Journal of the American Heart Association

ORIGINAL RESEARCH

Carotid Lumen Diameter Is Associated
With All-Cause Mortality in the General
Population
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BACKGROUND: Common carotid intima—media thickness (cIMT) is a biomarker for subclinical atherosclerosis and is associated
with all-cause as well as cardiovascular mortality. Higher cIMT is accompanied by a compensatory increase in lumen diameter
(LD) of the common carotid arteries. Whether cIMT or LD carry more information with regard to mortality is unclear.

METHODS AND RESULTS: A total of 2751 subjects (median age 53 years; 52% female) were included. During a median follow-up
of 14.9 years (range: 12.8-16.5) a total of 506 subjects died. At baseline, cIMT and LD were assessed by carotid ultrasound
scans. Multivariable Cox regression models were used to relate cIMT, LD, LD adjusted for cIMT (LD+cIMT), and LD/cIMT ratio
with all-cause, cardiovascular, and noncardiovascular mortality. All models were ranked using Akaike’s information criterion.
Harrel’s ¢ statistic was used to compare the models’ predictive power for mortality. A 1-mm increase in LD was related to a
higher risk for all-cause mortality (hazard ratio [HR], 1.29; 95% ClI, 1.14-1.45, P<0.01). This association remained significant
when cIMT was added to the model (HR, 1.26; 95% CI, 1.11-1.42; P<0.01). A 1-mm higher cIMT was also related with greater
mortality risk (HR, 1.73; 95% CI, 1.09-2.75). The LD/cIMT ratio was not associated with all-cause mortality. LD had the lowest
Akaike’s information criterion regarding all-cause mortality and improved all-cause mortality prediction compared with the null
model (P=0.01). CIMT weakened all-cause mortality prediction compared with the LD model.

CONCLUSIONS: LD provided more information for all-cause mortality compared with cIMT in a large population-based sample.

Key Words: cardiovascular disease m cardiovascular mortality ®m carotid lumen diameter

ing cause of mortality and morbidity in Western

civilizations."? Carotid intima—media thickness
(cIMT) is a useful noninvasive biomarker for cardio-
vascular risk assessment and is significantly related
to future CVD event risk. An increased cIMT is related
to a higher risk for coronary heart disease (CHD) and
stroke.® Overall, cIMT has been proposed as a marker
for cardiovascular risk assessment in representing
the patient’s systemic atherosclerotic disease bur-
den.*% Results of the CAPS (Carotid Atherosclerosis
Progression Study) raised concerns regarding the use
of cIMT as a viable marker for individual cardiovascular

Cardiovascular disease (CVD) remains the lead-

risk stratification in the general population.” Recently,
larger meta-analyses came to different conclusions on
cIMT’s prognostic significance, with some doubting
the reliability altogether,® and some calling the different
methodology of the numerous studies into question.®
The lumen of the coronary arteries distends over-
proportionally during early stages of atherosclerosis.!”
Similar effects were observed for the carotid arter-
ies.8 Increased carotid lumen diameters (LD) have
also been independently related to numerous cardio-
vascular risk factors.'>'41® Accordingly, carotid disten-
sion has been associated with incident cardiovascular
events.3" Furthermore, a recent meta-analysis of data
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CLINICAL PERSPECTIVE
What Is New?

e In clinical practice carotid intima—media thick-
ness is used for individualized cardiovascular
risk assessment.

What Are the Clinical Implications?

e Qur results support the notion that the more
easily obtainable lumen diameter may be a bet-
ter predictor for cardiovascular and all-cause
mortality; thus, this measure is potentially pref-
erable over the current standard.

Nonstandard Abbreviations and Acronyms

BMI body mass index

CCA common carotid artery
CHD  coronary heart disease
cIMT carotid intima—media thickness
CVD cardiovascular disease

HR hazard ratio
LD lumen diameter
SHIP  Study of Health in Pomerania

from 4 larger studies found that LD was associated
with a higher risk of any cardiovascular event and mor-
tality, despite adjusting for other carotid parameters
such as arterial stiffness and pulse wave velocity.'®
Even though this large meta-analysis with 4887 partic-
ipants reported that LD was associated with a higher
risk for mortality, substantial heterogeneity was found
between studies (> 79%—-86%, depending on model
adjustment). Furthermore, once adjusted for cIMT, the
association became nonsignificant. To the best of our
knowledge no study has yet compared the informative
value of cIMT and LD with regard to their association
with mortality.

METHODS

Because of the sensitive nature of the data collected
for this study, requests to access the data set from
qualified researchers trained in human subject confi-
dentiality protocols may be sent to Forschungsverbund
Community Medicine at community-medicine@uni-
greifswald.de.

Study Population

This study is based on data of the first follow-up of
the population-based cohort SHIP (Study of Health
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in Pomerania), which was conducted from 2002 to
2006 in northeastern Germany. For the baseline
examination, a total of 7008 subjects between the
ages of 20 and 79 years were randomly selected in
twelve b5-year strata from the 212 157 inhabitants of
this area. Of those invited, 4308 subjects agreed to
participate in the comprehensive baseline exami-
nation (response: 68.8%) between 1997 and 2001.
After 5 years the participants were invited for the first
follow-up (SHIP-1). A total of 3300 subjects were in-
terviewed and examined (response 83.6%). The 10-
and 15-year follow-up studies are named SHIP-2 and
-3, respectively. The baseline for this analysis was
SHIP-1. Further details on the study protocol of SHIP
as well as information on the interviews, and medical
and laboratory examinations have been published
elsewhere.'®20 The study was approved by the ethics
committee of the University of Greifswald, complies
with the Declaration of Helsinki, and all study par-
ticipants gave written informed consent. A flow chart
with information on inclusion and exclusion of study
participants is provided in Figure 1.

Interview, Medical and Laboratory
Examination

Data were collected with respect to the participant’s
socioeconomic characteristics (net income, level of
education), behavioral risk factors (smoking status,
daily alcohol intake), and health status using stand-
ardized computer-assisted personal interviews and
questionnaires. All medical examinations were per-
formed by certified personnel and standardized

SHIP-1 participants n = 3,300

Exclusion:

. death within one year (n = 80)

. Poor image quality (n = 365)

. Missing covariates (n = 104)

I n = 2,751 for all-cause mortality analysis |

Exclusion:

. Missing information on cause-
= specific mortality (n = 214)

I n = 2,537 for cause specific mortality analysis I

Figure 1. Flowchart detailing information on inclusion and
exclusion criteria.
SHIP indicates Study of Health in Pomerania.
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laboratory measurements. Low-density lipoprotein
cholesterol was measured by lipoprotein electropho-
resis (HELENA SAS-3 system; Helena 7 BioSciences
Europe, Tyne & Wear, UK). Total cholesterol and
serum creatinine levels (modified Kkinetic Jaffé
method) were determined with a Siemens Dimension
RxL (Siemens Healthcare Diagnostics, Eschborn,
Germany). Height and weight of the subjects were
measured. Body mass index (BMI) was calculated by
dividing body height (m) by body mass (kg) squared.
Medication was assessed based on the anatomic,
therapeutic, and chemical code.

