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Kontext: V literatufe zatim neexistuje shoda ohledné vlivu pohlavi na korelaci mezi kalcifikaci koronarnich
tepen (coronary artery calcification, CAC) na jedné strané a kalcifikaci aortalniho kofene (aortic root calcifi-
cation, ARC) a objemem perikardialniho tuku (pericardial fat volume, PFV) na strané druhé.
Cil: Zjistit vliv pohlavi na korelaci CACs ARC a PFV u irackych pacient(i s podezfenim na ischemickou chorobu
srdecni diagnostikovanou metodou multidetektorové CT (MDCT).
Metody: V obdobi mezi lednem a prosincem roku 2014 bylo v Irdku do studie zafazeno celkem 130 po
sobé jdoucich pacientu se stfedné vysokou predtestovou pravdépodobnosti, na zékladé vysetfeni metodou
MDCT, pfitomnosti ischemické choroby srdec¢ni. Z uvedeného poctu bylo 111 pacientt shleddno vhodnymi
pro zafazeni do studie. Pacienti byli rozdéleni do skupin muzd (n = 54) a zen (n = 57).
Vysledky: U muzd nebyla vyznamna korelace mezi PFV s hodnotami CAC a ARC nalezena. CAC vyznamné
korelovala s ARC (r = 0,392; p = 0,003). Korelace mezi CAC a ARC pretrvavala i po adjustaci na PFV, vék
a kardialni rizikové faktory (p = 0,01; Cl = 0,067-0,492). U Zen hodnota PFV vyznamné korelovala s hodno-
tou CAC (r = 0,413; p = 0,001); tato korelace pretrvavala i po multivariacni regresni adjustaci na ARC, vék
a kardialni rizikové faktory (p = 0,016; Cl = 0,067-0,612), pfiemz nebyla zjisténa zadna vyznamna korelace
mezi PFV a ARC. Korelace hodnoty ARC's CAC nebo s PFV nebyla statisticky vyznamna. Hodnota ARC vykaza-
la vyznamnou spojitost s muzskym pohlavim (p = 0,04), pficemz rozdil v PFV a CAC mezi obéma skupinami
hodnocenymi ve studii nedosahl statistické vyznamnosti.
Zavér: Hodnota PFV vyznamné korelovala s CAC u zen, zatimco u muzd byla zjisténa vyznamna korelace
mezi ARC a CAC.

© 2015, CKS. Published by Elsevier sp. z 0.0. All rights reserved.

ABSTRACT

Background: There is no consensus in the literature on the influence of gender on the correlations between
coronary artery calcification (CAC) with aortic root calcification (ARC) and pericardial fat volume (PFV).
Objective: To investigate the impact of gender on the correlations between PFV, CAC and ARC in Iragi pa-
tients with suspected coronary artery disease (CAD) assessed by multi-detector CT (MDCT).
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Methods: One hundred thirty consecutive Iragi patients with intermediate pretest probability of ischemic
heart disease who underwent MDCT examination for assessment of CAD were recruited between Janu-
ary and December 2014. Of these, 111 patients were found to be eligible and were enrolled in the study.
Patients were divided into male group (n = 54) and female group (n = 57).

Results: In male patients, PFV showed no significant correlation with CAC and ARC. CAC showed a signifi-
cant correlation with ARC (r = 0.392, p = 0.003). The correlation between CAC and ARC persisted even after
adjustment for PFV, age and cardiac risk factors (p = 0.01, Cl = 0.067-0.492). In female patients, PFV showed
a significant correlation with CAC (r = 0.413, p = 0.001) and this correlation persisted even after multivariate
regression adjustment for ARC, age and cardiac risk factors (p = 0.016 , Cl = 0.067-0.612) while there were
no significant correlation between PFV and ARC. ARC showed no significant correlation with CAC and PFV.
ARC showed a significant association with male gender (p = 0.04) while there were no significant difference

Coronary artery

in PFV and CAC between the two groups of study.

MDCT Conclusion: PFV was significantly associated with CAC in female while ARC showed a significant association

Pericardial fat with CAC in male.

Introduction

Gender disparity plays an important role in cardiovascu-
lar disease prevalence and burden with significant gender
related differences reported in cardiovascular clinical pre-
sentation mortality, morbidity and risk factors profiles [1].

Coronary artery calcification (CAQ) is a reported imaging
marker of subclinical atherosclerosis and has incremental
prognostic values beyond those of traditional cardiac risk
scores for cardiovascular disease (CVD) prognosis and it may
help in reclassification of patients at increased risk [2,3].

