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Introduction
Compared to normal weight individuals, patients with ab-

dominal obesity have altered circadian blood pressure (BP) 
and an increased prevalence of a non-dipper BP pattern, which 
is associated with more severe end-organ damage and an in-
creased risk of cardiovascular (CV) events.1)2) Although the as-
sociation between intra-abdominal fat and CV risk has been 
well-studied, epicardial fat tissue is a newly identified CV risk 
factor that reflects visceral adiposity.3) There is an association 
between epicardial adipose tissue and hypertension, and echo-
cardiographic epicardial fat thickness (EFT) is increased in the 
non-dipper pattern.4)5)
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Epicardial adipose tissue has significantly higher expression 
of chemokines and several inflammatory cytokines than sub-
cutaneous fat.6) Since inflammation is a pivotal mechanism of 
CV disease, the relationship between EFT and inflammation 
seems to support the view that EFT, as a marker of abnormal 
adiposity, plays an undeniable role in CV risk. Recently, the 
neutrophil to lymphocyte ratio (NLR), a new marker of inflam-
mation, has emerged as a simple and inexpensive method to as-
sess inflammatory status and predict future CV events.7)8) In ad-
dition, a recent study showed that higher NLR is positively 
correlated with BP and is elevated in non-dippers compared to 
dippers.9)10) However, the association between EFT and system-
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ic inflammation as assessed by NLR in patients with hyper-
tension has not been well-studied. Thus, we aimed to investi-
gate the association between EFT and NLR in patients with 
hypertension based on circadian BP variation. 

Methods

Study population
This cross-sectional, observational, single-center cohort study 

included 647 consecutive patients who simultaneously under-
went 24-hour ambulatory BP monitor (ABPM) and echocar-
diography between January 2010 and March 2015. We in-
cluded patients with normal renal function who were between 
18–80 years of age. Patients with systemic inflammatory dis-
eases, significant hepatic or renal dysfunction, neurologic dis-
orders, secondary hypertension, valvular heart disease, atrial fi-
brillation, a history of heart failure, a history of acute coronary 
syndrome, or systemic or local malignancies were not included 
in the study. Demographic characteristics recorded at the first 
visit included age, sex, height, weight, current medications, 
smoking history, and other current diseases. Body mass index 
(BMI) was calculated as the ratio of dry weight in kilograms to 
height squared (in meters). This study was approved by the In-
stitutional Review Board. All patients were required to provide 
written informed consent to participate.

Laboratory analysis
Complete blood cell counts including total white blood cells 

(neutrophils and lymphocytes) and high sensitivity C-reactive 
protein (hs-CRP) were obtained at the first visit. Total serum 
cholesterol, triglycerides, high-density lipoprotein and low-
density lipoprotein cholesterol, blood glucose, creatinine, and 
uric acid were also measured. The NLR was calculated as the 
ratio of the neutrophil count to the lymphocyte count. 

Blood pressure measurements and 
ambulatory blood pressure monitoring

Office BP measurements were measured twice at five-min 
intervals using an automated office BP monitor (HBP-1100-E, 
OMRON Healthcare, Hoofddorp, the Netherlands). Noninva-
sive 24-h ABPM was performed on each patient’s non-domi-
nant arm using an automatic oscillometric device (TONO-
PORT V, PAR Medizintechnik, Berlin, Germany) on a normal 
working day. Patients were generally asked to refrain from in-
tense exercise and to stop taking antihypertensive medications 
24 hours prior to the office visit. All subjects were instructed 
to rest or sleep between 10:00 PM and 7:00 AM (nighttime) 
and to continue their usual activities between 7:00 AM and 
10:00 PM (daytime). The accuracy of the device was checked 
against the standard auscultatory method to ensure that the 
difference in BP measurements between methods did not ex-
ceed 5 mm Hg. The device was set to obtain BP readings at 
20-min intervals during the daytime and 40-min intervals 

