osteclasts, hepatocytes,
smooth muscle, endothelial and epithelial cells.12-16

OPN plasma levels are found elevated in various di-
aeases including atherosclerosis, inflammatory
bowel disease, granulomatous inflammatory disease,
rhematoid arthritis, multiple sclerosis, several types
of cancer, obesity, and cardiac fibrosis.16,17,19

As the atherosclerotic lesion is proved to be
highly inflammatory,15 inflammatory cytokines are
accepted to predict cardiovascular events such as
coronary heart disease, stroke and congestive heart
failure.13,14,17 OPN is also agreed to be an inflam-
matory mediator17 and as OPN levels were found
to be associated with the presence and extent of
coronary artery disease, it may be speculated that
increased expression of OPN may promote the de-
velopment of atherosclerosis.14,20

The chronic inflammation associated with
obesity; an important risk factor for atherosclerosis;
is determined by increased systemic concentrations
of inflammatory markers and cytokines in patients
and animal models of obesity.16 The main origin of
this systemic inflammatory response is shown to be
located in adipose tissue.21 Adipose tissue produces
a number of inflammatory cytokines which may be
found elevated in the serum of obese patients like
OPN.22 It was also confirmed that QTc and QTd
have been prolonged in obesity23-26 and weight loss
has been accompanied by shortening of QTc and
QTd.27,28

Keeping in mind the complex relations among
atherosclerosis, obesity, and OPN we investigated
the relationship of OPN and QT interval parame-
ters in obese women.

MATERIAL AND METHODS
This study was carried out between September
2008 to December 2008 in the Outpatient Clinic
Ankara Education and Research Hospital. The
study included 45 morbidly obese female patients
and 22 age and sex matched nonobese control sub-
jects. All the women were normotensive. 

Patients with male gender, diabetes mellitus,
glucose intolerance, conditions which may effect
metabolic parameters (such as tiroid dysfunctions
in history or nowadays), pregnancy, chronic dis-
eases such as hypertension, infection, coronary ar-
tery disease and who were taking medicine were
excluded. As females and males have different
amount of fat tissue, in order to obtain a homoge-
nous group we included only females in our study.
The local ethics commitee approved this study and
all the subjects gave written informed consent. The
study was performed according to the Helsinki
Declaration 2008..  

After detailed physical examination, body
weight, height, waist and hip circumference, waist-
hip ratio (WHR) and body fat were measured. Body
mass index (BMI) was calculated as weight in kilo-
grams divided by the square of height in meters.
Women were classified according to BMI such as
obese ≥ 30 kg/m2. Waist and hip circumferences
were measured when fasting by a non elastic meas-
urement, as upright position. 

Blood pressure was determined at least three
times at the right upper arm, and the mean was
used in the analysis. The patients who were taking
antihypertensive drugs or patients whose deter-
mined mean blood pressure levels ≥140/90 mmHg
were accepted as hypertensive and excluded.

Blood was withdrawn after 12h of overnight
fasting, at 08.30 a.m. for fasting plasma glucose
(FPG), serum total and HDL cholesterol, triglyc-
eride, and osteopontin levels. Another blood sam-
ple was taken for postprandial plasma glucose
(PPPG) 2 hours after breakfast. 
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Electrocardiograms (ECG) were obtained for
QT interval analysis. Subjects were excluded from
the present study if they were not in sinus rhythm,
had bundle branch block, or had other interven-
tricular conduction delay. These exclusions were
imposed as interpretation of such ECGs is difficult
and the resultant prolonged QT intervals may be
misleading. It was written that the cause of cardiac
death might be wrongly construed as a function of
the duration of intraventricular conduction delays.29

RR and QT intervals were manually measured in
five consecutive cycles on lead V5 by two experts
on a 12 lead resting ECG printed at a paper speed of
25 mm/s. The QT interval was taken from the be-
ginning of the QRS complex to the end of the
downslope of the T wave. The QT interval corrected
for the previous cardiac cycle length (QTc)  was cal-
culated according to the Bazzet’s Formula (QTc=
QT/ RR½ ).30 The QTc for each subject was taken as
a mean value of the five calculated intervals. The
QT dispersion was defined as the difference be-
tween the longest and the shortest QT interval in
any lead and at least 10 leads had to be assessable
for an ECG to be included in the analyses.

