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Decreased coronary flow reserve in obese women

Obez kadınlarda azalmış koroner akım rezervi
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Objectives: Obesity is associated with an increased rate 
of cardiovascular disease and risk factors. It is a com-
mon problem in apparently healthy women. We aimed 
to investigate the association between obesity and coro-
nary flow reserve (CFR) in obese women.

Study design: The study included 80 consecutive women 
(mean age 55.6±10.2 years) without diabetes mellitus and 
clinical coronary artery disease. Body mass index (BMI) 
was calculated and obesity was defined as BMI ≥30 kg/m2. 
Based on BMI, the patients were grouped as normal weight 
(n=13; 18.5-24.9 kg/m2), overweight (n=32; 25-29.9 kg/m2), 
obese (n=32; ≥30-39.9 kg/m2), and morbid obese (n=3; ≥40 
kg/m2). Peak diastolic coronary flow velocities were mea-
sured in the distal left anterior descending artery by transt-
horacic pulsed wave Doppler echocardiography at baseline 
and after dipyridamole infusion and CFR was calculated as 
the ratio of hyperemic to baseline peak diastolic velocities.

Results: There were 35 obese women (43.8%). Coronary 
flow reserve was significantly lower in obese women than 
in nonobese subjects (2.2±0.5 vs. 2.5±0.4; p=0.022). The 
lowest CFR was seen in patients with a BMI of ≥40 kg/
m2; overweight women did not differ significantly from 
women of normal weight. Coronary flow reserve was cor-
related with BMI (r=-0.314, p=0.005), waist circumference 
(r=-0.316, p=0.005), C-reactive protein (CRP) (r=-0.342, 
p=0.011), and adiponectin level (r=0.410, p=0.011). In 
regression analysis, BMI (p=0.017), waist circumference 
(p=0.048), systolic blood pressure (p=0.025), fasting 
glucose (p=0.035), and adiponectin level (p=0.037) were 
found to be independent predictors for impaired CFR. In 
ROC analysis, the cut-off value for BMI to predict impaired 
CFR was ≥30 kg/m2, with 76% sensitivity and 72% speci-
ficity (ROC area 0.805, p<0.001, 95% CI 0.669-0.96).

Conclusion: Impaired CFR in obese women suggests the 
presence of microvascular dysfunction. Treatment of obe-
sity is important for the prevention of atherosclerosis.

Key words: Blood flow velocity; body mass index; coronary cir-
culation; echocardiography; female; obesity/complications; risk 
factors; vascular resistance.

Amaç: Obezite artmış kardiyovasküler hastalık ve risk 
faktörleri ile ilişkilidir. Obezite sağlıklı olduğu düşünülen 
kadınlarda sık karşılaşılan bir sorundur. Bu çalışmada 
obez kadınlarda obezite ile koroner akım rezervi (KAR) 
arasındaki ilişki araştırıldı.

Ça lış ma pla nı: Çalışmaya, diabetes mellitus ve klinik 
koroner arter hastalığı olmayan 80 ardışık kadın hasta (ort. 
yaş 55.6±10.2) alındı. Tüm olgularda beden kütle indeksi 
(BKİ) ölçüldü ve BKİ ≥30 kg/m2 olanlar obez olarak kabul 
edildi. Beden kütle indeksine göre hastalar normal kilolu 
(n=13; 18.5-24.9 kg/m2), fazla kilolu (n=32; 25-29.9 kg/m2), 
obez (n=32; ≥30-39.9 kg/m2) ve aşırı obez (n=3; ≥40 kg/m2) 
olarak sınıflandırıldı. Zirve diyastolik koroner akım, distal 
sol ön inen koroner arterden dipiridamol infüzyonu öncesi 
ve sonrasında transtorasik nabız dalga Doppler ile ölçüldü 
ve hiperemik zirve diyastolik hızın başlangıç zirve diyastolik 
hıza oranı KAR olarak kabul edildi. 

