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Abstract: Excess of adiposity is a risk factor for coronary artery disease, but it remains unclear if the distribution of fat
is an effect modifier or if the risk is mediate by hypertension, diabetes and dyslipidemia. We investigated the association of central in addition to general obesity with coronary artery disease (CAD). A case-control study was conducted
in 376 patients, aged 40 years or more, with chronic coronary disease, undergoing elective coronary angiography.
Excess of adiposity was evaluated by the Body Mass Index (BMI), waist circumference, waist-hip ratio, and neck circumference. Cases (n=155) were patients referred for coronary angiography with at least 50% of coronary stenosis in
at least one epicardial vessels or their branches, with diameter greater than 2.5 mm. Controls (n=221) were patients
referred for coronary angiography without significant coronary disease. Odds ratios and 95%CI for significant coronary
stenosis were calculated using multiple logistic regression, controlling for age, sex, years at school, smoking, hypertension, HDL-cholesterol, diabetes mellitus, and an adiposity index. There was a predominance of men and individuals older than 50 years among cases. The waist-hip ratio increased four times the chance of CAD, even after the control for confounding factors, including BMI. Neck circumference above the 90th Percentile doubled the chance of CAD,
after adjustment for traditional risk factors. Neck circumference and waist-hip ratio are independent predictors of
CAD, even taking into account traditional risk factors for CAD. These findings highlight the need of anthropometric
assessment among patients with suspected coronary artery disease.
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Introduction
Excess of adiposity is in the origin of coronary
heart disease (CHD), since it is closely associated to the development of hypertension, dyslipidemia, and diabetes mellitus [1]. The paradoxical protection of obesity for CHD or cardiovascular disease (CVD) has been described [2, 3], but
it is not fully understood [4]. Beyond other potential explanations, emerged the low discriminating power of body mass index, which is a
commonly employed tool for measurement of
obesity [5].

Body mass index was not associated with mortality in patients submitted to coronary angiography [6]. On the other hand, central obesity
was an independent predictor of vascular mortality [7]. Waist-hip ratio, an indicator of visceral
adiposity, is associated with coronary artery
disease, regardless of the body mass index [8,
9]. Neck circumference is another indicator of
visceral obesity that has been more strongly
associated with insulin resistance than waist
circumference [10]. Its association with extent
and severity of coronary disease has not been
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established to date. The aim of this study was to
evaluate the independent association of anthropometric indexes of central and overall obesity
with the severity and extension of coronary artery disease measured by quantitative coronary
angiography.
Material and methods
This case-control study included 376 men and
women, aged 40 years or over, with suspected
CHD who were referred for coronary angiography. They were enrolled at the Catheterization
Laboratory of the Hospital de Clínicas de Porto
Alegre, which is reference for secondary health
care and for patients from our hospital. Cases
were patients referred for elective coronary angiography for diagnostic purposes, who had significant coronary artery disease defined by the
presence of stenosis equal or greater than 50%
in a major epicardial coronary artery - left anterior descendent, circumflex or right coronary
artery – or their branches with or at least 2.5
mm of diameter. They were referred due to
class I to II stable angina or an evidence of
ischemia in noninvasive testing. Patients with
previous revascularization by percutaneous or
surgical interventions, dilated or hypertrophic
cardiomyopathy, chronic renal disease, hepatic
cirrhosis, previous or current cancer, major pelvic surgery, psychiatric disease were excluded.
Control patients were those who did not present
significant coronary artery disease at coronary
angiography. The study was approved by the
Ethics Committee of the Hospital de Clinicas de
Porto Alegre, which is accredited by the Office of
Human Research Protections as an Institutional
Review Board, and all participants signed an
informed consent to participate.
Traditional cardiovascular risk factors, socioeconomic, demographic, lifestyle and previous morbidity were assessed using a standardized questionnaire, through interviews conducted by
trained research assistants. Blood pressure and
anthropometric measurements were assessed
on the day of enrollment, prior to the procedure.
The studied variables were: age, categorized as
40-59, 60-69 or ≥70 years; smoking, defined by
the number of packs of cigarettes smoked per
year (0, <20 or ≥20 packs/year) [11]; abusive
consumption of alcohol (≥30 among men, and
≥15 g ethanol/day for women) [12], physical
activity, determined using the International
Physical Activity Questionnaire (IPAQ, short ver-
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sion) [13], and by characterizing sedentary for
those whose energetic expenditure was lower
than 200 kcal/day.
Standardized blood pressure measurements
were obtained using an automatic device
(OMRON HEM-705 CP;OMRON, Matsuzaka, Mie,
Japan), with the patient in sitting position and
the average of three measurements was used
in the analysis. Hypertension was defined by
systolic blood pressure superior or equal to 140
mmHg, or diastolic blood pressure superior to or
equal to 90 mmHg, or use of blood pressurelowering drugs.
A nutritionist performed the anthropometric
assessment with the patient wearing light clothing, without shoes, and the average of three
measurements was used in the analysis. Weight
and height were measured using a Filizola scale
with stadiometer, model 110CH, with a capacity
of 150 kg and precision of 100 g and 0.1 cm.
Circumferences were measured using an inelastic tape with one millimetre precision. Waist
circumference was measured at the midpoint
between the inferior costal margin and the upper iliac crest whereas the hip circumference
was obtained at the level of the femoral trochanters [14], and the neck circumference was
measured below the cricoid cartilage, and afterwards, at the level of the mid cervical spine.
Overall obesity was determined by the body
mass index [weight (kg)/height (m)2], categorized as < 25, 25-29 or ≥ 30 kg/m² [15], and
central obesity was characterized by waist-hip
ratio (categorized as <0.90, 0.90-0.94 or ≥0.95
for men, and <0.80, 0,80-0,84 or ≥0.85 for
women) and waist circumference (<94, 94-101
or ≥102 cm for men and <80, 80-87 or ≥ 88
cm, for women) [15]. In the absence of previously defined cut-off points, the neck circumference was defined by values above the 90th Percentile, separately for men (41.6 cm) and
women (37.0 cm). Laboratory measurements
were done with the patient fasting for 12 hours
and approximately 10 millilitres of blood were
collected from the femoral artery through the
sheath, immediately after its insertion during
the cardiac catheterization, and previously to
the heparin administration. Diabetes mellitus
was diagnosed by fasting glucose ≥126 mg/dL
or use of anti-diabetic agents [16]. Dyslipidemia
was diagnosed by total cholesterol ≥200 mg/dL,
LDL-cholesterol ≥130 mg/dL, HDL cholesterol
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<40 mg/dL, for men, and <50 mg/dL, for
women, and triglycerides ≥150mg/dL [17] or
use of lipid-lowering medication.

