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Association of central obesity with early Carotid
intima-media thickening is independent of that from
other risk factors

V Maher, M O’Dowd, M Carey, C Markham, A Byrne, E Hand, D Mc Inerney

Department of Cardiology and Radiology, Adelaide, Meath and National Children’s Hospital, Tallaght, Dublin, Ireland

Aim: We investigated whether anthropometric measurements or metabolic risk factors correlated more with vascular changes
associated with obesity.
Methods: One hundred never smoking subjects (71 women, 29 men) without vascular events, with blood pressure (BP) o140/
90 mm Hg, LDL cholesterol o4 mmol/l, glucose o6.2 mmol/l participated. Anthropometric measurements (body mass index
(BMI), waist/hip ratio (WHR), waist circumference (WC) and Waist/height ratio WHTR) and metabolic risk factors (glucose,
insulin, lipid and uric acid levels plus BP) were assessed. Subjects underwent vascular measurements (Carotid intima-media
thickness (IMT) using duplex ultrasonography, vascular stiffness assessment (Augmentation Index) by applanation tonometry
and brachial artery reactivity tests).
Results: Risk factors were in the ‘normal distribution’. BMI, WHR, WC, WHTR correlated significantly with triglyceride, HDL, LDL,
insulin, glucose, uric acid and systolic BP levels (Po0.001). IMT correlated with WHTR, BMI, WC, Glucose (Po0.001),
Homoeostasis Model Assessment (HOMA) and cholesterol levels (Po0.05). Only Age, WHTR or BMI were significant correlates of
IMT in a multivariate analysis (Po0.01) including WHTR or BMI, with age, sex, systolic BP, HDLc and HOMA. Augmentation
Index correlated with age (Po0.0001), WHTR and WC (Po0.0005) but with age only in a multivariate analysis. Brachial
reactivity did not correlate with any anthropometric or metabolic parameters. Anthropometric cutoff points, (BMI X25, WC
X102 cm men, X88 cm women, WHR X0.9 men, X0.8 women and WHTR X0.5 men and women) significantly differentiated
normal from abnormal metabolic and vascular measurements. The WHTR ratio X0.5 was as reliable as the BMI cutoff X25 in
determining metabolic and vascular abnormalities. BMI and WHTR were strongly associated with 89% agreement (Po0.0001).
Conclusion: These results demonstrated that in ‘healthy individuals’, anthropometric parameters and metabolic risk factors
correlated with each other, but anthropometric parameters were the only significant correlates of carotid IMT. A waist/height
ratio X0.5 predicts both early vascular and metabolic changes. These data support a risk factor independent vasculotrophic
effect of obesity.
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Introduction

The incidence of obesity is rapidly increasing in the

developed world especially in the USA and Europe.1,2 In

many countries obesity levels exceed 30% of the adult

population with an increasing degree of childhood

obesity.3,4 As obesity rates rise, particularly central

obesity, there is an associated increase in the incidence of

insulin resistance, diabetes, hypertension and vascular

complications.5,6

Insulin resistance often precedes the onset of diabetes

suggesting a continuum in this disease process.7,8 Once

diabetes and hypertension are established, the vascular

complication risk is high and prevention is difficult.9

Although measures to tackle obesity at a population and

individual level are ongoing, there is an increasing need to

prevent the metabolic and vascular complications associated

with obesity. By understanding the mechanisms underlying

the metabolic risk factor abnormalities and vascular

disease process in obesity, it may be possible to uncouple

these processes and prevent vascular complications and

premature death.
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The purpose of our study was to determine if there was

evidence of a disease continuum that is, early metabolic risk

factor changes with obesity in a population of ‘healthy

subjects’ who did not yet meet the criteria for the insulin

resistance syndrome.10 In addition, we investigated if there

were early vascular changes in these subjects and if these

correlated with obesity distribution or with the usual

metabolic risk factors seen in insulin resistance. Lastly, we

investigated which anthropometric measurements were

most closely correlated with metabolic risk factor and

vascular changes.

Methods

Subjects

One hundred hospital personnel participated in the study.

They were the first hundred suitable subjects recruited from

those who volunteered to participate in the study following

a hospital advertisement. The study was approved by Trinity

College Dublin Ethical committee. Seventy-one women and

29 men, aged over 18 years, who were life-long non-smokers

were enrolled. None of the subjects had a history of vascular

events, serial blood pressures 4140/90 mm Hg, LDL choles-

terols 44 mmol/l or fasting glucose levels 46.2 mmol/l.

