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Personalized Prevention of Cardiovascular Diseases
Through Measurement of Plaque Burden in
the Carotid Artery
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Abstract

Background: This study provides an overview of the results of ca-
rotid screening for the prevention of cardiovascular disease.

Methods: Between 2009 and 2026, 11,540 individuals, 45% of whom
were women, aged 2065 years without clinical signs of cardiovascu-
lar disease, underwent carotid ultrasound examinations. Over 8,800
follow-up examinations were also performed. The total plaque area
(TPA) and maximum plaque thickness were measured.

Results: TPA was presented as percentile curves according to age
and sex. In a second cohort, age-related TPA thresholds for coro-
nary stenosis > 50% were determined. Advanced atherosclerosis
(type III/IVD) is associated with a high risk of cardiovascular dis-
ease. Early treatment with statins improves the prognosis of these
patients. The individual course of the disease with rapid progres-
sion of plaque burden could not be predicted based on classic risk
factors. Of 75 patients with advanced atherosclerosis who suffered
a myocardial infarction or ischemic stroke, 35% had a low PRO-
CAM risk (< 10%) and only 27% had a high PROCAM risk. Mor-
tality (from any cause) was significantly lower in men treated with
statins.

Conclusions: Measuring plaque burden in the carotid artery allows
for a good estimation of an individual’s risk of a cardiovascular event.
In this non-randomized observational study, statin treatment signifi-
cantly improved the prognosis in subjects with advanced carotid ar-
tery atherosclerosis (type III-IVb findings on ultrasound).
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Introduction

The prevention of cardiovascular disease (CVD) traditionally
relies on the identification and treatment of risk factors. These
include, in particular, elevated low-density lipoprotein (LDL)
cholesterol, arterial hypertension, smoking, diabetes mellitus,
and other factors. Established risk scores play an important role
in population-based prevention. However, their main limitation
is that they do not measure existing atherosclerotic disease, but
rather estimate the future probability of events from risk factors.
This can lead to discrepancies, especially in younger individu-
als [1]. A person may have a low calculated absolute risk due to
their age and simultaneously exhibit an unusually high plaque
burden for their age. The crucial question is therefore not only
“What is the future risk?” but also “How much atherosclerosis
is already present?” Carotid artery ultrasound offers a cost-ef-
fective, noninvasive, radiation-free, and relatively readily avail-
able method for this. By determining the total plaque area (TPA)
and the maximum plaque thickness, the existing atherosclerosis
can be objectively quantified. Regular follow-up examinations
allow for monitoring the individual course of the disease and
the efficacy of statin treatment. This study provides an overview
of the results of ultrasound examinations in men and women
without CVD from 2009 to 2026, as reported in several previ-
ous publications [2—7]. This approach is consistent with current
recommendations on personalized prevention [1, 8, 9].

Materials and Methods

Between 2009 and 2026, 11,540 individuals, 45% of whom
were women, aged 20—65 years without clinical signs of CVD,
underwent carotid ultrasound examinations. Over 8,800 fol-
low-up examinations were performed, many of them involving
repeated examinations of the same person. Plaque areas and
maximum plaque thickness were determined in all individuals
using the same methodology. The sum of all plaque areas was
defined as the TPA. Based on this large population, age- and
sex-specific percentile curves of the TPA were generated (Figs.
1, 2). This allows the plaque burden measured in a subject to
be assessed not only in absolute terms, but also in relation to
age and sex. In the 35- to 65-year-old age group, 12% of men
and 4.2% of women showed advanced atherosclerosis (type 11
and I'Vb) (Fig. 3). All described investigations and evaluations
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Figure 1. TPA percentiles by age for men. TPA: total plaque area.

on humans were conducted with the approval of the responsi-
ble ethics committee. The study was conducted in compliance
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

