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Abstract
Objectives: We studied the prevalence of vascular risk factors (RFs) among 385 ischaemic stroke patients ⩽60 years 
and 260 controls, and their association with atherosclerosis in seven vascular areas.
Methods: History of cardiovascular events (CVE), hypertension, diabetes mellitus (DM), dyslipidaemia, pack-years 
of smoking (PYS), alcohol, and physical inactivity were noted. Blood pressure, body mass index (BMI), waist-hip ratio 
(WHR), lipid profile, epicardial adipose tissue (EAT), visceral abdominal adipose tissue (VAT), and subcutaneous 
abdominal adipose tissue were measured. Numeric staging of atherosclerosis was done by standardized examination of 
seven vascular areas by right and left carotid and femoral intima-media thickness, electrocardiogram, abdominal aorta 
plaques, and the ankle-arm index. All results were age and sex-adjusted. Poisson regression analysis was applied.
Results: At age ⩽49 years at least one RF was present in 95.6% patients versus 90.0% controls. Compared to controls, 
male patients and middle-aged female patients showed no significant differences. Young female patients compared to 
young female controls had a higher burden of RFs (94.3% vs 88.6%, p = 0.049). Poisson regression analysis combined for 
patients and controls, adjusted for age and sex, showed numeric staging of atherosclerosis associated with age, prior 
CVE, hypertension, DM, dyslipidaemia, PYS, alcohol, BMI, WHR, EAT, VAT, and an increased number of risk factors. 
Adjusted for all risk factors, numeric staging of atherosclerosis was associated with increasing age, hypertension, DM, 
PYS, and BMI.
Conclusion: Vascular risk factors are highly prevalent in young- and middle-aged patients and controls, and are 
predictors of established atherosclerosis at study inclusion. Focus on main modifiable vascular RFs in primary prevention, 
and early and aggressive secondary treatment of patients are necessary to reduce further progression of atherosclerosis.

Keywords
Young ischaemic stroke, vascular risk factors, fat measurements, EAT, VAT, SAT, staging of atherosclerosis

Date received: 24 January 2022; accepted: 15 April 2022

 1 Department of Clinical Medicine 1, University of Bergen, Bergen, Norway
 2 Department of Neurology, Haukeland University Hospital, Bergen, Norway
 3 Department of Neurology, Sørlandet Hospital, Kristiansand, Norway
 4 Department of Health and Nursing Sciences, University of Agder, Kristiansand, Norway
 5 Centre for Clinical Research, Haukeland University Hospital, Bergen, Norway
 6 Department of Global Public Health and Primary Care, University of Bergen, Bergen, Norway
 7 Department of Cardiology, Haukeland University Hospital, Bergen, Norway
 8 Julius Center of Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht University, Utrecht, The Netherlands
 9 Department of Medicine, Sørlandet Hospital, Flekkefjord, Norway
10 The Institute of Health and Society, Faculty of Medicine, University of Oslo, Oslo, Norway

Corresponding author:
Beenish Nawaz, Centre of Neurovascular Diseases, Department of Neurology, Haukeland University Hospital, Jonas Lies vei 65, Bergen 5021, 
Norway. 
Email: beenish.nawaz@helse-bergen.no

1098582 ESO0010.1177/23969873221098582European Stroke JournalNawaz et al.
research-article2022

Original Research Article

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/eso
mailto:beenish.nawaz@helse-bergen.no


290 European Stroke Journal 7(3)

Introduction

According to TOAST,1 the internationally widely applied 
classification of causes of stroke, we found large artery ath-
erosclerosis due to 50% arterial stenosis prevalent among 
our patients in 7.3%, and cryptogenic stroke prevalent in 
37.1%.2 We found total prevalent atherosclerosis among 
61.4% of our stroke patients, and even our patients 
⩽49 years with cryptogenic stroke had total prevalent ath-
erosclerosis among 71.4% males and 37.5% females.2 
Young stroke patients are at substantial risk for new cardio-
vascular events (CVE) and death, particularly due to ather-
osclerosis leading to coronary artery disease (CAD), mostly 
attributable to modifiable risk factors (RFs).3,4 The number 
of RFs is associated with increased risk for CVE and mor-
tality,5 and the RF burden is high throughout Europe.6

Carotid and coronary arteries, the abdominal aorta, and 
femoral arteries are particularly susceptible areas for ath-
erosclerosis. Many previous studies have related localized 
atherosclerosis at one single vascular area to vascular 
RFs,7–10 and to CVE and mortality.9,11,12 However, young 
stroke studies on atherosclerosis at multiple vascular areas 
are scarce. A previous study of 212 patients without 
known cardiovascular disease (CVD) showed high pres-
ence of subclinical atherosclerosis in carotid, femoral and 
coronary areas, but a weak concordance between the dif-
ferent vascular territories, and suggested that all three vas-
cular areas should be investigated.13 Post-mortem studies 
of subjects indicated that atherosclerosis developed simul-
taneously in cerebrovascular, coronary and peripheral 
arteries, and a weak positive correlation was found 
between femoral and coronary atherosclerosis,14,15 
whereas clinical studies of patients showed a strong posi-
tive correlation between femoral atherosclerosis and the 
severity of CAD.16,17 Numerous studies also reported a 
modest relation between carotid intima-media thickness 
and CAD, which probably reflects variability in the ath-
erosclerotic process between different vascular areas.18

Analog to oncological staging of tumors, we per-
formed numerical staging of atherosclerosis, and related 
the findings to vascular risk factors among patients with 
ischaemic stroke and their partners as controls as part of 
a three-generation research program. Due to the fact that 
CVD dominates causes of hospital admission and mor-
tality in Norway,19,20 as in other industrialized coun-
tries,21,22 inclusion of controls was wanted as previous 
studies have shown that atherosclerosis starts early in 
life, and has a high prevalence at a subclinical level.23–25 
Based on our previous findings of prevalence of athero-
sclerosis, showing only a significant difference for 
young female patients compared to young female con-
trols,2 our hypothesis was that a high number of risk fac-
tors are prevalent in both groups, but even more among 
patients, and we aimed to identify the predictors of 
severity of atherosclerosis.