Vital status information of study participants
was regularly collected from population registries.
Participants were censored at loss to follow-up.
Death certificates were requested from the local
health authorities and were coded by certified nosol-
ogists according to the International Classification of
Diseases, 10th Revision (ICD-10). Two internists in-
dependently validated the underlying cause of death
and performed a joint reading together with a third
internist in cases of disagreement.

Carotid Ultrasonography

The carotid ultrasonography was conducted for each
subject using the Diasonics VST-Gateway (Santa
Clara, CA) equipped with a 5-MHz linear array trans-
ducer with an axial resolution <0.5 mm. Scans from
the distal straight portion of both common carotid
arteries (CCA) were recorded and digitally stored
by experienced and certified examiners. Ten IMT
measurements were taken in 1-mm steps at the far
wall of the most distal straight portion of each CCA
proximally from the bifurcation. Mean far-wall CCA-
IMT was calculated as the arithmetic mean of all
measurements from both sides. All measurements
of intra-reader, intra-observer, inter-reader, and in-
ter-observer agreements revealed mean differences
+2 SD of <6+<25%.

LD was defined as the distance between lagging
edge near-wall intima-to-lumen interface to leading
edge far-wall lumen-to-intima interface. LD was mea-
sured manually at 3 different measurement points
within the first 12.4 mm proximal from the carotid
bulb. For all study participants, a total of at least 3
separate images of the left and right carotid artery
were used. Thus, the LD for each subject was cal-
culated by averaging a total of at least 6 images with
3 measurements each. In case of carotid stenosis,
no LD measurement was performed. A single reader
was trained on 200 images until the intraclass cor-
relation was >0.9. The SD between measurements
for the right and left outer diameter was 0.19 (95%
Cl, 0.195-0.202) mm and 0.19 (95% CI, 0.192-0.201)
mm, respectively. The intraclass correlation for the
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outer diameter was 0.95 (95% CI, 0.952-0.957) for
the right and 0.94 (95% CI, 0.942-0.948) for the left
side. The SD for the LD was 0.21 (95% CI, 0.203-
0.211) mm on the right and 0.211 (95% CI, 0.207-
0.215) mm on the left side. The intraclass correlation
was 0.933 (95% CI, 0.930-0.937) on the right and
0.914 (95% ClI, 0.909-0.918) on the left side.

Carotid plaques were qualitatively defined as any
focal thickening of the intima—media complex protruding
into the vessel lumen or as a focal increase of echoge-
nicity with a homogeneously hyperechoic echotexture
within an otherwise hypoechoic intima—media complex.
The presence of carotid plaques was defined as the ap-
pearance of at least 1 plaque in one of the following
arterial segments: CCA, carotid bulb (ie, the segment
between first CCA enlargement and flow divider), and
internal and external carotid arteries of both sides.

After exclusions because of poor image quality
(n=365; 11%), death within 1 year after ultrasonography
(excluded to account for underlying occult disease?";
n=80; 2%) and missing data (n=104; 3%), 2751 subjects
including 506 deaths were used for all-cause mortal-
ity analysis. Follow-up time was 12.76 to 16.44 years
(median 14.68 years, 37 770 person-years). A total of
214 subjects had to be excluded from cause-specific
analysis because of insufficient information on cause
of death, resulting in N=2537 subjects including 292
deaths (113 cardiovascular deaths) for those analyses
(Figure 1).

Statistical Analysis
A total of 4 multivariable Cox regression models
based on cIMT, LD, LD with adjustment for cIMT
(LD+cIMT), and LD/cIMT ratio were used with the
Efron method for ties. The models tested a possible
association with all-cause, CV, and noncardiovas-
cular mortality. Cardiovascular and noncardiovas-
cular mortality were modeled as competing risks.
Cardiovascular mortality was defined using the ICD-
10 codes 110179, therefore containing stroke, CHD,
and numerous other related conditions. Necessary
confounders were identified using a directed acy-
clic graph.?? Accordingly, all Cox regression models
were adjusted for age, sex, current smoking, present
diabetes mellitus, hypertension, daily alcohol intake,
BMI, total cholesterol/high-density lipoprotein cho-
lesterol ratio, level of education, and income.
Proportional hazards models were used to identify
the association between cIMT, LD, LD and cIMT, and
the LD/cIMT ratio with incident coronary artery disease
and coronary heart disease. Five different models
were assessed:

Model 1: age and sex.
Model 2: model 1+systolic blood pressure.
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Model 3: model 2+current smoking+diabetes mellitus+
high-density lipoprotein/total cholesterol ratio+
BMI+triglycerides.

Model 4: model 3+lipid-lowering medication+anti-
hypertensive medication.

Model 5: model 4+plaque.

The 4 multivariable Cox regression models (LD,
cIMT, LD+cIMT, LD/CIMT ratio) plus a null model (con-
taining only the set of confounders) were ranked using
Akaike’s information criterion (AIC) to test whether
cIMT or LD better explain the association with mor-
tality.?® Likelihood and loss of information were rep-
resented in the calculated AIC for each model, which
were ranked based on the difference in AIC (AAIC) be-
tween the model with the smallest AIC and AIC of a
particular other model (AIC). The model with the low-
est AIC was considered to have the highest support
explaining mortality data. When using AIC, models
with AAIC <2 are considered to have substantial sup-
port of having the highest explanatory value. Models
within a 4 < AAIC, <7 range are considered to have
some support, but considerably less than models with
AAIC <2. Models with AAIC, >10 have essentially no
support. Akaike weights were calculated to provide
the probability in percent of a model being the model
with the highest support. Additionally, evidence ratios
provide information on how more likely the model with
minimum AIC is in relation to the respective model.?3

In a third step, Harrel’s ¢ statistic was used to quan-
tify the discriminatory value between the different mod-
els.>* Models containing LD, cIMT, LD+cIMT, and LD/
cIMT ratio were compared with the null model with re-
gard to their association between all-cause, cardiovas-
cular, and noncardiovascular mortality, respectively. In
addition, the cIMT, LD+cIMT, and LD/CIMT ratio mod-
els were tested against the LD model in the same way.

In an attempt to find potential differences between
cIMT and LD with regard to established cardiovascular
risk factors and comorbidities, we calculated age and
sex adjusted regression models between both param-
eters and smoking, hypertension, type 2 diabetes mel-
litus, BMI, low-density lipoprotein cholesterol, as well
as waist circumference.

Since atherosclerotic plaques are a sign of overt and
manifest CVD, we performed a sensitivity analysis that
included a plaque score. This score was the sum of the
plaques present at left or right external carotid artery,
common carotid artery, internal carotid artery, and bifur-
cation. Thus, individuals without any plaque scored zero
and study participants with plaque on all 4 locations
scored a 4. Further sensitivity analyses were performed
by excluding subjects with chronic kidney disease (esti-
mated glomerular filtration rate <60 mL/min per 1.73 m?),
type 2 diabetes mellitus (defined as HbAlc >6.5%) or
antidiabetic medication (anatomic-therapeutic-chemical
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code A10) as well as prior stroke or myocardial infarc-
tion. All analysis was conducted using STATA 15.1
(StataCorp LLC, College Station, TX).

