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Epicardial fat thickness is associated with retinopathy
in patients with newly diagnosed hypertension
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ABSTRACT

OBJECTIVE: Hypertensive retinopathy develops based on endothelial dysfunction, inflammation, and atherosclerosis. Epi-
cardial fat secretes various cytokines associated with endothelial dysfunction, oxidative stress, inflammation, and atheroscle-
rosis. We aimed to evaluate whether epicardial adipose tissue (EAT) thickness is a marker for retinopathy in newly diagnosed

hypertensive patients.

METHODS: A total of 73 newly diagnosed hypertension (HT) patients were included in the study. Transthoracic echocar-
diography (TTE) was used to measure EAT thickness. To evaluate the presence of retinopathy in HT patients, hypertensive
retinopathy staging was performed by ophthalmologists, according to Scheie classification.

RESULTS: Retinopathy was detected in 27 (37.0%) of 73 patients. EAT thickness in HT patients with retinopathy was
higher than the group without retinopathy (5.07£1.45 mm vs. 4.19+1.20 mm, p=0.007). Low-density lipoprotein choles-
terol (LDL-C) levels in HT patients with retinopathy were higher than the group without retinopathy (162.4+41.2 mg/dl vs.
138.1+35.6 mg/dl, p=0.010). As a result of the regression analysis, LDL-C (OR=1.016, 95% CI 1.001-1.031, p=0.043) and
EAT thickness (OR=1.674, 95% CI 1.069-2.626, p=0.043) were the independent predictors of retinopathy.

CONCLUSION: Increased EAT thickness is associated with the presence of retinopathy in hypertensive patients.
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hronic complications of hypertension (HT) include

retinopathy, nephropathy, and cardiovascular dis-
eases. Due to their serious consequences, early detection
of their risks can help prevent HT complications.

Hypertensive retinopathy is a condition charac-
terized by retinal vascular symptoms in people with

high blood pressure [1]. It is evaluated as the reflec-

tion of HT on endothelial dysfunction, inflammation,
and atherosclerosis on the retina [2, 3]. The incidence
of hypertensive retinopathy can cause vision loss and
blindness, ranging from 6% to 10% [4—6]. Detection of
hypertensive retinopathy by ophthalmoscopic examina-
tion is a part of the standard assessment of people with

long-standing HT [7-9].
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Epicardial adipose tissue (EAT) thickness indicates
the visceral adipose tissue between the pericardial and
myocardial layers. It is metabolically active and functions
as an endocrine organ. EAT may cause endothelial dys-
function, oxidative stress, inflammation, and atheroscle-
rosis by its secreted cytokines [10, 11]. Hypertensive ret-
inopathy is closely related to atherosclerosis, endothelial
dysfunction, and inflammation, either. The thickness of
EAT can be measured with different imaging techniques;
these are echocardiography, magnetic resonance imaging
(MRI), and multidetector computed tomography (CT)
(12]. Echocardiography is a practical and inexpensive
method, and echocardiographic measurements of EAT
correlate well with MRI [13].

Studies have shown the relationship between EAT and
the development of retinopathy in diabetic patients [14].
However, there is no study showing whether there is a re-
lationship between EAT and the presence of retinopathy
in hypertensive patients. In this study, we aimed to eval-
uate whether EAT measured in newly diagnosed hyper-
tensive patients is a predictor in retinopathy development.

MATERIALS AND METHODS

Study Population

The research is a cross-sectional study conducted in the
cardiology and ophthalmology departments between
January 2019 and May 2019. HT was defined as ele-
vated blood pressure levels, meeting the criteria spec-
ified in the 2018 European Society of Cardiology HT
guideline, and newly diagnosed HT patients were eval-
uated [15]. Coronary revascularization, diabetes mel-
litus, chronic renal failure (eGFR <30 ml/min/1.73
m?), and history of cerebrovascular disease, which are
known to be associated with the development of reti-
nopathy, were the exclusion criteria. After the exclud-
ed patients were removed, the study continued with
73 patients. EAT thickness was measured by transtho-
racic echocardiography (TTE). In addition, patients
underwent a complete ophthalmological examination
by ophthalmologists, including visual acuity, biomicro-
scopic examination, intraocular pressure measurement,
and dilated fundus examination. After the fundus ex-
amination, patients were divided into two groups as
those with and without hypertensive retinopathy. Our
study was conducted under the principles stated in the
Helsinki Declaration and was approved by the Recep
Tayyip Erdogan Univercity Local Ethics Committee.
Informed consent was obtained from all patients.