These cutoff points were chosen to exclude subjects with

hypertension, diabetes or genetic forms of hypercholes-

terolaemia that could influence vascular changes. Partici-

pants’ alcohol consumption was modest that is, o21 U per

week in men and o14 U per week in women. No participant

was on medication for other ailments.

Individuals with a history of hypertension, diabetes,

hyperlipidaemia or who were receiving treatment for the

same were not included. Current pregnancy and a history of

drug or alcohol abuse were also exclusion criteria.

All subjects attended the cardiology department of the

Adelaide and Meath hospital and were interviewed by the

research nursing and medical staff, given a patient informa-

tion sheet and consent form. Those willing to participate

attended a second time and following informed consent

underwent a preliminary examination including serial blood

pressure measurements plus blood lipid and glucose sam-

pling. Suitable subjects who met the entry criteria were then

enrolled and those with identified hypertension, hyperlipi-

daemia or hyperglycaemia were referred to the cardiovascular

risk factor clinic.

Following a 12 h overnight fast, enrolled subjects attended

the department and underwent a physical examination

including height, weight, waist circumference, hip circum-

ference and serial pulse rate and blood pressure measure-

ments after the subjects had rested for a period of 15 min.

Waist circumference was measured in the standing position,

midway between the lowest rib and the iliac crest.11 Hip

circumference was measured by standard means.12 Blood

samples were drawn for fasting lipids, glucose, insulin, uric

acid, homocysteine, HbA1c and lipoprotein (a) (Lp(a))

measurements. Homoeostasis model assessment (HOMA), a

measure of insulin resistance, was calculated as (fasting

glucose� fasting insulin/22.1). Subjects underwent vascular

assessments including pulse-wave analysis, brachial artery

reactivity and duplex sonography of the carotid arteries as

outlined below.

Pulse-wave analysis

The Augmentation index which is a measure of arterial

stiffness was measured non-invasively by pulse-wave analysis

using the Sphygmocor apparatus (version 6.01, PWV Medi-

cal, Sydney, Australia) as developed by O’Rourke et al.13 All

measurements were taken from the radial artery at the wrist

using a micromanometer (SPC-301, Millar Instruments,

Houston, TX, USA), applying the principle of applanation

tonometry to flatten the artery by gentle pressure. Data were

collected directly into a desktop computer and processed by

the system software to allow accurate on-line recording of

the radial artery waveform. The corresponding aortic

pressure waveform was generated from an averaged radial

artery waveform (derived from 20 sequentially recorded

radial artery waveforms) using a validated transfer factor.14,15

Computerized analysis of the central waveform allowed

determination of the augmentation index which is defined

as the difference between the first and second peaks of the

central arterial waveform, expressed as a percentage of the

pulse pressure (systolic–diastolic blood pressure) Radial

blood pressure was calibrated against brachial blood pres-

sure, which was measured using conventional mercury

sphygmomanometry (Korotkoff phases 1 (systole) and

5 (diastole)). Three sequential measurements were made for

each subject, and from these the mean augmentation index

was calculated. All measurements were performed by a single

operator. Reproducibility of the augmentation index using

the Sphygmocor apparatus was determined using the

methodology described earlier.16 The mean difference±s.d.

between repeated measurements of the augmentation index

was 0.84±4.0%

Brachial artery reactivity

Brachial artery reactivity was assessed using the method of

Celemejer17 and standard guidelines.18

Each subject lay supine for a period of 10 min and baseline

pulse and blood pressure was recorded. The left brachial

artery was scanned and a clear section of the artery was

identified where diameters could be measured. The section

was marked clearly by placing a mark above and below where

the transducer was placed on the skin. A bony reference

point on the elbow was used so that similar sections of

brachial artery could be studied in different subjects. The

diameter of the artery was measured from two-dimensional

ultrasound images, with a 7.0 MHz linear array transducer

and a standard 128XP/10 system (Acuson, Mountian View,
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CA, USA). In each study, scans were taken at rest, during

reactive hyperaemia, again at rest and following administra-

tion of sublingual GTN. The target artery was scanned in

longitudinal section. The transmit zone was set to a depth of

the near wall, in view of the greater difficulty of evaluating

the near than the far wall ‘m’ line (the interface between the

media and adventitia). Depth and gain settings were set to

optimize images of the lumen/arterial wall interface, images

were magnified by a resolution box function and machine-

operating parameters were not changed during the study.