Bul gu lar: Otuz beş kadın (%43.8) obez olarak kabul edildi. 
Koroner akım rezervi obez kadınlarda obez olmayanlara 
göre anlamlı derecede düşük bulundu (2.2±0.5 ve 2.5±0.4; 
p=0.022). En düşük KAR değeri BKİ ≥40 kg/m2 olan 
kadınlarda gözlendi; fazla kilolu kadınlar ve normal kilolu 
kadınlarda KAR benzer bulundu. Koroner akım rezervi, 
BKİ (r=-0.314, p=0.005), bel çevresi (r=-0.316, p=0.005) ve 
C-reaktif protein (CRP) (r=-0.342, p=0.011) ve adiponek-
tin (r=0.410, p=0.011) düzeyleriyle anlamlı ilişki gösterdi. 
Regresyon analizinde KAR düşüşünü öngören bağımsız 
etkenler şunlardı: BKİ (p=0.017), bel çevresi (p=0.048), 
sistolik kan basıncı (p=0.025), açlık kan şekeri (p=0.035) ve 
adiponektin düzeyi (p=0.037). ROC analizinde, KAR’daki 
bozulmayı öngörmede kullanılabilecek BKİ kesim değeri 
≥30 kg/m2 bulundu (duyarlık %76, özgüllük %72; ROC alanı 
0.805, p<0.001, %95% GA 0.669-0.96).

So nuç: Obez kadınlarda KAR değerindeki düşüş mikrovas-
küler disfonksiyon varlığının bir göstergesidir. Obezitenin 
tedavisi aterosklerozun önlenmesi için önemlidir.

Anah tar söz cük ler: Kan akım hızı; beden kütle indeksi; koroner 
dolaşım; ekokardiyografi; kadın; obezite/komplikasyon; risk fak-
törü; vasküler direnç.
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Obesity is a health, social, and economic problem in 
women. It is highly prevalent in Turkish postmeno-
pausal women and 30% of women are estimated to 
have a body mass index of ≥30 kg/m2.[1] Although 
obesity is known as an independent risk factor[2,3] for 
coronary artery disease together with diabetes melli-
tus, hypertension, and dyslipidemia,[4] currently a new 
concept of ‘obesity paradox’ has emerged.[5] There are 
some findings showing that obesity is associated with 
impaired microvascular function[6,7] and loss of weight 
improves coronary flow reserve (CFR).[8] 

In this study, we aimed to investigate the associa-
tion between obesity and CFR determined by transt-
horacic Doppler echocardiography in Turkish women 
without diabetes and coronary artery disease.

PATIENTS AND METHODS

Study population. A total of 80 consecutive women 
(mean age 55.6±10.2 years) without diabetes mellitus 
and clinical coronary artery disease were enrolled. 
Coronary artery disease was defined as the presence 
of the following: a past history of a myocardial infarc-
tion/revascularization; typical angina; ST-segment or 
T-wave changes specific to myocardial ischemia or Q 
waves on the electrocardiogram; wall motion abnor-
mality on echocardiography; a noninvasive stress test 
demonstrating ischemia or any perfusion abnormality; 
coronary artery stenosis on angiography. Patients were 
excluded if they had coronary artery disease, diabetes 
mellitus, uncontrolled hypertension, dyslipidemia, 
severe valvular disease, congenital heart disease, 
hypertrophic cardiomyopathy, chronic heart failure, 
cardiac rhythm other than sinus, hypo- or hyperthy-
roidism, chronic obstructive pulmonary disease, cor 
pulmonale, systemic diseases such as collagenosis, 
hemolytic, hepatic, and chronic renal disease, or inad-
equate transthoracic echocardiographic images.

The study was conducted in compliance with 
the Declaration of Helsinki. All participants gave 
informed consent and the study protocol was approved 
by the institutional ethics committee.

Demographic, clinical and laboratory parame-
ters. Waist circumference, height, and weight were 
obtained. Body mass index (BMI) was calculated as 
body weight divided by height squared. Obesity was 
defined as BMI ≥30 kg/m2. Patients with a BMI 18.5-
24.9 kg/m2 were categorized as having normal weight, 
25-29.9 kg/m2 as overweight, ≥30-39.9 kg/m2 as obese, 
and ≥40 kg/m2 as morbid obese. 