RESULTS

Study Population

Among the 2751 subjects, 506 deaths occurred within
follow-up, leaving 2245 survivors. Compared with the
nonsurvivors, the group of survivors had more females
(56.35% versus 34.58%), fewer hypertensive subjects
(49.62% versus 84.98%), and fewer subjects with dia-
betes mellitus (7.71% versus 29.05%). The proportion
of current smokers was similar in both groups (survi-
vors 27.13%, nonsurvivors: 21.34%). Concerning edu-
cation and income, the proportion of nonsurvivors was
higher in the lower strata, respectively.

The mean carotid LD was 6.17 mm (SD 0.7) for the
survivors and 6.85 mm (SD 0.4) for the nonsurvivors.
Mean maximum cIMT was 0.78 mm (SD 0.15) for the
survivors and 0.95 mm (SD 0.21) for the nonsurvivors.
More detailed baseline characteristics of the study
population are provided in Table 1 and Table S1.

In 286 subjects, atherosclerotic plague was pres-
ent in the CCA. Furthermore, 1526 individuals had
plaques at the bifurcation, while 952 and 670 study
participants had plaques in the internal carotid artery
and external carotid artery, respectively. Information
about the study participant characteristics can be
found in Table 2.

Correlation Analysis

Current smoking was related to significantly larger
LDs (smokers: 6.37; 95% CI, 6.33-6.42 mm ver-
sus nonsmokers: 6.26; 95% ClI, 6.23-6.29 mm;
P<0.01) and cIMTs (smokers: 0.825; 95% ClI, 0.814-
0.835 mm versus nonsmokers: 0.807; 95% Cl,
0.800-0.813 mm; P<0.01). Hypertension was also
associated with a larger LD (normotensive: 6.19; 95%
Cl, 6.15-6.23 mm versus hypertensive: 6.38; 95%
Cl, 6.34-6.41 mm; P<0.01) and cIMT (normotensive:
0.799; 95% ClI, 0.790-0.807 mm; P<0.01). Individuals
with diabetes mellitus also had greater LDs (no dia-
betes mellitus, 6.27; 95% CI, 6.24-6.29 mm versus
diabetes mellitus, 6.50; 95% CI, 6.43-6.57 mm;
P<0.01) as well cIMTs (no diabetes mellitus: 0.808;
95% CI, 0.803-0.814 mm versus diabetes mellitus:
0.832; 95% CI, 0.816-0.848 mm; P<0.01). A 1 kg/
m? increase in BMI was related to a larger LD (coef-
ficient [B] 0.022; 95% CI, 0.017-0.027; P<0.01) and
cIMT (B 0.002; 95% ClI, 0.001-0.003; P<0.01), re-
spectively. A 1- cm larger waist circumference was
also associated with a greater LD (3 0.011; 95% Cl,
0.009-0.013; P<0.01) and cIMT (B 0.0007; 95% Cl,
0.0003-0.0012; P<0.01).
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Table 1. Description of the Study Population

Relation of Carotid Lumen Diameter With Mortality

Parameter Survivors Nonsurvivors Total
N (%) 2245 (81.61) 506 (18.39) 2751
Cardiovascular death, n (%) 113 (22.33) 113 (4.1)
Noncardiovascular deaths, n (%) 179 (35.38) 179 (6.51)
Female n (%) 1265 (56.36) 175 (34.58) 1440 (52.34)
Age, y (SD) 49.78 (13.33) 69.29 (10.81) 53.37 (14.95)
BMI, kg/m? (SD) 27.46 (4.7) 29.15 (4.9) 27.77 (4.77)
Waist circumference, cm (SD) 90.61 (13.55) 99.12 (12.87) 92.17 (13.82)
MetS, n (%) 780 (36.76) 297 (61.75) 1077 (41.38)
Total cholesterol/HDL-C ratio (SD) 0.63 (0.08) 0.64 (0.08) 0.63 (0.08)
Current smoking, n (%) 609 (27.13) 108 (21.34) 717 (26.06)
Alcohol intake, last 30 d, g/d (SD) 9.36 (13.33) 8.09 (13.35) 9.13 (14.01)
LDL-C, mmol/L (SD) 3.54 (1.01) 3.45(0.96) 3.52 (1.00)
COPD, n (%) 152 (6.77) 79 (156.61) 231 (8.40)
Gout, n (%) 124 (5.59) 61 (12.2) 185 (6.81)
Atrial fibrillation, n (%) 16 (0.72) 30 (6.12) 46 (1.69)
CRP, mg/dL (SD) 1.85 (1.84) 2.64 (2.15) 1.96 (1.91)
eGFR, mL/min (SD) 99.083 (16.04) 81.89 (19.8) 95.93 (18.03)
Blood glucose, mmol/L (SD) 5.53 (1.16) 6.30 (2.1) 5.67 (1.41)
Systolic BP, mm Hg (SD) 130.05 (18.65) 140.52 (21.22) 131.97 (19.57)
Diastolic BP, mm Hg (SD) 81.76 (10.13) 79.66 (11.72) 81.37 (10.47)
Medications
Antidiabetic agents (ATC A10), n (%) 113 (5.03) 101 (19.96) 214 (7.78)
Antithrombotic agents (ATC B0O1), n (%) 225 (10.02) 206 (40.71) 431 (15.67)
Cardiac agents (ATC CO1), n (%) 88 (3.92) 140 (27.67) 228 (8.29)
Antihypertensive agents (ATC C02), n (%) 24 (1.07) 6 (3.16) 40 (1.45)
Diuretics (ATC C03), n (%) 88 (3.92) 115 (22.73) 203 (7.38)
Peripheral vasodilators (ATC C04), n (%) 11 (0.49) 21 (4.15) 32 (1.16)
B-Blocker (ATC CO7), n (%) 454 (20.22) 216 (42.69) 670 (24.35)
Calcium channel blockers (ATC C08), n (%) 123 (5.48) 114 (22.53) 237 (8.62)
Cardio-spec. calcium channel blockers (ATC C08d), n (%) 16 (0.71) 23 (4.55) 39 (1.42)
RAAS modulators (ATC C09), n (%) 401 (17.86) 258 (50.99) 659 (23.95)
Lipid-lowering medication (ATC C10), n (%) 234 (10.42) 138 (27.27) 372 (13.52)
Bronchodilators (ATC R03), n (%) 83 (3.7) 60 (11.86) 143 (5.20)

ATC indicates anatomic, therapeutic, and chemical classification; BMI, body mass index; BP, blood pressure; Cardio-spec, cardio-specific; COPD, chronic
obstructive pulmonary disease; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; MetS, metabolic syndrome; and RAAS, renin-angiotensin system.

Only 1 cardiovascular risk factor showed oppo-
site relations between LD and cIMT. Specifically, a
1 mmol/L low-density lipoprotein cholesterol higher
concentration was associated with a smaller LD (3
—-0.03; 95% ClI, -0.06 to —0.01; P<0.01) but a larger
cIMT (3 0.008; 95% Cl, 0.004-0.014; P<0.01).