Brachial diameter and arterial flow velocity were measured

by means of a pulsed Doppler signal at 70 degrees angle to

the vessel, with the range gate (1.5 mm) in the centre of the

artery. Increased flow was induced by first occluding the

proximal end of the vessel by inflating a pneumatic

tourniquet to a pressure 50 mm Hg above systolic for a

period of 4 min. Two scans were taken during vessel

occlusion (30 s after cuff inflation and 30 s before cuff

deflation) to ensure no flow in the vessel during the period

of occlusion.

The brachial artery diameter was measured at a fixed

distance from an anatomical marker. Measurements were

taken from the anterior to the posterior ‘m’ line at end

diastole. The diameter was the average of measurements

from four cardiac cycles. Measurements were taken at rest,

one minute after cuff deflation, 5 and 15 min post deflation

and after the administration of sublingual GTN.

The mean vessel diameter at rest and one minute after cuff

deflation were used to calculate the percent dilatation

induced following vessel occlusion (brachial artery reactivity).

Carotid intima-media thickness

Carotid artery ultrasound scanning was carried out using an

Acuson 128/XP10 (Mountain View, CA, USA) with a 7 MHz

linear array transducer.19,20 The power output, focus, depth

of measurement and gain were standardized by employing

the preset programme incorporated within the software

package of the ultrasound equipment. The patients were

examined supine with the neck extended and the probe in

the antero-lateral position. All measurement of intima-

media thickness (IMT) were made in the longitudinal plane

at the point of maximum thickness on the far wall of

the common carotid artery (CCA) along a 1 cm section of the

artery proximal to the Carotid bulb. The position of

the carotid bulb was defined as the point where the far wall

deviated away from the parallel plane of the distal CCA. The

IMT was defined as the distance between the inner echogenic

line representing the intima-blood interface and the outer

echogenic line representing the adventitia-media junction.

After freezing the image, the measurements were made using

electronic calipers. Magnification of the ultrasound image

was used to improve the accuracy of placing the calipers.

Measurements were repeated three times, unfreezing the

image on each occasion and relocating the position of

maximal IMT. The maximal thickness of the intima-media

width at the right and left distal CCAs were measured to give

a total of six readings. The mean values of six measurements

representing the mean IMT was then calculated.

Statistical analysis

All statistical analyses were performed using SPSS for

Windows (version 9.0, SPSS Inc., Chicago, IL, USA). Data

are expressed as the mean±s.d. for normally distributed

values and the median (range) for data with a non-normal

distribution. Statistical comparisons between groups were

performed using tests for normally distributed data and

Wilcoxon’s test for data that was not normally distributed.

Correlation between variables was evaluated using Pearson’s

correlation for normally distributed data. Spearman’s corre-

lation was used for data that was not normally distributed.

Po0.05 was considered significant. A multivariate regression

analysis was performed using chosen variables to assess

carotid intima-media thickness (IMT), augmentation index

and brachial artery reactivity.

Results

The baseline characteristics of all subjects are outlined in

Table 1. The average age was 41 years with a predominance

Table 1 Characteristics of subjects n¼ 100

Units Mean±s.d. Range

Age Years 41±9 23–64

Sex Male 29/Female 71

BMI kg/m2 26±4 20–38

WHR 0.85±0.1 0.74–1.1

Waist Circ. Inches 34±0.5 26.5–47

Waist Circ. cm 87±11 67–119

Height cm 166±9 150–185

WHTR 0.5±0.1 0.4–0.7

Risk factors

Total cholesterol mmol l�1 5.0±0.7 2.6–6.7

Triglyceride mmol l�1 1.1±0.6 0.4–3.4

LDL c mmol l�1 2.9±0.7 0.5–4.0

HDL c mmol l�1 1.6±0.4 0.9–2.5

Glucose mmol l�1 5.2±0.4 4.4–6.3

Insulin mmol l�1 7.2±3.9 2.5–30

HbA1c % 5.1±0.4 4.0–6.0

Homocysteine umol l�1 9.0±3.0 4.0–20.0

Uric acid mmol l�1 285±83 127–520

SBP mm Hg 115±12 92–140

DBP mm Hg 73±9 50–90

PP mm Hg 43±8 24–60

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HbA1c,

percent glycosylated haemoglobin; HDLc, high-density lipoprotein cholester-

ol; LDLc, low-density lipoprotein cholesterol; PP, pulse pressure; SBP, systolic

blood pressure; Waist Circ., waist circumference; WHR, waist hip ratio; WHTR,

waist height ratio.
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of female participants out-numbering the male participants

42:1. Body mass index ranged from 20 to 38 among

participants and its distribution between normal (46%),

overweight (35%) and obese (19%) were similar to those of

the general Irish population.21 There were wide ranges of

lipid and glucose values within the study limits. There were

significantly elevated homocysteine, uric acid and insulin

levels in some subjects.