Systolic and diastolic blood pressures were mea-
sured after at least five minutes of resting. Blood 

samples were obtained after overnight fasting. Plasma 
glucose, total cholesterol, high-density lipoprotein 
(HDL) cholesterol, low-density lipoprotein (LDL) 
cholesterol, triglyceride, C-reactive protein (CRP) 
levels were measured. Serum insulin (Immulite 
2000 Insulin, Diagnostic Products Corporation, Los 
Angeles, USA) and adiponectin (Human adiponectin 
ELISA kit, Linco Research, Inc, Missouri, USA) lev-
els were determined. Homeostasis model assessment 
for insulin resistance (HOMA) index was calculated 
with the following formula: fasting plasma glucose 
(mg/dl) x fasting plasma insulin (μU/ml) / 405.[9] 

Echocardiographic examination and evaluation of 
coronary flow reserve. All the patients underwent tran-
sthoracic echocardiography using an Acuson Sequoia 
C-256 (Acuson Corporation, California, USA) machine 
with a 3.5 MHz transducer. Two-dimensional and 
transthoracic Doppler echocardiographic examinations 
were performed according to the recommendations of 
the American Society of Echocardiography. 

Figure 1. Demonstration of coronary flow velocity at (A) base-
line and (B) hyperemia obtained by transthoracic pulsed wave 
Doppler echocardiography in the distal left anterior descend-
ing coronary artery.

A
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Left anterior descending (LAD) coronary artery 
was visualized using a modified, foreshortened, 
2-chamber view, and an optimal alignment to the 
interventricular sulcus was obtained. The color gain 
was adjusted to provide optimal images and coronary 
flow in the distal LAD was examined by color Doppler 
flow mapping over the epicardial part of the anterior 
wall. Pulsed wave Doppler recordings of the mid-to-
distal LAD coronary artery were obtained from each 
subject. Spectral Doppler of the LAD coronary artery 
displayed a characteristic biphasic flow pattern, with 
a larger diastolic and a smaller systolic component. 
Hyperemia was induced by infusion of dipyridamole 
at a rate of 0.56 mg/kg over 4 min. Coronary peak 
diastolic velocities were measured at baseline and at 
hyperemia (Fig. 1). The highest three Doppler record-
ings were averaged for each measurement. Coronary 
flow reserve was calculated as the ratio of hyperemic 
to baseline peak diastolic velocities.[10] 

Statistical analysis. Statistical analyses were per-
formed with SPSS software (Statistical Package for 
Social Sciences, version 10.0). Continuous variables 
were expressed as mean±standard deviation (SD) or 
median (interquartile range) and categorical variables 
as percentages. The Kolmogorov-Smirnov test was 

used to test the normality of distribution. Variables 
with a normal distribution were compared by an 
unpaired t-test. Variables that showed a nonhomog-
enous distribution were compared by the Mann-
Whitney U-test. Categorical variables were compared 
with the chi-square test. Correlations were sought by 
the Spearman’s correlation test. Multivariate linear 
regression analysis was performed to determine inde-
pendent parameters associated with CFR. The cut-off 
value for BMI to predict impaired CFR was estimated 
by receiver operating characteristic (ROC) curve 
analysis. A p value of less than 0.05 was considered 
statistically significant. 

RESULTS

Demographic and clinical features of the study popu-
lation are presented Table 1. Coronary artery disease 
was eliminated with normal coronary angiography 
(n=52), radionuclide myocardial perfusion imaging 
(n=6), or exercise stress test (n=22).