variables in each model, tested in the correlation matrix, and the Goodness-of-fit test of Hosmer-Lemeshow.

Coronary angiography was performed through
transfemoral access, according to the Seldinger
technique, using Siemens equipment - Axion
Artis, by experienced interventional cardiologists. The diagnosis of significant lesion was
established by quantitative analysis of major
epicardial vessels - left main coronary artery,
anterior descending artery, and circumflex and
right coronary arteries – also, in vessels which
diameter is superior or equal to three millimeters – diagonal branches, obtuse marginals,
posterolateral branch and posterior descendent
artery. A subsample was evaluated independently by two interventional cardiologists and the
control of quality was checked by a third physician. Stenosis was detected, as well as the percentage of stenosis in relation to the diameter,
through quantitative analysis. Among the cases
with significant coronary artery disease on the
angiography, the extent of involvement was determined by the number of vessels, categorized
as 0, 1 or 2 to 4.

Results

Sample size calculation and statistical analysis
The study was designed to have a sample size
sufficient to detect an odds ratio of at least 1.9
with p α=0.05 and power of 80%, assuming the
prevalence of obesity of 30% in the control
group and 45% among cases, with a ratio between cases and controls of 1:1.5. Thus, it
should be necessary to study 146 cases and
218 controls. The statistical analysis of parameters distribution between cases and controls
was tested by the Chi-square test. Associations
were analyzed through multiple logistic regression using the Statistical Package for Social
Sciences (SPSS, version 17.0, SPSS Inc., Chicago, USA) to calculate the odds ratio (OR) and
the 95% confidence interval (95% CI), with statistical significance established by the likelihood
ratio test. The magnitude of the association between anthropometric indices and significant
coronary disease was determined by calculating
the non-adjusted and the adjusted OR for the
confounding factors at three levels: (1) age, (2)
age, sex and education and (3) level 2 plus variables found in the bivariate analysis as potential confounders, using P value ≤0.2. The adjustment of the multivariate models was analyzed
by the multicollinearity between the explanatory
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Among 1005 patients undergoing elective coronary angiography, 155 cases and 221 controls
were enrolled. The main reasons for exclusion
were: 35.3% of the patients had previous coronary artery angioplasty or by-pass surgery, 5.5%
had chronic kidney disease or cirrhosis, 3.4%
previous or current cancer, 0.8% had previous
hip bone or femur surgery, 0.5% due to mental
disorders, 8.3% were unable to perform anthropometry, 7.2% for other reasons, and 0.8% refused to participate.
Cases were predominantly males, older (59.7
±9.1 vs. 57.3 ±9.5 years; P=0.01), and had
higher prevalence of obesity and diabetes than
controls (Table 1). Significant coronary artery
disease was more frequent among individuals