Methods

Study population

NOR-SYS 3-generation design and ultrasound protocol, 
methods and results of inclusion have been published.26,27 
In total, 152 young (⩽49 years) and 233 middle-aged (50–
60 years) acute ischaemic stroke patients and 260 partners/
ex-partners, serving as controls, were included from 2010 
to 2015. Supplemental Figure 1 shows a chart with inclu-
sion and exclusion criteria and methods used for patients 
and controls.

Consents and ethics

The study complies with the Declaration of Helsinki, is 
approved by the Regional Ethics Committee (REK-Vest 
2010/74), and registered in ClinicalTrials.gov (NCT01597453). 
Written consent is present for all study participants.

Risk factor definitions

Vascular RFs included prior CVE, hypertension, diabetes 
mellitus (DM), dyslipidaemia, pack-years of smoking 
(PYS), alcohol, physical inactivity, body mass index (BMI), 
waist-hip ratio (WHR), epicardial adipose tissue (EAT), 
visceral abdominal adipose tissue (VAT), and subcutaneous 
abdominal adipose tissue (SAT).

Prior CVEs including stroke, CAD, and peripheral artery 
disease (PAD) were verified in hospital records. CAD 
included cases of myocardial infarction and/or verified 
CAD by percutaneous coronary intervention (PCI). Angina 
pectoris or non-obstructive CAD were not included. 
Uncertain information about previous stroke was substanti-
ated by information from cerebral magnetic resonance 
imaging. Hypertension, DM, and dyslipidaemia were 
defined as known when treated by lifestyle changes and/or 
by medication before admission, or when diagnosed during 
hospitalization. Hypertension was diagnosed if blood pres-
sure was >140/90 mmHg in two separate measurements in 
both arms after 15–30 min rest in a supine position follow-
ing the ultrasound examination. In patients only, DM and 
dyslipidaemia were diagnosed by blood tests as HbA1c 
>6.4%, total cholesterol >5.0 mmol/L, low-density lipo-
protein >3.0 mmol/L, high density lipoprotein <1.0 mmol/L, 
and/or triglycerides >2.5 mmol/L. In controls, an unknown 
history of dyslipidaemia was categorized as normal. 
Smoking was categorized as never-smoking, ex-smoking 
when stopped at least 1 year ago, and current smoking, and 
pack-years of smoking (PYS) were calculated as number of 
cigarette packs (20 cig/pack) per day multiplied by number 
of years smoking. Alcohol consumption was categorized as 
increased if ⩾12 units/week. Physical inactivity was defined 
as activity of light, moderate or vigorous intensity of less 
than 60 min/week. BMI was categorized as increased if 
⩾25 kg/m2. Increased WHR was defined for females 



Nawaz et al. 291

(⩾0.85) and males (⩾0.90).28 Our methods for ultrasono-
graphic measurements of EAT, VAT, and SAT have been 
published.26 EAT thickness with a cut-off value of 0.5 cm 
was used to identify individuals at higher cardiovascular 
risk.29 Cut-off values for ultrasonographic abdominal fat 
measurements are not yet established. Thus, we based our 
sex-specific high VAT and SAT definitions on 90th percen-
tile cut-points from normal weight referent sample, as a 
similar method was used in the Framingham heart study.30 
The referent sample in our study consisted of 133 men and 
99 women with normal BMI, and our cut-offs of VAT and 
SAT were 9.6 and 3.5 cm in men and 8.3 and 4.2 cm in 
women, respectively. The total risk factor burden (RFB) was 
assessed as number of RFs present (0–12).

Staging of atherosclerosis

Staging of atherosclerosis among patients and controls, was 
defined by the number of affected vascular areas from 0 to 7, 
based on right and left mean carotid and femoral intima-
media thickness ⩾1.5 mm respectively, ischemic electrocar-
diogram (ECG), presence of abdominal aorta plaques and 
ankle-arm index ⩽0.9. For carotid intima-media measure-
ments (IMT), we used the maximum value of a total of 12 
standardized artery segments at the far wall; 4 of the distal 
common carotid artery, 1 of the carotid bifurcation, and 1 of 
the proximal internal carotid artery, measured on the right and 
the left side. Plaques were included, and defined as focal IMT 
⩾1.5 mm. For femoral IMT measurements, we used the max-
imum value of a total of four standardized artery segments at 
the far wall of the common femoral artery and the superficial 
femoral artery on the right and the left side. Any artery seg-
ment was measured over a distance of 1 cm, resulting in a 
mean value of about 100 possible point-to point measure-
ments, calculated by Philips Q-Lab software® (Advanced 
Ultrasound Quantification, Philips Ultrasound, Bothell, WA, 
USA). Detailed procedures of our ultrasound protocol have 
been published.26 We chose not to include intracranial arterial 
pathology analysis due to uncertainties in defining the cause 
and degree of stenosis by common imaging methods.31