The univariate correlations between anthropometric mea-

surements and features of insulin resistance are outlined in

Table 2. The well-known variables of the insulin resistance

syndrome; glucose, triglyceride, HDLc, systolic and diastolic

blood pressure levels correlated highly significantly with all

anthropometric measurements. These correlations were

particularly strong with these features when the anthropo-

metric measures included waist circumference. Insulin, uric

acid and LDLc levels, which are also features of the insulin

resistance syndrome correlated significantly with the anthro-

pometric measurements. HbA1c, which reflects long-term

glycaemic control correlated significantly with waist circum-

ference levels.

The univariate correlations between the vascular measure-

ments (Carotid IMT, Augmentation Index and Brachial

artery reactivity) and anthropometric and metabolic mea-

surements are outlined in Table 3. The waist/height ratio

(WHTR) was the strongest correlate of Carotid IMT (r¼0.42)

followed by body mass index (BMI) and waist circumference.

WHR did not correlate with Carotid IMT. Age, glucose,

insulin and the HOMA were also strong univariate correlates

of IMT whereas LDLc, HDLc, triglyceride and blood pressure

variables were not significant univariate correlates of IMT.

The following variables were included in a regression

analysis to predict Carotid (IMT); age, sex, HOMA, HDLc,

triglyceride, SBP and either BMI or WHTR. As there was a

strong collinearity between BMI and WHTR both of these

variables could not be included in the same model. Along

with age, BMI and WHTR were the only significant variables

in their respective models. They achieved the same level of

significance and the r-square was 0.26 for both models.

Vascular stiffness as measured by Augmentation Index had

a strong univariate correlation with age, insulin levels,

WHTR and BMI. In a regression analysis for augmentation

index using the following variables BMI or WHTR and age,

sex, HOMA, HDLc, triglyceride and systolic blood pressure,

Age and sex were the only significant correlates of augmen-

tation index (Po0.0001). Brachial artery reactivity did not

correlate with any of the variables in either a univariate or

multivariate model.

Table 4 outlines the association between the usual

anthropometric measurement cutoff points plus an easy to

use waist to height cutoff (waist greater than or equal to half

ones height), and metabolic and vascular measurements.

There were significantly lower HDL and higher triglyceride

and glucose levels between participants above the BMI and

WHTR cutoff points than in those below these cutoff points.

Similarly, insulin and HOMA were also significantly different

between the subjects based on these anthropometric criteria.

Blood pressure levels trended towards differences but were

not significantly different regardless of the anthropometric

cutoff point used. BMI, waist circumference and WHTR

above the cutoff were associated with significantly greater

Table 2 Univariate correlations between anthropometric measurements and

risk factors associated with insulin resistance

Risk variable Anthropometric measurements

BMI WHR Waist circ. WHTR

HDLc �0.42**** �0.39**** �0.55**** �0.42****

Uric acid 0.44**** 0.43**** 0.51**** 0.37***

HOMA 0.32** 0.41**** 0.49**** 0.50****

Glucose 0.32** 0.36*** 0.45**** 0.39****

Insulin 0.30** 0.34*** 0.46**** 0.51****

Triglyceride 0.29** 0.36*** 0.37*** 0.28**

DBP 0.26* 0.34*** 0.38**** 0.21*

SBP 0.29** 0.33*** 0.34*** 0.21*

LDLc 0.24* 0.21* 0.30** 0.27**

PP 0.19 0.21* 0.22* 0.13

HbA1c 0.10 0.19 0.21* 0.16

Homocysteine 0.05 0.06 0.04 �0.03

Cholesterol 0.13 0.12 0.15 0.18

Abbreviations: DBP, diastolic blood pressure; HbA1c, glycosylated haemoglobin;