Cox Regression Models for the Mortality
Analysis

The results for all Cox regression models are shown
in Figure 2. The survival curve for the relationship
between LD and all-cause mortality is shown in

J Am Heart Assoc. 2020;9:e015630. DOI: 10.1161/JAHA.119.015630

Figure 3. LD was positively associated with a higher
risk for all-cause mortality (hazard ratio [HR] 1.29
per mm increase; 95% Cl, 1.14-1.45; P<0.01). When
cIMT was added, this relation remained significant
(LD+IMT: HR, 1.26 per mm increase; 95% Cl, 1.11-
1.42; P<0.01). A 1-mm increase in cIMT (HR, 1.73;
95% ClI, 1.01-2.75; P=0.02) was also related to all-
cause mortality. The LD/CIMT ratio (HR, 1.02; 95% ClI,
0.95-1.1; P=0.54) was not associated with all-cause
mortality.

Likewise, LD was positively associated with a higher
risk for cardiovascular mortality (HR, 1.29 per mm
increase; 95% Cl, 1.01-1.64; P=0.04). This relation
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Table 2. Descriptive Population Characteristics Stratified by Plaque Score Provided as Means and SD for Continuous

Variables and n % for Dichotomic Parameters

J Am Heart Assoc. 2020;9:e015630. DOI: 10.1161/JAHA.119.015630

Parameters No Plaque 1 Plaque 2 Plaques 3 Plaques 4 Plaques
N 1158 563 399 451 180
All-cause mortality, n (%) 42 (3.63) 86 (15.28) 93 (23.31) 180 (39.91) 105 (58.33)
Female, n (%) 680 (58.72) 321 (57.02) 184 (46.12) 193 (42.79) 62 (34.44)
Age, y (SD) 41.73 (10.74) 56.44 (10.90) 61.94 (10.61) 65.09 (10.34) 70.29 (9.59)
Hypertension, n (%) 367 (31.69) 353 (62.70) 298 (74.69) 363 (80.49) 163 (90.56)
Systolic BP, mm Hg (SD) 124.61 (16.97) 133.86 (18.16) 138.97 (18.74) 138.34 (20.31) 141.93 (22.30)
Diastolic BP, mm Hg (SD) 80.66 (9.81) 82.80 (9.84) 83.43 (10.61) 81.00 (11.24) 77.65 (12.58)
Current smoking, n (%) 381 (32.90) 134 (23.80) 80 (20.05) 85 (18.85) 37 (20.56)
Diabetes mellitus, n (%) 31 (2.68) 62 (11.01) 58 (14.54) 111 (24.61) 58 (32.22)
BMI, kg/m? (SD) 26.23 (4.44) 28.47 (4.67) 29.20 (4.69) 29.39 (4.82) 28.29 (4.38)
Alcohol intake, last 30 d, g/d (SD) 9.70 (14.13) 8.87 (13.07) 9.46 (15.76) 8.18 (13.11) 7.86 (14.08)
TG, mmol/L (SD) 1.60 (1.99) 1.88 (1.31) 1.92 (1.18) 2.05 (1.53) 2.00 (1.90)
Cholesterin, mmol/L (SD) 5.33 (1.10) 5.74 (1.20) 5.74 (1.10) 5.66 (1.26) 5.49 (1.17)
HDL-C, mmol/L (SD) 1.25 (0.42) 117 (0.41) 1.17 (0.46) 1.10 (0.41) 1.06 (0.34)
LDL-C, mmol/L (SD) 3.31(0.97) 3.72 (1.05) 3.71 (0.92) 3.64 (1.00) 3.55 (1.01)
Total cholesterol/HDL-C ratio (SD) 0.62 (0.09) 0.64 (0.08) 0.64 (0.71) 0.64 (0.08) 0.64 (0.08)
Creatinine, umol/L (SD) 67.16 (13.96) 68.84 (15.33) 71.37 (17.89) 73.80 (24.21) 87.41 (90.56)
eGFR, mL/min (SD) 105.23 (14.68) 93.59 (15.50) 89.65 (15.32) 86.20 (17.19) 80.53 (21.32)
CRP, mg/dL (SD) 1.70 (1.75) 2.04 (1.94) 2.01 (1.99) 2.29 (2.03) 2.43 (2.20)
Blood glucose, mmol/L (SD) 5.29 (0.71) 5.75 (1.53) 5.86 (1.51) 6.12 (1.83) 6.38 (2.08)
Waist circumference, cm (SD) 86.47 (12.81) 93.80 (12.43) 97.57 (13.68) 98.08 (13.05) 97.02 (12.23)
Ultrasound parameters
Mean carotid LD, mm (SD) 5.99 (0.58) 6.22 (0.69) 6.49 (0.77) 6.68 (0.80) 712 (0.96)
Mean max. IMT, mm (SD) 0.72 (0.98) 0.80 (0.13) 0.86 (0.15) 0.91 (0.17) 1.08 (0.24)
Mean LD/cIMT ratio, (SD) 8.48 (1.13) 7.87 (1.22) 7.71 (1.27) 7.52 (1.38) 6.80 (1.39)
Mean AD, mm (SD) 10.00 (0.66) 7.48 (0.78) 7.82(0.85) 8.09 (0.87) 8.66 (1.03)
Income
<500 EUR, n (%) 26 (2.25) 7 (1.24) 6 (1.50) 14 (3.10) 2 (1.11)
500 to <900 EUR, n (%) 105 (9.07) 53 (9.41) 39 (9.77) 51 (11.31) 21 (11.67)
900 to <1300 EUR, n (%) 149 (12.87) 93 (16.52) 75 (18.80) 96 (21.29) 54 (30.00)
1300 to <1800 EUR, n (%) 234 (20.21) 145 (25.75) 113 (28.32) 148 (32.82) 43 (23.89)
1800 to <2300 EUR, n (%) 240 (20.73) 117 (20.78) 83 (20.80) 69 (15.30) 40 (22.22)
2300 to <2800 EUR, n (%) 170 (14.68) 65 (11.55) 38 (9.52) 35 (7.76) 13 (7.22)
2800 to <3300 EUR, n (%) 108 (9.33) 39 (6.93) 23 (5.76) 20 (4.43) 4 (2.22)
>3300 EUR, n (%) 126 (10.88) 44 (7.82) 22 (5.51) 18 (3.99) 3(1.67)
Level of education
No degree, n (%) 3(0.26) 10 (1.78) 9 (2.26) 21 (4.66) 6 (3.33)
8/9y of school, n (%) 152 (13.13) 217 (38.54) 213 (53.38) 256 (56.76) 131 (72.78)
10y of school, n (%) 750 (64.77) 229 (40.67) 118 (29.57) 114 (25.28) 26 (14.44)
High school, college, or university, n (%) 253 (21.85) 107 (19.01) 59 (14.79) 60 (13.30) 17 (9.44)
MetS, n (%) 258 (23.58) 254 (48.11) 206 (53.51) 248 (57.94) 111 (66.07)
COPD, n (%) 79 (6.82) 29 (5.15) 36 (9.02) 61 (13.63) 26 (14.44)
Gout, n (%) 27 (2.35) 43 (7.73) 39 (9.90) 54 (12.22) 22 (12.43)
Atrial fibrillation, n (%) 4(0.35) 6 (1.07) 10 (2.54) 19 (4.30) 7 (4.05)
Medications
Antidiabetic agents (ATC A10), n (%) 17 (1.47) 40 (710) 41 (10.28) 74 (16.41) 42 (23.33)
Antithrombotic agents (ATC BO1), n (%) 37 (3.20) 74 (13.14) 84 (21.05) 158 (35.03) 78 (43.33)
(Continued)
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Table 2. Continued