Statistics

The mean and standard deviation (SD) were used for 
descriptive statistics, all adjusted by age and sex. Univariate 
comparisons of RFs between patients and controls were 
done within the four age and sex strata using unpaired t-test 
and the Fisher’s exact test. For unadjusted comparison of all 
patients to their individual partners/ex-partners, McNemar’s 
test of symmetry was used. In the Poisson regression analy-
sis, we related possible risk factors to the results of numeric 
staging of atherosclerosis for patients and controls sepa-
rately as our controls consisted of patients’ partners and ex-
partners (Table 2). However, as predictors of severity of 
atherosclerosis, we combined both groups in Table 3. To 

adjust for confounding, Poisson regression analysis was 
done with respect to age, sex, and all RFs. Interactions were 
tested for association of risk factors on atherosclerosis 
between patients and controls. Results were reported as inci-
dence rate ratios (IRR) with 95% confidence intervals (CI). 
Two-sided p-values ⩽0.05 were considered significant. All 
statistical analyses were performed in Stata SE 17.0.

Results

Study population

At inclusion, patients had a mean age of 49.5 (range 15–
60) years and controls had a mean age of 50.3 (range 21–
69) years (Table 1). The majority of patients were males 
(68.6%), and the majority of controls were females (70.0%). 
Young age ⩽49 years was present for 39.5% of patients and 
39.2% of controls.

Reported risk factors, clinical, and 
ultrasonographic findings among young study 
participants ⩽49 years

Compared to controls, young male patients had higher 
prevalence of hypertension (48.9% vs 17.9%; p = 0.004), 
and young female patients had higher prevalence of prior 
CVE (8.6% vs 0.0%; p = 0.015) (Table 1).

Obesity (BMI ⩾25.0 kg/m2 64.7%, increased WHR 
58.9%, increased EAT 51.3%), dyslipidaemia (63.2%), 
smoking (60.5%), and hypertension (42.8%) were the most 
frequent vascular RFs among young stroke patients 
(Supplemental Table 1). Regarding sex differences, young 
male patients had more prevalent hypertension (48.9% vs 
32.8%, p = 0.050), and higher alcohol intake (12.9% vs 
1.8%, p = 0.018) than young female patients. Prevalence of 
all RFs was increased among middle-aged patients, except 
from alcohol intake, physical inactivity, BMI, and SAT 
(Supplemental Table 1).

The most common RFs among couples were smoking 
and physical inactivity (Supplemental Table 2).

Missing data

WHR was not obtained for 26 stroke patients, mainly due to 
their disability. Among them, 18 patients had increased 
BMI. Ultrasonographic measurements were not obtained 
for two patients due to unconsciousness at admission, and 
morbid obesity causing insufficient imaging quality, respec-
tively. Some EAT, VAT, and SAT had missing segments due 
to bad imaging quality. Due to missing information of some 
risk factors and vascular areas, the RFB was assessed in 
346 patients and 250 controls, and atherosclerotic staging 
was performed in 324 patients and 238 controls. The 
Poisson regression analysis was possible to perform for 307 
(94.8%) of 324 patients, and 232 (97.5%) of 238 controls.
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Table 1. Baseline characteristics of 385 acute ischemic stroke patients and 260 controls.

Variables  NA, n All Male ⩽49 years Male ⩾50 years Female ⩽49 years Female ⩾50 years