Independent validation

A classification of ultrasound findings was developed based
on an independent patient group of 244 men and women aged
35-65 years, who underwent an ultrasound examination 1 day
prior to scheduled coronary angiography. This classification was
then adjusted for the age range of 35-65 years [2]. Low risk cor-
responds to ultrasound findings of types I and Ila, intermediate
risk to those of types IIb and IVa, and high risk to those of types
I and IVb. Type I is characterized by no or minimal athero-
sclerosis, with a TPA < 24 mm?. Type Ila is characterized by flat
plaques < 2 mm, with a plaque area below the age-dependent
threshold. Type IIb is characterized by flat plaques <2 mm, with
a plaque area above the age-dependent threshold. Type III is
characterized by a plaque with a maximum thickness > 3.5 mm
and a plaque area below the age-dependent threshold. Type IVa
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is characterized by mixed findings with flat plaques and plaques
> 2 mm, but a plaque area below the age-dependent threshold.
Type IVDb is characterized by mixed findings with plaques > 2
mm and simultaneously a plaque area above the age-dependent
threshold. The TPA thresholds used were as follows: age < 40
years, 60 mm?; 40-49 years, 80 mm?; 50-59 years, 110 mm?;
60-64 years, 130 mm?.

A maximum plaque thickness > 2 mm is considered ab-
normal; a thickness > 3.5 mm defines pronounced plaque mor-
phology, regardless of the TPA. The ultrasound examination
was performed blinded prior to coronary angiography. The
reference standard was defined as significant coronary artery
disease (CAD) with a coronary stenosis > 50%.

The four-field table, adapted for age 35-65 years, yielded
the following results: sensitivity, 81%,; specificity, 76%; posi-
tive predictive value (PPV), 74%; negative predictive value
(NPV), 83%; prevalence 45%.

In the asymptomatic population (4,340 healthy men and
women age 35-65 years, with follow-up from 2009 to 2017),
the sensitivity, adapted for the outcomes of major adverse
cardiovascular events (MACE), coronary artery bypass graft-
ing (CABQG), percutaneous transluminal coronary angioplasty
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Figure 2. TPA percentiles by age for women. TPA: total plaque area.

(PTCA), and coronary stenosis, was 80%, with a prevalence of
5% [7]. The comparable sensitivity despite the significantly dif-
ferent prevalence suggests a stable ability of the method to de-
tect relevant disease.

According to the TPA cutoff values, the critical percentile
for coronary stenosis in men was as follows: age 35-39 years:
96th percentile; age 40—44 years: 95th percentile; age 4549
years: 89th percentile; age 5054 years: 88th percentile; age
55-59 years: 80th percentile; age 60—65 years: 79th percentile.
The critical percentile for coronary stenosis in women was as
follows: age 35-39 years: 99th percentile; age 40—44 years:
99th percentile; age 45-49 years: 96th percentile; Age 50-54
years: 96th percentile; age 55-59 years: 94th percentile; age
60-65 years: 93rd percentile.

Results

Advanced carotid atherosclerosis as a marker of pre-
existing CAD

The clinical significance of type III or type IVb findings was
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strongly supported by two further studies [3, 4]. In the study [4]
“Early Diagnosis and Treatment of Coronary Heart Disease in
Symptomatic Subjects With Advanced Vascular Atherosclero-
sis of the Carotid Artery (Type III and IVb Findings Using Ul-
trasound),” individuals with advanced carotid atherosclerosis
who were asymptomatic at baseline and subsequently became
symptomatic were examined. Further coronary diagnostics
were performed using coronary computed tomography (CT)
or coronary angiography. The second study [3], “Early Diag-
nosis and Treatment of Coronary Heart Disease in Asympto-
matic Subjects With Advanced Vascular Atherosclerosis of the
Carotid Artery (Type III and IVb Findings Using Ultrasound)
and Risk Factors,” in contrast, examined individuals with ad-
vanced carotid atherosclerosis who remained asymptomatic at
the time of examination. The coronary findings of both studies
showed an almost identical distribution pattern.