Highlight key points
e Routine eye examination should be recommended for pa-
tients with hypertension.

e Epicardial adipose tissue thickness should be considered
during the routine echocardiography procedure performed
in hypertensive patients.

e In patients with hypertension, increased epicardial adipose
tissue thickness is associated with an increased risk of hy-
pertensive retinopathy

Echocardiography

Two-dimensional T'TE was performed to patients in the
left lateral decubitus position using standard parasternal
and apical images VIVID S5 (GE Vingmed Ultrasound
AS, Horten, Norway). The images were examined by
a single cardiologist blinded to patients’ information to
avoid inter-reader variability. In the parasternal long-axis
window, the hypoechoic space in the free wall of the right
ventricle was defined as EAT thickness, and it was mea-
sured from the parasternal long-axis view on the free wall
of the right ventricle at the end of diastole during three
cardiac cycles [16].

Ophthalmoscopy
After pupil dilation with Tropamid eye drops, the fun-

dus examination was performed with 90 diopter Volk
lenses and a slit lamp biomicroscope. The presence of
hypertensive retinopathy was evaluated and staged
according to Schei classification [17] (Stage 0: No
change; Stage 1: Marked arteriolar narrowing; Stage
2: Apparent arteriolar narrowing accompanying focal
irregularities; Stage 3: Stage 2 and retinal bleeding/
exudates; and Stage 4: Stage 3 and optic disc edema).
Patients with glaucoma, diabetic retinopathy, age-relat-
ed macular degeneration, retinal artery/vein occlusion,
and epiretinal membrane were excluded from the study.
Retinal examination and classification of the patients
were performed in our ophthalmology clinic by oph-
thalmologists aware of the patient’s clinic.

Obtaining Demographic and Laboratory Data

The descriptive clinical feature, consisting of the patients’
history and physical examination findings, was collected
by the doctors in the cardiology clinic, and their demo-
graphic characteristics were evaluated. Patients who con-
tinued to use tobacco products or quit smoking in the
past 1 year were considered smokers.
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Statistical Analysis

Continuous variables were tested for normal distribution
using the Kolmogorov—Smirnov test. Since continuous
variables were normally distributed, the values were rep-
resented as mean + standard deviation. Other continuous
variables were non-normally distributed and represented
as median and minimum and maximum values. Categor-
ical variables were defined as a percentage. The Student’s
t-test was used for the univariate analysis of the contin-
uous variables for normally distributed variables. Mann—
Whitney U-test was used to compare groups for non-not-
mally distributed numerical variables. Chi-square test was
used to determine differences between groups for the cat-
egorical variables. Continuous dependent variables Freid-
man test was used to compare the differences between
three retinopathy groups. After Bonferroni correction,
p<0.017 was considered statistically significant. After the
significance determined, Wilcoxon test was used to com-
pare binary groups. P<0.05 was considered statistically
significant to this sub-analysis. ROC analysis was per-
formed to determine the EAT thickness cutoff value. For
multivariate analysis, possible parameters identified by
univariate analyzes were evaluated by logistic regression
analysis to determine independent retinopathy predictors.
Hosmer-Lemeshow goodness-of-fit statistics was used to
evaluate the model fit. The 5% type-I error level was used
to reach statistical significance. The Statistical Program
for the Social Sciences (for Windows 15; SPSS Inc., Chi-

cago, Illinois) was used for all statistical calculations.

RESULTS

The study included 73 patients (36 men and 37 wom-
en) with newly diagnosed HT. Hypertensive retinopa-
thy was detected in 27 (37.0%) of them. The mean age
of patients with hypertensive retinopathy was 55.2+8.2,
and the mean age of patients without retinopathy was
52.4+8.9 (p=0.185). There was no statistical difference
between the genders in terms of hypertensive retinopa-
thy (p=0.536). There was no difference between the two
groups in terms of high-sensitive C-reactive protein (hs-

CRP) levels (p=0.336) (Table 1).

In the group with retinopathy, the low-density lipo-
protein cholesterol (LDL-C) level was higher than in
the group without retinopathy (162.4+41.2 mg/dl vs.
138.1+35.6 mg/dl, p=0.010).