Categories

Patients, n (%) P 0 385 (100.0) 94 (24.4) 170 (44.2) 58 (15.1) 63 (16.4)
Controls, n (%) C 0 260 (100.0) 28 (10.8) 50 (19.2) 74 (28.5) 108 (41.5)
Age (years), mean (SD) P 0 49.5 (9.8) 40.5 (8.2) 55.9 (3.0) 38.4 (8.9) 55.8 (2.9)
 C 0 50.3 (8.6) 42.0 (6.7) 57.5 (4.9) 41.7 (6.6) 55.0 (3.2)
Unpaired T-test, pa 0.001* 0.312 0.028 0.019 0.102
Prior CVE, n (%) P 0 49 (12.7) 8 (8.5) 27 (15.9) 5 (8.6) 9 (14.3)
 C 0 18 (6.9) 3 (10.7) 8 (16.0) 0 (0.0) 7 (6.5)
Fisher’s exact test, p 0.121** 0.715 1.000 0.015 0.107
Prior strokeb, n (%) P 0 27 (7.0) 7 (7.4) 10 (5.9) 2 (3.4) 8 (12.7)
 C 0 8 (3.1) 0 (0.0) 6 (12.0) 0 (0.0) 2 (1.9)
Fisher’s exact test, p 0.263** 0.199 0.210 0.191 0.006
Prior CHD, n (%) P 0 25 (6.5) 3 (3.2) 16 (9.4) 3 (5.2) 3 (4.8)
 C 0 8 (3.1) 3 (10.7) 2 (4.0) 0 (0.0) 3 (2.8)
Fisher’s exact, p 0.119** 0.136 0.377 0.082 0.671
Prior PAD, n (%) P 0 4 (1.0) 0 (0.0) 4 (2.4) 0 (0.0) 0 (0.0)
 C 0 4 (1.5) 0 (0.0) 1 (2.0) 0 (0.0) 3 (2.8)
Fisher’s exact, p 1.000** – 1.000 – 0.298
Hypertensionc, n (%) P 0 238 (61.8) 46 (48.9) 125 (73.5) 19 (32.8) 48 (76.2)
 C 1 89 (34.4) 5 (17.9) 31 (62.0) 13 (17.6) 40 (37.4)
Fisher’s exact, p <0.001** 0.004 0.156 0.065 <0.001
Diabetes mellitusd, n (%) P 0 44 (11.4) 6 (6.4) 28 (16.5) 5 (8.6) 5 (7.9)
 C 0 15 (5.8) 1 (3.6) 6 (12.0) 2 (2.7) 6 (5.6)
Fisher’s exact, p 0.071** 1.000 0.512 0.239 0.536
Dyslipidaemiae, n (%) P 0 293 (76.1) 61 (64.9) 145 (85.3) 35 (60.3) 52 (82.5)
 C 0 34 (13.1) 3 (10.7) 11 (22.0) 3 (4.1) 17 (15.7)
Fisher’s exact, p <0.001** <0.001 <0.001 <0.001 <0.001
Smokingf, n (%) P 0 268 (69.6) 59 (62.8) 130 (76.5) 33 (56.9) 46 (73.0)
 C 1 169 (65.3) 17 (60.7) 37 (74.0) 41 (56.2) 74 (68.5)
Fisher’s exact, p 0.313** 1.000 0.710 1.000 0.605
Alcoholg, n (%) P 4 38 (10.0) 12 (12.9) 22 (13.1) 1 (1.8) 3 (4.8)
 C 2 8 (3.1) 2 (7.1) 3 (6.0) 1 (1.4) 2 (1.9)
Fisher’s exact, p 0.007** 0.516 0.211 1.000 0.359
Physical inactivityh, n (%) P 0 71 (18.4) 21 (22.3) 33 (19.4) 7 (12.1) 10 (15.9)
 C 0 28 (10.8) 4 (14.3) 8 (16.0) 10 (13.5) 6 (5.6)
Fisher’s exact, p 0.134 0.432 0.683 1.000 0.031
BMI ⩾25 kg/m2, n (%) P 3 254 (66.5) 66 (70.2) 123 (72.8) 31 (55.4) 34 (54.0)
 C 4 152 (59.4) 20 (74.1) 32 (64.0) 45 (61.6) 55 (51.9)
Fisher’s exact, p 0.028** 0.811 0.288 0.477 0.874
Increased WHRi, n (%) P 26 254 (70.8) 56 (64.4) 131 (82.9) 27 (50.0) 40 (66.7)
 C 5 130 (51.0) 13 (48.1) 40 (81.6) 28 (38.9) 49 (45.8)
Fisher’s exact, p <0.001** 0.176 0.831 0.276 0.010
EAT mean in cm (SD) P 13 0.63 (0.23) 0.58 (0.20) 0.67 (0.24) 0.54 (0.16) 0.68 (0.28)
 C 1 0.59 (0.20) 0.54 (0.24) 0.59 (0.17) 0.54 (0.22) 0.65 (0.19)
Unpaired T-test, p 0.004* 0.367 0.022 0.956 0.329
VAT mean in cm (SD) P 9 9.40 (2.49) 9.44 (2.17) 10.3 (2.39) 7.6 (2.20) 8.66 (2.38)
 C 1 8.02 (2.43) 8.64 (2.59) 9.78 (2.42) 7.18 (2.35) 7.62 (2.00)
Unpaired T-test, p <0.001* 0.118 0.217 0.297 0.003
SAT mean in cm (SD) P 9 3.25 (1.33) 3.15 (1.35) 2.95 (1.10) 3.71 (1.63) 3.81 (1.27)
 C 1 3.40 (1.24) 3.25 (1.18) 2.92 (1.15) 3.59 (1.35) 3.54 (1.17)
Unpaired T-test, p 0.120* 0.704 0.888 0.650 0.165

NA: not available; n: number of observations; P: patients; C: controls; SD: standard deviation; CVE: cardiovascular events; CHD: coronary heart 
disease; PAD: peripheral artery disease; BMI: body mass index; WHR: waist-hip ratio; EAT: epicardial adipose tissue; cm: centimetre; VAT/SAT: 
visceral/subcutaneous abdominal adipose tissue.
ap-Values are comparisons between patients and controls, and significant p-values are given in bold.
bTwo patients and one control had haemorrhagic stroke.
cHypertension was defined as known, or diagnosed if blood pressure >140/90 mmHg.
dDiabetes mellitus was defined as known among patients and controls, or diagnosed by HbA1c >6.5% among patients only.
eDyslipidaemia was defined as known among patients and controls, or diagnosed by blood tests among patients only.
fSmoking included ex-smokers and active smokers.
gAlcohol intake is defined as ⩾12 units/week.
hPhysical inactivity is defined as activity less than 60 min/week.
iIncreased WHR is defined as ⩾0.85 in females and ⩾0.90 in male.
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Total risk factor burden

The RFB was higher in young female patients compared to 
young female controls (94.3% vs 88.6%, p = 0.049). 
Among subgroup analysis of middle-aged females, young 
males, and middle-aged males, there were no significant 
differences between patients and controls (100.0% vs 

97.2%, p = 0.689; 96.4% vs 92.3%, p = 0.590; and 100.0% 
vs 97.9%, p = 0.240, respectively), as presented in Figure 
1. The RFB was higher in middle-aged male patients than 
in young male patients (100.0% vs 96.4%, p < 0.001) and 
in middle-aged female patients than in young female 
patients (100.0% vs 94.3%, p = 0.016). There were no sex 

Table 2. Poisson regression of possible associated risk factors with the number of areasa with atherosclerosis among 324 patients 
and 238 controls.