Of the 106 individuals examined with advanced carotid
atherosclerosis (type III/IVb), the following were present:
smooth coronary arteries in 10.4%, coronary sclerosis in
13.2%, coronary stenosis of 30-50% in 22.6%, CAD with oc-
clusion or three-vessel disease in 54.7%, and any coronary ath-
erosclerosis in 89.6%. Thus, only 10.4% of the individuals had
smooth coronary arteries.
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Figure 3. Proportion of men and women with advanced atherosclerosis.

Of particular significance is the finding that 54.7% of the
patients had relevant CAD with stenoses > 50%, ranging from
complete occlusion to three-vessel disease. Based on the thera-
peutic criteria used in the study, 89.6% of these patients—with
the exception of those with smooth coronary arteries—would
have been eligible for statin therapy. The vast majority of in-
dividuals with advanced carotid atherosclerosis already have
coronary atherosclerotic disease. This supports the idea that
the detection of advanced carotid atherosclerosis may repre-
sent more than just a risk modifier.

Progression of atherosclerosis

In 198 men and 50 women (a total of 248 individuals) who
initially presented with low to moderate plaque burden, ad-
vanced atherosclerosis developed over time [5]. The data have
been updated. The mean follow-up time was 39 months (range,
5-96 months) for men and 37 months (range, 12—84 months)
for women. Progression was not sufficiently predictable based
on classic cardiovascular risk factors. The P values for the clas-
sic risk factors were > 0.05.

In men with documented progression, the mean TPA in-
creased from 57 to 113 mm?, and the maximum plaque thick-
ness increased from 2.1 to 3.0 mm. In women with documented
progression, the mean TPA increased from 49 to 89 mm?2, and
the maximum plaque thickness increased from 2.2 to 3.3 mm.
This demonstrates that atherosclerosis is a dynamic process
whose rate can vary considerably between individuals. The
longitudinal data show that a single examination does not fully
capture the dynamics of the disease. The initial examination
answers, “How much atherosclerosis is present?”” A follow-up
examination additionally answers, “How quickly is the disease
progressing?” Since some individuals initially affected by low
to moderate atherosclerosis developed advanced atherosclerosis

within a few years, and this progression could not be adequately
predicted by classic risk factors, a follow-up examination after
approximately 3—-5 years seems advisable. This would allow in-
dividuals with particularly rapid progression to be identified ear-
ly and referred for a more intensive prevention strategy (Fig. 4).

Statin therapy and clinical outcome

The therapeutic importance of early treatment is further sup-
ported by studies [6, 7]. In individuals with advanced carotid
atherosclerosis, statin therapy was associated with a significant-
ly more favorable clinical outcome. The rate of MACE, PTCA,
or CABG was 37.6% without statin therapy versus 16.1% with
statin therapy. Mortality was also lower with statin therapy.
However, these results are from an observational study. In the
cited study [6], “Ultrasound examination of the carotid artery for
improved prediction of cardiovascular events and the effect of
statin treatment in advanced atherosclerosis: An observational
study,” the predictive accuracy for cardiovascular events was
compared between the PROCAM score and the measurement of
plaque burden in the carotid artery. Plaque burden measurement
was significantly superior to the risk score. Because of the lack
of randomization, confounding and treatment selection cannot
be completely ruled out. Therefore, the data provide strong evi-
dence, but not definitive causal proof, of the therapeutic effect.
Considering that a significant proportion of participants with ad-
vanced atherosclerosis already have CAD and that statins have
been shown to reduce event rates, it is plausible that early drug
therapy improves the outcome.