Relation of Carotid Lumen Diameter With Mortality

Parameters No Plaque 1 Plaque 2 Plaques 3 Plaques 4 Plaques
Cardiac agents (ATC CO1), n (%) 38 (3.28) 80 (14.21) 69 (17.29) 121 (26.83) 64 (35.56)
Antihypertensive agents (ATC C02), n (%) 7 (0.60) 5(0.89) 8 (2.01) 14 (3.10) 6 (3.33)
Diuretics (ATC C03), n (%) 15 (1.30) 33 (5.86) 30 (7.52) 80 (17.74) 45 (25.00)
Peripheral vasodilators (ATC C04), n (%) 4 (0.35) 4(0.71) 5 (1.25) 11 (2.44) 8 (4.44)
B-Blocker (ATC CO7), n (%) 114 (9.84) 152 (27.00) 130 (32.58) 189 (41.91) 85 (47.22)
Calcium channel blockers (ATC C08), n (%) 16 (1.38) 48 (8.53) 46 (11.53) 78 (17.29) 49 (27.22)
Cardio-spec. calcium channel blockers (ATC 2(0.17) 6 (1.07) 6 (1.50) 13 (2.88) 12 (6.67)
C08d), n (%)

RAAS modulators (ATC C09), n (%) 76 (6.56) 135 (23.98) 138 (34.59) 203 (45.01) 107 (59.44)
Lipid-lowering medication (ATC C10), n (%) 38(3.28) 80 (14.21) 69 (17.29) 121 (26.83) 64 (35.56)
Bronchodilators (ATC R03), n (%) 43 (3.71) 17 (3.02) 17 (4.26) 46 (10.20) 20 (11.11)

Atherosclerotic plaques
CCA, n (%) 0(0) 4(0.7) 31 (7.77) 71 (15.74) 180 (100)
BIF, n (%) 0(0) 504 (89.52) 392 (98.25) 450 (99.78) 180 (100)
ACI, n (%) 0(0) 36 (6.39) 297 (74.44) 439 (97.34) 180 (100)
ACE, n (%) 0(0) 19 (3.37) 78 (19.55) 393 (87.14) 180 (100)

ACE indicates external carotid artery; ACI, internal carotid artery; AD, external carotid diameter; ATC, anatomic-therapeutic-chemical classification code;
BIF, bifurcation; BMI, body mass index; BP, blood pressure; Cardio-spec, cardio-specific; CCA, common carotid artery; cIMT, carotid intima—media thickness;
COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; EUR, euros; HDL-C, high-density lipoprotein
cholesterol; LD, lumen diameter; LDL-C, low-density lipoprotein cholesterol; MetS, metabolic syndrome; RAAS, renin-angiotensin-aldosterone system; and TG,

total triglycerides.

lost significance when cIMT was added to the model
(LD+IMT: HR, 1.29 per mm increase; 95% Cl, 0.98—
1.69; P=0.07) (Figure 2). cIMT (HR, 1.42 per mm in-
crease; 95% Cl, 0.48-4.25; P=0.52) and LD/cIMT ratio
(HR, 1.12; 95% ClI, 0.94-1.33; P=0.20) were not related
to cardiovascular mortality.

LD (HR 1.30 per mm increase; 95% ClI, 1.08-1.55;
P<0.01) and cIMT (HR 3.09 per mm increase; 95%
Cl, 1.37-6.96; P<0.01) were positively associated
with noncardiovascular mortality. No significant rela-
tion with noncardiovascular mortality was found for
LD+cIMT (HR per mm increase 1.21; 95% ClI, 1.0-1.47;
P=0.05) and LD/CIMT ratio (HR, 0.96; 95% ClI, 0.85-
1.08; P=0.48).

AIC Ranking for the Mortality Analysis

The detailed results are provided in Table 3. Briefly,
the LD model had the lowest AIC regarding all-cause
and cardiovascular mortality. For noncardiovascular
mortality, the model with lowest AIC included LD and
cIMT. For all-cause mortality, in addition to LD only the
LD+cIMT (AAIC=2.00) model was within the threshold
of AAIC, <2. However, the probability of LD being the
model with the highest support is greater according
to Akaike weights and evidence ratios. With regard to
cardiovascular mortality, all models were below the
AAIC, of 4. AIC ranking for noncardiovascular mortality
showed that the model containing LD and cIMT, LD, or
cIMT had AAICs <4.

J Am Heart Assoc. 2020;9:e015630. DOI: 10.1161/JAHA.119.015630

Harrel’s ¢ for the Mortality Analysis

The model containing LD provided more information
with regard to all-cause mortality compared with the
null model (Table 4). Including cIMT reduced the infor-
mation compared with LD for all-cause mortality. The
other relations regarding the prediction of all-cause,
cardiovascular, and noncardiovascular mortality are
listed in Table 4.

Proportional Hazards Regression Models
for Incident CVD and CHD

The results of this analysis are presented in Table 5.
Of a total of 1399 individuals, 253 developed CHD
during a median follow-up of 10.34 years (range,
418-12.94 vyears). In the age- and sex-adjusted
model, LD (HR 1.20 per mm increase; 95% Cl, 1.01-
1.52; P=0.05) was positively associated with incident
CHD. LD+cIMT had a significant positive relation with
incident CHD in the age and sex (HR 1.27 per mm
increase; 95% Cl, 1.01-1.60, P=0.04) as well as the
model adjusted for age, sex, and systolic blood pres-
sure (HR 1.26 per mm increase; 95% CI, 1.00-1.59,
P=0.05).

During a median follow-up time of 10.35 years
(range, 4.18-12.94) 285 study participants (1035
total) developed CVD. The LD+cIMT model adjusted
for age and sex was significantly positive associated
with incident CVD (HR 1.24 per mm increase; 95% Cl,
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Figure 2. Forest plot with the 4 tested models for (A)
all-cause mortality, (B) cardiovascular mortality, and (C)
noncardiovascular disease mortality.

2Risk of all-cause mortality caused by increased cIMT, LD,
LD+cIMT, and the LD/IMT ratio. HRs for all-cause mortality are
reported with 95% Cls for a 1-unit increase adjusting for all other
variables in the model. cIMT indicates carotid intima-media
thickness; HR, hazard ratio; and LD, lumen diameter.

1.00-1.53, P=0.04). The LD/cIMT ratio was positively
related to the development of CVD in the fully adjusted
mode (HR, 1.11, 95% ClI, 1.00-1.23, P=0.05).

AIC Ranking for Incident CVD and CHD

The detailed results are provided in Table 6. Briefly, the
LD and LD/cIMT models were consistently ranked as

J Am Heart Assoc. 2020;9:e015630. DOI: 10.1161/JAHA.119.015630
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Figure 3. Survival curve of the relationship between LD
and all-cause mortality.
LD indicates lumen diameter.

models with the highest predictive value for incident
CHD and CVD.

