
1

Cellular and Molecular 
Biology

Original Research

Epicardial adipose tissue volume a diagnostic study for independent predicting disorder 
of circadian rhythm of blood pressure in patients with essential hypertension
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Abstract: The aim of the study was to determine whether epicardial adipose tissue volume (EATV), a new cardiometabolic risk factor, is 
associated with circadian changes of blood pressure (BP) in patients with newly diagnosed essential hypertension. Ninety patients with newly 
diagnosed essential hypertension underwent ambulatory blood pressure monitoring for 24 h. EATV was measured using cardiac computed 
tomography. These patients were categorized into three groups according to their BP patterns (group 1, n=46, dipper hypertension, also called 
normal pattern; group 2, n=24, non-dipper hypertension; group 3, n=20, anti-dipper hypertension; group 2 and 3 are also called abnormal pattern). 
Data were collected retrospectively and compared between hypertensive patients with normal pattern and abnormal pattern. The normal pattern 
hypertensive patient had significant lower mean EATV and BP ((EATV, 91.3±29.4 cm3) than those of abnormal pattern patients including group 
2 (EATV, 116.2±31.06cm3, P<0.01) and group 3 (EATV, 124.8±28.5cm3, P<0.01). Mean systolic BP over 24 h (BPs24) and mean diastolic BP 
over 24 h (BPd24) of group 1 (BPs24, 135.7 ± 12.6 mmHg; BPd24, 83.6 ± 10.6 mmHg) were significantly lower than those of group 2 (BPs24, 
150.1± 17.6 mmHg, P<0.01; BPd24, 93.2 ± 16.5 mmHg, P<0.01) and group 3 (BPs24, 154.1 ± 16.6mmHg, P<0.01; BPd24, 93.8 ± 17.5 mmHg; 
P<0.01). Bivariate correlation analysis showed that correlation coefficient of EATV with abnormal blood pressure mode was 0.500 (p< 0.001), 
partial correlation coefficient after adjustment for waist circumference and body mass index was 0.469 (p< 0.001). When multivariate backward 
logistic regression analysis was performed to assess the correlation of BP pattern with EAT volume, it showed that the prevalence of abnormal 
BP pattern (non-dipper and anti-dipper BP pattern) increased by 1.54 times after adjusting for age and gender per additional 10 cm3 of EAT 
volume. Receiver operating characteristic curve for EAT alone indicated that the cutoff value of 95.17cm3 had the best performance in predicting 
abnormal BP pattern with a sensitivity of 75.0% and a specificity of 72.7%. EATV was elevated in newly diagnosed and untreated patients with 
non-dipper hypertension and anti-dipper hypertension. EATV measured by cardiac computed tomography can be used to indicate the increased 
risk of circadian rhythm of blood pressure.
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Introduction

Ambulatory blood pressure monitoring (ABPM) 
can provide description in continuous change of blood 
pressure (BP) more accurately than office BP measu-
rements.  The device is worn continuously for 24 h to 
record both daytime and nighttime blood pressure data. 
BP has a physiological circadian rhythm (dipper pat-
tern), normallyit is generally lower during the nighttime 
than the daytime. However, studies by ABPM have 
demonstrated that normal physiological process of noc-
turnal reduction in BP is diminished in some patinets 
(1,2). Blood pressure circadian rhythm disorders were 
characterized by non-dipper and anti-dipper. Average 
nocturnal BP falling off less than 10% is defined as a 
non-dipper BP pattern and average nocturnal BP increa-
sing than daytime is defined as an anti-dipper BP pat-
tern (3). Compared with the dipper BP pattern, the non-
dipper and anti-dipper BP pattern are associated with a 
higher prevalence of adverse cardiovascular events and 
a poorer prognosis (4,5). Sedentary lifestyle, poor sleep 
quality, impaired renal function, endocrine disorders 
and salt-sensitive hypertension are also associated with 
the non-dipper or anti-dipper BP pattern (6,7).