HDLc, high-density lipoprotien cholesterol; HOMA, homoeostasis index

(glucose� insulin /22.1); LDLc, low-density lipoprotein cholesterol; PP, pulse

pressure; SBP, systolic blood pressure; Waist Circ., waist circumference; WHR,

waist hip ratio; WHTR, waist circumference/height ratio. ****Po0.0001,

***Po0.001, **Po0.01, *Po0.05.

Table 3 Univariate correlations of vascular measurements with anthropo-

metric measurements and risk factors associated with insulin resistance

Carotid

IMT

Augmentation

index

Brachial artery

reactivity

Risk variable

WHTR 0.42*** 0.20* 0.03

BMI 0.37*** 0.20* �0.03

Waist circ. 0.35*** 0.01 0.02

Glucose 0.34*** 0.13 �0.12

Age 0.25* 0.47*** 0.13

HOMA 0.25* 0.16 �0.02

Insulin 0.23* 0.23* 0.01

Cholesterol 0.20* 0.12 0.06

HbA1c �0.14 0.06 0.16

Homocysteine �0.13 �0.01 �0.05

LDLc 0.11 0.04 0.16

WHR 0.06 �0.17 0.12

Lp(a) 0.06 0.06 �0.29**

HDLc 0.04 0.11 �0.10

Triglyceride 0.04 �0.04 �0.04

Uric acid 0.03 �0.07 �0.03

SBP �0.03 �0.12 0.03

DBP 0.01 �0.12 �0.02

PP

Abbreviations: BMI, body mass index; Carotid IMT, carotid intima-media

thickness; DBP, diastolic blood pressure; HbA1c, glycosylated haemoglobin;

HDLC, high-density lipoprotein cholesterol; HOMA, homoeostasis index

(glucose� insulin /22.1); LDLc, low-density lipoprotein cholesterol; Lp(a),

lipoprotein (a); Lp(a), lipoprotein(a); SBP, systolic blood pressure; Waist Circ.,

waist circumference; WHR, waist hip ratio; WHTR, waist circumference/height

ratio. *Po0.05, **Po0.01, ***Po0.001.
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carotid IMT than in those below the cutoff. BMI and WHTR

above the cutoff were associated with significantly greater

vascular stiffness (augmentation index) than in those below

the cutoff.

When subjects were classified by WHTR greater than or

equal to or less than 0.5, only 3 out of 41 subjects with a

WHTR o0.5 had a BMI over 25 and only 4 out of 59 subjects

with a WHTR X0.5 had a BMI less than 25. There was a

strong degree of association between BMI and WHTR with

89% agreement (Po0.0001).

Table 5 highlights the difference in metabolic and vascular

measurements based on the waist–height ratio for men and

women. Women whose waist was greater than or equal to

half their height (WHTR X0.5) had significantly higher

glucose, insulin, HOMA and carotid (IMT) than slimmer

women (WHTR o0.5). Men whose waist was greater than or

equal to half their height (WHTR X0.5) had significantly

higher uric acid, carotid (IMT) and vascular stiffness levels

than slimmer men (WHTR o0.5).

Discussion

Our observations reveal that in a ‘healthy’ Caucasian

population who never smoked, there are significant

Table 4 Association of various anthropometric measurement cutoff points with risk factors and vascular measurements

BMI Waist circumference Waist hip ratio Waist height ratio

o25 X25 o102 cm X102 cm o0.9 X0.9 o0.5 X0.5

o88 cm X88 cm o0.8 X0.8

n¼ 46 n¼ 54 n¼ 71 n¼ 29 n¼ 37 n¼63 n¼ 41 n¼59

Risk factors

Triglyceride Mmol l�1 0.89±0.08 1.25±0.08** 1.03±0.07 1.23±0.11 0.88±0.09 1.2±0.07** 0.9±0.09 1.22±0.07**

HDLc mmol l�1 1.72±0.05 1.48±0.05** 1.68±0.04 1.35±0.07*** 1.65±0.06 1.55±0.05 1.7±0.06 1.5±0.04*

Glucose mmol l�1 5.08±0.06 5.31±0.06** 5.15±0.05 5.36±0.08* 5.07±0.07 5.29±0.06* 5.05±0.06 5.32±0.05**

