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Abstract

We aimed to explore the prevalence of atherosclerosis by using multi-view ultrasound examination of the carotid arter-
ies and its association with clinical risk factors in a middle-aged population at low to intermediate risk of cardiovascular
disease (CVD). Carotid vascular ultrasound was performed in 3532 participants in the VIPVIZA trial. Mean and maximal
carotid intima media thickness (cIMT) at prespecified angles and plaque presence were examined on the left and right side.
Associations between CVD risk factors and ultrasound variables were quantified by partial least squares (PLS) regression.
A combined ultrasound variable was computed using weights of the first PLS component. Associations between CVD
risk factors and the combined multi-view ultrasound variable, single cIMT and plaque measurements, respectively, were
determined using linear regression modelling. The participants’ mean age was 55.7 years and 52.9% were women. Plaque
prevalence was 51.1% in men and 39.0% in women. cIMT was higher in men than in women and in the left compared
with the right carotid artery. The strongest association of CVD risk factors was observed with the combined multi-view
ultrasound variable (R2=24%), compared with single cIMT variables (R2=14-18%) and plaque presence (R2=15%).
The pattern was similar in both sexes. The association with CVD risk factors and the combined ultrasound variable was
stronger in 40-year olds (R2 =22%) compared with 50- or 60-year olds (R =12%). CVD risk factors are stronger associated
with a combined ultrasound variable than plaque presence or single cIMT measures suggesting that carotid multi-view
ultrasonography better captures the focality of early atherosclerosis.

Clinical Trial Registration: ClinicalTrials.gov, number NCT01849575. May 8, 2013.
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Introduction

Atherosclerosis is by far the most important cause of car-
diovascular disease (CVD) which accounts for most deaths
and disability worldwide [1]. Reduction of risk factors can
curb the progression of atherosclerosis and decrease the risk
of CVD events [2, 3]. Detection of early subclinical athero-
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major CVD risk factors [4, 5]. Carotid IMT has been sug-
gested as a marker of vascular ageing [6, 7] while carotid
plaque, as an indicator of subclinical atherosclerosis, has
demonstrated stronger predictive ability of future CVD [8,
9]. However, many studies that evaluate the potential to pre-
dict CVD are performed in populations at high risk of CVD
[10].

Comparing different studies regarding plaque prevalence
and cIMT is challenging due to different plaque definitions
and inconsistent protocols for measuring cIMT [11, 12]. To
use semi-automatic equipment with standardized protocols
may facilitate the reproducibility of examinations [11]. In
subclinical atherosclerosis, there is a subtle and heteroge-
neous thickening of the carotid wall. To detect this focal-
ity and cover the degree of the atherosclerotic burden, a
multi-view screening, including both left and right side and
also differences within each side, is recommended [13-16].
Moreover, populations with different degree of atheroscle-
rosis may not be comparable regarding associations between
risk factors, ultrasound variables, and hard end-points.
While early atherosclerosis is likely to have a long latency
before a clinical event, severe atherosclerosis demonstrates
the opposite. Population statistics for cIMT, carotid plaque
and CVD risk factors often miss detailed study population
characteristics, therefore specific determinants and inter-
actions in the development of atherosclerosis are difficult
to evaluate when comparing populations. Most studies are
performed on advanced atherosclerosis, therefore there is a
need for studies on early atherosclerosis.

Previous research has shown associations between ath-
erosclerosis and various risk factors, but with a relatively
low degree of explanation [17-19]. Here we hypothesize
that sampling the atherosclerosis in both carotid arteries at
several projections with cIMT and plaque measurements,
may better capture the focally heterogenic atherosclerotic
disease in its early stage, as compared to single cIMT and
plaque measurements. A combination of these ultrasound
measurements may thereby also associate more strongly
with CVD risk factors.

The aim of this study was primarily to describe the preva-
lence of atherosclerosis as assessed by carotid ultrasound in
a middle-aged population at low/intermediate risk of CVD
and secondly to investigate the association between clinical
risk factors and ultrasound variables.

Materials and methods
Setting, design and study population

Individuals in this study were participants in the VIPVIZA
trial. VIPVIZA is the acronym for VIsualiZation of
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asymptomatic Atherosclerotic disease for optimum cardio-
vascular prevention — a randomized controlled trial nested
in the Visterbotten Intervention Program (VIP). In VIP,
inhabitants in Visterbotten county are invited to their pri-
mary care center the years they turn 40, 50 and 60 years
old for CVD risk factor screening and individual counsel-
ing aiming at prevention of CVD and diabetes. Participants
were informed and invited to VIPVIZA at the occasion of
participation in VIP. The inclusion and the baseline ultra-
sound examinations were performed between April 29 2013
and June 7 2016.