Plasma glucose, total cholesterol, triglyceride
(TG) and high density lipoprotein (HDL) choles-
terol concentrations were determined by enzi-
mochalorimetric spectrophotometric methods in a
Roche/Hitachi molecular PP autoanalyser. Low
density lipoprotein (LDL) and very low density
lipoprotein (VLDL) cholesterol were calculated by
the Friedewald Formula (VLDL= TG/5; LDL= Total
cholesterol-HDL-TG/5). 

An indirect measure of insulin resistance 
was calculated from the fasting plasma insulin 
(μ unite/mL) x fasting plasma glucose (mmol/L)/22.
5 formula as homeostasis model assessment
(HOMA-IR).

For the measurements of OPN, 5 mL blood sam-
ples were collected in EDTA containing tubes. These
blood samples were santrifuged 4000 cycle/ min in
30 minutes. Plasma was then stored at -80˚C. Plasma
OPN levels were measured by an enzyme-linked im-
munosorbent assay (ELISA) using a commertaily
available kit (Human OPN assay kit, Biotec USA). 

After calculating the statistical analysis of the
obese and nonobese control groups, we made the
correlation analysis of the obese group.

By using SPSS version 11,5 (Customer ID
30000105 930) we performed the calculations. We
presented our data as mean ± SD. Student t-test was
used to compare the groups in a parametric way.
One way variation analysis  (ANNOVA) was used
to compare study groups with each other. We used
Tukey’s multiple comparison test for post hoc
analysis. A p value of < 0.05 was considered as sta-
tistically significant. Pearson correlation coefficient
was used for the correlation analysis. 

RESULTS

We performed the study with 45 obese patients and
22 nonobese control subjects. All the demographic
and laboratory findings of obese patients and con-
trol groups were compared and  demonstrated in
Table 1.

Patients (n= 45) Control (n= 22) p

Age (yr) 43.65 ± 9.08 40.60 ± 7.96 NS

BMI ( kg/m2) 34.78 ± 5.15 22.28 ± 2.62 < 0.001

Waist circumference (cm) 97.60 ± 11.35 72.86 ± 6.32 < 0.001

Hip circumference (cm) 115.22 ± 10.36 97.68 ± 5.52 < 0.001

WHR 0.85 ± 0.18 0.74 ± 0.04 = 0.008

Body fat (%) 33.81 ± 8.54 13.87 ± 5.31 < 0.001

FBG (mg/dL) 98.00 ± 11.63 88.27 ± 10.08 < 0.001

PPBG (mg/dL) 117.60 ± 23.40 97.31 ± 17.58 < 0.001

Cholesterol(mg/dL) 207.60 ± 41.22 174.59 ± 27.03 < 0.001

TG (mg/dL) 150.13 ± 66.75 103.86 ± 62.06 = 0.008

LDL (mg/dL) 124.95 ± 37.65 98.77 ± 21.32 = 0.004

VLDL (mg/dL) 30.02 ± 13.35 20.77 ± 12.41 = 0.008

HDL (mg/dL) 52.50 ± 12.08 55.18 ± 12.33 NS

HOMA-IR 2.95 ± 1.43 1.79 ± 0.97 < 0.001

QTc (ms) 540.10 ± 40.10 400.00 ± 10.00 < 0.001

QTd (ms) 61.00 ± 12.10 42.00 ± 0.90 < 0.001

OPN (ng/mL) 289.99 ± 82.03 245.87 ± 55.24 = 0.026

TABLE 1: Characteristics of patient and control groups.

BMI: Body mass index, WHR: Waist hip ratio, FBG: Fasting blood glucose, PPBG: Post
prandial blood glucose, TG: Triglyceride, LDL: Low density lipoprotein cholesterol, VLDL:
Very low density lipoprotein cholesterol, HDL: High density lipoprotein cholesterol,
HOMA-IR: Homeostasis model assessment, QTc: Corrected QT, QTd: QT dispersion,
OPN: Osteopontin. Data are presented as mean ± SD. NS: Nonsignificant. 
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In Table 1 obese and control groups were com-
pared. As expected BMI, waist and hip circumfer-
ence, WHR, body fat measurements were found to
be significantly higher in obese group than control
group (respectively p< 0.001, p< 0.001, p< 0.001, p=
0.008, p< 0.001) (Table 1).