during the nighttime. Only 24-hour recordings that included 
at least 80% successful recordings were accepted as valid. Each 
ABPM dataset was first automatically scanned to remove arti-
factual readings based on preselected editing criteria. The fol-
lowing ABPM parameters were evaluated: 24-hour mean sys-
tolic and diastolic BP levels, daytime mean systolic and diastolic 
BP levels, nighttime mean systolic and diastolic BP levels, 
and BP variability assessed by standard deviation (SD). Addi-
tionally, the magnitude of the nocturnal decline in BP (Δ noc-
turnal decline) was calculated as follows: daytime average BP - 
nighttime average; the percentage change in BP from day to 
night (% day - night BP) was calculated as: (daytime BP - 
nighttime BP) × 100 / daytime BP. 

Diagnosis of hypertension
Following the recommendations of the European Society of 

Hypertension,11) a normotensive state was defined as a mean 
daytime ambulatory systolic and diastolic BP < 135/85 mm 
Hg and a mean nighttime ambulatory systolic and diastolic 
BP < 120/70 mm Hg by ABPM. True hypertension was di-
agnosed if the average daytime BP was higher than 135/85 
mm Hg and the average nighttime BP was above 120/70 mm 
Hg. Because we divided groups by the ABPM parameter, 
masked hypertensive patients were assigned to the hyperten-
sive group and white coat hypertension patients were assigned 
to the normotensive group. Hypertensive subjects who showed 
a < 10% reduction in BP from daytime to nighttime were de-
fined as “non-dippers,” and those who had a reduction in BP 
≥ 10% from daytime to nighttime were considered “dippers.” 
Patients were classified according to the ABPM.

Echocardiographic measurement
Standard 2-dimensional echocardiography was performed 

using a 3.5-MHz transducer (Philips iE33, Philips Medical 
Systems, Bothell, WA, USA) on all subjects while they were 
lying in the left lateral decubitus position, and examiners were 
blinded to patient information. Measurements of the thickness 
of the interventricular septum and posterior wall, the diameter 
of the left ventricle (LV) cavity, and the LV mass index (LVMI) 
were performed according to criteria outlined by the Ameri-
can Society of Echocardiography.12) Left atrial volume was 
measured by prolate ellipse methods. Echocardiographic as-
sessments of EFT, defined as the echo-free space between the 
outer wall of the myocardium and the visceral layer of the peri-
cardium, were measured perpendicularly from the free wall of 
the right ventricle at end-systole in three cardiac cycles as previ-
ously described.4) Because one of the critical issues in EFT mea-
surement is the inconsistency in measurement location, the 
mean EFT was averaged from images of the parasternal long 
axis, parasternal short axis, and apical 4-chamber view. Offline 
measurement of EFT was performed by two cardiologists (KI 
Cho and BJ Kim) who were blinded to the clinical data. As 
previously described, the intra- and inter-observer variabilities 
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of EFT were 3.3% and 5.8%, respectively.

Statistical analysis 
Statistical analyses were performed with the commercially 

available computer program SPSS 18.0 for Windows (SPSS 
Inc., Chicago, IL, USA). Data are presented as mean ± SD for 
continuous variables and percentage (%) for categorical data. 
The Mann-Whitney U test was used for continuous variables 
and the chi-square test was used for categorical data. The nor-
mality of data was tested using the Kolmogorov-Smirnov test. 
Parameter differences among the 3 groups were evaluated using 
a one-way ANOVA for normally distributed variables or the 
Kruskal-Wallis test for non-normally distributed variables. 
Relationships between variables were examined with Pearson 
correlation coefficients. The cutoff values of EFT and NLR for 
predicting non-dippers with corresponding sensitivity and 

specificity were estimated by receiver operator characteristic 
(ROC) curve analysis. Multivariate logistic regression models 
for non-dippers were designed to determine the variables in-
dependently associated with this status. A two-tailed p-value < 
0.05 was considered statistically significant. 