Sensitivity Analyses

The presence of plaque in any of the carotid arteries
or at the bifurcation on either side was not asso-
ciated with all-cause (HR, 1.23, 95% CI; 0.89-1.71)
and noncardiovascular mortality (HR, 1.10; 95% ClI,
0.67-1.80). Atherosclerotic plaques were related to
an increased risk for cardiovascular mortality (HR,
8.47; 95% Cl, 1.11-64.58) but not noncardiovascular
mortality (HR, 1.10; 95% CI, 0.67-1.80). Additional
adjustment for the presence of plaques did not
substantially change the associations between LD
(HR, 1.28 for each mm increase, 95% Cl, 1.14-1.44,
P<0.01), cIMT (HR, 1.69 for each mm increase; 95%
Cl, 1.07-2.70, P=0.03), LD+cIMT (HR, 1.25 for each
mm increase; 95% Cl, 1.11-1.42, P<0.01) and LD/
cIMT (HR, 1.02; 95% CI, 0.95-1.10, P=0.14) with all-
cause mortality. The relationship between LD (HR
per 1 mm increase 1.24; 95% CI, 0.98-1.58), cIMT
(HR per 1 mm increase 1.32; 95% CI, 0.45-3.94),
LD+cIMT (HR per 1 mm increase 1.25; 95% Cl,
0.95-1.64), and LD/cIMT (HR, 1.12; 95% CI, 0.94-
1.33) with CV mortality not influenced by additional
adjustment for the presence of plaques. Similarly,
all parameters but the LD/cIMT ratio were signifi-
cantly associated with noncardiovascular mortality
after adjustment for plaques (LD HR per 1 mm in-
crease 1.30; 95% Cl, 1.08-1.55; cIMT HR per 1 mm
increase 3.08; 95% ClI, 1.36-6.97; LD+cIMT HR,
1.21; 95% Cl, 1.00-1.47; LD/cIMT HR, 0.96; 95% Cl,
0.85-1.08).

When individuals with chronic kidney disease (es-
timated glomerular filtration rate <60 mL/min per 1.73
m?) were excluded, the association between LD (HR,
1.31; 95% Cl, 1.15-1.49) and LD+cIMT (HR, 1.30;
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Table 3. AIC Ranks for the 4 Tested Models Plus the Null
Model (Set of Confounders Only)

Relation of Carotid Lumen Diameter With Mortality

Table 4. Harrel’s ¢ Statistics Providing Information on the
Predictive Power of the 4 Models

Rank Model Parameters AAIC | AW (%) ER Acoefficient 95% ClI
All-cause mortality All-cause mortality, vs null model
#1 LD 19 0.00 55.64 LD 0.0024 0.0005; 0.0042
#2 LD+cIMT 20 0.46 44.22 1.26 cIMT 0.0006 —-0.0005; 0.0016
#3 clMT 19 12.32 012 472.46 LD+cIMT 0.0024 0.0005; 0.0043
#4 Null model 18 15.9 0.02 2841.67 LD/cIMT ratio 0.0002 —-0.0002; 0.0005
#5 LD/cIMT ratio 19 17.52 0.01 6360.18 All-cause mortality, vs LD
Cardiovascular mortality cIMT -0.0018 —-0.0036; 0.0000
#1 LD 19 0.00 47.07 LD+cIMT 0.0000 -0.0006; 0.0005
#2 LD+cIMT 20 2.0 17.33 2.72 LD/cIMT ratio -0.0022 —-0.0040; -0.0004
#3 LD/cIMT ratio 19 2.29 14.99 314 Cardiovascular mortality, vs null model
#4 Null model 18 24 14.20 3.32 LD 0.0001 —-0.0013; 0.0035
#5 clMT 19 3.99 6.42 7.34 clMT -0.0001 -0.0008; -0.0006
Noncardiovascular mortality LD+cIMT 0.0011 —0.0013; 0.0035
#1 LD+cIMT 20 1.2 49.88 LD/cIMT ratio 0.0006 -0.0013; 0.0025
#2 LD 19 2.64 24.27 3.74 Cardiovascular mortality, vs LD
#3 clMT 19 2.74 23.06 3.93 clMT —-0.0011 -0.0036; 0.0013
#4 Null model 18 7.74 1.89 48.01 LD+cIMT 0.0000 —-0.0001; 0.0001
#5 LD/cIMT ratio 19 9.21 0.91 100.15 LD/cIMT ratio —-0.0005 -0.0027; 0.0017

Likelihood and loss of information were represented in the calculated AIC
for each model, which were ranked based on the difference in AIC (AAIC)
between minimum calculated AIC and AIC of a model (AIC). The model
with the lowest AIC was considered to have the highest support explaining
mortality data. When using AIC, models with AAIC <2 are considered to
have substantial support of having the highest explanatory value. Models
within a 4 < AAIC, <7 range are considered to have some support, but
considerably less than models with AAIC <2. Models with AAIC, >10 have
essentially no support. Akaike weights (AW) were calculated to provide
the probability in percent of a model being the model with the highest
support. Additionally, evidence ratios (ER) provide information on how
more likely the model with minimum AIC is in relation to the respective
model.?? AAIC indicates AIC—AIC,,; AIC, Akaike information criterion; AW,
Akaike weight; CiMT, carotid intima—-media thickness; ER, evidence ratio;
and LD, lumen diameter.

95% CI, 1.14-1.48) and all-cause mortality remained
significant. This was not the case when cIMT was the
exposure variable (HR, 1.56; 95% Cl, 0.92-2.64). The
exclusion of individuals with stroke did not signifi-
cantly change the results. However, while the relation
between LD and LD+cIMT with all-cause mortality
was not influenced because of the exclusion of in-
dividuals with type 2 diabetes mellitus (antidiabetic
medication or HbAlc >6.5%) or prior myocardial in-
farction, cIMT lost significance (HR, 1.38; 95% Cl,
0.51-3.79) (Figure 4).

DISCUSSION

This study compared associations and informative
properties of common cIMT and LD with all-cause,
cardiovascular and noncardiovascular mortality.
Larger LDs were associated with greater mortal-
ity. Furthermore, the LD-based models consistently
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Noncardiovascular mortality, vs null model

LD 0.0028 0.0001; 0.0057
IMT 0.0017 -0.0012; 0.0047
LD+IMT 0.0034 0.0001; 0.0069
LD/IMT ratio 0.0001 -0.0008; 0.0010

Noncardiovascular mortality, vs LD

IMT —-0.0011 —-0.0045; 0.0022
LD+IMT 0.0005 —-0.0016; 0.0027
LD/IMT ratio -0.0027 —0.0058; 0.0004

cIMT indicates carotid intima—media thickness; and LD, lumen diameter.

showed the best performance in information for each
type of mortality as compared with the other mod-
els using AIC. Importantly, using LD significantly im-
proved the model for all-cause mortality compared
with cIMT and the null model (confounders only).
Therefore, our results suggest that LD may be supe-
rior to cIMT.