EAT was thicker in the patient with retinopathy than the
patient without retinopathy (5.07+1.45 mm vs. 4.19+1.20

TABLE 1. Demographic characteristics of the patients

Retinopathy + Retinopathy— p

(n:46) (n:27)
Age (years) 52.4+8.9 55.2+8.2  0.185
Gander (female), n (%) 23 (50%) 13 (48.1%) 0.536
Dyslipidemia, n (%) 2 (4.4%) 1(3.7%) 0.879
Current smoker, n (%) 15 (33.3%) 7 (25.9%) 0.349
EF (%) 62.9+2.4 62.6+£2.4  0.963
EAT (mm) 419+1.20  5.07+1.45 0.007
Diastolic dysfunction, n (%) 23 (85.2%) 33 (73.3%) 0.242
Fasting glucose (mg/dl) 98.3+21.4 104.0+£15.2 0.237
Creatinine (mg/dl) 0.83+0.16 0.82+0.10 0.646
Total cholesterol (mg/dl) 223.9+50.4 239.5+46.8 0.201
Triglyceride (mg/dl) 165.6+92.7  146.0+62.8 0.336
LDL chol. (mg/dl) 138.1+£35.6  162.4+41.2 0.010
HDL chol. (mg/dl) 49.8+11.,7  47.7+13.1  0.490
CRP (mg/l) 0.2940.40 0.40+0.52  0.336
Hemoglobin (mg/dl) 14.3+1.5 13.9+1.4  0.219

EF: Ejection fraction; EAT: Epicardial adipose thickness; LDL: Low-density lipopro-
tein; HDL: High-density lipoprotein; Chol.: Cholesterol; CRP: C-reactive protein.

TABLE 2. Multivariate analysis for the estimation of factors
independently determining the development of retinopathy

Variables Odds ratio, 95 CI% p
LDL 1.016 (1.001-1.031) 0.043
EAT 1.674 (1.069-2.626) 0.024

CI: Confidence interval; LDL: Low-density lipoprotein; EAT: Epicardial adipose
thickness.

mm, p=0.007) (Fig. 1). According to the ROC analysis, the
EAT thickness >4.5 mm is associated with hypertensive
retinopathy with 58% sensitivity and 60% specificity.

As a result of the regression analysis, LDL-C
(OR=1.016, 95% CI 1.001-1.031, p=0.043) and EAT
thickness (OR=1.674, 95% CI 1.069-2.626, p=0.024)
were determined as independent predictors for the devel-
opment of retinopathy in hypertensive patients (Table 2).

DISCUSSION

The present study showed that increased EAT thick-
ness and LDL-C levels were associated with hyperten-
sive retinopathy in newly diagnosed HT patients. We
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FIGURE 1. Relation of epicardial fat thickness with retinopathy.

found that the high LDL-C and EAT thickness levels
were the independent predictors for the development
of retinopathy in newly diagnosed HT patients. The
current study is the first to evaluate the relationship be-
tween EAT thickness and retinopathy development in
this patient group.

Due to high blood pressure, the retinal circulation
undergoes some pathophysiological changes [2]. At first,
autoregulatory mechanisms cause vasospasm, which re-
flects the clinic in the form of narrowing of the retinal
arterioles. Permanent high blood pressure causes intimal
thickening, hyperplasia of the media wall and degenera-
tion of the hyaline in the subsequent sclerotic stage. The
arteriolar narrowing can cause changes in the light reflex
by holding the general or local areas. This phase is fol-
lowed by an exudative phase in which the blood-retinal
barrier is impaired, smooth muscles and endothelial cells
are being in necrosis, blood and lipids are in exudation,
and the retina is ischemic. These changes are manifest-
ed in the retina as microaneurysms, hemorrhages, hard
exudates, and cotton wool stains. However, the specified
stages may not be sequential in all patients (2, 3]. Stud-
ies have shown that there is a relationship between the
development of retinopathy and HT [5, 18-20]. Two
studies reported that retinal arteriolar narrowing was as-
sociated with high blood pressure [21, 22]. In another
study, retinal arteriolar narrowing was associated with
the risk of HT development in normotensive individuals
[23]. As a result of the ophthalmoscopic examination,
37% of newly diagnosed HT patients were diagnosed
with retinopathy in the current study. This rate was high-
er than the general incidence of hypertensive retinopathy.
This finding suggests that the result is due to delayed di-
agnosis and treatment of patients, as shown in the previ-
ous studies. After HT treatment, particularly angioten-

sin-converting enzyme inhibitors treatment, regression
in hypertensive retinopathy findings has been reported
[24].In the current study, retinopathy rates may be high-
er since the newly diagnosed HT patients had no antihy-
pertensive treatment.