There were 35 obese women (43.8%). Waist cir-
cumference, BMI, CRP, fasting glucose, insulin lev-
els, and HOMA index were significantly higher in 
the obese group (Table 1). Coronary flow reserve was 
significantly lower in obese women than in nonobese 

Table 1. Clinical and laboratory characteristics

 Overall (n=80) Nonobese group (n=45) Obese group (n=35)

 n % Mean±SD n % Mean±SD n % Mean±SD p

Age (years)   55.6±10.2   54.0±10.0   57.0±9.2 NS
Height (cm)   158.4±5.9   158.8±5.4   157.8±5.3 NS
Weight (kg)   73.3±12.1   65.8±7.1   82.8±10.4 <0.001
Body mass index (kg/m2)   29.4±4.7   26.1±2.4   33.8±3.1 <0.001
Waist circumference (cm)   92.2±11.8   86.0±9.1   100.0±10.1 <0.001
Systolic blood pressure (mmHg)   125.8±16.1   123.7±16.0   128.6±16.2 NS
Diastolic blood pressure (mmHg)   75.3±8.7   75.2±8.4   75.6±9.3 NS
Hypertension  44 55.0  22 48.9  22 62.9  NS
Dyslipidemia 42 52.5  21 46.7  21 60.0  NS
Smoking 15 18.8  8 17.8  7 20.0  NS
Menopause 62 77.5   30 66.7  32 91.4  <0.01
Fasting glucose (mg/dl)   95.5±13.5   92.8±10.8   99.0±15.8 <0.05
LDL-cholesterol (mg/dl)   121.6±26.8   117.8±28.4   126.6±23.9 NS
HDL-cholesterol (mg/dl)   51.7±14.1   53.4±16.1   49.1±10.5 NS
Triglyceride (mg/dl)   128.5±61.1   118.4±58.0   140.3±63.4 NS
Insulin (μU/ml)   7.6 (5.5-11.3)   6.8 (4.9-8.8)   10.1 (5.7-13.9) <0.05
HOMA index   1.4 (1.1-2.6)   1.44 (0.98-2.10)   2.25 (1.21-3.25) <0.05
C-reactive protein (mg/l)   2.9 (1.3-5.6)   2.0 (1.0-4.0)   3.3 (2.0-6.5) <0.05
Adiponectin (μg/ml)   10.9±7.0   13.2±8.1   8.3±4.5 <0.05
Ejection fraction (%)   56.4±3.8   56.6±3.8   56.2±3.8 NS
Left ventricle mass (g)   118.1±44.6   115.7±47.3   121.3±41.1  NS
Basal diastolic coronary flow (cm/sec)   30.9±6.2    30.0±5.3   31.9±7.2 NS
Peak diastolic coronary flow (cm/sec)   71.9±13.5   74.4±13.8   68.8±12.6 <0.05
Coronary flow reserve   2.4±0.5   2.5±0.4   2.2±0.5 <0.05

HOMA: Homeostasis model assessment for insulin resistance.
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subjects (2.2±0.5 vs. 2.5±0.4; p=0.022). In addition, 
adiponectin levels were significantly decreased in the 
obese group (Table 1).

Coronary flow reserve was correlated with BMI 
(r=-0.314, p=0.005), waist circumference (r=-0.316, 
p=0.005), CRP (r=-0.342, p=0.011), and adiponectin 
level (r=0.410, p=0.011). 

In regression analysis, BMI, waist circumfer-
ence, systolic blood pressure, fasting glucose, LDL-
cholesterol, and adiponectin level were found to be 
independent predictors for impaired CFR (Table 2). 

In ROC analysis, the cut-off value for BMI to pre-
dict impaired CFR was ≥30 kg/m2, with 76% sensi-
tivity and 72% specificity (ROC area 0.805, p<0.001, 
95% CI 0.669-0.96).

When the patients were dichotomized according 
to the BMI subgroups, the lowest CFR was seen in 
patients with a BMI of ≥40 kg/m2. With respect to 
CFR, overweight women did not differ significantly 
from women of normal weight (Fig. 2).

DISCUSSION

This study demonstrated that CFR was impaired in 
obese women when compared to nonobese women, 
implying coronary microvascular and endothelial 
dysfunction in obese women.