aged 50-59 and 70 years or over. These patients had three times the risk of significant
coronary disease than those less than 50 years
old. Higher waist-hip ratio was associated with a
3.5 fold increased risk of significant CAD. Other
anthropometric indices of obesity were not associated with significant coronary artery disease
in the bivariate analysis (Table 1).
Table 2 presents the odds ratios of different
anthropometric indices for significant coronary
stenosis, after the adjustment for the full setting
of confounding variables. Waist-hip ratio and
neck circumference were associated with significant coronary stenosis, even after control for
BMI. Body mass index presented a dose response relationship with CAD, after fully adjustment for confounding factors, including waisthip ratio.
Figures 1 and 2 show that there were marked
differences in neck circumference and waist-hip
ratio between men and women. However, neck
circumference and WHR were not associated
with the extent of coronary artery disease, as
measured by the number of vessels with at
least 50% stenosis.
Discussion
In this case-control study, conducted in patients
referred for elective coronary angiography, we
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Table 1. Characteristics of patients with and without significant coronary disease [n (%)]
Males
Age (years)
40-49
50-59
60-69
≥70
Skin color (non-white)
Years at school
0-4
5-8
≥9
Sedentary
Abusive consumption of alcohol
Smoking (packs-year)
0
1-19
≥20
Hypertension
Diabetes mellitus
Total Cholesterol ≥200 mg/dL
LDL-cholesterol ≥130 mg/dL
HDL-cholesterol*
Triglycerides ≥150 mg/dL
Body Mass Index (kg/m²)
<25.0†
25.0-29.9
≥30.0
Waist circumference (cm) ‡
<80 / <94†
80-87.9 / 94-101.9
≥88 / ≥102
Waist-hip ratio‡
<0.80 / <0.90†
0.80-0.84 / 0.90-0.94
≥0.85 / ≥0.95
Neck circumference ≥P90

Cases
(n = 155)
114 (73.5)

Controls
(n = 221)
128 (57.9)

OR
(95%CI)
2.0 (1.3-3.2)

19 (12.3)
66 (42.6)
47 (30.3)
23 (14.8)
58 (37.4)

60 (27.1)
73 (33.0)
66 (29.9)
22 (10.0)
75 (33.9)

1.0
2.9 (1.5-5.3)
2.2 (1.2-4.3)
3.3 (1.5-7.2)
1.2 (0.8-1.8)

49 (31.6)
67 (43.2)
39 (25.2)
116 (74.8)
21 (13.5)

87 (39.5)
95 (43.2)
38 (17.3)
154 (69.7)
32 (14.5)

1.0
1.3 (0.8-2.0)
1.8 (1.0-3.2)
1.3 (0.8-2.1)
0.9 (0.5-1.7)

56 (36.1)
31 (20.0)
68 (43.9)
130 (83.9)
39 (25.3)
47 (30.5)
35 (23.8)
95 (61.7)
61 (39.6)

75 (33.9)
65 (29.4)
81 (36.7)
174 (78.7)
36 (16.4)
62 (28.2)
52 (24.1)
112 (50.9)
68 (30.9)

1.0
0.6 (0.4-1.1)
1.1 (0.7-1.8)
1.4 (0.8-2.4)
1.7 (1.04-2.9)
1.1 (0.7-1.8)
1.0 (0.6-1.6)
1.6 (1.02-2.4)
1.5 (1.0-2.3)

40 (26.0)
80 (51.9)
34 (22.1)

73 (33.0)
105 (47.5)
43 (19.5)

1.0
1.4 (0.9-2.3)
1.4 (0.8-2.6)

51 (32.9)
43 (27.7)
61 (39.4)

49 (22.2)
77 (34.8)
95 (43.0)

1.0
0.5 (0.3-0.9)
0.6 (0.4-1.02)

5 (3.2)
21 (13.5)
129 (83.2)
20 (9.0)

23 (10.4)
39 (17.6)
159 (71.9)
18 (11.8)

1.0
2.5 (0.8-7.5)
3.7 (1.4-10.1)
1.3 (0.7-2.6)

P value
0.002
0.004

0.5
0.12

0.3
0.8
0.11

0.2
0.03
0.6
0.9
0.04
0.08
0.3

0.06

0.02

0.4

*Cuttoff points for men <40mg/dL and for women <50 mg/Dl; †Reference category; ‡Cutoff point established separately for men
and women.

