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ABSTRACT

Cardiovascular (CV) disease (CVD) is a leading cause of morbidity and mortality worldwide.
Most CV events are caused by atherosclerosis. Diabetes (DM) and impaired glucose tolerance
are associated with greater carotid intima-media thickness (IMT) and increased risk for CVD.
The present study examined if common carotid artery (CCA) IMT (ccalMT) is predictive of
CVD irrespective of glucose tolerance category and glycated hemoglobin (HbAlc) in a
sample of 639 women with different glucose tolerance categories. During 7-years follow-up,
30 events in the cardiac and 32 events in the cerebral territory were documented. Un-adjusted
Cox hazard models showed that ccalMT, glucose tolerance category and HbAlc were
associated with increased risk. An adjusted and extended model, including ccalMT, glucose
tolerance category and HbAlc showed that ccalMT was still associated with events with an
almost unchanged hazard ratio. In conclusion, this study suggests that ccalMT is predictive of
major CV events during 7 years of follow-up, irrespective of glucose tolerance category,

HbA1c and other established risk factors in a cohort of 64-year-old women.
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INTRODUCTION

Cardiovascular (CV) disease (CVD) is a leading cause of morbidity and mortality worldwide
[1]. Most CV events, such as myocardial infarction (MI) and stroke, are caused by
atherosclerosis [2]. The intima-media thickness (IMT) in the carotid artery, which can be
measured by ultrasound, is considered a biomarker of atherosclerosis [3]. Studies have shown
that carotid IMT is associated with increased risk of MI and stroke, independently of

conventional CV risk factors [4-6] .

Individuals with diabetes (DM) and those with glucose levels below the diabetic range such as
impaired glucose tolerance (IGT) may exhibit an increased carotid IMT [7-12]. In individuals
with pre-diabetes who developed DM, internal carotid IMT is significantly higher than in
individuals who remained free from DM [13]. Further, DM and IGT have both been shown to
be associated with increased risk for CVD [14-17]. The risk of CV events has been shown to
increase progressively in men and women in parallel with glucose tolerance raging from
normal to newly diagnosed DM [18]. Although women experience relative protection from
CVD compared with men, women are known to exhibit an increased risk of atherosclerosis-
related CVD after menopause and diabetes blunts the benefit of female gender [19, 20].
Moreover, glycated hemoglobin (HbAlc) has been shown to be associated with increased
carotid IMT and CV events in different populations [21-23]. However, little is known about
the combined influence of carotid IMT, glucose tolerance category and HbAlc levels on

future major CV events.

The objective of the present study was to investigate if common carotid artery (CCA) IMT

(ccalMT) is predictive of CVD irrespective of glucose tolerance category and HbA1c.
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RESEARCH DESIGN AND METHODS

The study cohort has previously been described [24]. From a total of 4856, 64-year old
women living in Gothenburg, Sweden, a sample of 639 women with different glucose
tolerance categories i.e. DM (36.5%), IGT (32.6%) and normal glucose tolerance (NGT)
(29.7%) were recruited. Exclusion criteria were recent cancer diagnosis, chronic inflammatory
disease, severe mental disorder, other severe illness, drug addiction, or not being able to
understand Swedish. Participants were invited to a screening examination including an Oral
Glucose Tolerance Test (OGTT). Women with known DM who were treated with oral anti-
diabetic drugs or insulin were examined without preceding OGTTs, whereas women with diet
treated diabetes and fasting blood glucose (FBG) < 7.5 mmol/L were examined with OGTTSs.
Women fulfilling the criteria for DM or IGT were re-examined within 2 weeks with a

repeated OGTT [24].

All participants received both written and oral information before they gave their consent to
take part in the study. The protocol was approved by the Ethics Committee at Sahlgrenska

University Hospital.