Significantly higher FBG, PPBG, total and
LDL, VLDL cholesterol, TG, HOMA-IR, QTc, QTd
and OPN levels were observed in obese patients
than nonobese subjects (respectively p< 0.001, p<
0.001, p= 0.001, p= 0.004, p= 0.008, p= 0.008, p<
0.001, p< 0.001, p< 0.001, p= 0.026 ) (Table 2).
However no differences were observed in obese pa-
tients and control women as age, HDL cholesterol
levels.

We then made the correlation analysis in
obese group and found statistically significant pos-
itive correlation between OPN and QTc, QTd,
BMI,  between BMI and HOMA-IR (Table 2). 

DISCUSSION
Our data showed that OPN levels of obese patients
were significantly higher than those levels of
nonobese controls, also QTc and QTd of the obese
patients were increased. In obese group OPN levels
were found to be positively correlated with QTc
and QTd.

The QT interval corresponds to the time nec-
essary for the complete ventricular electrical exci-
tation and recovery and is therefore the
measurement of the duration of the electrical sys-
tole, which includes ventricular depolarization and
repolarization that is the total duration of the ven-
tricular electrical activity.31 The QT interval varies

inversely with heart rate so that the higher the
heart rate the shorter QT and vice versa. Accord-
ingly it should be corrected for heart rate, thus gen-
erating the QTc. QT dispersion results from
inhomogenity of repolarization times, and is a
marker of arrhythmogenesis. QTc and QTd are in-
creasingly being recognized as prognostic factors
for sudden death in patients with coronary heart
disease10,32, chronic heart failure,33 peripheral vas-
cular disease,34 chronic renal disease11 and essential
hypertension.35 Prolonged QT interval parameters
were also determined in Type 13-6 and Type 2 dia-
betes mellitus7-9 and obesity.23-28

OPN is an inflammatory marker mainly de-
rived from adipose tissue and also induces the ex-
pression of other inflammatory cytokines and
chemokines in peripheral blood mononuclear
cells.36 It was observed that plasma OPN levels
were increased in overweight and obese patients,
and further elevated in obesity associated dia-
betes.16,37-39 Weight loss was shown to reduce OPN
plasma levels in obese.37,39 Kepping in mind the re-
lation of atherosclerosis with inflamation, OPN
was also investigated in studies about atheroscle-
rosis and it was reported that OPN was a novel
component of human atherosclerotic plaques.40 It
was also shown that OPN expression on athero-
sclerotic plaques was closely related with the sever-
ity of atherosclerosis and calcification.41 In our
obese patients, OPN levels were found to be higher
as intervals of QTc and QTd . Positive correlation
between QT interval parameters and plasma OPN
levels comfirmed the relation between them. As in
our study we demonstrated that OPN correlated
with QT intervals, it will be an interesting question
if we can use OPN as a risk marker of arrhythmias
or sudden death at least in follow-up of the pa-
tients. One may put forward the opposition of the
higher price of measuring OPN levels, compared to
recording QT intervals; we are only making a spec-
ulation and posing the question as; who can pre-
dict what scientific developments may exhibit in
the future.

The pathologies of QTc prolongation remains
poorly understood, although cross-sectional stud-
ies suggest a role for several risk factors including

n= 45 OPN BMI QTc QTd HOMA-IR

OPN 1 p< 0.05 p< 0.05 p< 0.05

r= 0.302 r= 0.316 r= 0.399

BMI p< 0.05 1 p< 0.05

r= 0.302 r= 0.355

TABLE 2: Summary of correlation analysis of 
obese patients.

BMI: Body mass index, HOMA-IR: Homeostasis model assessment, QTc: Corrected
QT, QTd: QT dispersion, OPN: Osteopontin.
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female sex, ischemic heart disease, high glycemic
levels, gene mutations, blood pressure.42 A higher
prevalence of QTc prolongation in women than in
men has been reported by other investigators43. Sex
based or sex hormone associated differences in my-
ocardial cell function have also been documented44.
As the identification of risk factors for prolonged
QTc is of clinical relevance and it would enable the
targeting of people at high risk of cardiovascular
events and enable the application of risk lowering
strategies we intended to tightly follow up our fe-
male obese patients.