identified that central obesity, assessed by the
waist-hip ratio, and the accumulation of fat in
the neck are independent risk factors for coronary artery disease. These associations showed
to be independent of overall excess of adiposity,
represented by the BMI, and of other traditional
risk factors for atherosclerosis. BMI was an independent risk factor for CAD as well.
The association between excess of adiposity not mediate by the classic risk factors, particularly hypertension, lipid abnormalities and dia-
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betes - and CAD has been debated. In epidemiological studies, the risk has been mostly ascribed to the traditional and intermediate risk
factors and not to obesity [18].
In studies with coronary angiography the findings have been controversial [19, 20]. Some
studies failed to identify independent associations between excess of adiposity, identified by
BMI, and CAD outcomes [21, 22]. On the other
hand, in other studies an independent association emerged [19], particularly for the central
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Table 2. Association of anthropometric indices and significant coronary stenosis adjusted for age and
other confounding factors [OR (95% CI)]
Body mass index (kg/m2)
<25†
25-29
30
P value
Waist circumference (cm)‡
<80 / <94†
80-84.9 / 94-101.9
≥85 / ≥102
P value
Waist-hip ratio‡
<0.80/<0.90†
0.80-0.84/0.90-0.94
≥0.85/≥0.95
P value
Neck Circumference‡
<P90†
³P90
P value

Model 1*

Model 2*

1.0
1.2 (0.7-2.0)
1.3 (0.7-2.4)
0.7

1.0¶
1.7 (1.0-3.0)
2.3 (1.1-4.7)
0.03**

1.0
0.5 (0.3-0.9)
0.6 (0.4-1.0)
0.05

1.0§
0.7 (0.4-1.4)
1.1 (0.5-2.6)
0.2

1.0
2.5 (0.8-7.6)
3.5 (1.3-9.6)
0.04

1.0§
2.4 (0.7-8.1)
4.0 (1.3-12.1)
0.03

1.0
1.6 (0.8-3.3)
0.15

1.0¶
2.4 (1.1-5.3)
0.04**

*Model 1: adjusted for age; Model 2: adjusted for age, sex, years at school, smoking, hypertension, HDL-cholesterol and diabetes
mellitus; †Reference category; ‡Cutoff point established separately for men and women; §Additionally adjusted for BMI;
¶Additionally adjusted for WHR; **P for trend.

Figure 1. Neck circumference according to the number of coronary arteries with significant stenosis
(CAD; at least one coronary artery with ≥50% diameter stenosis involving either on major epicardial vessels or any branches with >2.5 mm diameter).

distribution of adiposity [23]. Our findings demonstrate that the excess of obesity, determined
by the overall distribution of fat (BMI), by central
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Figure 2. Waist-hip ratio according to the number of
coronary arteries with significant stenosis (CAD; at
least one coronary artery with ≥50% diameter stenosis involving either on major epicardial vessels or any
branches with >2.5 mm diameter).

obesity (WHR) and by deposition of fat in the
neck were all risk factors for CAD diagnosed by
coronary angiography, independently of tradi-
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tional risk factors and of the other anthropometric indexes. Large neck circumference has been
associated with metabolic risk factors [24],
blood pressure [25], and CHD [26]. To the best
of our knowledge, this is the first description of
the association between neck circumference
and CAD diagnosed by coronary angiography.
The independent risk of excess of adiposity,
independently of its distribution (overall, in the
abdomen and in the neck), for CAD should
therefore be explained by mechanisms independent of traditional risk factors. Other risk
factors for CAD not controlled in our study, such
as obstructive sleep apnea [27], could be the
mediators of such risk. In addition, mechanisms
linking directly excess of fat with CAD could be
responsible for the association. Inflammatory
activity generated by the fat tissue [28], release
of other mediators [29] could be another
mechanisms linking directly excess of fat with
CAD. Epicardial and subcutaneous adipose tissue as sources of inflammatory mediators [30]
and perivascular adipose tissue proinflammatory phenotype [31, 32] may have augmented
interaction through a complex process affects
not only inflammation, but smooth muscle cell
proliferation, and vasoreactivity [33, 34].
There are some limitations that deserve to be
mention. The lack of a temporal line linking
neck circumference and coronary artery disease
precludes establishing a causal relationship.
Based on other studies, it is possible to link
neck circumference with sleep apnea [35] and
significant coronary artery disease preceding
coronary artery disease. The absent association
of number of vessels with significant stenosis
with neck circumference reduced the force of
an argument in favor of a causal relationship.
However, as previously discussed, there are
several potential mechanisms that could explain this relationship [36, 37] and, barely, this
would be linear. On the other hand, the selection of controls among patients submitted to
coronary angiography allows infer that they
come from the same population, precluding
selection bias.
In conclusion, excess of adiposity, centrally distributed or not, and accumulated in the neck, is
a risk factor for significant CAD. This risk is not
explained by traditional risk factors for CAD,
suggesting that other consequences of excess
or obesity may mediate the risks for CAD.
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