Results

Comparison of clinical and ambulatory blood 
pressure monitoring parameters 

A total of 535 hypertensive patients and 112 normotensive 
patients were analyzed, and their clinical features and ambula-
tory BP parameters according to diurnal variation are shown 
in Tables 1 and 2. NLR was the highest in the non-dippers 
compared to the other two groups (non-dipper, 2.75 ± 2.81; 
dipper, 2.01 ± 1.32; control, 1.92 ± 1.11; p < 0.001) (Table 1, 

Table 1. Baseline clinical and laboratory characteristics according to the diurnal variation

Control (n = 112) Dipper (n = 269) Non-dipper (n = 266) p-value (ANOVA)

Age, years 052.7 ± 13.6 051.4 ± 13.3 051.6±14.2 0.492

Female gender, n (%) 59 (53) 115 (43) †133 (50)† 0.116

Body mass index, kg/m2 23.1 ± 3.1 24.5 ± 3.2 025.4 ± 4.2* 0.001

Office systolic BP, mm Hg 129.4 ± 17.4 131.9 ± 17.2 131.2 ± 18.1 0.473

Office diastolic BP, mm Hg 077.6 ± 13.7 078.3 ± 14.6 079.3 ± 14.0 0.505

Heart rate, bpm 064.5 ± 13.3 65.8 ± 9.6 0068.2 ± 12.5* 0.033

Current smoking, n (%) 08 (7) 019 (7)0 018 (7)0 0.104

Diabetes, n (%) 08 (7) 016 (7)0 020 (7)0 0.768

Dyslipidemia, n (%) 17 (7) 082 (30) 091 (30) 0.080

Previous BP medication, n (%)

RAS blockade – 055 (20) 057 (19) 0.431

Beta blocker – 033 (12) 048 (16) 0.040

Calcium channel blocker – 050 (19) 057 (19) 0.237

Diuretics – 015 (6)0 025 (8)0 0.064

Uric acid, mg/L 05.2 ± 1.6 05.6 ± 1.5 05.6 ± 1.4 0.158

Creatinine, mg/dL 00.75 ± 0.20 00.92 ± 0.81 01.04 ± 1.01 0.002

Fasting glucose, mg/dL 099.9 ± 14.7 101.0 ± 24.7 103.0 ± 21.7 0.645

Total cholesterol, mg/dL 184.7 ± 43.6 190.1 ± 38.5 179.1 ± 39.4 0.015

LDL cholesterol, mg/dL 106.3 ± 39.2 102.8 ± 34.7 110.9 ± 33.4 0.063

HDL cholesterol, mg/dL 050.4 ±13.5 049.0 ± 12.4 048.7 ± 13.5 0.411

Triglycerides, mg/dL 131.9 ± 65.9 141.5 ± 95.9 136.9 ± 83.6 0.660

hs-CRP, mg/dL 00.12 ± 0.23 00.25 ± 0.91 00.43 ± 1.18 0.048

White blood cells, 103/μL 06774 ± 2176 06906 ± 2174 07351 ± 2475 0.032

Neutrophil 057.0 ± 11.5 056.2 ± 10.7 0059.6 ± 11.9* 0.005

Lymphocyte 033.1 ± 10.0 33.9 ± 9.8 0030.5 ± 11.2* 0.002

Eosinophil 02.5 ± 3.4 02.3 ± 1.8 02.4 ± 2.1 0.794

Monocyte 06.6 ± 1.8 06.8 ± 1.9 6.97 ± 2.4 0.336

Neutrophil to lymphocyte ratio 01.75 ± 1.77 002.02 ± 1.32* 00002.91 ± 3.04*† 0 < 0.001 <

Hemoglobin, g/dL 013.4 ± 1.44 0014.1 ± 1.59* 0013.7 ± 1.67* 0.001

Hematocrit, % 039.6 ± 4.24 041.4 ± 4.74 040.2 ± 4.90 0.001

Platelets, 103/μL 223.5 ± 45.8 225.5 ± 54.9 233.2 ± 62.1 0.193

All values are presented as the mean ± SD. *p < 0.05 vs. normotensive control group, †p < 0.05 vs. dipper group. BP: blood pressure, RAS: renin angiotensin 
system, LDL: low density lipoprotein, HDL: high density lipoprotein, hs-CRP: high sensitivity C-reactive protein
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Fig. 1A). The non-dipper group included more females and 
more patients on beta-blockers (all p < 0.05). Circadian BP 
profiles and BP variability assessed by 24-hour mean BP SD 
were greater in hypertensive patients, especially in dippers (all 
p < 0.05) (Table 2). 