Systolic BP mm Hg 110±2 114±1 112±1 113±2 111±2 113±1 111±2 113±1

Diastolic BP mm Hg 73±1 75±1 73±1 75±2 73±1 74±1 73±1 74±1

Insulin mmol l�1 6.31±0.56 8.0±0.52* 6.11±0.4 10.0±0.7*** 5.45±0.6 8.26±0.46*** 5.80±0.58 8.2±0.49**

HOMA Index 1.45±0.15 1.88±0.14* 1.40±0.11 2.4±0.17*** 1.24±0.16 1.94±0.12*** 1.31±0.15 1.93±0.13**

Uric Acid mmol l�1 247±11 316±10*** 279±10 301±16 287±14 284±10 251±13 307±10***

Vascular

Carotid IMT mm 0.6±0.02 0.7±0.02*** 0.6±0.02 0.8±0.03*** 0.64±0.02 0.69±0.02 0.61±0.02 0.71±0.02**

Brachial reactivity % 12.3±1.2 12.2±1.1 12.5±0.93 11.8±1.48 12.58±1.3 12.12±0.99 12.02±1.24 12.45±1.0

Augmentation index % 14.2±1.7 21.0±1.6** 16.7±1.4 20.9±2.24 15.44±1.98 19.29±1.49 14.47±1.84 20.21±1.52*

Abbreviations: BP, blood pressure; Carotid IMT, carotid intima-media thickness; HDLc, high density lipoprotein cholesterol; HOMA, homoeostasis index

(insulin�glucose/22.1). *Po0.05, **Po0.01, ***Po0.001.

Table 5 Association of waist circumference/height ratio cutoff point with risk factors and vascular measurements in men and women

WHTR total WHTR women WHTR men

o0.5 X0.5 o 0.5 X0.5 o 0.5 X0.5

n¼ 41 n¼ 59 n¼32 n¼39 n¼9 n¼20

Risk factors

Triglyceride mmol l�1 0.9±0.09 1.22±0.07** 0.84±0.07 0.99±0.06 1.1±0.25 1.65±0.17

HDLc mmol l�1 1.7±0.06 1.5±0.04* 1.78±0.07 1.61±0.06 1.42±0.08 1.31±0.05

Glucose mmol l�1 5.05±0.06 5.32±0.05** 5.0±0.07 5.25±0.06** 5.23±0.15 5.44±0.1

Systolic BP mm Hg 111±2 113±1 108±2 111±2 121±3 117±2

Diastolic BP mm Hg 73±1 74±1 73±2 72±1 75±3 78±2

Insulin mmol l�1 5.80±0.58 8.2±0.49** 5.84±0.52 8.19±0.48** 5.67±1.75 8.24±1.2

HOMA 1.31±0.15 1.93±0.13** 1.31±0.13 1.92±0.12*** 1.34±0.49 1.96±0.33

Uric acid mmol l�1 251±13 307±10*** 240±11 264±9 295±24 391±15**

Vascular

Carotid IMT mm 0.61±0.02 0.71±0.02** 0.6±0.02 0.7±0.02* 0.56±0.03 0.67±0.02**

Brachial reactivitiy % 12.02±1.24 12.45±1.0 11.6±1.2 11.8±1.1 13.4±3.3 13.8±2.2

Augmentation index % 14.47±1.84 20.21±1.52* 18.7±1.8 23.4±1.7 0.13±3.2 14±2.2*

Abbreviations: BP, blood pressure; Carotid IMT, carotid intima-media thickness; HDLc, high density lipoprotein cholesterol; HOMA, homoeostasis index

(insulin�glucose/22.1); WHTR, waist circumference/height ratio. *Po0.05, **Po0.01, ***Po0.001.
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correlations between body weight, its distribution and the

metabolic risk factors seen in insulin resistance despite many

of these risk factor levels being below accepted thresholds for

insulin resistance. We also noted a significant correlation

between HbA1c levels and waist circumference. These

findings suggest that there is a continuum of metabolic

changes with increasing weight, which exists before current

thresholds for insulin resistance are reached. This conti-

nuum is in keeping with waist circumference being the best

predictor of future diabetes and cardiovascular events.22

Such observations would support earlier intervention to

reduce the risk of developing diabetes or cardiovascular

disease.