Inclusion criteria for VIPVIZA were (i) Age 40 and family
history of CVD before age 60 among first-degree relatives.
(i) Age 50 and at least one of the following risk factors:
first-degree relative with CVD before age of 60, smoking,
diabetes, hypertension, s-LDL cholesterol>4,5 mmol/l,
abdominal obesity. (iii) Age 60. In case of significant carotid
stenosis (>50% by NASCET based on ultrasound Doppler
measurement of peak systolic velocity > 1.5 m/s), the par-
ticipant was not included in the study and was referred to
special care (n=22).

This paper reports cross-sectional analyses of baseline
data collected at the VIP visit and the baseline ultrasound
results [20].

Clinical risk factors and socioeconomic status

Measurements of clinical risk factors were standardized and
performed according to the VIP protocol [21]. Height was
measured with light clothing and without shoes. Weight was
measured with a calibrated scale. Body mass index (BMI)
was calculated as weight/(height). Waist circumference was
measured in cm with the subject in a standing position after
a slight exhalation. Blood pressure was measured twice with
subject sitting and after 5 min rest with a precision of 2 mm;
the mean of both the systolic and the diastolic values were
recorded. Blood samples were drawn after overnight fast-
ing. Oral glucose tolerance testing was performed according
to WHO-standards [22]. Total-cholesterol (TC), high-den-
sity lipoprotein-cholesterol (HDL), and triglycerides (TG)
were analyzed with routine clinical methods at the nearest
hospital. LDL-cholesterol (LDL) was calculated with Fride-
wald’s formula [23]. Diabetes mellitus (DM) was defined
as fasting glucose>7.0 mmol/l, or 2-hour-glucose >12.2
mmol/l (capillary plasma) or self-reported previous diagno-
sis of diabetes.

Questionnaires were used to record self-reported life-
style habits; Smoking (never, former, current), Snuffing
(Yes/No), Educational level (Basic level: up to 9 schooling
years, Mid-level: 10— 12 schooling years, and University/
Academic level: > 13 schooling years), Fruit and vegetable
consumption (fruits or berries more than 2-3 times/day and
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vegetables at least 2—3 times/days added up to the general
recommendation of >500 g /day: Yes/No), Physical activ-
ity (fulfilling general recommendations for physical activ-
ity: >150 min/week moderate physical intensity and/or
> 75 min/week high physical intensity: Yes/No). In addition,
self-reported Use of anti-hypertensive medication (Yes/No),
Use of lipid lowering medication (Yes/No), Previous hospi-
talization for a verified heart attack/myocardial infarction
(Yes/No), Geographical region for residency categorized
into Urban including Umea city region> 150,000 inhabit-
ants, and Rural with towns (< 100,000 inhabitants), villages
and countryside.

Ultrasound examination and variables

Bilateral carotid artery ultrasound scan was performed with
the portable ultrasound system Panasonic CardioHealth®
Station (Panasonic Healthcare Corporation of North Amer-
ica, Newark, NK, USA) with a linear 7 MHz transducer.
All ultrasound scans were performed by specially trained
sonographers according to the same standardized protocol
throughout the study [20], where the common carotid artery
(CCA), bifurcation, and internal and external carotid arter-
ies were examined. Time reserved for each ultrasound scan
was 15 min. Carotid plaques were identified according to

Fig. 1 Illustration of the ultra-
sound carotid intima media
thickness (cIMT) measurements.

Left side

Right side

Mannheim plaque consensus [24] in the near and far walls
and decision of plaque occurrence was taken during the time
of examination.

Real-time automatic edge-detection measurement of
cIMT was performed in the distal 1-cm of the far wall of
CCA at two predefined angles for insonation at each side
(240°, 210° and 150°, 120° for left and right carotid artery,
respectively) based on Meijer arc. For each angle, mean and
max cIMT were measured and reported in a 10 mm plaque
free segment. (Fig. 1)

Based on the cIMT measurements from each angle from
both sides, bilateral mean of mean and mean of maximal
value was calculated. Additionally, the bilateral maximal
mean value of all four angles was selected and titled maxi-
mal mean value. Further, mean and maximal values mea-
sured at the left and right sides separately, were used. All 16
ultrasound variables are shown in Table 2.