Pericardial fat is an adipose tissue surrounding the
heart, with anatomic proximity to the epicardial coronary
arteries. In recent years, pericardial fat volume (PFV) has
been proposed as an imaging biomarker of increased car-
diovascular risk [4,5].

To the best of the authors’ knowledge, there is little in-
formation regarding the association between aortic root
calcification (ARC) and coronary atherosclerosis markers
and calcification, because the evaluation of the aortic root
or thoracic aorta calcification is not a standard part of the
routine cardiovascular workup.

The main aim of this study was to investigate the im-
pact of gender disparity on the correlations of PFV, CAC
and ARC in patients with intermediate test probability of
coronary artery disease (CAD) assessed by multi-detector
CT (MDCT).

Materials and methods

This cross-sectional study was carried out at the Cardiol-
ogy Center at Al-Sader Teaching Hospital. Informed consent
was obtained from all individual participants included in
the study. The study was approved by our institution. One
hundred thirty consecutive Iraqi patients with intermediate
pretest probability of ischemic heart disease based on their
age, sex and cardiac symptoms and who underwent 64-slice
MDCT angiography for assessment of CAD were recruited
between January and December 2014. Of these, 111 patients
were found to be eligible and were enrolled in the study.

Nineteen patients were excluded because of a poor ex-
amination technique or motion artifact (n = 8), aortic root
anomalies or dissection (n = 2), difficulty in accurate peri-
cardial fat volume calculation or segmentation of fat (n =
6), or data were missing (n = 3).

For analytical purposes, patients were divided into two
groups according to their gender: male group (n = 54
[49%]) and female group (n =57 [51%]).

Using standard physician-based questionnaires, a history
of conventional cardiac risk factors for CAD was obtained
from each patient at the time of coronary MDCT angiogra-
phy examination including a positive family history of pre-
mature CAD (occurring before the age of 55 years in men
and before 65 years in women), current smoking history
(more than 10 cigarettes per day in the last year), a history
of hypertension or use of anti-hypertension medications,
hyperlipidemia was defined as total cholesterol > 200 mg/
dl or triglyceride levels =150 mg/dl or use of lipid lowering
drugs, a history of diabetes mellitus or use of insulin or dia-
betic lowering drugs and obesity with a body mass index
> 30. Patients with two or more cardiac risk factors were
considered to have multiple risk factors.

CT scan protocol
CT coronary angiography was performed with a 64-slice sca-
nner (Aquilon 64, v. 4.51 ER 010; Toshiba Medical Systems,
Tochigi, Japan). Before multi-slice CT angiography was per-
formed, a non-contrast CT was acquired to measure the cal-
cium score according to the Agatston for total heart calcium
(summed across all lesions identified within coronary arte-
ries) using a sequence scan with a slice thickness of 3 mm [6].
Coronary calcification area was defined as at least three
contiguous voxels with a CT density > 130 Hounsfield units.
When the patient’s heart rate was more than 65 bpm,
a B-blocker (metoprolol; 20-60 mg orally) was adminis-
tered before the scan. A bolus of 80 ml contrast medium
(Omnipaque; 350 mg/ml iodine) was injected intravenous-
ly at a rate 5 ml/s, followed by 30 ml of normal saline.
The scan was obtained from the aortic arch to the level
of the diaphragm during a single breath hold. Using ret-
rospective ECG-gating and ECG-dependent tube current
modulation, the following parameters were performed:
collimation, width 32.5 cm x 32.5 cm; slice thickness: 0.5
mm; rotation time: 0.35 s; tube voltage: 120 kV; maximum
effective tube current: 890 mA and table feed: 0.3 mm/
rotation at 75% of R-R cardiac cycle. Examination time
took ~10 s. CT images were reconstructed using a smooth
kernel (B25f) with a slice thickness of 0.5 mm (increment
of 0.3 mm). CT data sets were transferred to a dedicated
workstation (Vitrea 2 Workstation; Vital Image, Plymouth,
MN, USA) for image analysis.
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The aortic root was defined as the part of the aorta
lying within 3 cm from the caudal aspect of the aortic an-
nulus containing sinuses of Valsalva and the sinotubular
junction. The total calcium score of the aortic root was
calculated using Agatston method according to this defi-
nition. Areas in the aortic root with an attenuation > 130
Hounsfield units and an area > 1 mm? were considered
to be calcified lesions. All MDCT images were assessed by
two independent radiologists with more than 5 years’ ex-
perience in coronary MDCT angiography interpretation.