Measurements

The examinations also included questionnaires regarding previous diseases, current
medication, smoking habits and heredity for DM. Anthropometric measurements were
performed, and blood pressure and heart rate were recorded. Body weight was measured in
light clothing. Waist and hip circumferences were measured according to current guidelines.
Blood pressure was measured in the right arm using a cuff of appropriate size after at least 5

min of rest. The mean of two recording was used [24].

Biochemical analysis
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At screening capillary blood glucose was measured with a glucose oxidase technique. After
inclusion, venous blood samples were drawn, and serum and plasma were frozen in aliquots at
-70° within 4 h.

Insulin was assayed at the Department of Clinical Biochemistry Addenbrooke’s NHS Trust
(Cambridge, UK) [25]

C-reactive protein was measured by a photometric immunoturbidimetric test (Orion
Diagnostica, Espoo, Finland). Triglyceride levels were determined by fully enzymatic
techniques (Thermo Clinical Labsystems, Espoo, Finland). High density lipoprotein
cholesterol (HDL-C) was determined after precipitation of apolipoprotein B (apoB)-
containing lipoproteins with magnesium sulfate and dextran sulfate (Thermo Clinical
Labsystems) [25]. Apolipoprotein A-1 (apoA-I) and apoB were measured on a Konelab 20
Auto-analyzer (Thermo Scientific, Vantaa, Finland) using a turbidimetric method according
to the manufacturer's instructions. Using 2 different controls, the between-assay variation for
repeated measurements were 5.2 and 5.8% for apoA-l, and 2.5 and 3.2% for apoB,
respectively. Corresponding figures for within assay variation were 1.4 and 1.7% for apoA-I,
and 1.4 and 1.4% for apoB, respectively [26]. Serum levels of intercellular adhesion molecule
(ICAM)-1 were measured using a high-sensitive enzyme-linked immunosorbent assay

(ELISA) kit (R&D system, Europe Ldt., Abingdon, UK).

Ultrasound examination

Examinations were performed with an ultrasound scanner equipped with a linear 8L5-MHz
transducer (Sequoia 512, Siemens, Mountain View, CA, USA). An electrocardiographic
signal (lead Il) was simultaneously recorded to synchronize the image capture to the top of the
R-wave to minimize variability during the cardiac cycle. Images for measurement of IMT

were recorded from 10 mm long sections of the far wall in the right and left CCA. Two
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images were recorded from each side [27]. An analyzing system based on automatic detection
of the echo structures, with the option to make manual corrections by the operator was used

for ccaMT measurements [28]. The average of 4 images was calculated.

CV events

CV events during 7-years of follow-up were defined as CV death or non-fatal MlI, non-fatal
stroke, or revascularization procedures (PCl or CABG). The events and cause of death were
collected searching The Swedish national inpatient register (IPR) after contact with the Centre
of Epidemiology at the National Board of Health and Welfare. The IPR has a high external

and internal validity for CVD [29].

Statistical analysis

Statistical analyses were performed using PASW Statistics 18 (SPSS Inc., Chicago, Illinois).
Results are presented as mean + standard deviation, unless otherwise indicated. Univariate
comparisons between groups were performed using t-test or Chi-square-test. Cox proportional
hazard regression model was used to calculate hazard ratios (HR) for major events in relation
to ccalMT (entered as quartiles), to categories of glucose tolerance i.e. NGT, IGT or DM and
to HbAlc. Significantly different variables in univariate analyses were entered as co-variates.
Variables that were highly correlated > 0.80 were not allowed in the same multivariate
analysis. Results from the multivariate analyses are expressed as the B coefficient with 95%

confidence intervals (CIs). A two-tailed p < 0.05 was considered significant.

RESULTS
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In this cohort of 64-year-old women, 62 major CV events (9.7%) were documented during 7-
years of follow-up: 15 cases of MlI, 15 cases with revascularization procedures and 32 cases

of stroke.