All measurements were performed at end diastole by
automatic detection of temporal lumen diameter changes.
The reproducibility of plaque detection as plaque pres-
ent or not present and cIMT measurement has been pub-
lished previously and the Kappa value of plaque detection
was 0.70 (95% CI 0.60-0.80) for the inter-sonographer
variability [25]. The mean and standard deviation of the

Left side

Right side

Both carotid arteries of each
participant were scanned at two
standardized angles (120 and
150 vs. 210 and 240). In each
projection (angle), the cIMT was
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maximal mean value of all four
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inter-sonographer variability of cIMT measurement was
0.015 (£0.079)mm, with a intraclass correlation of coeffi-
cient of 0.95 [26].

Statistical analyses

Clinical risk factor measurements as well as ultrasound
variables were reported as means and SD for continuous
variables and distributions for categorical variables.

The overall associations between the two data sets (risk
factors and ultrasound variables) were explored using partial
least squares (PLS) regression analysis [27]. This analysis
uses the multivariate variance of each data set to find projec-
tions where an optimal linear regression fit can be obtained
(Supplementary Fig. 1). Ultrasound variables were input as
response variable (Y) and risk factors as explanatory vari-
able (X). In practice, the PLS regression analysis provide
the weights how to combine the ultrasound variables such
that the risk factors explain their variance maximally. In this
way we both get regression weights on how the X variables
should be combined, and simultaneously, how the Y vari-
ables should be combined. Associations between risk fac-
tors and ultrasound variables were quantified by the weights
of the PLS regression analysis between ultrasound variables
and clinical risk factors. Mean and standard deviation of the
weights of the regression model are presented. (Fig. 2). The
age variable was treated as an ordinal categorical variable.
The results of the first PLS component of the ultrasound
PLS component, defined as Combined ultrasound measure-
ment, includes all weighted cIMT variables and plaque
(combination of cIMTs and plaque Y/N) and was used in
this work. A bootstrapping procedure was used to compute
the weights, using 500 randomly selected samples and 500
iterations. This provided mean and standard deviation to the
weights of all variables in X and Y.

Next, significant associations between risk factors and
ultrasound variables were determined using step-wise linear
regression modelling. The following models were tested:

Model 1: Combined ultrasound measurement vs. risk
factors.

Model 2: Bilateral maximal mean cIMT vs. risk factors.
This variable was included since it was used in the VIPVIZA
study to evaluate vascular age. Due to the heterogeneity of
cIMT during early atherosclerosis, the most unfavorable
mean value was translated to vascular age in the pictorial
presentation received by the intervention group [20].

Model 3: Presence of plaque vs. risk factors.

Model 4: Right mean cIMT vs. risk factors. This variable
was chosen because other studies have used it, for example
the Tromso study [28] and the MESA study [29].

Model 5: Left mean cIMT vs. risk factors. This variable
was used due to slightly higher cIMT values on the left side.
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Model 6 and 7: Investigation of sex differences. Com-
bined ultrasound measurement vs. risk factors, men and
women separately.

Model 8-10: Investigation of age differences. Combined
ultrasound measurement vs. risk factors by ages 40, 50 and
60 years.

The PLS and stepwise linear regression modelling was
done in MATLAB (2018b, Mathworks, Nattick, MA, USA)
and the descriptive statistics were carried out using SPSS
Statistics 24 software (IBM Corporation, Armonk, NY,
USA).

Results
Study population

Among 4177 VIP participants who fulfilled the clini-
cal risk factor-based inclusion criteria and were invited to
VIPVIZA, 345 declined to participate. Among those 3832
who consented to participation, 121 withdrew their con-
sent between VIP participation and the baseline ultrasound
examination, 154 dropped out, twenty-two had significant
stenosis and were excluded, and three died before the ultra-
sound examination. Thus, 3532 participants were included
in the trial. The drop-out analysis showed some differences
between participants and drop-outs. Among drop-outs total
cholesterol, LDL-cholesterol and diastolic blood pressure
were lower and triglyceride levels and smoking prevalence
were higher. Overall, the differences between participants
and drop-outs were small and point in different directions
with regard to CVD risk. (Supplementary Table 1)

Baseline characteristics (Tables 1 and 2): The popula-
tion comprised 52.9% women and mean age was 55.5 and
55.8 years among men and women respectively; 12.4%
of men and 12.9% of women were smokers. The systolic
blood pressure was 132 and 127 mmHg in men and women.
Among men, 8.4% had diabetes vs. 5.8% among women.