Studies demonstrated an increased risk of hyperten-
sive retinopathy in patients with HT and hyperlipidemia
(25]. The current study showed that the increase in the
LDL-C level is an independent predictor for retinopa-
thy development. This result shows that the treatment
of hypetlipidemia may be necessary for preventing the
development of hypertensive retinopathy.

hs-CRP is associated with inflammatory response,
endothelial dysfunction, and development of athero-
sclerosis (26, 27]. Studies have been reported suggest-
ing that the increase in the hs-CRP level in diabetic
patients is valuable as a prognostic factor for vascular
complications such as diabetic retinopathy [14, 28, 29].
In the present study, there was no relationship between
the development of retinopathy and hs-CRP in newly
diagnosed HT patients.

EAT islocated between the myocardium and the peri-
cardium and acts as an energy source for the myocardi-
um. EAT can secrete various pro~atherogenic cytokines,
which play a role in the pathogenesis of inflammation,
endothelial dysfunction, and atherosclerosis [30]. The
increase in EAT thickness is a marker of inflammation
and subclinical atherosclerosis, and EAT is associated
with major cardiovascular outcomes regardless of other

risk factors [31].
EAT thickness is higher in hypertensive patients than

normotensive subjects and associated with HT develop-
ment [32—34]. The development of diabetic retinopathy
is associated with EAT in diabetic patients [14]. In our
study, EAT was higher in the group with retinopathy in
newly diagnosed HT patients, and EAT thickness was
an independent predictor of hypertensive retinopathy.

As far as we know, the present research is the first to
evaluate the relationship between hypertensive retinopa-
thy and EAT thickness. As a result, it is thought that the
increase in EAT thickness and LDL-C levels can be used
as an essential risk factor for the development of reti-
nopathy. This result emphasizes the importance of the
detection and treatment of hypetlipidemia in preventing
hypertensive retinopathy due to HT. In addition, EAT
thickness measurement can be performed quickly and
cheaply by TTE, maybe an early stimulus in the presence
of hypertensive retinopathy.
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Limitation

The number of patients included in the study was rela-
tively limited. The study was a cross-sectional study. EAT
thickness evaluation was performed by two-dimensional
echocardiography instead of CT or MR. More extensive
studies should be planned to evaluate the effect of EAT

on hypertensive retinopathy.

Conclusion

The increase in EAT thickness and LDL-C levels is in-
dependently associated with the presence of retinopathy.
This result highlights the importance of the treatment
of hyperlipidemia in the prevention of the development
of hypertensive retinopathy. EAT, which can be easily
evaluated during echocardiography, is associated with
retinopathy in hypertensive patients. Thus, it can raise
awareness about the development of retinopathy for the
clinician and maybe a guide for retinopathy diagnosis be-
fore the symptom appears.

Ethics Committee Approval: The Recep Tayyip Erdogan Universi-
ty Clinical Research Ethics Committee granted approval for this study
(date: 16.06.2020, number: 2020/118).

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Authorship Contributions: Concept — SO, BY, MC; Design — SO, BY,
MC; Supervision — SO, BY, MK, AGO, ASY, MGA; Materials — SO, BY,
MK, AGO, ASY; Data collection and/or processing — SO, BY, MK, AGO,
ASY, MGA; Analysis and/or interpretation — OET; Literature review
— SO, OET; Writing — SO, OET; Critical review — SO, OET, MC, MGA.

REFERENCES

1. Walsh JB. Hypertensive retinopathy. Description, classification, and
prognosis. Ophthalmology 1982;89:1127-31. [CrossRef]

2. Tso MO, Jampol LM. Pathophysiology of hypertensive retinopathy.
Ophthalmology 1982;89:1132-45. [CrossRef]

3. Pache M, Kube T, Wolf S, Kutschbach P. Do angiographic data support
a detailed classification of hypertensive fundus changes? ] Hum Hyper-
tens 2002;16:405-10. [CrossRef]

4. Klein R, Klein BE, Moss SE. The relation of systemic hypertension to
changes in the retinal vasculature: the Beaver Dam Eye Study. Trans
Am Ophthalmol Soc 1997;95:329-48; discussion 348—50.