The prevalence of hypertension is associated with 
ectopic adipose accumulation in the intrathoracic and 
epicardial areas (8-10). Epicardial adipose tissue is a 
new marker of metabolic syndrome and cardiometabo-

lic risk (11-13). Patients with abdominal obesity have 
altered circadian BP and increased prevalence of non-
dipper BP pattern (11,14). Epicardial fat tissue, another 
form of visceral adiposity, has been proposed as a new 
cardiometabolic risk factor and the possible association 
of epicardial fat with hypertension has been shown in 
some recent studies. It is also suggested that excessive 
epicardial adipose tissue may be associated with preva-
lence of hypertension (14), but it remains unclear whe-
ther increased EATV alters circadian BP and increases 
the prevalence of non-dipper or anti-dipper BP pattern. 
Therefore, the purpose of this study is to investigate the 
association between EATV and circadian BP changes 
in patients with newly diagnosed or untreated essential 
hypertension. 
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Materials and Methods

Study Population  
This study was approved by Yancheng First Peoples' 

Hospital and written informed consent was obtained 
from all participants. A total of 90 consecutive patients, 
who underwent both dual-source computed tomography 
coronary angiography and ambulatory blood pressure 
monitoring (ABPM) between October 2011 and June 
2014 were enrolled in this study. All patients were ol-
der than 18. Patient’s medical histories were recorded 
through a questionnaire. All patients underwent anthro-
pometric measurements and routine laboratory tests, 
including blood fat and cholesterol, complete blood 
cell counts, dual-source cardiac CT and 24 h ABPM. 
These patients were divided into three groups: 24 pa-
tients whose mean nighttime BP fall <10% compared 
with their mean daytime BP were categorized in group 2 
(non-dippers) and 20 patients whose mean nighttime BP 
increased were categorized in group 3 (anti-dipper), and 
46 patients whose mean nighttime BP fell ≥10% were 
categorized in group 1 (dippers). Exclusion criteria were 
as follows: Patients who had a left ventricular ejection 
fraction (LVEF) of less than 50%, moderate or severe 
valvular regurgitation or stenosis, liver disease, cancer, 
nephropathy (serum creatinine >1.3 mg/dL in women 
and >1.5 mg/dL in men), thyroid disorders, Obstructive 
sleep apnea hypopnea syndrome. In addition, none of 
the patients received BP medication before this study.

Anthropometry and Laboratory Tests
Body mass index (BMI) was defined as weight (in 

kilograms) divided by the square of height (in meters). 
Body surface area (BSA), following formula below: 
S(male)=0.0057×height(cm)+0.0121×weight(
Kg)+0.0882,
S(female)=0.0073×height(cm)+0.0127×weight(
Kg)-0.2106. 

Waist circumference (WC; cm) was recorded as the 
average of two measurements at the lowest rib and at 
the iliaccrest, with the subject standing at midpoint. 
Total cholesterol (TC), triglycerides (TG), low-density 
lipoprotein cholesterol (LDL-c), and high-density lipo-
protein cholesterol (HDL-c), glucose, and hemoglobin 
levels were assayed by using routine laboratory tech-
niques. Metabolic syndrome was defined according to 
the adult treatment panel III criteria. The patients were 
diagnosed with metabolic syndrome (MS) if they met 
three or more of the following five items (15,16): (i) 
waist circumference (WC) >90 cm in men or >80 cm 
in women; (ii) triglycerides >150 mg/dL; (iii) HDL <40 
mg/dL in men or <50 mg/dL in women; (iv) BP >130/85 
mm Hg or had been diagnosed as hypertesion; and (v) 
fasting blood glucose (FG) >110 mg/dL. The coeffi-
cients of variation were less than 5% for every measu-
rement. 

CT angiography and image analysis
CT examinations were performed using a 64-slice 

dual-source Cardiac CT scanner (Somatom Denition, 
Siemens Medical Solutions, Forchheim, Germany) 
using two X-ray sources for image generation. With 
two tubes and two detectors mounted at the orthogonal 
orientation in the gantry, the transmission data required 

for reconstruction of one slab can be acquired in half 
the time needed by a conventional multislice computed 
tomography (MSCT) system. The scanning volume was 
defined as the area from the carina to the diaphragm. 
A gantry rotation time of 0.33 s, therefore resulted in a 
temporal resolution of 83 ms. The tube voltage for CT-
angiography was 120 kV for both tubes, with the current 
of 350 mAs, gantry rotation time of 0.33 s and pitch 
of 0.20-0.43 adapted to the heart rate, and collimation 
of 64 × 0.6 mm. Contrast agent (80 ml, 370 mg I/ml, 
Ultravist, Schering, Berlin, Germany) was injected at a 
constant rate of 5 ml/s, followed by flushing with 40 
ml of normal saline. The CT value of the area of inte-
rest at the root of ascending aorta was monitored since 
the beginning of contrast injection. The radiation dose 
for scan in this study was 2.7 mSv on average. Image 
reconstruction was performed using the CardIQ image 
analysis software program (Siemens Healthcare) on a 
dedicated computer workstation (Advantage Worksta-
tion Ver.4.2, Siemens Healthcare).

