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ABSTRACT

Introduction. Atherosclerotic diseases wherein obesity is a risk
factor was shown to be the leading causes of mortality according
to statistics. Body mass index (BMI), waist hip ratio (WHR) and
waist circumference (WC), measurements of adiposity, were
consistently identified as good measures of cardio-metabolic
health risks. High-resolution B-mode ultrasound measurements
of carotid intima-media thickness (CIMT) have also been used as
a reliable and reproducible method to detect preclinical
atherosclerosis, a precursor of cardiovascular disease.

Objective. This study aims to investigate which of the
measurements of adiposity would best correlate with early
vascular changes primarily noted in the CIMT among non-high
risk clinicians of Victor R. Potenciano Medical Center (VRPMC).

Methods. A total of 38 subjects out of 42 residents and interns of
VRPMC volunteered to participate in the study from August to
November 2010. They had no evidence of cardiac or vascular
disease. The weight, height, WC, and hip circumference of each
subject were measured. High-resolution B-mode
ultrasonography of the right and left common carotid arteries
was then performed.

Results. A weak correlation between BMI with CIMT was found.
There is no association between WC and WHR and thickness of
CIMT.

Conclusion. WC, BMI, and WHR are insignificantly associated with
CIMT in this study.
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Introduction
Atherosclerotic diseases wherein obesity is a risk factor
have been shown to be leading causes of mortality in a
statistical ~ studies.’*  Although
manifestations of atherosclerosis do not occur until middle

number  of clinical
age, the development of vascular changes begins early in
life5 In 2001, cerebrovascular diseases accounted for an
estimate of 5.5 million deaths worldwide. Around 17 million
people have died from cardiovascular disease according to
2008 WHO statistics. The National Center for Health Statistics
in the US describe cardiovascular diseases as having
accounted for 34.3% of all causes of death in 2006, translating
to 1 of every 2.9 deaths, while cerebrovascular diseases
accounted for about 1 of every 18 deaths with a rate of 1
person dying from stroke every 4 minutes. In the Philippines,
diseases of the heart and vascular system ranked first and
second for leading causes of mortality in 2003.
High-resolution B-mode ultrasound measurements of
carotid intima-media thickness (CIMT) have been used as an
inexpensive, reliable, and reproducible method to evaluate
and detect preclinical atherosclerosis.” Studies have shown
that with significant in CIMT
corresponding increase in risk of cardiovascular and
cerebrovascular disease.® Similarly, previous cross-sectional
studies have demonstrated that young adults with metabolic

increase there is a

syndrome (a combination of risk factors including obesity,
impaired glucose tolerance, hypertension and dyslipidemia)
have increased CIMT.?"° This is due to the many significant
changes occurring in the arterial wall, including endothelial
dysfunction and an increase in intima-media thickness,
before the onset of clinical findings, and these changes can
be useful in the early diagnosis of atherosclerosis.!*15
General and central adiposity which define obesity are
rapidly increasing in prevalence not only locally but also
globally. Based on DOST-Food and Nutrition Research
Institute studies, a rising trend of overweight and obesity
has been seen among Filipino adults aged 20 years old and
above. Higher than desirable levels of body fat pose an
increased risk of ill-health; however, the location of excess
fat appears to have particular implications.’*!” For example,
a greater concentration of adipose tissue in the abdomen,
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specifically in the visceral area, is directly related to
metabolic and cardiovascular risk in adults.®® Lipid
abnormalities are related primarily to the amount of visceral
fat as measured by imaging techniques. Nevertheless, not all
hospitals have imaging modalities such as ultrasonography,
magnetic resonance imaging and CT scans which can be
used in everyday clinical practice. Recent attention has been
paid to the applicability of body mass index (BMI) and
anthropometric markers to measure central obesity. BMI,
waist hip ratio (WHR), and waist circumference (WC) have
been consistently identified as good measures of cardio-
metabolic health risks.!*?” Recent studies on subjects with no
known vascular events have demonstrated CIMT correlation
with BMI and WC 2122

This study aims to investigate which of the
measurements of adiposity (BMI, WHR and WC) best
correlate with early vascular changes primarily in the
thickening of carotid intima-media among residents and
postgraduate interns of Victor R. Potenciano Medical Center
(VRPMC).

Methods

Study Population

A total of 38 subjects out of 42 residents and
postgraduate interns, non-gender specific, of VRPMC
volunteered to participate in the study from August to
November 2010. Thorough histories were taken with an
emphasis on comorbidities. These were non-high-risk
subjects with no evidence of cardiovascular, cerebrovascular
or peripheral vascular disease. The participants had no
history of either vascular events or elevations in blood
pressure, glucose or total cholesterol to exclude subjects with
hypertension, hypercholesterolemia,
respectively, which could influence vascular changes. None
of the subjects were on medication for any other illness or
were taking contraceptive pills. Current pregnancy, sudden
change in body weight of at least 10% increase within a
month, and a history of drug or alcohol abuse leading to
organ damage were also in the exclusion criteria.