Gunti et al. found an independent association
between incidence of QTc prolongation and BMI
in their Type 1 diabetic patients, but only in
women. Their finding suggested that being ex-
tremely thin or overweight is not beneficial for
women with diabetes.42 In our study our obese sub-
jects who had high BMI, waist and hip circumfer-
ence, WHR, body fat ratio had prolonged QTc and
QTd as well as high OPN levels, but we could not
be able to show any correlation, positive or nega-
tive between QT interval parameters and those
obesity parameters. We think that in order to en-
lighten the discrepancy between our and their
study, further  examinations are needed. 

A close relation between increased QTc and
higher plasma glucose concentrations has been re-
ported in nondiabetic subjects.45 A link between
hyperglycemia and prolonged QTc was also sug-
gested in diabetics.42 Acute hyperglycemia might
have prolonged QTc probably by increasing the cy-
tosolic calcium content, including oxidative stress
and enchancing sympathetic activity.42 In the pres-
ent study, in spite of the higher plasma glucose lev-
els either fasting or post prandial (higher but all in
normal limits) in obese patients, no correlation was
found between QT intervals and glucose levels. In
numerous studies in diabetic and obese patients
OPN levels were found to be high, if there is a re-
lation between OPN levels and QT interval pro-
longation, a possible influence of blood glucose on
QT intervals can not be excluded, and is worthy of
further investigation.

In healthy young subjects QT interval was not
found to be related to lipid parameters.46 Total, LDL

and VLDL cholesterol levels were higher in our
obese patients, as well as QTc and QTd intervals
but no correlation was found between these pa-
rameters. In a study of Korean healthy subjects, in
normoglycemic female subjects, insulin resistance
was found to be an independent determinant of the
prolongation of QTc.47 In our study HOMA-IR of
obese group was statistically high, likewise we did
not find a correlation between QT intervals and
HOMA-IR. We hope that more satisfying results
will be obtained, if we continue our studies with
larger patient groups.

QTc is increasingly being recognized as prog-
nostic factors for coronary heart disease and sud-
den death.1,2,48 To reverse the high cardiac death
rate, there is a need for a simple screening test, en-
abling early detection at a time when overt cardiac
disease is absent. Identifying such high risk patients
should enable us to target interventions earlier in
order to reduce cardiac mortality and morbidity.
The critical QTc value that confers particular vul-
nerability to ventricular arrhythmias probably
varies individually3, but Rana et al. recommends a
cut of value of 510 ms to examine the patients with
echocardiography, exercise testing or electrophys-
iological testing to detect reversible cardiac abnor-
malities, such as left ventricular dysfunction,
reversible coronary ischemia and malignant ar-
rhythmias.29 We wonder if our obese patients with
prolonged QT interval are also in danger of arrhyt-
mias. It was advised to treat these patients with
ultra aggresive statin, or ultra tight blood pressure
control or early revascularisation or implantable
cardiac defibrilators. We think whether this strat-
egy will be cost effective or not, but it seems to
worth investigating further.

In conclusion, data obtained in our study
showed that in obesity which is a risk factor of ath-
erosclerosis, plasma OPN level is high and QTc and
QTd intervals are prolonged. Our study, besides re-
minding us about the dangers of QT interval pa-
rameters in obesity, makes us think about using
OPN as a marker of atherosclerosis as well as a risk
factor of arrhythmogenesis and using OPN plasma
levels in evaluating the results of preventative
measures of arrhythmias and sudden death.



THE RELATION OF QT INTERVAL PARAMETERS AND OSTEOPONTIN IN OBESE WOMEN Selma ALAGÖZ et al

Turkiye Klinikleri J Endocrin 2011;6(2) 71

1. Elming H, Holm E, Jun L, Torp-Pedersen C,
Kober L, Kircshoff M, et al. The prognostic
value of the QT interval and QT dispersion in
all cause and cardiac mortality and morbidity
in a population of Danish citizens. Eur Heart J
1998;19(9):1391-400. 