Ethical aspects of a placebo-controlled study

The lack of randomization of the outcome data is a signifi-
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Personal health plan for the prevention of cardiovascular disease

name

Date of Birth

Date of examination 2014-05 2017-09 2020-09 2020-11 2023-11
Age 48 51 54 58
sex male/female male male male male male
Body-Mass-Index (BMI) (kg/m?) 20.81 20.81 20.81 21.68
Smoker never never never never never
LDL cholesterol, mg/dL 152 114
HDL cholesterol, mg/dL 73 70
Triglycerides, mg/dL 54 44
Blood glucose 91 93
SBP, mm Hg 120 100 120 110
DBP, mm Hg 70 70 80 80
IPROCAM-Risk 0.97% 1.05% 1.58% 1.93%
Diabetes mellitus no no no no no
Antihypertensive therapy no no no no no
Positive family history no no no no no
Tot Plaque area mm? (TPA) 0 42 99 62
max Plaque mm? 0 17 60 35
Plaque area left mm?® 0 17 39 35
Plaque area right mm? 0 25 60 27
max. plaque thickness mm 1.9 4.9 3.1
Lipoprotein (a)

Percentile (TPA) 0 61 86 60
Type | II'a 1] IVa
Therapy Ator. 10 mg |Ator. 10 mg

CAROTIS RE
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Figure 4. Example of the course of atherosclerosis. BMI: body mass index; DBP: diastolic blood pressure; HDL: high-density
lipoprotein; LDL: low-density lipoprotein; SBP: blood pressure; TPA: total plaque area; Ator.: atorvastatin.
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cant limitation. At the same time, the present results raise
ethical considerations regarding a classic placebo-controlled
long-term study. If 89.6% of individuals with advanced carot-
id atherosclerosis already have coronary atherosclerosis and
54.7% have relevant CAD, including three-vessel disease, this
population cannot simply be equated with individuals without
detectable atherosclerosis. A long-term placebo group would
mean that individuals with objectively documented advanced
atherosclerosis and a high probability of pre-existing CAD
would not receive lipid-lowering therapy. This could be ethi-
cally problematic. This does not mean that randomized trials
are unnecessary. Rather, future studies should use ethically
sound randomized designs.

An integrated concept of personalized prevention

The available data suggest a multi-stage approach: (1) deter-
mine risk factors: age, sex, LDL cholesterol, blood pressure,
smoking, diabetes, and other factors determine the baseline
risk; (2) directly detect atherosclerosis: carotid ultrasound
shows whether atherosclerosis is already present; (3) quantify
plaque burden: TPA and maximum plaque thickness determine
the extent of the disease; (4) assess plaque burden according to
age and sex: plaque burden is assessed using the correspond-
ing percentiles; (5) identify advanced atherosclerosis: types 111
and I'Vb indicate a particularly pronounced plaque burden; (6)
consider CAD: based on the available data, the possibility of
pre-existing CAD should be considered in cases of advanced
carotid atherosclerosis; (7) monitor progression: follow-up
examinations show the individual rate of progression; and (8)
individualize prevention: advanced or rapidly progressive ath-
erosclerosis could be a reason to intensify prevention efforts.

Discussion

The totality of the data suggests a shift in perspective on car-
diovascular prevention. Classic risk scores estimate the prob-
ability of a future event. Imaging diagnostics, on the other
hand, can detect existing anatomical disease. This distinction
is particularly relevant in younger people. For example, a
40-year-old may have a low absolute 10-year risk due to their
age, even though they have an unusually high plaque burden
for that age. Conversely, a certain absolute plaque area may be
less unusual in an older person. An absolute plaque area does
not have the same significance for everyone. A TPA of 80 mm?
represents a significant deviation from the age-appropriate
norm in a 40-year-old man, while the same plaque area may
be considerably less unusual in a 60-year-old man (95th vs.
60th percentile). Age- and sex-specific TPA therefore allows
for a more nuanced assessment than a single absolute thresh-
old. TPA is therefore more appropriate for a 40-year-old man
than a uniform absolute threshold. Even more significant is the
observation that advanced carotid atherosclerosis is frequently
associated with pre-existing CAD. The fact that 89.6% of the
individuals examined had coronary atherosclerosis and 54.7%
had relevant CAD, ranging from mild to severe, calls into ques-