The study was conducted according to the Declaration
of Helsinki, category IIL.2> All participants were interviewed
by the research team and an informed and written consent
were taken.

diabetes or

Anthropometric Measurements

Body weight was determined to the nearest 0.1 kg by
using a standard balance beam, and height was measured to
the nearest 0.1 cm by standard height bar. BMI was
calculated by weight in kilograms divided by the square of
the height in meters. WC was measured to the nearest 0.1 cm
at the mid-point between the lower rib and the top of the
iliac crest with the measurement taken at the end of a normal
expiration with the participants standing. WHR was
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determined to the nearest 0.01 cm with measurements of the
hip circumference (HC) at the largest width over the greater
trochanters. Waist and hip circumferences were taken twice
by using a standard tape measure.

Ultrasonography

High-resolution B-mode ultrasonography of the right
and left common carotid arteries was performed with a
Toshiba Xario Ultrasound System (Figure 1). The subjects
were examined in the supine position for a period of 3 to 5
minutes with the head turned slightly to the left and to the
right. The common, internal, and external carotid arteries
were identified by combined B-mode and color Doppler
ultrasound examinations. A careful search was performed to
obtain an optimal
demonstrating the typical double lines representing the
intima-media layer (Figure 2). Intima-media thickness was
defined as the distance between the leading edge interface of
the far wall and the leading edge of the median adventitia
interface of the far wall with an automated edge-tracking
method. Two determinations of the right and the left carotid
arteries were performed and these two determinations were
then averaged; furthermore, the right and the left carotid
artery measurements were averaged and used for analysis
(mean CIMT). The measurements were performed by a single
operator who was blinded to the study population. Another
measurement was taken by a different operator for precision.

visualization of the vessel wall

Figure 1. Ultrasound Machine (Toshiba - Xario).
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A moving scan with duration of 5 seconds, which
included the beginning of the carotid bifurcation and the
common carotid artery, was recorded and stored in digital
format on optical disks for subsequent off-line analysis.
Digitally stored scans were manually analyzed by a single
reader blinded to participants’ details, with analyses
performed using ultrasonic calipers.

Data Processing and Analysis

Data was encoded in Microsoft Excel 2010 and
analyzed in Stata SE version 12 (Texas, USA). All outcome
variables, measurements of adiposity and thickness of
carotid intima media, were presented as mean + SD.
Pearson Product-Moment Correlation was done to measure
the correlation between the measures and adiposity and
carotid intima-media thickness. Multiple Linear Regression
using backward elimination was used to determine the
significant predictors of carotid intima-media thickness.
Variables with p-values less than 0.05 were considered
significant.

Results
The baseline characteristics of all subjects are outlined
in Table 1. Mean age of participants was 30.18+3.84 years
(minimum age is 23 years, maximum age is 39 years).
There was
outnumbering  the
circumference

a predominance of female participants
participants  >2:1.  Waist
from 61 to 106.7 cm, hip
circumference ranges from 81.3 to 101.6 with a mean of
75.78+9.68 cm and 90.11+5.4 cm, respectively. Despite the
young age of the study population, IMT levels already
showed a substantial variability range (0.60 to1.35 mm in
the right CCA, 0.60 to 1.25 mm in the left CCA and 0.63 to
1.25 in the average mean IMT).

Across the population studied, waist circumference,
and waist to hip ratio showed a plateau line as compared
against the mean value of the left and right common carotid
arteries signifying almost no relationship (Figures 3, 4).

male
ranges

Figure 2. Posterior wall of common carotid artery which
shows intima media thickening.
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Figure 3. Scatterplot of waist circumference and thickness of
intima media.
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Figure 4. Scatterplot of WHR and thickness of intima media.
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Figure 5. Scatterplot of BMI and thickness of intima media.
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Table 1. Characteristics of Subjects (n=38)

Variables Units Mean + SD Range
Age years 30.18+3.84 years 23 -39
Sex Male 9/ Female 29

Waist circ. cm 75.78+ 9.68 61-106.7
Hip circ. cm 90.11+5.4 81.3-101.6
Weight kg 64.97+6.68 54-85
Height m 1.59+0.07 1.52-1.78
BMI kg/m? 25.58+2.53 22.3-33.3
Right CCA IMT mm 0.90+0.19 0.60 —1.35
Left CCA IMT mm 0.90 +0.18 0.60 - 1.25
Mean CCA IMT mm 0.90 +0.18 0.63-1.25

Abbreviations: Waist circ, waist circumference; Hip circ, Hip circumference;
BMI,Body Mass Index; CCA, common carotid artery; cm, centimeter; mm, millimeter

Table 2. Summary of Waist Circumference, BMI, WHR, and
CIMT

Mean+SD
[minimum - maximum]
75.78 +9.68 [61.00 — 106.70]
25.58+2.53 [22.3-33.3]

Pearson’s r

Waist circumference (cm)
Body mass index (Kg/m?