Group n Adjusted for age and sex Adjusted for all variables

Variables IRR 95% CI p-Value IRR 95% CI p-Value

Patients n = 307  
 Age per 10 years 324 1.93 (1.68, 2.22) <0.001 1.60 (1.36, 1.89) <0.001
 Sex (male) 324 1.36 (1.10, 1.69) 0.005 1.24 (0.95, 1.61) 0.118
 Prior CVEb 324 1.63 (1.30, 2.06) <0.001 1.23 (0.91, 1.67) 0.181
 Hypertension 324 1.67 (1.34, 2.09) <0.001 1.30 (0.98, 1.73) 0.071ǂ

 Diabetes mellitus 324 1.50 (1.15, 1.94) 0.002 1.44 (1.03, 2.02) 0.034
 Dyslipidaemia 324 1.40 (1.08, 1.81) 0.012 1.19 (0.87, 1.61) 0.274
 Pack-years of smokingc 324 1.02 (1.02, 1.03) <0.001 1.02 (1.02, 1.03) <0.001
 Increased alcohol intaked 321 1.49 (1.15, 1.92) 0.002 1.17 (0.85, 1.60) 0.329
 Physical inactivitye 324 1.46 (1.18, 1.81) <0.001 1.17 (0.87, 1.59) 0.299
 BMI ⩾25 kg/m2 324 1.39 (1.13, 1.72) 0.002 1.14 (0.82, 1.60) 0.438
 Increased WHRf) 312 1.24 (0.98, 1.57) 0.070 0.74 (0.52, 1.06) 0.104
 EAT (cm) 322 2.22 (1.55, 3.16) <0.001 1.41 (0.94, 2.11) 0.101ǂ

 VAT (cm) 324 1.06 (1.02, 1.11) 0.004 1.01 (0.95, 1.07) 0.697
 SAT (cm) 324 1.03 (0.95, 1.18) 0.463 1.04 (0.94, 1.15) 0.451
 Number of risk factors 307 1.17 (1.12, 1.22) <0.001 1.04 (0.89, 1.21) 0.624
Controls n = 232  
 Age at inclusion (years) 238 2.22 (1.79, 2.76) <0.001 1.36 (1.03, 2.29) <0.001
 Sex (male) 238 1.59 (1.17, 2.15) 0.003 1.43 (0.99, 2.04) 0.054
 Prior CVEb 238 1.86 (1.26, 2.74) 0.002 1.49 (0.83, 2.64) 0.177
 Hypertension 238 1.33 (0.98, 1.81) 0.067 1.17 (0.75, 1.83) 0.491
 Diabetes mellitus 238 1.21 (0.65, 1.94) 0.680 1.02 (0.50, 2.09) 0.953
 Dyslipidaemia 238 1.13 (0.78, 1.64) 0.510 0.88 (0.52, 1.50) 0.641
 Pack-years of smokingc 238 1.03 (1.02, 1.04) <0.001 1.04 (1.02, 1.05) <0.001
 Increased alcohol intaked 237 1.00 (0.52, 1.92) 0.997 0.20 (0.07, 0.53) 0.001
 Physical inactivitye 238 1.61 (1.10, 2.36) 0.013 1.00 (0.58, 1.73) 0.997
 BMI ⩾25 kg/m2 237 1.52 (1.12, 2.07) 0.008 0.92 (0.54, 1.56) 0.751
 Increased WHRf) 235 1.60 (1.16, 2.21) 0.004 1.21 (0.75, 1.94) 0.430
 EAT (cm) 237 2.42 (1.20, 4.90) 0.014 1.44 (0.54, 3.87) 0.465
 VAT (cm) 238 1.07 (1.01, 1.14) 0.024 0.94 (0.84, 1.04) 0.218
 SAT (cm) 238 1.12 (0.98, 1.27) 0.087 1.06 (0.88, 1.28) 0.517
 Number of risk factors 232 1.14 (1.07, 1.21) <0.001 1.10 (0.80, 1.41) 0.675

n: number of observations; IRR: incidence rate ratio; CI: confidence interval; CVE: cardiovascular events; BMI: body mass index; WHR: waist-hip 
ratio; EAT: epicardial adipose tissue; cm: centimetre; VAT/SAT: visceral/subcutaneous abdominal adipose tissue.
Significant p-values are given in bold. The final regression analysis with adjustment of all variables was also performed after removal of the variable 
“number of risk factors” among 307 patients and 232 controls. This was performed as the actual final regression analysis included the risk factors 
twice – firstly as individual risk factors and secondly in the variable “number of risk factors.”
ǂRisk factor which then became significant.
aSeven vascular areas were assessed for atherosclerosis by electrocardiogram, ankle-arm index, right and left carotid and femoral intima-media thick-
ness and abdominal aorta plaques.
bCVE included stroke, coronary artery disease or peripheral artery disease.
cPack-years of smoking was calculated as number of cigarette packs (20 cig/pack) per day multiplied by number of years smoking.
dIncreased alcohol intake is defined as >12 units/week.
ePhysical inactivity was defined as activity less than 60 min/week.
fIncreased WHR is defined as ⩾0.85 in females and ⩾0.90 in males.
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differences in the RFB among stroke patients (males 98.7% 
vs females 97.3% p = 0.267).