Baseline characteristics

Univariate comparisons showed significant differences between the event group and the non-
event group (Table 1). The ccalMT was larger and DM was more common in the event group
than in the non-event group. Further, the event group had higher levels of waist-hip-ratio,
HbA1c, triglycerides, apoB/apoA-I-ratio, serum-ICAM-1 and cigarette years and lower levels

of HDL-C than the non-event group.

Cox proportional hazard regression analysis

Cox proportional hazard regression was used to estimate the risk for major CV events (Table
2). Un-adjusted models showed that ccalMT, glucose tolerance category and HbAlc were
associated with increased risk. In models adjusted for waist-hip-ratio, systolic blood pressure,
apoB/apoA-I ratio, triglycerides, HDL-C, serum-ICAM and cigarette years, only ccalMT
remained associated with increased risk for events. Further, an adjusted and extended model,
including ccalMT, glucose tolerance category and HbAlc showed that ccalMT was still

associated with events with an almost unchanged hazard ratio.

DISCUSSION

Little is known about the combined influence of carotid-IMT, glucose tolerance category and
HbA1c on major CV events. Our study showed that increased baseline ccalMT is associated

with an increase in M, revascularization procedures and stroke during 7 years of follow-up



Schmidt, Bergstrom. Carotid intima-media thickness and cardiovascular events

8

after controlling for glucose tolerance category, HbAlc and other risk factors in a cohort of
64-year-old women. The numbers of events occurring in the cardiac and in the cerebral
territory were comparable. Univariate analyses showed that the event-group had a more
unfavorable CV risk profile with increased waist-hip-ratio, triglycerides, apoB/apoA-I ratio,
serum-ICAM, and cigarette-years and lower HDL-C than the non-event group.

We showed that the ccalMT measured at baseline was associated with CV events irrespective
of other risk factors in this group of women with normal glucose tolerance, prediabetes or
DM. This is similar with results from the PROG-IMT collaboration, which showed that
single-time carotid IMT measurement was positively and robustly associated with CV risk in
the general population as well as in people with DM [30, 31].

HbAlc was the only glucose feature that was significantly increased in the event-group.
Previously, HbAlc has been shown to be associated with coronary atherosclerosis, Ml and
stroke both in individuals with and without DM. Further, one study showed that HbAlc was
the only glucometabolic factor associated with coronary artery severity in non-diabetic
individuals [22, 32, 33]. Abnormalities in the gluco-metabolism have been suggested to
progressively worsen CV health and the first step is endothelial dysfunction [34]. Results
from two new studies have shown that abnormal gluco-metabolism is associated with
increases in ccalMT in middle-aged individuals with overweight as well as in young patients
who are morbidly obese [35, 36]. Also, lipid profile is deranged in individuals with disturbed
glucose metabolism even before DM is diagnosed [37]. Together, these factors will have
effect on the IMT and an increase in IMT can be seen several years before an event occurs
[38].

Results from the present study showed waist-to-hip ratio to be larger in the event group,
which is consistent with previous studies [39-41]. We also showed that the event group had

significantly lower HDL-C and higher triglyceride levels and apoB/apoA-I ratio which are in
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agreement with other studies [42-46]. HDL-C has been observed to have greater impact in
women and low HDL-C has been associated with MI to a greater extent in women. A recent
study showed that increased levels of HDL-C were predictive of absence of carotid
atherosclerosis in middle-aged women [47]. Further, we showed that the event-group had
more cigarette-years than the non-event group. Several studies have shown that smoking

increases the progression of atherosclerosis and is a major cause of CVD [48, 49].

Some limitations need to be addressed: only females in a certain age and from a limited area
were studied. Therefore, the results may not translate to other age-groups, areas or males.
Also, we only measured IMT in the CCA, which may underestimate the value of IMT,
because IMT progresses more rapidly in the carotid bulb [50]. However, the study approach
has several strengths: we studied a homogeneous group of women, which rules out
confounding factors such as age and gender and the advantage of using IMT in the CCA only
is that it is easily visualized in almost all individuals and can be measured with low-variability
[51, 52]. Further, measurements of ccalMT only has been shown to be predictive for
prevalence and severity of coronary atherosclerosis in patients without a history of coronary
artery disease (CAD) [53] and has been found to be as good as the mean IMT of all carotid

segments in prediction of CAD risk [54].