Prevalence of atherosclerosis

Carotid plaques were present in 51.1% of the men and
39.0% of the women. The bilateral mean of mean cIMT
was 0.68 mm in men vs. 0.64 mm in women (p<0.001),
and bilateral mean of maximal ¢cIMT value, irrespective of
side and angle, was 0.90 mm in men vs. 0.82 mm in women
(p<0.001). Overall, cIMT was higher in the left compared
to the right carotid artery and was higher among men com-
pared to women (p<0.001).
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Table 1 Baseline characteristics Characteristics Men Women Missing  Total
among men .and women in the (n=1662) (n=1870) n (%) (n=3532)
VIPVIZA trial Age mean (SD) 55.5(641) 558(627) 0 55.7(6.39)
Smoking ! 8(0.2)
Never smoked n (%) 886(53.4)  908(48.7) 1794(50.9)
Ex-smoker n (%) 567(34.2)  717(38.4) 1284(36.4)
Smoker n (%) 205(12.4)  241(12.9) 446(12.7)
Education level! 35(1.0)
Basic n (%) 166(10.1)  157(8.5) 323(9.2)
Mid-level n (%) 1023(62.0)  934(50.6) 1957(56.0)
University n (%) 462(28.0)  755(40.9) 1217(34.8)
Use of hypertensive medication' n (%) 522(32.5)  534(29.6) 123(3.5) 1056(31.0)
Use of lipid lowering medication' n (%) 235(14.7) 155(8.6) 123(3.5) 390(11.4)
Previous myocardial inf ' n (%) 60(3.6) 17(0.9) 30(0.1) 77(2.2)
Age group 0
40 years n (%) 136(8.2) 140(7.5) 276(7.8)
50 years n (%) 472(28.4)  506(27.1) 978(27.7)
60 years n (%) 1054(63.4)  1224(65.5) 2278(64.5)
! Self-reported Fruit and vegetable consumption n (%) 354(21.3)  786(42.2) 10(0.3) 1140(32.4)
2Diabetes: Fasting glucose>7 Physically active n (%) 887(53.7)  1103(59.6) 29(0.8)  1990(56.8)
mmol/l or 2-hour-glucose > 12.2 Snuffing daily/occasionally n (%) 450(27.5) 184(10.0)  61(1.7)  634(18.3)
mmol/L or self-reported previ- Region 10(0.3)
ously diagnosed diabetes. Oral - Umea- City n (%) 682(41.1)  783(42.0) 1465(41.6)
glucose tolerance testing was Rural n (%) 977(58.9)  1080(58.0) 2057(58.4)
not performed if fasting glucose . .
was > 7mmol/l or the participant Serum triglycerides mmol/l mean (SD) 1.67(1.13)  1.33(0.72) 1(0.0) 1,49(0.95)
already had diagnosed diabetes. LDL-cholesterol mmol/l mean (SD) 3.54(1.01)  3.56(0.95) 74*(2.1) 3.55(0.98)
Glucose was tested on capillary HDL-cholesterol mmol/l mean (SD) 1.23(0.34) 1.53(0.44) 1(0.0) 1.39(0.42)
plasma Serum cholesterol mmol/l mean (SD) 5.51(1.13)  5.69(1.04)  1(0.0) 5.61(1.08)
*LDL-cholesterol was calculated ~ Body weight kg mean (SD) 90.1(15.8)  74.1(14.5)  3(0.1) 81.8(17.0)
with Friedewald’s formula, not ~ Diabetes? n (%) 138(8.4)  106(5.8)  54(1.5) 244(7.0)
valid if triglycerides are > 4.5 Waist circumference cm mean (SD) 101.3(11.5) 92.2(13.1)  50(1.4)  96.5(13.2)
g‘if;‘l";c/ ;ifizs”l‘g“/z;g‘ijsewi‘zrg BMI mean (SD) 28.1(44)  274(53)  3(0.1)  27.7(4.9)
mmol/L LDL-cholesterol was Systolic blood pressure mmHg mean (SD) 132.2(15.9) 126.9(16.3) 2(0.1) 129.4(16.3)
reported missing. Diastolic blood pressure mmHg mean (SD) 84.9(10.6) 80.7(10.0)  4(0.1) 82.7(10.5)

Associations between CVD risk factors and
ultrasound measures

The result of the multivariate analysis between risk factors
and ultrasound variables is shown in Fig. 2a and b.