Our results are in agreement with previous re-
search. For example, a larger carotid diameter was as-
sociated with a higher risk for myocardial infarction and
stroke.®?526 These findings are supported by a large
meta-analysis that included 4887 participants from 4
studies'® and reported that carotid LD was associated
with a greater risk for mortality. However, these 4 stud-
ies also displayed a large heterogeneity between stud-
ies (1> 79%-86%, depending on model adjustment).
Interestingly, when the authors adjusted for cIMT, the
association between LD and all-cause mortality be-
came nonsignificant. This was not the case in our anal-
ysis, and LD still provided significant information for the



Fritze et al

Table 5. Results of the Cox Regression Models for
Incident CVD and CHD

Parameter Model Incident CHD Incident CVD
LD 1 1.20 (1.01; 1.52) 119 (0.98; 1.42)
2 1.23(0.99; 1.51) 1.17 (0.97; 1.42)
3 119 (0.96; 1.48) 110 (0.91; 1.34)
4 119 (0.96; 1.48) 1.09 (0.89; 1.34)
5 117 (0.93; 1.46) 1.06 (0.86; 1.30)
cIMT 1 1.01(0.41; 2.51) 0.76 (0.33; 1.72)
2 0.97 (0.39; 2.44) 0.73(0.32; 1.67)
3 0.85 (0.34; 2.16) 0.64 (0.27; 1.50)
4 0.82 (0.32; 2.10) 0.59 (0.25; 1.40)
5 0.69 (0.26; 1.83) 0.46 (0.18; 1.13)
LD+cIMT 1 1.27 (1.01; 1.60)* 1.24 (1.00; 1.53)
2 1.26 (1.00; 1.59)* 1.23(0.99; 1.51)
3 1.24 (0.97; 1.57) 1.16 (0.93; 1.44)
4 1.24 (0.97; 1.58) 115 (0.92; 1.44)
5 1.22 (0.96; 1.56) 112 (0.90; 1.40)
LD/cIMT 1 1.09 (0.96; 1.22) 1,09 (0.98; 1.21)
2 1.08 (0.96; 1.22) 1.09 (0.99; 1.21)
3 1.09 (0.97; 1.23) 1.09 (0.98; 1.21)
4 1.09 (0.97; 1.23) 1.09 (0.98; 1.22)
5 110 (0.98; 1.24) 111 (1.00; 1.23)*

Table 5—results of the Cox regression with regard to incident CVD and
CHD. Shown are the hazard ratios per unit increase and 95% Cl. CHD
indicates coronary heart disease; CVD, cardiovascular disease; cIMT, carotid
intima—media thickness; and LD, lumen diameter.

*Significant findings.

model. Furthermore, we did not only show a strong
association between LD and mortality but also that LD
provided more information with regard to incident CHD
and CVD.

In our study, cIMT was not significantly associated
with all-cause and CV mortality when individuals with
previous myocardial infarction or type 2 diabetes mel-
litus were excluded. This may seem to contradict the
general research consensus. However, a previous
meta-analysis with data from 8 studies with 37 197
participants on the association of cIMT with incident
cardiovascular events found a significant amount of
heterogeneity (I up to 61%) among the studies.? This
heterogeneity was largely explained by varying study
protocols, especially regarding sonography proce-
dures and definitions of endpoints. Our results may be
explained accordingly.

The distension of the coronary arteries during
early stages of atherosclerosis has previously been
described as the Glagov phenomenon.’® A simi-
lar remodeling may also take place in the carotid
arteries."'® Previous studies explored the relation
between carotid LD and established atheroscle-
rotic risk factors. For example, a larger LD was pos-
itively associated with systolic blood pressure, body
weight, prevalence of diabetes mellitus,'® BMI,2” and
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left ventricular mass.?® All those risk factors are also
positively associated with cIMT. However, a larger
carotid LD may also be understood as a compen-
satory mechanism for increased cIMT.® These early
changes in carotid LD may explain the greater in-
formation contained in LD compared with cIMT, as
supported by our results. Our results may also be
explained by the fact that the LD is much easier to
measure compared with cIMT. The larger caliber of
LD compared with cIMT may improve manual mea-
surement accuracy and thus may be more applicable
for an outpatient setting. However, we acknowledge
that we did not compare the measurability of cIMT
and LD.

The association between LD and cIMT with regard
to cardiovascular risk factors revealed that low-den-
sity lipoprotein cholesterol was inversely associated
with LD but positively with cIMT. This finding is in
agreement with a recent publication that assessed
the relation between LD and risk for a cardiovascular
event.'® Even though the authors did not specifically
test for differences, the descriptive statistics show a
concentration of 5.9 mmol/L (SD 1.0) in the lowest
and 5.6 mmol/L (SD 1.0) in the highest LD tertile. One
may speculate that this observation is because of lip-
id-lowering medication in subjects with a higher car-
diovascular disease risk. Another possibility is that at
the later atherosclerotic disease stages with a contin-
uously increasing cIMT, a further compensatory en-
largement of the LD is simply not possible. However,
why this relationship is present for LD but not cIMT is
currently not clear.

Our observation that LD and cIMT are associ-
ated with all-cause mortality when the models were
additionally adjusted for atherosclerotic plaque was
unexpected. However, both parameters are poten-
tial biomarkers for early subclinical alterations in the
vasculature. Atherosclerotic plaque, on the other
hand, is a clear sign of overt atherosclerotic dis-
ease. Hence, this finding should not detract from
the main conclusion of our analysis, which was that
models with LD had greater informative value for the
all-cause and cardiovascular mortality in a general
population-based setting. Nonetheless, atheroscle-
rotic plaque was the most potent subclinical marker
of mortality and CVD.

Limitations

We acknowledge several limitations in our analysis.
First, SHIP comprised only Whites; further analyses
of samples with other races are needed to evaluate
the robustness of our findings. Second, our analyses
were cross-sectional; consequently, we are not able
to make any statements regarding causal relation-
ships between the progression of LD and changes
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Figure 4. Forest plot with the 4 tested models for all-cause mortality after exclusion of subjects with chronic kidney disease
(estimated glomerular filtration rate <60 mL/min per 1.73 m?) (A), stroke (B), or type 2 diabetes mellitus (C).

HR for all-cause mortality are reported with 95% Cls for a 1-unit increase adjusting for all other variables in the model. cIMT indicates
carotid intima-media thickness; HR, hazard ratios; LD, lumen diameter.

in mortality risk. Third, even though we have incor-
porated numerous confounders in our multivariable
regression models, we cannot disregard the possibil-
ity of residual confounding. Fourth, we were unable
to standardize the image recording to the cardiac
cycle. Previous studies measured LD during systolic
expansion of the artery. Thus, these measurements
always had maximal dilation. This was not the case
in our analysis and may have introduced an addi-
tional source of variation and potentially reduce sta-
tistical power. However, we used means of at least
6 images (3 from the right and 3 from the left side)
with 3 measurements each to calculate our average
lumen diameters. These values are very likely to be
smaller than maximal dilation. We acknowledge that
an automated or semi-automated method would
have been better to measure luminal diameter. Yet,
we observed a strong association between LD and
mortality. Despite these limitations, our analyses also
have some significant strengths, including the pop-
ulation-based sample, the large number of individu-
als of both sexes and a wide age range, the robust
and well-standardized data set, and the adjustment
for confounding. Furthermore, we believe that the
incidence analysis with a 10-year follow-up demon-
strated that LD significantly contributes to CVD risk.

CONCLUSIONS

To the best of our knowledge, this is the first study to
compare the informative value of cIMT and LD with re-
gard to all-cause, cardiovascular and noncardiovascu-
lar mortality associations. We report that LD provides
more information than cIMT.