Risk of atherosclerosis

Poisson regression analysis, separate for patients and con-
trols, adjusted for age and sex in Table 2 showed that age, 
sex, prior CVE, hypertension, DM, dyslipidaemia, PYS, 
alcohol, physical inactivity, BMI, EAT, VAT, and an 
increased number of RFs were associated with numeric 
staging of atherosclerosis among patients, and age, sex, 
prior CVE, PYS, physical inactivity, BMI, WHR, EAT, 
VAT, and an increased number of RFs were associated with 
numeric staging of atherosclerosis among controls. 
Adjusted for all risk factors, numeric staging of atheroscle-
rosis was associated with age, DM, and PYS among patients 
and age, PYS, and alcohol among controls.

The Poisson regression analysis combined for patients and 
controls, adjusted for age, sex, and group (patients vs con-
trols) in Table 3, showed that age, prior CVE, hypertension, 

DM, dyslipidaemia, PYS, alcohol, BMI, WHR, EAT, VAT, 
and an increased number of RFs were associated with numeric 
staging of atherosclerosis. After adjustment for all risk fac-
tors, age, hypertension, DM, PYS, and BMI were associated 
with numeric staging of atherosclerosis.

The association of several risk factors with staging of 
atherosclerosis differed between patients and controls when 
interactions were applied (Table 3).

Discussion

To our knowledge, our study of young and middle-aged 
ischaemic stroke patients and controls is the first one to 
identify predictors of numeric staging of atherosclerosis by 
detailed ultrasound diagnostics of carotid- and femoral 
arteries, the abdominal aorta and leg arteries, and by evalu-
ation of ischaemic ECG signs. Previous studies have only 
assessed the impact of vascular risk factors restricted to one 
or two vascular areas, most commonly to carotid IMT, or to 
carotid and femoral IMT.7,8,10,25

Table 3. Poisson regression of possible associated risk factors with the number of areasa with atherosclerosis among 562 study 
participants (324 patients and 238 controls).

Group n Adjusted for age, sex, and group Adjusted for all variables

Variables IRR 95% CI p-Value IRR 95% CI p-Value

Patients and controls n = 423  
 Group (patient vs control) 503 0.88 (0.74, 1.05) 0.151 1.09 (0.85, 1.38) 0.502
 Age per 10 years 503 1.82 (1.63, 2.03) <0.001* 1.50 (1.31, 1.72) <0.001*
 Sex (male) 503 0.92 (0.78, 1.09)  0.329* 0.81 (0.66, 1.01) 0.057ǂ*
 Prior CVEb 503 1.54 (1.25, 1.91) <0.001* 1.14 (0.86, 1.51) 0.352*
 Hypertension 502 1.41 (1.19, 1.67) <0.001* 1.34 (1.04, 1.71) 0.022*
 Diabetes mellitus 503 1.53 (1.22, 1.93) <0.001 1.51 (1.12, 2.03) 0.007
 Dyslipidaemia 503 1.36 (1.10, 1.67) 0.004 1.07 (0.83, 1.38) 0.595
 Pack-years of smokingc 502 1.02 (1.02, 1.02) <0.001* 1.02 (1.02, 1.03) <0.001*
 Increased alcohol intaked 498 1.35 (1.74, 1.92) 0.022* 1.11 (0.82, 1.50) 0.515*
 Physical inactivitye 503 1.22 (1.00, 1.49) 0.053* 0.99 (0.75, 1.31) 0.947*
 BMI ⩾25 kg/m2 501 1.57 (1.32, 1.86)  <0.001 1.49 (1.12, 1.98) 0.006
 Increased WHRf 491 1.41 (1.18, 1.69) <0.001 0.97 (0.73, 1.30) 0.854
 EAT (cm) 500 1.70 (1.23, 2.35) 0.001* 1.17 (0.78, 1.75) 0.453*
 VAT (cm) 503 1.06 (1.03, 1.10) 0.001* 0.97 (0.92, 1.03) 0.345*
 SAT (cm) 503 1.05 (0.99, 1.12) 0.115 1.02 (0.94, 1.12) 0.591*
 Number of risk factors 423 1.16 (1.12, 1.21) <0.001* 1.03 (0.90, 1.38) 0.700*