Among the clinical risk factors (Fig. 2a), most variables
were positively associated with ultrasound variables, but
physical activity, fruit and vegetable consumption, educa-
tion and HDL were negatively associated with ultrasound
measures. All ultrasound variables (Fig. 2b) had similar
weights in the PLS analysis. However, it was observed that
the bilateral variables, including cIMT values and plaque,
had the highest weights, while the single cIMT measure-
ments and plaque of the right CCA had the lowest weights.

Contribution of CVD risk factors to the variability of
ultrasound measures

Table 3 presents the risk factors that were significantly asso-
ciated with different ultrasound variables in models 1-5.

Clinical risk factors had the strongest association to the
combined ultrasound measurement and explained 24% of
the variability of this ultrasound variable, R2 =24% (model
1), which was clearly stronger than the association with the
variable displaying the bilateral maximal mean cIMT value,
R2=18% (model 2). Both presence of plaque (R2=15%),
and right mean cIMT (R2 = 14%), as well as the correspond-
ing cIMT variable from the left side (R2=15%), displayed
weaker associations, thus the clinical risk factors explained
less of their variability (model 3-5). The pattern regarding
the association of individual risk factors with ultrasound
variables was similar in all five models and the risk fac-
tors with the strongest association to ultrasound variables
were age, systolic blood pressure, sex, LDL and smoking.
Diastolic blood pressure was negatively associated to ultra-
sound results. The association between CVD risk factors
and the combined ultrasound measurement was similar in
men and women (Table 4).

Risk factors explained more of the variability of the
combined measurement in those aged 40 years (R=22%),
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Table 2 Bascline ultrasound Variables Men (n=1662) Women Total
characteristics among men and (n=1870) (n=3532)
women in the VIPVIZA trial Bilatoral
Plaque presence, n (%) 850(51.1) 729(39.0) 1579(44.7)
Mean of mean cIMT (SD) mm 0.68(0.13) 0.64(0.11) 0.66(0.12)
Mean of maximal cIMT (SD) mm 0.90(0.20) 0.82(0.16) 0.86(0.19)
Maximal mean value cIMT (SD) mm 0.77(0.17) 0.71(0.14) 0.74(0.16)
Left side
Plaque presence, n (%) 635(38.2) 521(27.9) 1156(32.7)
Mean of mean ¢cIMT (SD) mm 0.69(0.15) 0.64(0.12) 0.66(0.14)
Maximal ¢cIMT 240° (SD) mm 0.80(0.19) 0.73(0.16) 0.76(0.17)
Mean cIMT 240° (SD) mm 0.70(0.16) 0.64(0.13) 0.67(0.15)
Maximal cIMT 210° (SD) mm 0.78(0.18) 0.73(0.15) 0.75(0.17)
Mean cIMT 210° (SD) mm 0.68(0.15) 0.64(0.13) 0.66(0.14)
Right side
Plaque presence, n (%) 639(38.4) 509(27.3) 1148(32.5)
Less than 1% missing data in all Mean of mean cIMT (SD) mm 0.67(0.14) 0.63(0.12) 0.65(0.13)
variables. cIMT — Carotid Intima Maximal cIMT 120° (SD) mm 0.78(0.19) 0.73(0.15) 0.76(0.17)
Medlz,ThwkneS?; ° Degree Mean cIMT 120° (SD) mm 0.68(0.16) 0.64(0.13) 0.66(0.14)
?r(;lce();]l\;}’gr ﬁg::rirnfeﬁ::o aly Maximal cIMT 150° (SD) mm 0.76(0.17) 0.72(0.15) 0.74(0.16)
include the far wall. Mean cIMT 150° (SD) mm 0.66(0.14) 0.63(0.12) 0.64(0.13)
A Risk factors B Ultrasound measurements
iystolic blood pressure ~4-1(0.12) Maximal of mean cIMT —-1(0.07)
e 5 . :
D?astolic blood pressure :ggiig::i Maximal of méx cIMT —4- 0.9%(0.08)
Waist circumference : —4— 0.82(0.19) Mean of maximal cIMT —4— 0.98(0.08)
Serum triglycerids : 4 0790.14) Mean of mean cIMT : —4— 0.95(0.08)
Sex 4 0750.13) Maximal cIMT 240° : 4~ 09(0.08)
Use of hype-rtensive medication : - 0.59(0.15) Mean cIMT 240° & 0890.08)
Body mass index (BMI) —— 0.57(0.2) Plaque bilateral e e
LDL-cholesterol —— 0.42(0.23) .82(0.1)
Diabetes 4 0.41(0.16) Maximal cIMT 210 ° R 0.82(0.09)
Serum cholesterol P 0.41(0.23) Mean cIMT 210° —&— 081009
Use of lipid-lowering medication i - 0.4(0.18) Maximal cIMT 120° & 0.78(0.08)
2;"3';,:?: : 2?22312 Mean cIMT 120° 4= G
Geographic region . 0.12(0.14) Maximal cIMT 150° —4- 0.75(0.09)
Fruit and vegetable consumption - -0.17(0.15) Mean cIMT 150° - 0.74(0.09)
Physicgl activity 4 -0.22(0.15) Plaque on left side —— 0.74(0.1)
Eélti:zlr:e]set\;ilal _;t' : 2223201_2) Plaque onright side —— 0.66(0.1)
1 1 L 1 1 1
-1 0 1 -1 0 1