Epicardial adipose tissue quantification   
The amount of EAT volume was measured by two 

independent observers using a commercially available 
software tool (Volume, Siemens Healthcare) based on 
attenuation dependent segmentation methods (Fig. 1). 
For preventing recall bias, the quantification of EAT 
was performed on different days in random order by 
each observer who was blinded to the results. Obser-
vers manually traced the epicaridium from its superior 
extent (lower surface of left pulmonary artery origin) 
to the end of the ventricular apex interpolating slices of 
5-10mm thickness which defined the extent of the epi-
caridial volume, and all extra epicardial tissues were ex-
cluded (17,18). The software automatically interpolated 
between the user-defined traces. Automatically traced 
contours were manually adjusted to the epicaridium if 
needed. The EATV was defined as any adipose tissue 

Figure 1. Total epicardial adipose tissue volume(EATV) measure-
ments on 64-slice Dual-CT. A region of interest (ROI) is manually 
placed along the visceral pericardium and EAT was extracted on 
an axial image (blue). 3D image: EAT area is measured on each 
axial image from the lower surface of left pulmonary artery ori-
gin to the left ventricular apex and total EAT volume is obtained 
from Volume Analysis software at a dedicated workstation(Syngo 
MMWP, Siemens, Germany).
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was used for correlation analysis, diagnosis consistency 
used kappa test. Multivariate stepwise logistic regres-
sion analysis was performed to assess the parameters 
that are associated with a non-dipper BP pattern. The 
presence of abdominal obesity (male> 90cm, female> 
80cm defined 1; otherwise defined 0), LDL-choleste-
rol, EATV (with per additional 10 cm3 of EAT volume, 
increased prevalence of abnormal BP pattern) and BMI 
etc, were included as the covariates in the multivariate 
regression model. The sensitivity and specificity of the 
cut-off value of EATV to detect the abnormal BP pat-
tern were estimated by receiver operating characteristic 
(ROC) curve analysis. A P value < 0.05 was considered 
as statistically significant.
 
Results

Baseline demographic properties of the study sub-
jects are listed in Table 1. The mean age of the study 
population was 48.7 ± 5.8 years and the mean BMI was 
24.7± 3.7kg/m2. Patients in each group were similar 
with regard to age, gender, smoking status, BMI, FG le-
vel, and fasting lipid profile and left ventricular ejection 
fraction. In addition, the incidences of MS were similar 
among three groups (P =0.13). Non-dipper and anti-dip-
per were grouped as abnormal pattern because there was 
no significant difference between them.  

The ambulatory blood pressure monitoring parame-
ters and left ventricular ejection fraction (LVEF) are 
shown in Table 2. The normal pattern hypertensive pa-
tient had significant lower mean EATV and BP ((EATV, 
91.3±29.4 cm3) than those of abnormal pattern patients 
including group 2 (EATV, 116.2±31.06cm3, P<0.01) 
and group 3 (EATV, 124.8±28.5cm3, P<0.01). The mean 
Waist of abnormal BP groups (group 2 and 3) were si-
gnificantly greater than that of group 1(93.1±8.21cm 
vs 89.1± 5.4cm, P=0.01). The mean BMI of abnor-
mal BP groups was similar with group 1(24.9±3.1Kg/
m2 vs. 24.5±3.7 Kg/m2, P =0.60). The BPs24 (group1 
vs abnormal BP groups, 135.7 ±12.6mmHg vs 152.0 
±16.4mmHg, P<0.001) and the BPd24 (group1 vs abnor-

located within the pericaridial sac (13,19). A predefi-
ned threshold of -250HU to -30HU was used to identify 
voxels corresponding to fat (20). 