Several studies have shown microvascular dysfunc-
tion in obesity.[6,11] De Jongh et al.[6] examined microvas-
cular function by skin capillary recruitment and skin 
endothelium-dependent vasodilatation by acetylcholine 
and sodium nitroprusside. They found that obesity 
was characterized by impaired microvascular function 
and that microvascular dysfunction was associated 
with increased blood pressure and decreased insulin 
sensitivity. Another study that investigated coronary 
endothelial function in obese subjects with normal and 
mildly diseased coronary arteries showed that obesity 
was independently associated with coronary endothe-
lial dysfunction.[11] Our results are in accordance with 
these findings and demonstration of an association 
between coronary microvascular dysfunction and obe-
sity in Turkish women has important implications.

Coronary microvascular dysfunction is considered 
to represent an early stage of coronary atherosclero-
sis. Obesity impairs coronary microvascular function. 
Some potential mechanisms could be postulated to 
explain how obesity causes microvascular dysfunc-
tion. Obesity is associated with insulin resistance and 
insulin resistance leads to endothelial dysfunction. 
Although our study population had normal levels 

of glucose, obese women had a higher insulin level 
and HOMA index. As a consequence, obesity-related 
insulin resistance can lead to coronary microvascular 
dysfunction and impaired CFR. Another possible 
mechanism can be related to inflammation. Adipose 
tissue presents a milieu of chronic low level of inflam-
matory state with increased levels of interleukin-6, 
tumor necrosis factor-alpha, and CRP. These inflam-
matory mediators in turn induce insulin resistance 
and endothelial dysfunction,[12] potentially leading to 
impaired CFR in obese women. Our study supports 
these finding as CRP levels were also increased in 
obese women compared with the levels in nonobese 
subjects and CRP was found to be an independent 
factor for impaired CFR.

Coppola et al.[8] investigated the effect of weight 
loss on coronary circulation and adiponectin levels 
in obese women. Coronary flow reserve was sig-
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Figure 2. Coronary flow reserve in patients grouped by body 
mass index.

Table 2. Multivariate linear regression analysis for 
prediction of impaired coronary flow reserve

 ß (95% CI) p

Age -0.245 -0.047; 0.015 0.096
Obesity -1.224 -1.745; -0.869 0.017 
Waist circumference 0.475 0.001; 0.043 0.048
Fasting glucose -1.284 -0.083; -0.015 0.035
LDL-cholesterol 0.344 0.000; 0.012 0.052
HDL-cholesterol -0.086 -0.043; 0.031 0.298
Triglyceride 0.048 -0.005; 0.006 0.478
C-reactive protein 1.380  0.029; 0.563 0.045
HOMA index -0.451 -0.666; 0.069 0.062
Adiponectin 0.421 0.013; 0.086 0.037
Systolic blood pressure -0.943 -0.034; 0.015 0.025
Diastolic blood pressure -0.114 -0.042; 0.029 0.255
Menopause -0.072 -0.849; 0.675 0.384

HOMA: Homeostasis model assessment for insulin resistance.
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nificantly lower in obese subjects compared to that 
in normal-weight individuals. Our study yielded 
similar results, with obese women having impaired 
CFR and decreased adiponectin levels. On the other 
hand, weight loss in obese women is associated with 
improved coronary microcirculation and increased 
adiponectin levels.[8] In a previous study, we found that 
low adiponectin levels were associated with impaired 
CFR in women with a normal coronary angiogra-
phy.[13] In the current study, we found decreased adi-
ponectin levels in obese women and adiponectin was 
an independent predictor of impaired CFR.