Normalized coefficients

Fig. 2 Associations between risk factors and ultrasound variables
quantified by the weights of the PLS regression analysis between
clinical risk factors (A) and ultrasound variables (B). The PLS regres-
sion analysis provide the weights (A) how to combine the ultrasound
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Normalized coefficients

variables such that a weighted combination (B) of the risk factors can
explain their variance maximally. The Mean and Standard deviation of
the weights of the regression model are presented
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Table 3 Associations between clinical risk factors and ultrasound variables, quantified by weights of stepwise linear regression modelling
Model 1 (Combined . Model 2 Model 3 Model 4 Model 5
Us) (Maximal mean cIMT (Plaque) (Right mean (Left mean
bilateral) cIMT) cIMT)
R2=24% R2=18% R2=15% R2=14% R2=15%
Risk factor Coef p Coef p Coef p Coef p Coef p
HDL-cholesterol -0.05 *x -0.06 ok -0.07 HoE -0.05 HoE
Diastolic blood pressure -0.15 ok -0.13 ok -0.10 xRk -0.15 ok -0.11 HoHE
LDL-cholesterol 0.13 ok 0.09 ok 0.05 ok 0.09 HoHE
Systolic blood pressure 0.24 HoHE 0.21 HoHE 0.18 *EE 0.20 HoHE 0.19 *kE
Antihypertensive medication 0.06 HxE 0.10 HoHE
Lipid-lowering medication 0.09 Hokk 0.13 HHE
Sex 0.18 Hokk 0.19 Hokx 0.12 HHE 0.14 Hokk 0.17 HHE
S-cholesterol 0.12 rokx
Education -0.04 *
Waist -0.05 ok -0.10 HHE
Age 0.31 ok 0.29 ok 0.20 HEE 0.28 ok 0.26 HEE
Smoking 0.07 Hokk 0.04 * 0.08 Rk 0.04 *
Geographic region 0.04 wE 0.04 *
*p<0.05
** p<0.01
**% p<0.001

Only risk factors with significant contribution to the model are included here. Only complete cases, all variables present, are included in the

analysis, N=3096.

Table 4 Associations between clinical risk factors and the combined ultrasound measurement by gender and age using stepwise linear regression.
Only risk factors with significant contribution in the models are included here

Model 6 Model 7 Model 8 Model 9 Model 10
(Men) (Women)  (40y) (50y) (60y)

R2=20% R2=21% R2=22% R2=12% R2=12%

N=1465 N=1631 N=245 N =845 N=2006

Risk factor

Coef p Coef p Coef p Coef P Coef p

HDL-cholesterol

Diastolic blood pressure
LDL-cholesterol

Systolic blood pressure
Serum triglycerides
Antihypertensive medication
Lipid-lowering medication
Sex

Physically active

Waist

Age

Diabetes

Smoking

Geographic region

-0.06 **
-0.14 #E* Q.16 *** -0.14 ** 018 ***
0.15 #** (.12 *** 0.12  *** (016 F**

021 #k027 *** 010 * 030 -k (025 Hx*
026 *** 0.08 *
0.07 ** 0.05 * 0.19  ** 0.08  Hk*
0.08 ** 0.11 *** -0.18 ** 0.12 ok
0.15 * 022 *** 020 ***
0.15 *
-0.05 * -0.12 **
0.34 #kk (29 HxE
0.14 *
0.05 * 0.11  *** 0.09  H*x*
0.05 *