PFV was defined as any fatty tissue located within the
pericardial sac and measured three-dimensionally with the
contrast-enhanced phase. PFV was measured three-dimen-
sionally with the contrast-enhanced phase. The layer of the
pericardium was manually traced and a three-dimensional
image of the heart was constructed. Then the PFV was
quantified by calculating the total volume of the tissue
whose CT density ranged from -250 to —20 HU within the
pericardium by using three D workstation statistical analy-
sis.

Statistical analysis

Data are presented as mean = standard deviation or as
numbers with percentages, as appropriate. Categorical data
are expressed as frequencies and group comparisons were
performed using Pearson’s chi-square test. Continuous vari-
ables are presented as mean + standard deviation and were
compared using the Student’s t-test or analysis of variance,
as appropriate. Correlations between PFV, ARC and CAC
were examined using Pearson’s correlation analysis. Multi-
ple logistic regression was used to analyze the correlations
of CAC with PFV and ARC. A P-value of less than 0.05 was
considered statistically significant. SPSS ver. 13.0 (SPSS Inc.,
Chicago, IL, USA) was used for the statistical analysis.

Results

Male group

Composed of 54 (49%) patients, age 54 + 10 years. PFV
mean and median were 119.8 £ 79 cm?® and 107 cm? re-
spectively and range from 10 to 375 cm3. ARC (calcium
score above zero) prevalence was 30%. CAC (calcium sco-
re above zero) prevalence was 39%. Patient characteris-
tics are summarized in Table 1.

PFV showed no significant correlation with CAC, ARC
and age of patients (p > 0.05). CAC showed a significant
correlation with ARC (r = 0.392, p = 0.003; Fig. 1) and pa-
tient’s age (r = 0.363, p = 0.007). The correlation between
CAC and ARC persisted even after adjustment for PFV,
age and cardiac risk factors (p = 0.01, Cl = 0.067-0.492)
while the correlation between age and CAC becomes
non-significant after being adjusted to cardiac risk fac-
tors, ARC and PFV (p = 0,158, Cl = 1.09-6.50).

ARC showed asignificant association with patient’s age
(r = 0.303, p = 0.02) but this correlation attenuated and
became non-significant after multivariate regression ad-
justment for cardiac risk factors, CAC and PFV (p = 0.146,
Cl =-1.28-8.38).

Female group

Composed of 57 (51%) patients (age 54.7 + 9 years). PFV
mean and median were 102.2 + 74 cm?® and 78 cm? respecti-
vely and range from 7 to 367 cm3. ARC (calcium score above
zero) prevalence was 28%. CAC (calcium score above zero)
prevalence was 30%. PFV showed a significant correlation
with CAC (r = 0.413, p = 0.001; Fig. 2) and this correlation
persisted even after multivariate regression adjustment for
ARC, age and cardiac risk factors (p = 0.016, Cl = 0.067—
0.612) while there was no significant correlation between
PFV with ARC and age of patients (p > 0.05). ARC showed
no significant correlation with CAC and PFV (p > 0.05).

Table 1 - Patients’ characteristics.

Parameter Male Female p value
(n = 54) (n =57)

Age 54 + 10 years 54.7 + 9.6 years 0.7

Cardiac risk factors

Hypertension 17 (31%) 34 (60%) 0.003

Smoking 13 (24%) 16 (28%) 0.6

Hyperlipidemia 8 (15%) 11 (19%) 0.5

Diabetes 6 (11%) 2 (3.5%) 0.1

Family history 5(9%) 6 (10%) 0.8

Obesity 9 (17%) 19 (33%) 0.04

Multiple 14 (26%) 17 (30%) 0.6

CAC

Mean 80 + 146 38+ 91 0.07

ARC

Mean 65.5+ 178 14.8 +48 0.04

PFV

Mean 119 £79 cm? 102 £ 74 cm? 0.2

ARC - aortic root calcification; CAC - coronary artery calcification; PFV - pericardial fat volume.
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Fig. 1 - A significant correlation was observed between ARC and
CAC in male patients. ARC - aortic root calcification; CAC - coronary
artery calcification.
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Fig. 2 - A significant correlation was observed between PFV and
CAC in female patients. CAC - coronary artery calcification; PFV —
pericardial fat volume.

Regarding the distribution of cardiac risk factors
among male and female groups, hypertension and obe-
sity were more prevalent in females compared to males
(p = 0.003 and 0.04 respectively).

Comparison between male and female groups regard-
ing CAC, PFV and ARC difference showed a significant as-
sociation of ARC with male gender (p = 0.04) while there
was no significant difference in PFV and CAC between
the two groups of study.

Discussion

In our study, PFV was significantly correlated with CAC in
female patients while ARC showed a significant correlati-
on with CAC in male patients.