Comparison of echocardiographic parameters 
Although there was no significant difference in systolic func-

tion, hypertensive patients showed significantly greater wall 
thickness, greater LVMI, and a larger left atrial diameter, all of 
which were more prominent among non-dippers (Table 3). 
The mean EFT was significantly higher in both hypertensive 
groups compared to the control group and was highest in the 
non-dipper group (non-dipper group, 7.3 ± 3.0 mm; dipper 
group, 6.1 ± 2.0 mm; control group, 5.6 ± 2.0 mm; p < 0.001) 
(Table 3, Fig. 1B).

Correlations between EFT, NLR, and 
clinical parameters

EFT was significantly correlated with age (r = 0.160, p < 
0.001) (Fig. 2A), BMI (r = 0.091, p = 0.042) (Fig. 2B), 24-
hour mean BP variability (r = 0.152, p = 0.001) (Fig. 2C), and 
NLR (r= 0.353, p < 0.001) (Fig. 2D). NLR was also signifi-
cantly correlated with 24-hour mean BP variability (r = 0.270, 
p = 0.001) (Fig. 2E).

Furthermore, an EFT ≥ 7.0 mm was associated with the 
non-dipper BP pattern with 51.3% sensitivity and 71.6% 
specificity [ROC area under curve of 0.606, 95% confidence 
interval (CI) 0.56–0.65, p < 0.001] (Fig. 3A). And NLR ≥ 2.1 
was also associated with non-dipper BP pattern with 52.2% 
sensitivity and 65.3% specificity (ROC area under curve of 
0.596, 95% CI 0.55–0.64, p < 0.001) (Fig. 3B).

 In multivariate analysis, EFT [adjusted odds ratio (OR) = 
3.985, 95% CI = 1.215–13.066, p = 0.022] and NLR (OR = 
1.341, 95% CI = 1.052–1.710, p = 0.018) were independent 
parameters that distinguished the non-dipper pattern after ad-

Table 2. Comparison of parameters of 24-hour ambulatory BP monitoring according to the diurnal variation

Control (n = 112) Dipper (n = 269) Non-dipper (n = 266) p-value (ANOVA)