*p<0.05
% p <0.01
% <0.001

Only risk factors with significant contribution to the model are included here. Only complete cases, all variables present, are included in the

analysis, N=3096.

as compared to those aged 50 or 60 years (R=12% for
both). The age-specific patterns of significantly associated
risk factors differed to some extent between age groups.
Thus, in those aged 40 years, lipid-lowering medication was

negatively associated while LDL did not associate signifi-
cantly with ultrasound results. Among those aged 50 and 60
years, diastolic blood pressure was negatively and systolic
blood pressure positively associated with ultrasound results.
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Discussion

The main results of our study are that during the early sub-
clinical phase of atherosclerotic disease in a population at
low/intermediate risk of CVD, clinical risk factors have a
stronger association with a combined ultrasound variable
(based on several measurements of cIMT on both sides and
at different angles, as well as plaque present or not pres-
ent), compared to single ultrasound measurements. This is
in line with the recent finding of improved risk stratifica-
tion in patients at high risk of CVD by the use of multi-
view carotid examination including the average of several
IMT measurements and the number of sites with plaques
[10]. Our findings may support the integration of multi-view
ultrasonography as a tool to improve CVD risk assessment
also in an early phase of atherosclerosis.

Association of CVD risk factors with ultrasound
measurements

Even though CVD risk factors have a higher association
with a combined variable, the risk factors only explain the
variability in subclinical atherosclerosis to a limited extent.
The focality of atherosclerosis could be one important rea-
son why our results show that risk factors associate more
strongly with a composite of several cIMT measurements
and plaque (R=24%) than plaque (R2=15%) or right
mean cIMT (R2=14%) alone. In a previous study inves-
tigating the association of Framingham risk factors with
cIMT, risk factors accounted for 28.6% of the variability
in the mean CCA IMT left and right side, while age and
sex contributed to 23.5% of the variability [17]. However,
the study population had a higher degree of previous CVD
(11%), compared to our population (2.2%), and thus more
advanced atherosclerotic disease. Both the CARDIA [19]
and the MESA [30] trial found a higher degree of associa-
tion between risk factors and the variability of CCA IMT
(R2=26.8% and R2=31%), than our combined multi-view
ultrasound measurement. However, the population case mix
in the CARDIA, the MESA and the VIPVIZA studies are
not comparable. In the VIPVIZA study a vast majority of
the participants were of white race while this was not the
case in the other trials where the populations were more het-
erogenous. Furthermore, in the CARDIA and MESA trial
a mean value of the cIMT measurements from the far and
near wall of the CCA were used as compared to the far wall
measurements of CCA used in VIPVIZA study.

In a study by Ku et al., traditional risk factors explained
19.5% of the variability in the plaque burden, and with the
addition of less traditional risk factors, such as socioeco-
nomic factors and white blood count, 21.9% of the variabil-
ity was explained [18]. Participants in their study were older

@ Springer

(mean age 69.4 years), had more diabetes (19%), and more
anti-hypertensive and lipid-lowering treatments.

Our results are concordant with previous studies show-
ing that the classical CVD risk factors such as, older age,
male sex, low education, diabetes, high blood pressure,
higher BMI, high LDL-levels, and physical inactivity result
in higher risk for atherosclerosis [17, 31-34]. However, we
see a different pattern of association in those aged 40 years
where the association coefficient was negative with lipid
lowering treatment, while there was no significant associa-
tion with LDL levels. Participants aged 40 years old were
relatively few and selected by having a first degree relative
with CVD before the age of 60 years, that may indicate
inherent factors not accounted for in the analyses. In the
total population 31% were on hypertensive treatment and
11,4% were on lipid lowering treatment, among 40-year
olds less than 6% were on pharmacological treatment, there-
fore these associations with lipid lowering and hypertensive
treatment should be interpreted with caution. Furthermore,
the negative association between diastolic blood pressure
and ultrasound variables observed in those aged 50 and 60
years could be due to vascular stiffness and an increased
pulse pressure at increasing age and atherosclerosis.

Unexpectedly, a negative association was observed
between waist circumference and the combined ultrasound
variable and presence of plaque. This result is not in line
with previous research, where abdominal obesity is associ-
ated with subclinical atherosclerosis.