20.17 (0.3064)
0.2911 (0.0762)

Waist-hip ratio (cm/cm) 0.84:0.08 [0.65-1.1] 0.0043 (0.9794)
Table 3. Significant Predictors of CIMT
Beta-coefficient P-value
Body mass index (Kg/m?) 0.022 0.050
Sex -0.152 0.022

Whereas, the BMI revealed an increasing line versus
the mean value of IMT (Figure 5) signifying that increase in
BMI has a corresponding increase in carotid intima media
thickness. A summary of the three outcome measures are
shown in Table 2.

Based on the results of person product moment
correlation, waist circumference and waist hip ratio were
not correlated with carotid intima-media thickness, whereas
there is a weak correlation between BMI and CIMT.
Although some literature presented a relationship between
these measures of adiposity and carotid intima-media
thickness, the results of this analysis show weak to no
relationship partly because of the small sample size.

All possible predictor variables (e.g., age, gender) were
then included in the Multiple Regression Analysis. Based on
the results, only BMI and gender are considered significant.
Accordingly, CIMT increases by 0.022 per 1 kg/m? increase
in BMIL Also, females’ carotid intima media is thicker by
0.152 as compared with males’ (Table 3).

Discussion
Several studies have reported a direct relationship of
carotid intima-media thickening with multiple risk factors
such as hypertension, glucose intolerance, and obesity.
Kawamoto et al. noted increase in thickness of IMT was
present in other parameters such as age, male gender, and
smoking status.?

Carotid Intima Media Thickness in Clinicians

Observations in this study revealed that, in a population
of low-risk VRPMC residents and postgraduate interns,
there is weak to no association between measurements of
adiposity (BMI, waist circumference, and waist hip ratio)
and mean common CIMT. Notable in this study is the
increase of CIMT by 0.022 per 1 kg/m? increase in BMIL. A
prospective study on 310 middle aged women with no
history of cardiovascular events showed a direct correlation
of CIMT and waist hip ratio, as well as a corresponding
increase of CIMT with a higher BMIL?» The results of this
study also contradict other prospective cohort findings
which correlate BMI and waist circumference with the
thickening of carotid intima media.

Previous studies correlating waist circumference and
carotid intima-media thickness usually involve subjects with
metabolic syndrome. However, in this study the subjects’
waist circumference was not limited to be above cut off
values according to established criteria as defined by NCEP
ATP III criteria.

Little has been reported on association of indices of
abdominal obesity and atherosclerosis (i.e. thickening of
CIMT) among asymptomatic individuals like that of the
sample population in this study. According to a study by
Yan et al. on middle-aged men with no known clinical
cardiovascular disease, waist hip ratio showed the strongest
correlation with CIMT in both univariate and multivariate
analyses.?

A study on carotid atherosclerosis performed in type 2
diabetic men showed no significant difference between
CIMT and waist circumference. In contrast, ultrasonographic
measurement of visceral fat thickness showed linear
relationship with CIMT regardless of a normal waist
circumference.?”

In a prospective cohort study, BMI along with other
cardiovascular risk factors present in adolescence were
significantly associated with increased CIMT in adulthood.?®
A cross-sectional study performed on Greek adolescents
showed that mean CIMT was correlated with waist
circumference and waist hip ratio.?’

With regards to differences between cardiovascular
measurements, in this case, intima-media thickness, a study
done on a Chinese population show that there is no noted
difference between sexes in the absence of risk factors.® In
subjects from the British Regional Heart Study, it was noted
that CIMT in women was thinner compared with men
(geometric mean 1.36 mm versus 1.54 mm). Furthermore,
CIMT was noted to be linearly and continuously associated
with waist-hip ratio across both sexes.? Results in our study
showed that the CIMT is thicker by 0.152 mm in women as
compared with males.

The limitation of the study included a small sample
size with limited information on confounding factors which
may establish a direct relationship of WC, BMI, and WHR
with CIMT.
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Conclusion

The result of the study indicates that there is weak
correlation between BMI and CIMT. There is also no
association between the other two measurements of adiposity
(WC and WHR) and thickness of CIMT. Furthermore, in this
study, increase in WC, BMI, and WHR are not risk factors for
atherosclerosis among residents and interns of VRPMC.