24 mean BP variation 11.5 ± 3.30 14.0 ± 4.3*†, 13.0 ± 4.6*0 < 0.001

Day-night BP difference -7.59 ± 6.48-  -11.4 ± 5.50*0 .-3.2 ± 5.87* < 0.001

24-hour SBP, mm Hg 120.4 ± 9.840 138.8 ± 11.7*0 141.2 ± 16.2*†, < 0.001

24-hour DBP, mm Hg 75.7 ± 5.98 89.1 ± 12.1* 089.5 ± 9.73*†, < 0.001

24-hour systolic SD, mm Hg 13.6 ± 3.71 015.9 ± 4.28*†, 14.9 ± 4.43* < 0.001

24-hour diastolic SD, mm Hg 11.2 ± 3.32 013.7 ± 4.48*†, 12.5 ± 4.41* < 0.001

24-hour mean BP, mm Hg 90.3 ± 6.85 105.6 ± 9.88*0  106.1 ± 13.0*†0 < 0.001

24-hour mean HR 71.1 ± 8.33 74.2 ± 10.5* 73.9 ± 11.4* < 0.029

24-hour mean HR SD 14.5 ± 6.06 15.7 ± 6.090 14.6 ± 7.730 < 0.141

All values are presented as the mean ± SD. *p < 0.05 vs. normotensive control group, †p < 0.05 vs. dipper group. BP: blood pressure, HR: heart rate, SBP: sys-
tolic blood pressure, DBP: diastolic blood pressure, SD: standard deviation
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Fig. 1. Comparison of NLR and EFT on circardian BP pattern. A: NLR was the highest in the non-dippers compared to the other two groups (non-
dipper, 2.75 ± 2.81; dipper, 2.01 ± 1.32; control, 1.92 ± 1.11; p < 0.001). B: The mean EFT was significantly higher in both hypertensive groups 
compared to the control group and was highest in the non-dipper group (non-dipper group, 7.3 ± 3.0 mm; dipper group, 6.1 ± 2.0 mm; control group, 
5.6 ± 2.0 mm; p < 0.001).  NLR: neutrophil to lymphocyte ratio, BP: blood pressure, EFT: epicardial fat thickness.
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justment for CV risk factors (Table 4).

Discussion
In the present study, we investigated the association be-

tween EFT and NLR as systemic inflammatory markers in 
hypertensive patients based on diurnal variation. The most 
unique findings obtained from this study are as follows: 1) 
EFT and NLR were highest in the non-dipper group, 2) there 
was a significant correlation between EFT and NLR, 3) EFT 
was also significantly correlated with 24-hour mean systolic/
diastolic BP variability, and 4) EFT and NLR were indepen-
dent predictors of the non-dipper pattern in patients with hy-
pertension. Our findings suggest a possible link between epi-
cardial fat deposition and inflammation in non-dipper-pattern 
hypertension.

Epicardial adipose tissue has been proposed as a new cardio-
metabolic risk factor, as it represents true visceral fat deposi-
tion of the heart and carries more risk than general fat accu-
mulation.13-15) The major difference between epicardial adipose 
tissue and other visceral adipose tissue is its greater capacity 
for free fatty acid (FFA) release.16) Increased plasma FFA levels 
may stimulate the cardiac autonomic nervous system through 
an increase in plasma catecholamine concentrations, which 
may be related to impaired diurnal BP patterns.17) In addition, 
adiponectin mRNA expression is lower in epicardial fat than 
in subcutaneous fat,18) and epicardial fat-derived adiponectin 
production is also reduced in hypertensive patients.18) In addi-
tion, epicardial adipose tissue can locally modulate the heart 
and vasculature through paracrine secretion of pro- and anti-
inflammatory cytokines, thereby playing a possible role in ad-
iposity-related inflammation and atherosclerosis.19) A previous 
study has shown that EFT is associated with low-grade sys-

temic inflammation.6) Other studies have shown an association 
between increased epicardial fat and increased persistence of 
atrial fibrillation which is independent of other risk factors.20)21) 

Since inflammation plays an important role in the pathogene-
sis of atrial fibrillation,13) this finding also supports the co-ex-
istence of epicardial fat and inflammation. Given the strong re-
lationship between EFT and inflammation, EFT might be an 
associated inflammatory marker in patients with hypertension.

There are many data regarding other inflammatory markers 
related to CV outcomes, and there are contradictory reports 
regarding the association between NLR and clinical outcomes 
of CV disease. NLR might be just a marker reflecting the in-
flammatory process in patients with CVD, rather than a key el-
ement of the causal chain leading to CVD.10) However, recent 
studies support the relationship between high NLR and CV 
risk factors.8)22) In addition, high NLR levels are associated 
with various spectra of CV disease, such as the non-dipping BP 
pattern.10)

hs-CRP is also an important inflammatory marker which is 
widely used to assess CV risk. According to previous studies, 
both NLR and hs-CRP are important inflammatory markers, 
and there are significant correlations between these parame-
ters.7)23) However, in our study, hs-CRP was not a significant 
inflammatory marker in non-dipping hypertension. Because 
our study represents a cross-sectional analysis, the exact mecha-
nism is beyond our explanation. However, each of the many 
mechanistic factors in systemic inflammation may reflect dif-
ferent patterns of disease. A recent study also showed that NLR 
and hs-CRP may play different roles in various CV diseases. 
Our previous study showed that that NLR, but not hs-CRP, 
was a predictive risk marker for significant coronary artery dis-
ease and carotid atherosclerosis.24) In addition, Gibson et al.25) 