Ambulatory Blood Pressure Monitoring (ABPM)
Ambulatory blood pressure monitoring was perfor-

med with a non-invasive recorder, the Tracker NIBP2 
(Ambulatory Blood Pressure Monitor TM-2430, Japan) 
for 24 h typical daily activity. Blood pressure readings 
were obtained automatically at 15 min intervals from 
6 am to 11 pm and at 30 min intervals from 11 pm to 6 
am. Mean systolic and diastolic BPs over 24 h (BPs 24 
and BPd 24), mean systolic and diastolic BPs during the 
daytime (BPs daytime and BPd daytime), and mean sys-
tolic and diastolic BPs during the nighttime (BPs night-
time and BPd nighttime) were recorded. Awake and as-
leep periods were determined from the patient’s diaries 
(Most patients match the definition based on fixed day 
and night intervals (e.g. daytime defined as 0600-2200 
h and night-time as 2200-0600 h),). Essential hyperten-
sion was considered present if the mean daytime BP was 
higher than 135/85 mm Hg and the mean nighttime BP 
was above 120/75mm Hg, according to criteria stated 
in The Seventh Report of the Joint National Committee 
(21). A 24 h mean BPs >125 mm Hg or a 24 h mean BPd 
>80 mm Hg was used to exclude white coat hyperten-
sion (22). Daytime, nighttime, and 24 h average heart 
rates (HRs) (HR daytime, HR nighttime, and HR 24h) 
were also recorded.  

Statistical Analysis 
Statistical analysis was performed with commer-

cially available statistical software (SPSS for Windows 
version 19.0 SPSS Inc., Chicago, IL, USA). Continuous 
quantitative variables were expressed as mean ± stan-
dard deviation (SD). Comparison between two groups 
(eg.,dipper vs non or antifipper) been done using t-test 
.χ2 test was used for categorical variables. Multiple com-
parison was carried out using one-way analysis of va-
riance (ANOVA), followed by SNK test among groups. 
Two factors correlation and partial correlation analysis 

Characteristics Dippers (n = 46)
Non-dippers 

(n = 24)
anti-dippers

(n=20)
abnormal 

pattern(n=44)
aP aaP P-value

Age (y) 46.9 ± 6.0 50.1 ± 5.8 a 51.3 ± 3.4 a 50.3±4.9 a 0.1 0.01 0.02
Gender (% male) 56.5 62.5 55.0 59.1 0.31 0.56 0.48
Smoking (%) 54.3 53.8 60.0 59.1 0.68 0.40 0.59
BMI (kg/m2) 24.5±3.7 24.6±4.0 25.7±3.5 24.9±3.1 0.74 0.46 0.60
WC (cm) 89 .1± 5.4 94.5 ± 8.23 a 91.5 ± 8.31 93.1±8.21 a 0.001 0.1 0.01
MS ATP-III (%) 54.3 66.6 70.0 68.2 0.20 0.08 0.13
BSA 1.86±0.42 1.92±0.33a 1.95±0.47a 1.94±0.51a 0.001 0.002 0.001
CHD(%) 58.7 62.5 65.0 63.6 0.55 0.42 0.39
Total cholesterol (mmol/L) 5.5 ± 1.0 5.7± 1.0 5.41 ± 1.1 5.5±1.10 0.46 0.88 0.50
LDL-cholesterol (mmol/L) 3.5± 0.9 3.6 ± 0.8 3.7 ± 0.8 3.7±0.8 0.48 0.72 0.59
HDL-cholesterol (mmol/L) 1.3 ± 0.4 1.2 ± 0.3 1.2 ± 0.3 1.2±0.3 0.36 0.41 0.20
Triglyceride (mmol/L) 1.5 ± 0.6 1.6 ± 0.8 1.6 ± 0.8 1.6±0.8 0.74 0.68 0.46
FG (mmol/L) 5.2 ± 0.3 5.3 ± 0.3 5.2 ± 0.3 5.2±0.3 0.77 0.81 0.36

Table 1. Baseline demographic characteristics of the study population.

Abbreviations: BMI: body mass index; BSA:body surface area .WC: waist circumference; MS ATP-III: metabolic syndrome according to adult 
treat-ment panel; LDL: low-density lipoprotein; HDL: high-density lipoprotein; FG: fasting glucose; a P<0.05, compared to Dippers; aa P<0.05, 
anti-dippers compared to Dippers; b P<0.05.
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mal BP groups, 83.6 ± 10.6mmHg vs 93.5±17.2mmHg, 
P=0.012) of abnormal BP groups were significantly 
higher compared with group 1. Meanwhile, the ab-
normal BP groups also had significantly higher BPs 
nighttime (152±15.3mmHg vs. 124.1± 10.81mmHg, 
P<0.001) and BPd nighttime (93.4±16.8 mmHg vs. 75.8 
± 9.8 mmHg, P<0.001). Besides, thenighttime blood 
pressure decrease rate had statistically significant dif-
ferences in three groups. BPs daytime and Bpd daytime 
were higher in abnormal BP groups than those of group 
1, but there is no statistically significant differences. 24h 
heart rate, HR daytime, and HR nighttime were also si-
milar between group 1 and abnormal BP groups. 