5. van Leiden HA, Dekker JM, Moll AC, Nijpels G, Heine R], Bouter
LM, et al. Risk factors for incident retinopathy in a diabetic and nondi-
abetic population: the Hoorn study. Arch Ophthalmol 2003;121:245-
51. [CrossRef]

6. Wong TY, Mitchell P. Hypertensive retinopathy. N Engl ] Med
2004;351:2310-7. [CrossRef]

7. 1999 World Health Organization-International Society of Hyperten-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

sion Guidelines for the Management of Hypertension. Guidelines Sub-
committee. ] Hypertens 1999;17:151-83. [CrossRef]

Ramsay LE, Williams B, Johnston GD, MacGregor GA, Poston L, Pot-
ter JE et al. British Hypertension Society guidelines for hypertension
management 1999: summary. BMJ 1999;319:630—5. [CrossRef]

August P. Initial treatment of hypertension. N Engl ] Med
2003;348:610-7. [CrossRef]

Nagueh SE Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth
OA, et al. Recommendations for the evaluation of left ventricular dias-
tolic function by echocardiography. Eur J Echocardiogr 2009;10:165—
93, [CrossRef]

Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs I, et
al. Echocardiographic assessment of left ventricular hypertrophy: com-
parison to necropsy findings. Am ] Cardiol 1986;57:450—8. [CrossRef]
Kane GC, Karon BL, Mahoney DW, Redfield MM, Roger VL, Burnett
JC]Jr, et al. Progression of left ventricular diastolic dysfunction and risk
of heart failure. JAMA 2011;306:856—63. [CrossRef]

Yarlioglues M, Kaya MG, Ardic I, Dogdu O, Yarlioglues H, Zencir C, et
al. Dose-dependent acute effects of passive smoking on left ventricular
cardiac functions in healthy volunteers. ] Investig Med 2012;60:517-22.
Turan E, Kirboga K, Turan Y, G8¢men AY. Pentraxin 3 and epicardial
fat thickness are independently associated with diabetic retinopathy in
diabetic patients. Int ] Diabetes Dev Ctries 2019;39:499-505. [CrossRef]
Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier
M, et al; ESC Scientific Document Group. 2018 ESC/ESH Guide-
lines for the management of arterial hypertension. Eur Heart J
2018}39‘3021—104‘ [CrossRef]

Tacobellis G, Willens HJ, Barbaro G, Sharma AM. Threshold values
of high-risk echocardiographic epicardial fat thickness. Obesity (Silver
Spring) 2008;16:887-92. [CrossRef ]

Scheie HG. Evaluation of ophthalmoscopic changes of hypertension
and arteriolar sclerosis. AMA Arch Ophthalmol 1953;49:117-38.
Wong TY, Klein R, Klein BE, Meuer SM, Hubbard LD. Retinal ves-
sel diameters and their associations with age and blood pressure. Invest
Ophthalmol Vis Sci 2003;44:4644—50. [CrossRef]

Wang JJ, Mitchell P, Leung H, Rochtchina E, Wong TY, Klein R.
Hypertensive retinal vessel wall signs in a general older population: the
Blue Mountains Eye Study. Hypertension 2003;42:534—41. [CrossRef]
Klein R, Sharrett AR, Klein BE, Chambless LE, Cooper LS, Hubbard
LD, et al. Are retinal arteriolar abnormalities related to atherosclerosis?:
The Atherosclerosis Risk in Communities Study. Arterioscler Thromb
Vasc Biol 2000;20:1644—50. [CrossRef]

Sharrett AR, Hubbard LD, Cooper LS, Sotlie PD, Brothers RJ, Ni-
eto FJ, et al. Retinal arteriolar diameters and elevated blood pressure:
the Atherosclerosis Risk in Communities Study. Am ] Epidemiol
1999;150:263-70. [CrossRef]

Wong TY, Hubbard LD, Klein R, Marino EK, Kronmal R, Sharrett
AR, et al. Retinal microvascular abnormalities and blood pressure
in older people: the Cardiovascular Health Study. Br J Ophthalmol
2002;86:1007—13. [CrossRef]

Wong TY, Klein R, Sharrett AR, Duncan BB, Couper DJ, Klein BE, et
al; Atherosclerosis Risk in Communities Study. Retinal arteriolar diam-
eter and risk for hypertension. Ann Intern Med 2004;140:248-55.
Dahlsf B, Stenkula S, Hansson L. Hypertensive retinal vascular changes:
relationship to left ventricular hypertrophy and arteriolar changes before
and after treatment. Blood Press 1992;1:35—44. [CrossRef]

Duncan BB, Wong TY, Tyroler HA, Davis CE, Fuchs FD. Hyperten-
sive retinopathy and incident coronary heart disease in high risk men.