2. Schouten EG, Dekker JM, Meppelimk P, Kok
FJ, Vanderbroucke JP, Pool J. QT interval
prolongation predicts cardiovascular mortality
in an apparently healthy population. Circula-
tion 1991;84(4):1516-23. 

3. Suys B,  Heuten S, De Wolf D, Verherstraeten
C, Beeck LO,  Matthys D, et al. Glycemia and
corrected QT interval prolongation in young
Type 1 diabetic patients. Diabetes Care
2006;29(2):427-9. 

4. Veglio M,  Giunti S, Stevens LK,  Fuller JH,
Perin PC,  The Eurodiab IDDM Complications
Group. Prevalence of Q-T interval dispersion
in Type 1 diabetes and its relation with cardiac
ischemia. Diabetes Care 2002;25(4):702-7.  

5. Poulsen PL, Ebbehøj E, Arildsen H, Knudsen
ST, Hansen KW, Mølgaard H, et al. Increased
QTc dispersion is related to blunted circadian
blood pressure variation in normoalbuminuric
Type 1 diabetic patients. Diabetes
2001;50(4):837-42. 

6. Veglio M, Sivieri R, Chinaglia A, Scaglione L,
Cavallo-Perin P, The Neuropathy Study Group
of Italian Society of the Study of Diabetes. QT
interval prolongation and mortality in Type 1
Diabetic patients. A 5-year cohort prospective
study. Diabetes Care 2000;23(9):1381-3.

7. Veglio M, Bruno G, Bora M, Macchia G, Barg-
ero G, D’Errico N, et al. Prevalence of in-
creased QT interval duration and dispersion
in type 2 diabetic patients and its relationship
with coronary heart disease: a population-
based cohort. J Intern Med 2002;251(4):317-
24.

8. Salles GF, Deccache W, Cardoso CRL. Use-
fulness of QT-interval parameters for cardio-
vascular risk stratification in type 2 diabetic
patients with arterial hypertension. J Hum Hy-
pertens 2005;19(3):241-9. 

9. Landstedht-Hallen L, Englund A, Adamson U,
Lins PE. Increased QT dispersion during hy-
poglycaemia in patients with type 2 diabetes
mellitus. J Intern Med 1999;246(3):299-307.

10. Maebuchi D, Arima H, Doi Y, Ninomiya T,
Yonemoto K, Tanizaki Yi, et al. QT interval
prolongation and the risks of stroke and coro-
nary heart disease in a general Japanese pop-
ulation: the Hisayama study. Hypertens Res
2010;33(9):916-20.

11. Hage FG, de Mattos AM, Khamash H, Mehta
S, Warnock D, Iskandrian AE. QT prolonga-

tion is an independent predictor of mortality in
end-stage renal disease. Clin Cardiol
2010;33(6):361-6.

12. Irita J, Okura T, Manabe S, Kurata M, Miyoshi
K Watanabe S, et al. Plasma osteopontin lev-
els are higher in patients with primary aldos-
teronism than in patients with essential
hypertension. AJH 2006;19(3):293-7.

13. Kurata M, Okura T, Watanabe S, Fukuoka T,
Higaki J. Osteopontin and carotid atheroscle-
rosis in patients with essential hypertension.
Clin Sci (Lond)  2006; 111(5):319-24.

14. Ohmori R, Momiyama Y, Taniguchi H, Taka-
hashi R, Kusuhara M, Nakamura H, et al.
Plasma osteopontin levels are associated with
the presence and extent of coronary artery
disease. Atherosclerosis 2003;170(2):333-7.

15. Scetana M, Liaw L, Giachelli CM. Osteopon-
tin,  a multifactorial molecule regulating
chronic inflammation and vascular disease.
Arteroscler Thromb Vasc Biol 2007;27(11):
2302-9. 

16. Kiefer F, Zeyda M, Todoric J, Huber J, Gey-
eregger R, Weichhart T, et al. Osteopontin ex-
pression in human and murine obesity:
Extensive loca lup-regulation in adipose tissue
but minimal systemic alterations. Endocrinol-
ogy 2008;149(3):1350-7.