TRANSLATIONAL OUTLOOK

The identification of individuals with an increased risk
for CVD is a hallmark in the preventative efforts of
cardiologists worldwide. Our results suggest that the

J Am Heart Assoc. 2020;9:e015630. DOI: 10.1161/JAHA.119.015630

easily measurable LD could potentially be used to
identify subjects with an increased risk not just for
mortality but also for the development of CHD and
CVD independent of other established clinical bio-
markers. However, before risk stratification based on
LD, future studies should reassess previously per-
formed randomized clinical trials that used cIMT as
an outcome and determine whether differences in
LD because of pharmacological treatments can be
found. Furthermore, longitudinal studies should inves-
tigate whether the LD increases with advancing age
and whether this progression can be altered by phar-
macological and nonpharmacological interventions.
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Table S1. Extended baseline characteristics of the study population.

parameter survivors non-survivors total

N 2,245 (81.61) 506 (18.39) 2,751
CV death n (%) 113 (22.33) 113 (4.1)
Non-CV deaths n (%) 179 (35.38) 179 (6.51)
female n (%) 1,265 (56.36) 175 (34.58) 1,440 (52.34)

age yr (SD)

hypertension n (%)

systolic BP mmHg (SD)

diastolic BP mmHg (SD)

current smoking n (%)

diabetes mellitus n (%)

BMI kg/m2 (SD)

alcohol intake, last 30 days g/d (SD)

TG mmol/l (SD)

cholesterin mmol/I (SD)

HDLC mmol/l (SD)

LDLC mmol/l (SD)

Total cholesterol/HDLC ratio (SD)

creatinine pmol/l (SD)

eGFR ml/min (SD)

CRP mg/dl (SD)

blood glucose mmol/l (SD)

waist circumference cm (SD)

ultrasound parameters
mean carotid LD, mm (SD)
mean max. IMT, mm (SD)
mean LD / IMT ratio, (SD)

income
<500 EUR n (%)
500 - <900 EUR n (%)
900 - <1,300 EUR n (%)
1,300 - <1,800 EUR n (%)
1,800 - <2,300 EUR n (%)
2,300 - <2,800 EUR n (%)
2,800 - <3,300 EUR n (%)
>3,300 EUR n (%)

level of education
no degree n (%)

8/9 years of school n (%)

49.78 (13.33)
1,114 (49.62)
130.05 (18.65)
81.76 (10.13)
609 (27.13)
173 (7.71)
27.46 (4.7)
9.36 (13.33)
1.78 (1.77)
557 (1.15)
1.21(0.42)
3,54 (1.01)
0.63 (0.08)
68.14 (14.62)
99.03 (16.04)
1.85 (1.84)
5.53 (1.16)

90.61 (13.55)

6.17 (0.70)
0.78 (0.15)

8.09 (1.27)

42 (1.87)
209 (9.31)
345 (15.37)
519 (23.12)
457 (20.36)
287 (12.78)
179 (7.97)

207 (9.22)

30 (1.34)

637 (28.37)

69.29 (10.81)
430 (84.98)
140.52 (21.22)
79.66 (11.72)
108 (21.34)
147 (29.05)
29.15 (4.9)
8.09 (13.35)
1.92 (1.27)
5.38 (1.22)
1.07 (0.39)
3.45 (0.96)
0.64 (0.08)
81.06 (58.01)
81.89 (19.8)
2.64 (2.15)
6.30 (2.1)

99.12 (12.87)

6.85 (0.84)
0.95 (0.21)

7.49 (1.44)

13 (2.57)
60 (11.86)
122 (24.12)
164 (32.41)
92 (18.81)

34 (6.72)

15 (2.96)

6 (1.19)

19 (3.75)

332 (65.61)

53.37 (14.95)
1,544 (56.13)
131.97 (19.57)
81.37 (10.47)
717 (26.06)
320 (11.63)
27.77 (4.77)
9.13 (14.01)
1.81 (1.69)
5.54 (1.17)
1.19 (0.42)
3.52 (1.00)
0.63 (0.08)
70.47 (28.42)
95.93 (18.03)
1.96 (1.91)
5.67 (1.41)

92.17 (13.82)

6.29 (0.78)
0.81 (0.17)

7.98 (1.32)

55 (2.00)
269 (9.78)
467 (16.98)
683 (24.83)
549 (19.96)
321 (11.67)
194 (7.05)

213 (7.74)

49 (1.78)

969 (35.22)



10 years of school n (%)
high school, college or university n (%)
plaque score
0n (%)
1n (%)
2n (%)
3n (%)
4n (%)
MetS n (%)
COPD n (%)
gout n (%)
atrial fibrillation n (%)
medications
antidiabetic agents (ATC A10) n (%)
antithrombotic agents (ATC B01) n (%)
cardiac agents (ATC CO01) n (%)
antihypertensive agents (ATC C02) n (%)
diuretics (ATC C03) n (%)
peripheral vasodilators (ATC C04) n (%)
beta-blocker (ATC C07) n (%)
calcium channel blockers (ATC C08) n (%)

cardio-spec. calcium channel blockers (ATC
€08d) n (%)

RAAS modulators (ATC C09) n (%)
lipid lowering medication (ATC C10) n (%)

bronchodilators (ATC R03) n (%)

1,139 (50.73)

439 (19.55)

1,116 (49.71)
477 (21.25)
306 (13.63)
271 (12.07)

75 (3.34)
780 (36.76)
152 (6.77)
124 (5.59)

16 (0.72)

113 (5.03)
225 (10.02)
88 (3.92)
24 (1.07)
88 (3.92)
11 (0.49)
454 (20.22)
123 (5.48)

16 (0.71)

401 (17.86)
234 (10.42)

83 (3.7)

98 (19.37)

57 (11.26)

42 (8.30)
86 (17.00)
93 (18.38)
180 (35.57)
105 (20.75)
297 (61.75)
79 (15.61)

61 (12.2)

30 (6.12)

101 (19.96)
206 (40.71)
140 (27.67)
16 (3.16)
115 (22.73)
21 (4.15)
216 (42.69)
114 (22.53)

23 (4.55)

258 (50.99)
138 (27.27)

60 (11.86)

1,237 (44.97)

496 (18.03)

1,158 (42.09)
563 (20.47)
399 (14.50)
451 (16.39)

180 (6.54)

1,077 (41.38)

231 (8.40)
185 (6.81)

46 (1.69)

214 (7.78)
431 (15.67)
228 (8.29)
40 (1.45)
203 (7.38)
32 (1.16)
670 (24.36)
237 (8.62)

39 (1.42)

659 (23.95)
372 (13.52)

143 (5.20)

EUR; Euro; HDL: high density lipoprotein; LDL: low density lipoprotein; SD: standard deviation; TG: triacylglycerides; ATC: anatomical therapeutic chemical

classification; COPD: chronic obstructive pulmonary disease; BMI: body mass index; RAAS: renin-angiotensin system; MetS: metabolic syndrome; eGFR: estimated

glomerular filtration rate; HDLC: high density lipoprotein cholesterol; LDLC: low density lipoprotein cholesterol; CRP: C-reactive protein