BI’J Ophthalmol 2002;86:1002—6. [CrossRef ]


https://doi.org/10.1016/S0161-6420(82)34664-3
https://doi.org/10.1016/S0161-6420(82)34663-1
https://doi.org/10.1038/sj.jhh.1001402
https://doi.org/10.1001/archopht.121.2.245
https://doi.org/10.1056/NEJMra032865
https://doi.org/10.1097/00004872-199917020-00001
https://doi.org/10.1136/bmj.319.7210.630
https://doi.org/10.1056/NEJMcp010357
https://doi.org/10.1093/ejechocard/jep007
https://doi.org/10.1016/0002-9149(86)90771-X
https://doi.org/10.1001/jama.2011.1201
https://doi.org/10.2310/JIM.0b013e31823e9fb1
https://doi.org/10.1007/s13410-018-0695-1
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1038/oby.2008.6
https://doi.org/10.1001/archopht.1953.00920020122001
https://doi.org/10.1167/iovs.03-0079
https://doi.org/10.1161/01.HYP.0000090122.38230.41
https://doi.org/10.1161/01.ATV.20.6.1644
https://doi.org/10.1093/oxfordjournals.aje.a009997
https://doi.org/10.1136/bjo.86.9.1007
https://doi.org/10.7326/0003-4819-140-4-200402170-00006
https://doi.org/10.3109/08037059209065122
https://doi.org/10.1136/bjo.86.9.1002

370

NorTH CLIn ISTANB

26.

27.

28.

29.

30.

Kocyigit I, Eroglu E, Orscelik O, Unal A, Gungor O, Ozturk E et al.
Pentraxin 3 as a novel bio-marker of inflammation and endothelial dys-
function in autosomal dominant polycystic kidney disease. ] Nephrol
2014;27:1816. [CrossRef]

Kume N, Mitsuoka H, Hayashida K, Tanaka M. Pentraxin 3 as a
biomarker for acute coronary syndrome: comparison with biomarkers
for cardiac damage. J Cardiol 2011;58:38—45. [CrossRef]

Yu HI, Sheu WH, Song YM, Liu HC, Lee W], Chen YT. C-reactive
protein and risk factors for peripheral vascular disease in subjects with
Type 2 diabetes mellitus. Diabet Med 2004;21:336—41. [CrossRef]

Yang HS, Woo JE, Lee SJ, Park SH, Woo JM. Elevated plasma pen-
traxin 3 levels are associated with development and progression of
diabetic retinopathy in Korean patients with type 2 diabetes mellitus.
Invest Ophthalmol Vis Sci 2014;55:5989—-97. [CrossRef]

Talman AH, Psaltis PJ, Cameron JD, Meredith I'T, Seneviratne SK,

31.

32.

33.

34.

Wong DT. Epicardial adipose tissue: far more than a fat depot. Cardio-
vasc Diagn Ther 2014;4:416-29.

Verhagen SN, Visseren FL. Perivascular adipose tissue as a cause of
atherosclerosis. Atherosclerosis 2011;214:3—-10. [CrossRef]

Sengul C, Cevik C, Ozveren O, Duman D, Eroglu E, Oduncu V, et al.
Epicardial fat thickness is associated with non-dipper blood pressure
pattern in patients with essential hypertension. Clin Exp Hypertens
2012;34:165-70. [CrossRef]

Turak O, Ozcan E, Canpolat U, Isleyen A, Cebeci M, Oksiiz E et al. In-
creased echocardiographic epicardial fat thickness and high-sensitivity
CRP level indicate diastolic dysfunction in patients with newly diag-
nosed essential hypertension. Blood Press Monit 2013;18:259-64.
Dicker D, Atar E, Kornowski R, Bachar GN. Increased epicardial adi-
pose tissue thickness as a predictor for hypertension: a cross-sectional
observational study. ] Clin Hypertens (Greenwich) 2013;15:893-8.


https://doi.org/10.1007/s40620-014-0045-4
https://doi.org/10.1016/j.jjcc.2011.03.006
https://doi.org/10.1111/j.1464-5491.2004.01144.x
https://doi.org/10.1167/iovs.14-14864
https://doi.org/10.1016/j.atherosclerosis.2010.05.034
https://doi.org/10.3109/10641963.2011.577488
https://doi.org/10.1097/MBP.0b013e3283651d19
https://doi.org/10.1111/jch.12201