17. Luomala M, Pfiva H, Thelen K, Laaksonen R,
Saarela M, Matiala K, et al. Osteopontin levels
are associated with cholesterol synthesis
markers in mildly hypercholestrolemic pa-
tients. Acta Cardiol 2007;62(2):177-81.

18. Heinegard D, Hultenby K, Oldberg A, Reinholt
F, Wendel M. Macromolecules in bone matrix.
Connect Tissue  Res 1989;21(1-4):3-11.

19. Bertola A, Deveaux V, Bonnafous S,
Rousseau D, Anty R, Wakkach A, et al.  Ele-
vated expression of osteopontin may be re-
lated to adipose tissue macrophage
accumulation and liver steatosis in morbid
obesity. Diabetes  2009;58(1):125-33. 

20. Golledge J, Mc Cann M, Mangan S, Lam A,
Karan M. Osteoprotegerin and osteopontin
are expressed at high concentrations within
symptomathic carotid atherosclerosis. Stroke
2004;35(7):1636-41.

21. Weiseberg SP, Mc Cann D, Desai M, Rosen-
baum M, Leibel RL, Ferrante Jr AW. Obesity
is associated with macrophage accumulation
in adipose tissue. J Clin Invest 2003;112(12):
1796-808.

22. Bautista LE, Vera LM, Arenas IA, Gamarra G.
Independent association between inflamma-
tory markers(C-reactive protein,interleukin-6,
and TNF-alpha) and essential hypertension. J
Hum Hypertens 2005;19(2):149-54.

23. Bilora F, Vettore G, Barbata A, Pastorello M,
Petrobelli F, San Lorenzo I. Electrocardio-
graphic findings in obese subjects. Minerva
Gastroenterol Deitol 1999;45(3):193-7.

24. Seyfeli E, Duru M, Kuvandik G, Kaya H, Yalçın
F. Effect of obesity on P wave dispersion and
QT dispersion in women. Int J Obes
2006;30(6):957-61.

25. Grandinetti A, Chow DC, Miyasaki M, Low P.
Association of incresed QTc interval with car-
diometabolic syndrome. J Clin Hypertens
(Greenwich) 2010;12(4):315-20.

26. Arslan E, Yiğiner O, Yavaşoğlu I, Özçelik F,
Kardeşoğlu E, Nalbant S. Effect of uncompli-
cated obesity on QT interval in young men. Pol
Arch Med Wewn 2010;120(6):209-13.

27. Papaioannou A, Micaloudis D, Fraidakis O,
Petrou A, Chaniotaki F, Kanoupakis E, et al.
Effect of weight loss on QT interval in morbidly
obese patients. Obes Surg 2003;13(6):869-
73.

28. Seyfeli E, Duru M, Kuvandik G, Kaya H, Yalçın
F.  Effect of weight loss on QTc dispersion in
obese subjects. Anadolu Kardiyol Derg
2006;6(2):126-9.

29. Rana BS, Lim PO, Naas AAO, Ogston SA,
Newton RW, Jung RT,  et al. QT interval ab-
normalities are often present at diagnosis in
diabetes and are beter predictors of cardiac
death than ankle brachial pressure index and
autonomic function tests. Heart 2005;91(1):
44-50. 

30. Bazett HC. An analysis of time relations of
electrocardiograms. Hearts 1920;7(1):353-70.

31. Costa ECS, Gonçalves AA, Areas MA,  Mor-
gabel RG. Effect of metformin on QT and QTc
interval dispersion of diabetic rats. Arq Bras
Cardiol  2008;90(4):232-8. 

32. Maebuchi D, Arima H, Doi Y, Ninomiya T,
Yonemoto K, Tanizaki Y, et al. QT interval pro-
longation and the risks of stroke and coronary
heart disease in a general Japanese popula-
tion: the Hisayama study. Hypertens Res
2010;33(9):916-21.

33. Barr CS, Naas AO, Freeman M, Lang CC,
Struthers AD. QT dispersion and sudden un-
expected death in chronic heart failure. Lancet
1994;343(8893):327-9.