tion the classification of advanced carotid atherosclerosis as a
mere “risk marker.” Rather, the data suggest that a type III or
type IVb finding can be a marker of already advanced systemic
atherosclerotic disease. The analysis of plaque burden by age
and sex shows that in every age group from the age of 25 on-
wards, there are individuals with a significant plaque burden.
This is not captured by the classic risk scores for young people.
While the prevalence of coronary heart disease or severe CVD
events is certainly low in the young population, the foundation
for later events is laid as soon as the disease becomes visible.

In the cited study [2] “Prediction of coronary artery steno-
sis by measurement of total plaque area and thickness versus
intima media thickness of the carotid artery,” it was shown that
patients with clinical symptoms who underwent angiography
due to suspected CAD all had smooth coronary vessels with
a plaque burden of less than 14 mm?. It might be advisable to
check whether the patient has a healthy, plaque-free carotid ar-
tery before performing coronary angiography. Figure 4 shows
a reverse example. According to the risk score, there is a very
low risk for a future CVD event. The imaging shows rapid
progression of atherosclerosis, with a change to high risk and
subsequent treatment success with only 10 mg of atorvastatin
and good plaque regression.

Conclusions

The totality of the available data supports an imaging-based
approach for the early detection, quantification, and monitor-
ing of atherosclerosis. The examination of 11,540 individu-
als allows for an age- and sex-specific assessment of carotid
plaque burden. Independent, blinded validation in 244 individ-
uals aged 3565 years showed a sensitivity of 81%, a specific-
ity of 76%, a PPV of 74%, and an NPV of 83%. In the asymp-
tomatic population, the sensitivity was 80%. The two studies
in individuals with advanced carotid atherosclerosis are par-
ticularly relevant. Here, 89.6% already showed coronary ath-
erosclerosis, while 54.7% had significant CAD, ranging from
arterial occlusion to three-vessel disease. Furthermore, the lon-
gitudinal data demonstrate that significant progression within
a few years is possible and could not be adequately predicted
by classic risk factors. A follow-up examination after approxi-
mately 3-5 years therefore seems advisable. Outcome data on
statin therapy show a clear association between early treatment
and a more favorable clinical course. However, due to the ob-
servational nature of the data, no definitive causal therapeutic
effect can be inferred. At the same time, the high prevalence
of CAD in individuals with advanced carotid atherosclerosis
raises important ethical questions regarding long-term, place-
bo-controlled trials.

The central conclusion is therefore: The detection of ad-
vanced carotid atherosclerosis should perhaps not be consid-
ered solely as a risk modifier. Rather, it may indicate already
advanced systemic atherosclerotic disease, which can be asso-
ciated with a significant coronary disease burden even in clini-
cally asymptomatic individuals. This results in a potential par-
adigm shift: from estimated risk to measured disease. Carotid
ultrasound could offer a way to detect atherosclerosis, quantify
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it, assess it in relation to age and sex, monitor its progression,
and personalize prevention accordingly.

Limitations

This is a retrospective observational study and not a rand-
omized placebo-controlled study, and this may introduce bias.
Selective groups were studied, and the effects of other inter-
ventions were not analyzed.

Despite their consistency, the results must be interpreted
with several limitations. The validation cohort comprised 244
individuals and had a higher prevalence of relevant CAD than
a general asymptomatic population. PPV and NPV are there-
fore population dependent. The outcome data for statin therapy
were derived from an observational study. A definitive causal
statement is therefore not possible. Ultrasound measurement
is also dependent on image quality, the device used, and the
examiner’s experience. Reliable TPA determination requires
a high-resolution ultrasound system and appropriately trained
examiners. These limitations underscore the need for further
standardization of the method and prospective studies.
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