The authors recommend future studies with larger
sample size which may include other health workers within
the hospital or individuals from other institutions such as
schools and corporations. Confounding factors such as age,
gender, and smoking status may be included to establish if
there is an association with measurements of adiposity that
may influence CIMT. Biochemical
including analysis of antioxidants, inflammatory and other
biomarkers may also be done in the local population with a
younger age group to note their association with ischemia
and endothelial dysfunction in the vasculature.®%
Finally,ultrasound image analysis of visceral fat may also be
correlated with CIMT.

risk factor studies
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Appendix: Crude measurements of body mass index, waist hip ratio, waist circumference and B-mode ultrasonographic

analysis of common carotid artery intima media thickness

Age Wt Ht BMI WC HC WHR RT CCA IMT LT CCA IMT Mean CCA IMT

(kg) (m) (Kg/m? (cm) (cm) (cm/cm) (mm) (mm) (mm)
1.F 33 60 1.6 23.4 74.0 81.3 0.91 0.75 0.90 0.83
2.F 30 63 1.52 27.3 71.0 83.8 0.85 1.05 1.05 1.05
3.F 32 65 1.65 239 71.0 86.4 0.82 1.25 1.10 1.18
4.F 29 66 1.57 26.8 71.0 91.4 0.78 1.05 1.10 1.08
5.F 30 62 1.6 24.2 69.0 83.8 0.82 1.15 1.00 1.08
6. M 33 70 1.67 29.5 83.8 86.4 0.97 1.10 1.10 1.10
7.F 25 62 1.54 26.1 66.0 81.3 0.81 1.15 0.95 1.05
8.F 37 79 1.54 33.3 106.7 101.6 1.10 1.35 1.15 1.25
9.F 36 60 1.57 24.3 71.1 88.9 0.80 1.10 1.15 1.13
10. F 30 71 1.55 29.6 95.3 94.0 1.01 1.10 1.25 1.18
11.F 34 55 1.52 23.8 78.7 85.3 0.92 1.00 1.10 1.05
12.F 29 61 1.55 25.4 86.4 96.5 0.90 0.75 0.80 0.78
13.F 23 61 1.52 26.4 63.5 83.8 0.76 1.00 0.95 0.98
14.F 39 60 1.57 243 61.0 94.0 0.65 1.10 1.10 1.10
15.F 30 58 1.54 24.5 63.5 89.0 0.71 1.25 1.15 1.20
16. F 28 60 1.62 22.9 66.0 89.0 0.74 1.10 1.10 1.10
17.F 26 65 1.6 25.4 73.7 96.5 0.76 1.00 1.15 1.08
18. F 31 61 1.57 24.7 63.5 86.4 0.73 0.85 1.00 0.92
19.F 35 69 1.65 25.3 81.3 96.5 0.84 0.75 0.80 0.78
20.M 29 67 1.7 232 787 94.0 0.84 0.70 0.75 0.73
21.F 29 55 1.57 223 69.8 87.9 0.79 0.65 0.70 0.68
22.M 27 85 1.78 26.8 88.9 99.1 0.90 0.75 0.75 0.75
23.F 36 62 1.62 23.6 71.1 91.4 0.78 0.75 0.75 0.75
24.M 30 68 1.72 23.0 83.8 92.9 0.90 0.75 0.80 0.78
25.M 34 73 1.70 25.3 83.8 96.5 0.87 0.70 0.70 0.70
26.M 24 69 1.70 239 76.2 91.4 0.83 0.70 0.75 0.73
27.F 37 67 1.52 29.0 73.7 94.0 0.78 0.85 0.85 0.85
28.F 29 72 1.52 31.2 86.4 96.5 0.90 0.90 0.75 0.83
29.F 32 62 1.53 26.5 71.1 86.4 0.82 0.80 0.75 0.78
30. M 27 69 1.53 29.5 86.4 91.4 0.95 0.75 0.60 0.68
31.F 25 59 1.61 22.8 67.3 86.4 0.78 0.60 0.65 0.63
32.F 30 70 1.65 25.7 82.6 96.5 0.86 0.75 0.75 0.75
33.F 28 58 1.52 25.1 69.7 83.8 0.83 0.75 0.80 0.77
34.F 27 69 1.65 25.3 76.0 94.0 0.81 0.70 0.75 0.73
35.F 30 54 1.52 23.4 68.6 81.3 0.84 0.70 0.65 0.68
36. F 26 59 1.57 23.9 69.0 83.8 0.82 0.80 0.90 0.85
37.M 29 74 1.65 27.2 81.3 90.4 0.90 0.85 0.85 0.85
38.M 28 69 1.72 23.3 78.7 90.4 0.87 0.80 0.75 0.77

Abbreviations: BMI, body mass index; WHR, waist to hip ratio; WC, waist circumference; Wt, weight; Ht, height; RT, right; LT, left; CCA, common carotid artery; IMT, intima
media thickness; mm, millimeter; cm, centimeter
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