34. Darbar D, Luck J, Davidson N, Pringle T, Main
G, McNeill G, et al. Sensitivity and specificity
of QTc dispersion for identification of risk of
cardiac death in patients with peripheral vas-
cular disease. BMJ 1996;312(7035):874-8. 

35. Dimopoulos S, Nicosia F, Turini D, Zulli R.
Prognostic evaluation of QT-dispersion in eld-
erly hypertensive and normotensive patients.
Pacing Clin Elecrophysiol 2009;32(11):1387-
91.

REFERENCES



Selma ALAGÖZ et al THE RELATION OF QT INTERVAL PARAMETERS AND OSTEOPONTIN IN OBESE WOMEN

Turkiye Klinikleri J Endocrin 2011;6(2)72

36. Xu G, Nie H, Li N, Zheng W, Zhang D, Feng
G, et al. Role of osteopontin in amplification
and perpetuation of rhematoid synovitis. J Clin
Invest 2005;115(4):1060-7.

37. Todoric J, Loffler M, Huber J, Bilban M,
Reimers M, Kadl A, et al.  Adipose tissue in-
flammation induced by high–fat diet in obese
diabetic mice is prevented by n-3 polyansatu-
rated fatty acids. Diabetologia 2006;49(9):
2109-19.

38. Hicok KC, Du Laney TV, Zhou YS, Halvorsen
YD, Hitt DC, Cooper LF, et al. Human adipose
derived adult stem cells produce osteoid in
vivo. Tissue Eng 2004;10(3-4):371-80.

39. Gomez-Ambrosi  J, Catalan V, Ramirez B, Ro-
driquez A, Colina I, Silva C, et al. Plasma os-
teopontin levels and expression in adipose
tissue are increased in obesity. J Clin En-
docrinol Metab  2007;92(9):3719-27.

40. Giachelli CM, Bae N, Almeida M, Denhardt
DT, Alpers CE, Schwartz SM. Osteopontin is
elevated during neointima formation in rat ar-

teries and is a novel component of human ath-
erosclerotic plaques. J Clin Invest 1993;92(4):
1686-96.

41. Bini A, Mann KG, Kudryk BJ, Schoen FJ. Non
collagenous bone  matrix ptroteins, calcifica-
tion and  thrombosis  in caroid artery athero-
sclerosis. Arterioscler Thromb Vasc Biol
1999;19(8):1852-61.

42. Giunti S, Bruno G, Lillaz E, Gruden G, Lolli V,
Chaturvedi N, et al. Incidence and risk factors
of prolonged QTc interval in type 1 diabetes.
The EURODIAB IDDM Prospective Compli-
cations Study. Diabetes Care 2007;30(8):
2057-63.

43. Benoit SR, Mendelsohn AB, Nourjah P, Staffa
JA, Graham DJ. Risk factors for QTc among
US adults:third National Health and Nutrition
Examination Survey.Eur J Cardiovasc Prev
Rehabil 2005;12(4):363-8.

44. Griffin M, Lee HW, Zhao L, Eghbali-Webb M.
Gender related differences in proliferative re-

sponse of cardiac fibroblasts to hypoxia:ef-
fects of estrogen. Mol Cell Biochem
2000;215(1-2):21-30.

45. Lefrandt JD, Diercks GFH, Van Boven AJ, Cri-
jns HJGM, Van Gilst WH, Gans ROB. High
fasting glucose and QTc duration in a large
healthy cohort. Diabetologia 2000;43(10):
1332-4. 

46. Leotta G, Maule S, Rabbia F, Del Colle S,
Tredici M, Canadè A, et al. Relationship be-
tween QT interval and cardiovascular risk fac-
tors in healthy young subjects. J Hum
Hypertens 2005;19(8):623-7. 

47. Shin HS, Lee WY, Kim SW, Jung CH, Rhee
EJ, Kim BJ, et al. Sex difference in the rela-
tionship between insulin resistance and cor-
rected QT interval in non-diabetic subjects.
Circ J 2005;69(4):409-13.

48. Ekerbiçer N, Zeyfeoğlu Z. [Pathophysiology of
sudden death]. Türkiye Klinikleri J Surg Med
Sci 2006;2(50):79-86.