n: number of observations; IRR: incidence rate ratio; CI: confidence interval; CVE: cardiovascular events; BMI: body mass index; WHR: waist hip 
ratio; EAT: epicardial adipose tissue; cm: centimetre; VAT/SAT: visceral/subcutaneous abdominal adipose tissue.
Significant p-values are given in bold. The final regression analysis with adjustment of all variables was also performed after removal of the variable 
“number of risk factors” 481 study participants. This was performed as the actual final regression analysis included the risk factors twice – firstly as 
individual risk factors and secondly in the variable “number of risk factors.”
ǂRisk factor which then became significant.
*Interactions were tested for association of risk factors to atherosclerosis among patients and controls.
aSeven vascular areas were assessed for atherosclerosis by electrocardiogram, ankle-arm index, right and left carotid and femoral intima-media thick-
ness and abdominal aorta plaques.
bCVE included stroke, coronary artery disease or peripheral artery disease.
cPack-years of smoking were calculated as number of cigarette packs (20 cig/pack) per day multiplied by number of years smoking.
dIncreased alcohol intake was defined as >12 units/week.
ePhysical inactivity was defined as activity less than 60 min/week.
fIncreased WHR was defined as ⩾0.85 in females and ⩾0.90 in males.
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We found that obesity, smoking, dyslipidaemia, and 
hypertension were the most frequent modifiable RFs 
among young stroke patients without sex differences, as 
also found in several European studies of young 
stroke.6,32–34 Notably, the risk factor burden in this study, 
and prevalence of atherosclerosis in our previous study 
was found equally high among young and middle-aged 
male patients and controls, and among middle-aged female 
patients and controls.2 A retrospective case-control study 
of patients ⩽40 years with premature CAD, and gender-
matched controls reported dyslipidaemia, smoking, hyper-
tension and obesity as more significantly associated in 
patients as compared to controls.35

In our final combined regression analysis, strongest risk 
factors related to numeric staging of atherosclerosis were 
age, hypertension, diabetes mellitus, smoking and increased 
BMI. The Bogalusa Heart Study showed that hypertension, 
dyslipidaemia, smoking, BMI, and an increased number of 
RFs were related to the extent of atherosclerosis in the aorta 
and coronary arteries in even younger individuals aged 
2-39 years, who died due to trauma.36 Obesity, often defined 
as BMI ⩾30 kg/m2 in literature, associated with young 
stroke was found weak or absent when adjusted for vascu-
lar RFs in other studies.37,38 By contrast, one study found 
that increased BMI in childhood and adolescence was asso-
ciated with young stroke.39 As BMI reflects body size rather 
than fat distribution,40 WHR seems more strongly associ-
ated with risk of stroke, rather than BMI.41 We found also 

atherosclerotic staging associated with increased WHR, but 
after adjustment for all variables, the finding became non-
significant. Among stroke patients, WHR showed a posi-
tive trend. As majority of missing WHR had increased 
BMI, we might have underestimated its association with 
atherosclerosis in our study. In a meta-analysis of 58 pro-
spective studies, 1 SD increase in BMI and WHR was asso-
ciated with higher risk for CAD and ischaemic stroke for 
study participants aged 40-59 years, whereas the hazard 
ratio (HR) attenuated for older subjects (⩾70 years).42 The 
association between WHR and ischaemic stroke was 
stronger than that of BMI and ischaemic stroke (HR 1.25 vs 
1.20) adjusted for age, sex and smoking.42

EAT and VAT were associated with increased numeric 
staging of atherosclerosis among our study-participants, 
but turned non-significant after adjustment for all variables. 
By contrast, other studies have found EAT and VAT to be 
predictors of CVD.43–45 SAT was not associated with ath-
erosclerosis in any performed analysis, and we therefore 
did not evaluate SAT as risk factor for atherosclerosis. The 
Framingham Heart Study reported stronger associations of 
VAT with metabolic risk factors than with SAT.46

Physical inactivity was also significantly associated 
with increased numeric staging of atherosclerosis in the 
regression analysis done separately for patients and con-
trols. Physical inactivity has been associated with obesity 
and worse cardiovascular profile, increasing the risk of 
ischaemic stroke (OR 5.9),37 and the fact that obesity 

Figure 1. Total burden of risk factorsa among 346 patients and 250 controls.
aRisk factors included prior cardiovascular events, hypertension, diabetes mellitus, dyslipidaemia, smoking, alcohol intake, physical inactivity, body 
mass index, waist-hip ratio, epicardial adipose tissue, visceral abdominal adipose tissue, and subcutaneous abdominal adipose tissue. P: patients; C: 
controls; y: years.
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 provides an increased risk for earlier development of hyper-
tension and diabetes mellitus.47

Finally, we found high risk factor matching regarding 
physical inactivity and smoking between patients and their 
partners as controls, indicating that couples share some 
habits as noted in genetic studies.48

Our study confirmed high prevalence of vascular risk 
factors and atherosclerosis among young and middle-aged 
stroke patients and controls, indicating necessity of both 
primary and secondary intervention in a population where 
CVEs are most common causes of death and hospital 
admissions.19–21 The primary goal may be achieved by edu-
cating individuals for a healthy lifestyle, and initiation of 
early treatment of asymptomatic individuals who are at 
high risk. As young stroke patients are at high risk for new 
CVE and earlier mortality, mainly due to atherosclerosis,2,23 
they should be aimed at for aggressive secondary treatment 
of modifiable RFs.

Strengths and limitations

Strengths of the present study are the population-based 
design, standardized diagnostic work-up of multiple RFs, 
and a comprehensive ultrasound protocol permitting 
numeric staging of atherosclerosis. Limitations are due to 
the necessity of age and sex matched analysis, which 
reduced the number of participants in each group, and 
thereby probably reduced the ability for reporting “statisti-
cally significant” results. But our findings seem to be in line 
with previous studies for stroke patients and young trauma 
victims, showing high prevalence of atherosclerosis related 
to vascular risk factors.6,32,34,36

We assessed only the prevalence of RFs, not the duration 
or severity that would be more actual for long-term data to 
show RFs change after treatment intervention, and its 
effects on atherosclerosis. Uncertainty about history of dys-
lipidaemia and diabetes mellitus was substantiated by blood 
tests among patients but not among controls, which resulted 
in an expected underestimation of its prevalence among 
controls. Dyslipidemia was not found significant in the 
final Poisson regression analysis, but was very frequent 
among patients, and we regard dyslipidemia as an impor-
tant risk factor.