Although obesity is considered to be an earlier pre-
sentation of coronary heart disease, a survival paradox 
has emerged from recent observations in overweight 
and obese patients.[14-16] In a meta-analysis which 
evaluated 40 studies including more than 250,000 
patients with coronary disease, patients with a low 
BMI (<20 kg/m2) had an increased risk for cardio-
vascular mortality, whereas overweight patients (BMI 
25-29.9 kg/m2) had the lowest risk for cardiovascular 
mortality.[17] While obese patients (BMI 30-35 kg/m2) 
did not have an increased risk for cardiovascular mor-
tality, patients with severe obesity (≥35 kg/m2) had the 
highest risk for cardiovascular mortality.[17] Kaplan et 
al.[18] found that elevated BMI was associated with an 
increased risk for reinfarction and death, but they also 
observed high rates of mortality and risk for recurrent 
coronary disease among those with a low BMI. They 
reported a U-shaped mortality curve by the BMI dis-
tribution. The underlying mechanism of obesity is not 
fully understood. It may be that coronary artery dis-
ease is manifest in obese persons at an earlier age, and 
obese cardiac patients tend to better tolerate the cata-
bolic stress of myocardial ischemia or heart failure 
than their normal-weight counterparts.[4,19] Obesity-
related risk factors for coronary artery disease such as 
dyslipidemia, hypertension, and diabetes mellitus are 
recognized and treated earlier in obese patients than 
normal-weight persons. Conversely, weight loss due 
to chronic disease and cachexia may serve as a con-
founding factor, worsening outcomes in lower-weight 
individuals.[4] In our study, we did not evaluate the 
prognosis in patients with impaired CFR and obesity, 
but CFR was lowest in women with BMI ≥40 kg/m2 
while overweight women and normal-weight women 
had similar CFR. In our study population, we did not 
have patients with low BMI (<18.5 kg/m2). Therefore, 
we could not determine whether a U-shaped effect 
of obesity on CFR was also present. This effect of 
obesity on CFR and prognosis should be examined 
by further studies. 

Limitations. We evaluated CFR noninvasively by 
transthoracic echocardiography instead of using inva-
sive catheter-based methods. Assessment of CFR by 
transthoracic Doppler echocardiography was reported 
to be a reliable and reproducible indicator of coro-
nary microvascular function in previous studies.[20,21] 
Measurement of coronary flow velocity and CFR in 
the LAD by transthoracic Doppler echocardiography 
was found to be a clinically useful, feasible, and reli-
able method in a relatively obese American popula-
tion.[22] We did not measure focal fat amount by body 
composition analyzer or computed tomography. We 
only evaluated abdominal obesity by measuring waist 
circumference, which is accepted to reliably reflect 
visceral obesity. 

In conclusion, CFR is impaired in Turkish obese 
women. Treatment of obesity is important for the pre-
vention of atherosclerotic coronary artery disease and 
the effects of treatment including diet, exercise, and 
medications should be investigated in larger studies. 

Acknowledgements

The authors wish to thank Ms. Ayşegül Haberal in the 
biochemistry laboratory for her devoted contribution. 

REFERENCES

1. Onat A. Risk factors and cardiovascular disease in 
Turkey. Atherosclerosis 2001;156:1-10.

2. Hubert HB, Feinleib M, McNamara PM, Castelli WP. 
Obesity as an independent risk factor for cardiovascu-
lar disease: a 26-year follow-up of participants in the 
Framingham Heart Study. Circulation 1983;67:968-77.

3. Bogers RP, Bemelmans WJ, Hoogenveen RT, Boshuizen 
HC, Woodward M, Knekt P, et al. Association of over-
weight with increased risk of coronary heart disease 
partly independent of blood pressure and cholesterol 
levels: a meta-analysis of 21 cohort studies including 
more than 300,000 persons. Arch Intern Med 2007; 
167:1720-8.

4. Zalesin KC, Franklin BA, Miller WM, Peterson ED, 
McCullough PA. Impact of obesity on cardiovascular 
disease. Endocrinol Metab Clin North Am 2008;37: 
663-84.

5. Artham SM, Lavie CJ, Milani RV, Ventura HO. The 
obesity paradox: impact of obesity on the prevalence 
and prognosis of cardiovascular diseases. Postgrad Med 
2008;120:34-41.

6. de Jongh RT, Serné EH, IJzerman RG, de Vries G, 
Stehouwer CD. Impaired microvascular function in obe-
sity: implications for obesity-associated microangiopa-
thy, hypertension, and insulin resistance. Circulation 
2004;109:2529-35.

7. Ahmari SA, Bunch TJ, Modesto K, Stussy V, Dichak A, 
Seward JB, et al. Impact of individual and cumulative 



396 Türk Kardiyol Dern Arş

coronary risk factors on coronary flow reserve assessed 
by dobutamine stress echocardiography. Am J Cardiol 
2008;101:1694-9.