We also noted a significant correlation between central

obesity as reflected by the waist circumference/height ratio

and carotid artery intima-media thickening (IMT). This

thickening may be because of matrix deposition in the

intima and/or medial muscle hypertrophy.23 As with the

metabolic risk factor levels, most carotid IMT measurements

were within ‘acceptable’ normal ranges (o1 mm),24 which

also suggests that there is a continuum of vascular disease

changes. Visceral obesity has been linked with carotid

disease.25 In our study carotid IMT levels were significantly

associated with measures of central obesity only and not

with lipid, glucose or blood pressure levels despite these

factors correlating significantly with central obesity. It is

therefore possible that obesity induces two parallel effects,

one on metabolic risk factors and the other on vascular

change. We minimized the effects of smoking by choosing

life-long non-smokers but this would not have eliminated

the possibility of passive smoking exposure.

Although specific obesity-related factors may initiate the

vascular changes, lipid, glucose and blood pressure eleva-

tions may subsequently accentuate these vasculotrophic

effects to produce the vascular complications associated

with the major cardiac risk factors in obese subjects.26 As

there is an association between carotid IMT and subsequent

cardiovascular events,27,28 one may anticipate that carotid

IMT changes are a surrogate for changes in other vessels. In

our study, although WHTR did correlate with the augmenta-

tion index (reflecting aortic stiffness), age was the only

significant determinant of these vascular changes in a

multivariate analysis. This may reflect a difference in the

pathological processes between intima-media thickening

and vascular stiffness. Although increases in certain matrix

components would produce thickening, compositional,

structural and quantitative changes in tissue elastin and

collagen levels are more likely to influence vascular stiff-

ness.29 We did not observe a significant association of obesity

with brachial artery reactivity which contrasts with other

studies.30,31 However, our study did not have many patients

with morbid obesity as occurred in these other studies.

There are many factors related to obesity to explain its

association with vascular changes such as angiotensin II

levels,32 TNF a and other inflammatory cytokines,33 and

serum adipocyte fatty acid-binding protein.34 In a recent

study, the leptin/adiponectin ratio was observed to be closely

associated with all anthropometric measurements and in a

multivariate analysis was significantly associated with

carotid (IMT).35 Although leptin levels were not measured

in our study at the time of its design, leptin may be one of

the driving forces for intima-media thickening. This will

require further evaluation. Hypertension also influences

carotid (IMT),36 but our study questions if the carotid disease

changes or other vascular changes predate the onset of

hypertension.

Anthropometric measurements are relatively simple to

perform and yield important information about potential

underlying metabolic and vascular risk both at the individual

level and when screening populations. BMI is accepted

internationally as a useful measure of body fat content

although muscular subjects may have a high BMI despite a

low fat mass.37 BMI requires a mathematical calculation and

knowledge of acceptable ranges. Waist circumference is less

influenced by muscular mass and reflects visceral fat but

requires knowledge of acceptable ranges that differ between

men and women. Waist Hip ratios are not as reliable as waist

circumference in predicting visceral fat. We explored the

utility of using a simple WHTR cutoff X0.5 (i.e. waist

circumference greater than or equal to half ones height) for

both men and women. In our small study we demonstrated

that this cutoff point (X0.5) was very closely related to the

traditional BMI cutoff point of X25 and was as effective as BMI

and waist circumference in identifying metabolic and vascular

differences between populations. As most adults know their

height and waist size it is simple to estimate if WHTR is X0.5

which would alert them to seek a more detailed assessment.

This ratio needs to be tested in large populations before it

could be considered a simple screening tool.

The limitations of this study were the small numbers but

they were selected specifically to address the relationship

between risk factors and vascular measurements. Normally,

the major determinants of carotid intima-media thickening

are age, LDL cholesterol and smoking,38 but subjects with

LDLc above 4 mmol/l were excluded which may have

reduced its association and life-long non-smoking may have

removed the synergism of these two factors in promoting

intima-media thickening. Since subjects volunteered for this

study, there may be a concern of a selection bias. However,

body weight distribution in our subjects was identical to

national figures for BMI and waist circumference.21

This study supports a continuum of metabolic and

vascular changes with increasing central weight. Central

obesity may exert its vascular influence through a number of

pathways, either direct hormonal effects or indirectly

through risk factor modification. Our findings suggest that

an obesity factor, for example hormonal, exerts the initial

vascular changes before the conventional cardiac risk factors

effect change. These observations add to existing findings in

women (including smokers) that revealed carotid changes

occur with central obesity independent of other cardiac risk

factor effects.39
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Finally our data suggest that a simplistic anthropometric

measure such as a WHTR X0.5 may help select the more at

risk group for insulin resistance in large populations.
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