Results of multivariate analyses were shown in 
Table 3. Bivariate correlation analysis showed that cor-

relation coefficient of EATV with abnormal blood pres-
sure mode was 0.500 (p < 0.001), partial correlation 
coefficient after adjustment for waist circumference and 
body mass index was 0.469 (p < 0.001). Multivariate 
logistic regression analysis was applied to evaluate the 
association of anthropometric data, BMI and metabolic 
syndrome with increased prevalence of abnormal BP 
pattern (non-dipper and anti-dipper BP pattern). Age 
for 1 year, EATV for 10 ml. Model and variable accor-
ding to the following method, Model 1 : X (explenatory 
variables) =Age, Gender, MS (NCEPATP3); Model 2 : 
Age, gender, BMI (>25); Model 3 : Age, gender, WC 
male>90cm and female>80cm defined 1;otherwise 
defined 0).; Model 4 : Age, gender, EAT (for 10 cm3 
increase), prevalence of abnormal BP pattern (non-dip-
per and anti-dipper BP pattern) increased by 1.54 times 
after adjusting for age, gender.

Figure 2 showed ROC curves of logistic regression 
analysis for BMI, MS and EATV in predicting abnormal 
BP pattern (non-dipper hypertension and anti-dipper 

Characteristics Dippers (n = 46) Non-dippers (n= 24) anti-dipper (n=20) abnormal pattern P-value
EATV (cm3) 91.3±29.4 116.2±31.06a 124.8±28.5a 120.6±27.4a <0.001
EATVI(cm3/m2) 57.9±16.7 74.6±17.7 a 78.6±15.7 a 76.4±18.1 a <0.001
LVEF (%) 64 .0± 2.1 66.0 ± 2.8 63.0 ± 2.7 65.0±3.8 0.38
HR daytime 85.3 ± 11.3 86.7 ± 11.1 87.5 ± 13.1 87.0±12.1 0.47
BPs daytime (mm Hg) 143.7 ± 13.1 151.5 ± 16.9 152.5 ± 15.9 152.0±16.5 0.06
BPd daytime (mm Hg) 90.2 ± 11.2 95.5 ± 16.3 93.5 ± 15.3 94.5±15.8 0.10
HR nighttime 74.9 ± 12.2 75.1 ± 12.7 76.1 ± 12.7 75.5±12.8 0.12
BPs nighttime(mm Hg) 124 .1± 10.8 149.2± 6.3a 155.9±12.4a 152.0±15.3a <0.001
BPd nighttime(mm Hg) 75.8 ± 9.8 92.4 ± 17.8a 94.4 ± 15.8a 93.4±16.8a <0.001
24 h mean HR 81 .2± 10.9 81.6± 11.5 82.8 ± 12.5 82.3±12.0 0.77
24h mean BPs (mmHg) 135.7 ± 12.6 150.1 ± 17.6a 154.1 ± 16.6a 152.0 ±16.4a <0.001
24h mean BPd(mmHg) 83.6 ± 10.6 93.2 ± 16.5a 93.8 ± 17.5a 93.5± 17.2a 0.012
NBPDR(%) 13.71±2.31 7.26±1.93 a -3.71±2.16 ab ----------- <0.001

Table 1. Echocardiographic characteristics and ambulatory blood pressure measurements of the study population.

Abbreviations: EATV: epicardial adipose tissue volume; EATV: EATV/BSA;LVEF: ejection fraction; HR: heart rate; BPs: systolic blood 
pressure; BPd: diastolic blood pressure;NBPDR: nocturnal blood pressure drop rate. aP<0.05, compared to Dippers; bP<0.05, compared to 
Non-dippers.  