8. Coppola A, Marfella R, Coppola L, Tagliamonte E, 
Fontana D, Liguori E, et al. Effect of weight loss on coro-
nary circulation and adiponectin levels in obese women. 
Int J Cardiol 2009;134:414-6.

9. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, 
Treacher DF, Turner RC. Homeostasis model assess-
ment: insulin resistance and beta-cell function from fast-
ing plasma glucose and insulin concentrations in man. 
Diabetologia 1985;28:412-9.

10. Korcarz CE, Stein JH. Noninvasive assessment of 
coronary flow reserve by echocardiography: technical 
considerations. J Am Soc Echocardiogr 2004;17:704-7.

11. Al Suwaidi J, Higano ST, Holmes DR Jr, Lennon R, 
Lerman A. Obesity is independently associated with 
coronary endothelial dysfunction in patients with normal 
or mildly diseased coronary arteries. J Am Coll Cardiol 
2001;37:1523-8.

12. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. 
C-reactive protein in healthy subjects: associations 
with obesity, insulin resistance, and endothelial dys-
function: a potential role for cytokines originating 
from adipose tissue? Arterioscler Thromb Vasc Biol 1999; 
19:972-8.

13. Eroğlu S, Sade LE, Bozbaş H, Haberal A, Özbiçer S, 
Demir O, et al. Association of serum adiponectin lev-
els and coronary flow reserve in women with normal 
coronary angiography. Eur J Cardiovasc Prev Rehabil 
2009;16:290-6.

14. Bozkurt B, Deswal A. Obesity as a prognostic fac-
tor in chronic symptomatic heart failure. Am Heart J 
2005;150:1233-9.

15. Curtis JP, Selter JG, Wang Y, Rathore SS, Jovin IS, 
Jadbabaie F, et al. The obesity paradox: body mass 

index and outcomes in patients with heart failure. Arch 
Intern Med 2005;165:55-61.

16. Uretsky S, Messerli FH, Bangalore S, Champion A, 
Cooper-Dehoff RM, Zhou Q, et al. Obesity paradox in 
patients with hypertension and coronary artery disease. 
Am J Med 2007;120:863-70.

17. Romero-Corral A, Montori VM, Somers VK, Korinek 
J, Thomas RJ, Allison TG, et al. Association of body-
weight with total mortality and with cardiovascular 
events in coronary artery disease: a systematic review 
of cohort studies. Lancet 2006;368:666-78.

18. Kaplan RC, Heckbert SR, Furberg CD, Psaty BM. 
Predictors of subsequent coronary events, stroke, and 
death among survivors of first hospitalized myocardial 
infarction. J Clin Epidemiol 2002;55:654-64.

19. Lissin LW, Gauri AJ, Froelicher VF, Ghayoumi A, Myers 
J, Giacommini J. The prognostic value of body mass 
index and standard exercise testing in male veterans with 
congestive heart failure. J Card Fail 2002;8:206-15.

20. Saraste M, Koskenvuo J, Knuuti J, Toikka J, Laine 
H, Niemi P, et al. Coronary flow reserve: measure-
ment with transthoracic Doppler echocardiography is 
reproducible and comparable with positron emission 
tomography. Clin Physiol 2001;21:114-22.

21. Hozumi T, Yoshida K, Akasaka T, Asami Y, Ogata Y, 
Takagi T, et al. Noninvasive assessment of coronary 
flow velocity and coronary flow velocity reserve in the 
left anterior descending coronary artery by Doppler 
echocardiography: comparison with invasive tech-
nique. J Am Coll Cardiol 1998;32:1251-9.

22. Takeuchi M, Lodato JA, Furlong KT, Lang RM, 
Yoshikawa J. Feasibility of measuring coronary flow 
velocity and reserve in the left anterior descending 
coronary artery by transthoracic Doppler echocar-
diography in a relatively obese American population. 
Echocardiography 2005;22:225-32.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