In conclusion, this study suggests that ccalMT is predictive of major CV events during 7
years of follow-up, irrespective of glucose tolerance category, HbAlc and other established
risk factors in a population-based cohort of 64-year-old women. How this finding applies to
the general population needs to be confirmed in a larger study with both genders and with a

broader age-range.
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Table 1. Characteristics of the women included in the study according to group

No event (n=577) Event (n=62) p-value
Body Mass Index (kg/m?) 276 +4.7 28.1+45 0.428
Waist-hip-ratio 0.87 £ .06 0.90 + 0.06 0.003
Systolic Blood Pressure (mmHg) 139+ 19 143 £ 21 0.138
Diastolic Blood Pressure (mmHg) 78+9 77%9 0.765
Heart Rate (bpm) 65+ 10 64+9 0.612
Fasting Plasma Glucose (mmol/L) 6.2+ 1.7 6.5+ 1.6 0.213
Plasma Glucose 2-h post-OGTT (mmol/L) 9.4+28 10.0+ 2.9 0.283
HbAlc (%) 5.0+ 1.0 5.6+1.4 <0.001
Total cholesterol (mmol/L) 58+1.1 58+1.1 0.601
LDL-cholesterol (mmol/L) 35+1.0 35+11 0.826
HDL-cholesterol (mmol/L) 16+04 15+04 0.017
Triglycerides (mmol/L)* 1.3+0.8 1.5+0.9 0.047
Apolipoprotein B (g/L) 1.1+0.3 1.2+0.3 0.084
Apolipoprotein A-I (g/L) 1.6+0.3 1.5+0.3 0.316
ApoB/ApoA-I ratio 0.74+0.21 0.81+0.26 0.019
Serum-ICAM-1 (ng/ml) 271 £ 93 299 + 100 0.023
Diabetes Mellitus n, (%) 196 (34) 37 (60) <0.001
Impaired Glucose Tolerance n, (%) 194 (34) 14 (23) 0.622
Narmal Glucose Tolerance n, (%) 187 (32) 11 (18) 0.622
Smoking (yes) n (%) 106 (18.4) 17 (28.3) 0.138
Cigarette years 18.0 +15.8 245+ 15.0 0.024
Common Carotid Intima-Media Thickness (mm) 0.86 + 0.17 0.94 +0.19 0.001

*Geometric mean



Table 2. Cox proportional hazard regression analysis of cardiovascular events during 7-year

of follow-up in 64-year old women.

Model 1 Model 2 Model 3

B (95% CI) B (95% CI) B (95% CI)
ccalMT 1.6 (1.2 10 2.0) 1.5(1.1t02.1) 1.48 (1.04 to 2.20)
p value p<0.001 p=0.025 p=0.033

Glucose Tolerance
Category

2.0 (L4t02.7)

1.7 (1.0t03.2)

p<0.001 p=0.074
p value
HbAlc 15(1.2t01.8) 1.3(0.9t01.8)
P value p<0.001 p=0.12

Model 1: un-adjusted.

Model 2: adjusted for waist-hip-ratio, systolic blood pressure, apoB/apoA-I ratio, triglycerides, HDL-C, serum-

ICAM-1, and cigarette years

Model 3: adjusted for waist-hip-ratio, systolic blood pressure, apoB/ apoA-I ratio, triglycerides, HDL-C, serum-

ICAM-1, cigarette years, HbAlc and glucose tolerance category

Abbreviations: Apolipoprotein B (apoB), Apolipoprotein A-1 (apoA-1), High density lipoprotein-cholesterol

(HDL-C), Intercellular adhesion molecule (ICAM), Glycated hemoglobin (HbA1c)
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