OR(95%CI) P
Model 1
Age 0.99(0.90-1.08) 0.77 
Gender 1.07(0.43-2.69) 0.88 
MS 1.77(0.70-4.48) 0.23 
Model 2
Age 0.96(0.89-1.03) 0.27
Gender 1.17(0.48-2.86) 0.74 
BMI 1.68(0.69-4.09) 0.25 
Model 3
Age 0.96(0.89-1.04) 0.31 
Gender 1.47(0.55-3.90) 0.44 
WC 1.60(0.59-4.36) 0.36 
Model 4
Age 0.98(0.90-1.06) 0.60
Gender 1.10(0.39-3.10) 0.86 
EATV 1.54(1.25-1.89) <0.01 

Table 3. Multivariate logistic regression analysis.

OR refers to 1unit variation of covariates; CI, confidence interval; 
Abbreviations: EATV: epicardial adipose tissue volume; BMI:  body 
mass index; WC: waist circumference; MS ATP-III: metabolic syn-
drome according to adult treatment panel; LDL: low-density lipo-
protein.

Figure 2. Receiver operating characteristic curves of body mass 
index(BMI), Waist circumference(WC) and epicardial adipose tis-
sue Volume(EATV) in predicting abnormal BP pattern.
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hypertension). The area under the curve for BMI was 
0.56 (0.45–0.69), P = 0.28. The area under the curve for 
WC was 0.64 (0.60–0.81), P =0.02. The area under the 
curve for EATV was 0.78 (0.69–0.88), P < 0.01. Accor-
ding to the ROC curve for EATV alone, the cutoff value 
of 95.17 cm3 had the best performance in predicting ab-
normal BP pattern (non-dippers hypertension and anti-
dipper hypertension), with a sensitivity of 75.0% and a 
specificity of 72.7%. The diagnosis of abnormal blood 
pressure patterns for threshold value of 95.17 cm3, the 
kappa value was 0.467, positive predictive value was 
0.75, and negative predictive value was 0.717.

Discussion

To our knowledge, we first reported EATV was si-
gnificantly higher in hypertensive patients with abnor-
mal BP pattern than in those with normal BP pattern. 
It was found that EATV was independently associated 
with abnormal BP pattern (non-dipper hypertension and 
anti-dipper hypertension), indicating an increased risk 
of non-dipper or anti-dipper hypertension-related tar-
get organ damage and adverse cardiovascular events. 
The relationship between hypertension and excess body 
weight had long been recognized in several studies 
(23,24). Individuals with abdominal obesity had an in-
creased risk for hypertension, however, excess adipose 
has traditionally been found in intra-abdominal organs 
such as the liver and in subcutaneous tissue (16,25,26). 
Based upon our findings, patients with increased EATV 
measured by Dual-CT may be in higher risk of an ab-
normal BP pattern (non-dipper hypertension and anti-
dipper hypertension). These individuals we presumed 
may also represent an increased target organ damage 
and cardiovascular risk (27,28).    

There are growing evidences that adipocyte-derived 
factors originating outside of the heart are capable of 
affecting vascular homeostasis (29,30). It stores trigly-
ceride to supply free fatty acids for myocardial energy 
production and produce adipokines. Epicardial adipose 
tissue and myocardium share the same microcirculation 
(30). In addition, epicardial adipose is an active organ 
that produces several proinflammatory and proathe-
rogenic cytokines such as angiotensinogen, angioten-
sin and Neuropeptide Y(NPY) (31,32). Sympathetic 
nervous excitement at night increased blood pressure 
mainly through the following channels: (1) To excite 
α receptor, the small artery contraction, increase peri-
pheral resistance; shrink vein, increase the backflow of 
blood volume; (2) Excited heart β receptor, increased 
heart rate, increased cardiac output; (2) Activation of 
the RAS system directly or indirectly, Promoted Ang II 
generation and aldosterone secretion. Therefore, epicar-
dial adipose tissue and other visceral fat may play a role 
in the pathogenesis of hypertension (33). An animal stu-
dy reported that the maximum rate of fatty acid release 
was significantly higher in epicardial adipose tissue than 
that in the pericardial, perirenal and popliteal depots 
(34). As we all know, sympathetic nerve goes through 
and immerses in the epicardial adipose. Sensory nerves 
innervating the arterial wall are predominantly found 
in the adventitial layer (35). These nerves have been 
shown to be associated with unique microvasculature in 
the adventitia. Manzella et al (34,36) found that the rate 