Taken together, our results correspond with the results
of previous studies showing that the variation in cIMT and
carotid plaque burden in a middle-aged population with
subclinical atherosclerosis, to a large extent cannot be
explained by traditional risk factors. This suggest that other
factors may play important roles. This is also in line with
results from the SCAPIS study performed partly in the same
region as VIPVIZA, showing that in the general popula-
tion, the positive predictive value of presence of plaque is
only 45% regarding prediction of a high risk according to
SCORE, i.e. >5% 10-year risk of CVD mortality [35].

Prevalence of subclinical atherosclerosis

The prevalence of subclinical atherosclerosis differs
between population-based studies In the ARIC study [36],
39.6% at the age of 55-59 years had plaque, compared to
The REFINE-Reykjavik study with a plaque prevalence of
70.3% among men and 54.5% among women in the same
age group [33]. The ACE study showed a plaque preva-
lence of 87% in a 63-year old population [34], and since
age is the strongest risk factor for plaque, this could be part
of the explanation as to why the plaque prevalence in the
VIPVIZA population is in line with the ARIC population
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but less so with the ACE population. The definition of
plaque in the REFINE study was “an isolated thickening at
least two times the adjacent normal cIMT by visual assess-
ment”, rather than the usually-applied Mannheim consen-
sus. Different plaque definitions and population case mix
make it difficult to compare studies. Furthermore, the ultra-
sound examination in the ARIC study was performed in
1987-1989 and ultrasound techniques have improved since
then which renders it possible to detect earlier stages of ath-
erosclerosis. The ARIC population is of a comparable age
to our VIPVIZA study: 54 versus 56 years old, respectively.
Blood pressure was higher in VIPVIZA compared to the
ARIC population (129/82 vs. 121/73, respectively) but cur-
rent smoking was lower 12.7% vs. 27%.

Strengths and limitations of the study

A strength of the study was the overall attendance rate of
85% which is considered high in comparison to similar
studies [34]. Our study population was recruited from a well
described population, who display relatively high participa-
tion rates in VIP, around 65% during VIPVIZAs recruitment
period, and only a small degree of social bias have been
reported [37]. Therefore, our study population should fairly
well represent the vast majority of the general population at
low/intermediate risk, among whom the majority of CVD
events occur [38], rendering our study a high relevance for
public health. The large number of participants and the fact
that our study was carried out within a general health care
setting, rather than in a hospital or strict research setting,
also renders high external validity to our study.

From a preventive perspective, it is a strength that our
study population displays a relatively early and asymptom-
atic phase of atherosclerotic disease, suggesting that they
are still at a stage where medical and lifestyle interventions
can postpone or prevent future CVD events. Pictorial pre-
sentation of subclinical atherosclerosis has the potential to
improve primary prevention of CVD. This was corroborated
by recent publications showing a beneficial intervention
effect after one and three years of follow-up [20, 39].

The potential to improve CVD risk assessment by a
carotid ultrasound multi-view variable compared to single
cIMT and plaque measurements will be further studied in
longitudinal evaluation in the VIPVIZA trial.

The measurements of clinical risk factors were carried out
in a standardized way in a stable clinical setting. A limitation
is that information about use of lipid- and blood pressure-
lowering treatment, and lifestyle variables, as well as educa-
tion and previous myocardial infarction, were self-reported
and alcohol consumption was not taken into account. In the
current study carotid plaque was only determined as present
or not present which limits our results. Extended analysis

of plaque area and other characteristics would have given
additional value to our results since plaque measurements
beyond plaque prevalence are important for predictive abil-
ity [40, 41]. However, in the future 3D ultrasonography is
likely to be a more reliable approach to capture the hetero-
geneity of subclinical carotid atherosclerosis [42].

Conclusions

The prevalence of subclinical atherosclerosis in a low/
intermediate risk population in Sweden is in line with other
populations of similar age and plaque definitions. The
results show that traditional risk factors for CVD are more
strongly associated with a combined multi-view ultrasound
variable based on multiple carotid IMT measurements and
plaque presence or not than with one single measurement,
suggesting that multi-view ultrasonography better captures
the focality of early atherosclerotic disease. The pattern of
association between traditional risk factors and subclinical
atherosclerosis is similar in men and women. Even though
CVD risk factors have a higher association with a combined
variable, risk factors only explain the variability in subclini-
cal atherosclerosis to a limited extent.
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