Table 3. Comparison of echocardiographic parameters according to the diurnal variation

Control (n = 112) Dipper (n = 269) Non-dipper (n = 266) p-value (ANOVA)

EFT, mm 5.6 ± 2.0 06.1 ± 2.0* 07.2 ± 3.0*†, < 0.001

LVEDD, mm 46.1 ± 5.10 45.8 ± 5.00 45.6 ± 5.500 < 0.765

LVESD, mm 29.1 ± 4.40 28.8 ± 4.60 28.7 ± 4.800 < 0.767

IVSTd, mm 11.0 ± 2.00 12.3 ± 2.3* 12.6 ± 2.8*†, < 0.001

PWTd, mm 9.4 ± 1.9 10.6 ± 1.8* 10.8 ± 2.5*†, < 0.001

LVMI, g/m2 99.8 ± 26.6 111.2 ± 25.2* 115.6 ± 36.5*†, < 0.001

RWT 0.42 ± 0.98 00.46 ± 0.10* 0.48 ± 0.14* < 0.001

EF, % 66.8 ± 5.60 67.1 ± 7.30 66.8 ± 7.600 < 0.884

LA diameter, mm 33.36 ± 6.290 34.92 ± 5.120 35.43 ± 5.5000 < 0.012

LA volume, mL 16.3 ± 7.40 17.0 ± 6.30 18.9 ± 7.1*†, < 0.003

E velocity, cm/sec 68.3 ± 16.7 66.0 ± 16.0 67.8 ± 17.20 < 0.338

A velocity, cm/sec 68.3 ± 17.8 67.6 ± 18.7 72.2 ± 20.3* < 0.044

EEa 9.2 ± 2.7 9.4 ± 3.1 11.11 ± 4.7*†,0 < 0.001

All values are presented as the mean ± SD. *p < 0.05 vs. normotensive control group, †p < 0.05 vs. dipper group. EFT: epicardial fat thickness, LVEDD: left 
ventricular end-diastolic diameter, LVESD: left ventricular end-systolic diameter, IVSTd: diastolic interventricularseptal wall thickness, PWTd: diastolic poste-
rior wall thickness, LVMI: left ventricular mass index, RWT: relative wall thickness, EF: ejection fraction, LA: left atrial, E: peak early diastolic mitral filling ve-
locity, Ea: mitral annular velocity, A: peak late diastolic mitral filling velocity
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overactivity, and inflammation.26)27) The lack of decrease in noc-
turnal BP, known as non-dipping, is associated with lower adi-
ponectin levels than measured in hypertensive dippers28) as well 
as an increased risk of CV events.1)2) In our results, EFT and 
NLR were greatest in patients with a non-dipping BP pattern, 

suggested that NLR, but not hs-CRP, was a predictor of new-
onset atrial fibrillation after coronary artery bypass grafting.

Consequently, increased EFT was independently associated 
with impaired diurnal BP profiles in individuals with hyper-
tension resulting from autonomic dysfunction, sympathetic 

Fig. 2. Correlations between EFT, NLR, and clinical parameters. EFT was significantly correlated with age (r = 0.160, p < 0.001) (A), body mass index 
(r = 0.091, p = 0.042) (B), 24-hour mean BP variability (r = 0.152, p = 0.001) (C), and NLR (r = 0.353, p < 0.001) (D). NLR was also significantly correlated 
with 24-hour mean BP variability (r = 0.270, p = 0.001) (E). EFT: epicardial fat thickness, NLR: neutrophil to lymphocyte ratio, BP: blood pressure.
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and there was a significant correlation between EFT and NLR 
(r = 0.353), as expected. Moreover, EFT and NLR were signifi-
cantly correlated with 24-hour mean systolic/diastolic BP vari-
ability and were independent parameters identifying the non-
dipping pattern in patients with hypertension. This suggests a 
link between epicardial fat, inflammation, and autonomic dys-
regulation in hypertension.