of fatty acid released by epicardial adipose tissue was 
approximately twice that of the pericardial and perirenal 
depots, and toxic levels of free fatty acids may stimu-
late the activity of cardiac autonomic nervous system 
through an increased catecholamine concentration in 
plasma. Furthermore, Bambace et al (37) reported that    
adiponectin mRNA expression was lower in epicardial 
adipose than that in peritoneal and subcutaneous fat. 
Kremen et al (29) also found the expression of adipo-
nectin was lower in epicardial adipose than omental fat, 
but mRNA expressions of resistin and other adipocy-
tokines were higher than that in omental fat. The pro-
duction of epicardial adipose tissue-derived adiponectin 
was also decreased in patients with hypertension (38). 
Besides, the data from Della Mea’s lab (39) proved that 
non-dipper essential hypertensive patients had more 
prominent insulin resistance and lower adiponectin 
compared to dippers, suggesting epicardial adipose may 
be more closely related to obesity related hypertension. 
Given all these observation, high levels of free adipo-
sety acid and reduced adiponectin may be related to 
non-dipping hypertension because they may cause auto-
nomic dysfunction and sympathetic overactivity. It has 
been known that many patients with hypertension are 
associated with MS, so insulin resistance may also play 
a driving role in the formation of abnormal BP pattern to 
some extent. All of the above were well-known mecha-
nisms of the abnormal BP pattern (non-dipper and anti-
dipper) (40). 

Epicardial accumulation of excessive adipose is 
a metabolic marker for cardiac risk. Fallo et al (41) 
reported that high prevalence of visceral adipose was 
associated with insulin resistance and low adiponectin 
levels in essential hypertensive patients with a non-dip-
per profile. Furthermore, recently reported that epicar-
dial adipose tissue correlated with endothelial dysfunc-
tion (42,43) independent of traditional risk factor. Our 
patients in three groups did not significantly differ in 
MS and BMI. However, the mean EATV of the abnor-
mal BP pattern group was greater than that of the dipper 
group. In the multivariate logistic regression analysis, 
EATV was the variable significantly associated with 
the abnormal BP pattern. Adipocytokines (such as lep-
tin) can activate sympathetic nerve system in the brain 
(44). The demonstration of EATV as a novel risk factor/
indicator of the non-dipper BP pattern may be clinically 
promising.

So far, the mechanism of the abnormal BP pattern 
still remains unclear. Endocrine system dysfunction, 
increased sympathetic tone, lack of exercises, and salt-
sensitive hypertension are involved in the pathogenesis 
of the non-dipper BP pattern. Patients with obesity, dia-
betes mellitus and insulin resistance have an increased 
prevalence of the non-dipper BP pattern (33). Tartan et 
al (45) also reported a higher frequency of the MS in 
non-dippers than in dippers. In our study, the frequency 
of MS, BMI and fasting serum lipid levels was similar 
among three groups. However, due to the small sample 
size, larger sample size was required for the next step 
research. Many studies have demonstrated that the 
non-dipper BP pattern was associated with target organ 
damage whether the individual was hypertensive or 
normotensive. Cuspidi et al (46) studied never-treated 
hypertensive patients who had been diagnosed for less 
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than 1 year and found that the prevalence of left ventri-
cular hypertrophy was highest among individuals with 
the non-dipper BP pattern. Therefore, the early detec-
tion of a non-dipper and anti-dipper BP pattern through 
detection of above-average EATV may help to identify 
high-risk individuals for target organ damage of hyper-
tension.

Study Limitations
We acknowledge that there are limitations in our stu-

dy. Firstly, this was a cross-sectional, pivotal study that 
included a small number of patients; therefore, our fin-
dings should be replicated in a larger population before 
they are translated into clinical practice. The non-dipper 
BP pattern can also be caused by daytime inactivity and 
poor sleep quality; however, these variables were not 
examined in our study. In addition, clinical parameter of 
left Ventricular diastolic function failed to be collected 
and these patients were not followed up. It may be very 
interesting to further investigate if patients would bene-
fit from good control of BP and/or lipid-lowering the-
rapy. Lastly, our results were merely statistical corrrela-
ted, we cannot rule out that higher epicardial fat is the 
consequence rather than the cause of non-dipper status, 
causal inference needs support of inflammatory factor 
data from epicardial adipose tissue.

In summary, we found that larger EATV had a higher 
prevalence of the abnormal BP pattern in newly dia-
gnosed untreated hypertensive patients; For confirma-
tion, a larger, prospective, epidemiological study may 
be conducted to further demonstrate the use of EATV to 
assess the prevalence of abnormal (non-dipper and anti-
dipper) BP pattern and the target organ damage related 
to the abnormal BP pattern.
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