There were no significant gender related differences in
the prevalence of CAC and PFV except for ARC which was
more prevalent in male patients.

The gender gap in cardiovascular disease clinical pre-
sentation, risk factors profiles, morbidity and mortality
has been reported with multiple potential factors that
could be attributed for this gap [1,7].

According to the results of autopsy in 83 patients who
died from acute coronary syndrome, gender gap appears
to be related to factors peculiar to women although
both male and female patients present the same overall
plaque burden [7].

So, it is of paramount importance to search for a sensi-
tive imaging biomarker of cardiovascular atherosclerosis
risk in both male and female patients.

There is no consensus in the literature on the influence
of gender on the pericardial fat deposits.

However, Rosito et al. suggest that cardiac fat is more
associated with risk factors in females than in males [8].

Gender related differences have been reported in the
pathophysiology of major risk factors, including hyper-
tension, obesity and vascular atherosclerosis. Framing-
ham Heart Study reported that visceral adipose tissue was
significantly associated with blood pressure, impaired
fasting glucose and metabolic syndrome and these rela-
tions between visceral adipose and risk factors were con-
sistently stronger in women than in men [9].

This might help explain the higher prevalence of hy-
pertension and obesity in female patients compared to
the male patients in our study.

A more profound fat redistribution has been reported
to occur in female than in male rats particularly with in-
creasing age and this might help explain the potential
role of adipose tissue in coronary atherosclerosis in post-
menopausal women [10].

Interestingly, cardiac fat amount measured by trans-
thoracic echocardiography was the only independent in-
verse predictor of coronary flow reserve, as opposed to
conventional risk factors for atherosclerosis in women
complaining of chest pain suggesting the importance of
cardiac fat as an easy diagnostic marker for risk stratifica-
tion of women with chest pain [11].

It has been reported that body mass index (BMI) and
waist circumference have limited sensitivity and specific-
ity in correlation with cardiovascular risk and may not be
representative of visceral adipose burden [12,13].

In the last decade, increased pericardial fat thickness mea-
sured by using echocardiography or PFV by using CT/MRI cor-
relates well with visceral adiposity and metabolic syndrome,
and hence is associated with CAD risk and extent [13].

There is a significant gender difference in calcifica-
tion pattern and coronary heart disease presentation and
males younger than 60 years tended to have a unique
pattern of coronary calcification and earlier presentation
compared to females of similar age [14].

Interestingly, it has been reported that females have
a greater microvascular and endothelial dysfunction rela-
tive to males and pericardial fat is associated with early
endothelial dysfunction that may precede coronary calci-
fication and the development of mature atherosclerotic
changes whereas the coronary calcium score could repre-
sent a stable phase of atherosclerosis [4].
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These gender related differences in CAC pattern and
endothelial dysfunction could be the explanation for the
lack of association between CAC and PFV in male patients.

The potential role of ARC over measured conventional
risk factors and CAC in identifying asymptomatic patients
before clinical cardiac events remains to be determined
as aortic calcification may presage the development of
symptomatic coronary artery disease particularly in pa-
tients with hyperlipidemia [2,15].

Thoracic aortic calcium score has been shown to be
independently associated with age > 65 years and male
sex, and abdominal aortic calcium score was shown to be
independently associated with age > 65 years in 315 pa-
tients assessed by positron-emission tomography / com-
puted tomography [16].

In addition, Takasu et al. found a higher prevalence
of ascending aortic calcification in male patients aged 55
years and older [17].

Our previous study reported that ARC significantly cor-
related with CAC, coronary calcified plaques and number
of coronary stenotic vessels measured using the volumet-
ric and Agatston scoring methods [2].

There were several limitations in this study. First, the
study was a single center investigation, and the popula-
tion was not randomly selected, as it involved only pa-
tients with intermediate pretest probability of ischemic
heart disease based on physician referral. There is, there-
fore, the possibility of selection bias. Second, our algo-
rithm for quantifying PFV was not completely automatic
and still required user interaction. Third, a causal relation-
ship between ARC, CAC and PFV cannot be established
because of the cross-sectional nature of our study.

Further studies using increased population sizes and
with follow-ups are needed to investigate the role of and
gender related difference of ARC and PFV as an imaging
marker with prognostic significance in identifying patients
with advanced coronary disease, and also to report on the
effect of intensive therapeutic strategies on PFV and ARC.

Conclusion

A significant impact of gender disparity on the correla-
tions between CAC with ARC and PFV was reported in
this study. The findings highlight the importance of PFV
in coronary atherosclerosis development in female gen-
der and the significant correlation of ARC with coronary
atherosclerosis in male gender.
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