Our study has several limitations. First, the retrospective 

design at a single institution may have led to selection bias. 
Second, previous hypertensive medications might have an im-
portant impact on BP variability. In order to account for these 
possible confounding effects, we performed sensitivity analysis 
for binary regression according to the use or non-use of medica-
tions and did not observe different results. Third, with no fol-
low-up NLR data, we were limited in our ability to predict 
long-term outcomes. Finally, EFT can be affected by metabol-

Table 4. Binary logistic regression analysis to identify the independent determinants of nocturnal non-dipping BP pattern

Univariate Multivariate

Odds ratio 95% CI p-value Odds ratio 95% CI p-value

Age 1.001 0.989–1.013 0.877

Female gender 1.339 0.952–1.883 0.093 1.868 1.027–3.399 0.041

BMI 1.061 0.974–1.157 0.177

creatinine 1,472 1.013–2.138 0.042 1.279 0.606–2.703 0.518

Mean SBP 1.012 0.999–1.024 0.061 1.003 0.983–1.023 0.793

Mean HR 0.997 0.982–1.013 0.741

24-hour BP SD 0.949 0.912–0.987 0.009 0.893 0.834–0.957 0.001

Total cholesterol 0.993 0.988–0.998 0.003 0.994 0.987–1.001 0.081

NLR 1.237 1.105–1.384 < 0.001 < 1.341 1.052–1.710 0.018

EFT 5.869 2.635–13.070 < 0.001 < 3.985 1.215–13.066 0.022

hs-CRP 1.203 0.940–1.539 0.142

LA volume 1.046 1.013–1.079 0.005 1.001 0.951–1.053 0.982

EEa 1.131 1.069–1.196 < 0.001 < 1.135 1.033–1.247 0.009

LVMI 2.292 0.487–10.780 0.294

RWT 1.001 0.989–1.013 0.877

BMI: body mass index, SBP: systolic blood pressure, HR: heart rate, BP: blood pressure, SD: standard deviation, NLR: neutrophil to lymphocyte ratio, EFT: 
epicardial fat thickness, hs-CRP: high sensitivity C-reactive protein, LA: left atrial, LVMI: left ventricular mass index, RWT: relative wall thickness, E: peak early 
diastolic mitral filling velocity, Ea: mitral annular velocity, CI: confidence interval
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Fig. 3. Receiver operating characteristic (ROC) analysis. EFT ≥ 7.0 mm was associated with the non-dipper BP pattern with 51.3% sensitivity and 
71.6% specificity (ROC area under curve of 0.606, 95% CI 0.56–0.65, p < 0.001) (A) and NLR ≥ 2.1 was also associated with non-dipper BP pattern 
with 52.2% sensitivity and 65.3% specificity (ROC area under curve of 0.596, 95% CI 0.55–0.64, p < 0.001) (B). EFT: epicardial fat thickness, NLR: 
neutrophil to lymphocyte ratio, BP: blood pressure, CI: confidence interval.
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ic syndrome; however, we did not measure the waist circumfer-
ence of enrolled patients, so we could not classify or analyze 
metabolic syndrome in our patients. However, based on the 
significant correlations between 24-hour mean systolic BP, EFT 
and obesity (as represented by BMI or EFT) we posit a possible 
association with metabolic syndrome. Therefore, a larger, pro-
spective, randomized study is required to confirm our findings.

In conclusion, EFT, an indicator of cardiac autonomic activ-
ity, was greatest in hypertensive patients with a non-dipping 
pattern, and increased NLR, an indicator of inflammation, 
was observed in hypertensive patients regardless of nocturnal 
BP pattern. EFT and NLR were independently associated 
with impaired diurnal BP profiles in hypertensive individuals. 
EFT and NLR appear to be helpful in cardiometabolic risk 
stratification. The association between EFT and adverse CV 
outcomes in patients with increased NLR needs to be investi-
gated in further detail in future research.
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