Conclusion

This study expanded the knowledge about present athero-
sclerosis among young and middle-aged ischaemic stroke 
patients and controls by targeted individual artery wall 
diagnostics. We found a high burden of vascular RFs in 
both groups. No significant differences in the burden of 
risk factors among young and middle-aged males and mid-
dle-aged females emphasize the need for early primary 
prevention including health education, and early treatment 

of modifiable risk factors to avoid further progression of 
atherosclerosis. Main modifiable risk factors were hyper-
tension, diabetes mellitus, pack-years of smoking, and a 
high BMI. We regard also dyslipidaemia as a well-known 
vascular risk factor, although we could not find this in our 
study.

Acknowledgements

We would like to thank Linn Elin Rødal, Maria Sætveit Stokkan, 
Toril Synnøve Sormerud, and Jeanette Haveland Antoniazzi for 
their assistance and guidance in this research.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
research was funded by the Western Norway Health Trust, which 
had no influence on the study design, data collection and presenta-
tion, or the conclusions made.

Informed consent

Written informed consent was obtained from all subjects before 
the study.

Ethical approval

Ethical approval for this study was obtained from the Regional 
Committee for Medical and Health Research Ethics, Western 
Norway (REK-VEST 2010/74).

Guarantor

UWA.

Author contributions

UWA conceived the study and gained the ethical approval. 
Protocol development was done by UWA, and RM and MB were 
also involved in the ultrasound protocol. Data collection was done 
by BN, AF, HØ, KMS, and UWA. Data interpretation of electro-
cardiograms were done by SS. BN did literature search and wrote 
the first draft of the manuscript. Statistical analysis was done by 
BN and GEE. All authors reviewed and edited the manuscript, and 
approved the final version.

Disclosure

This study is an academic study without any funding from compa-
nies or other sources with financial interests. The authors and co-
authors declare no disclosures related to this article.

Trial registration

The study was registered in ClinicalTrials.gov NCT01597453.



Nawaz et al. 297

ORCID iD

Beenish Nawaz  https://orcid.org/0000-0002-4055-9744

Supplemental material

Supplemental material for this article is available online.

References

 1. Adams HP, Bendixen BH, Kappelle LJ, et al. Classification 
of subtype of acute ischemic stroke. Definitions for use in a 
multicenter clinical trial. Toast. Trial of org 10172 in Acute 
Stroke Treatment. Stroke 1993; 24: 35–41.

 2. Nawaz B, Fromm A, Øygarden H, et al. Prevalence of 
atherosclerosis and association with 5-year outcome: the 
Norwegian Stroke in the Young Study. Eur Stroke J 2021; 6: 
374–384.

 3. Kappelle LJ, Adams HP Jr., Heffner ML, et al. Prognosis of 
young adults with ischemic stroke. A long-term follow-up 
study assessing recurrent vascular events and functional out-
come in the Iowa Registry of stroke in young adults. Stroke 
1994; 25: 1360–1365.

 4. Rutten-Jacobs LC, Arntz RM, Maaijwee NA, et al. 
Cardiovascular disease is the main cause of long-term excess 
mortality after ischemic stroke in young adults. Hypertension 
2015; 65: 670–675.

 5. Putaala J, Haapaniemi E, Kaste M, et al. How does num-
ber of risk factors affect prognosis in young patients with 
ischemic stroke? Stroke 2012; 43: 356–361.

 6. Putaala J, Yesilot N, Waje-Andreassen U, et al. Demographic 
and geographic vascular risk factor differences in European 
young adults with ischemic stroke: the 15 cities young stroke 
study. Stroke 2012; 43: 2624–2630.

 7. Raitakari OT, Juonala M, Kähönen M, et al. Cardiovascular 
risk factors in childhood and carotid artery intima-media 
thickness in adulthood: the Cardiovascular Risk in Young 
Finns Study. JAMA 2003; 290: 2277–2283.

 8. Berni A, Giuliani A, Tartaglia F, et al. Effect of vascular 
risk factors on increase in carotid and femoral intima-media 
thickness: identification of a risk scale. Atherosclerosis 
2011; 216: 109–114.

 9. Eikendal ALM, Groenewegen KA, Anderson TJ, et al. 
Common carotid intima-media thickness relates to car-
diovascular events in adults aged <45 years. Hypertension 
2015; 65: 707–713.

 10. Fromm A, Haaland ØA, Naess H, et al. Risk factors and 
their impact on carotid intima-media thickness in young 
and middle-aged ischemic stroke patients and controls: the 
Norwegian Stroke in the Young Study. BMC Res Notes 
2014; 7: 76.

 11. Kocyigit D, Gurses KM, Taydas O, et al. Role of femoral 
artery ultrasound imaging in cardiovascular event risk pre-
diction in a primary prevention cohort at a medium-term 
follow-up. J Cardiol 2020; 75: 537–543.

 12. Papageorgiou N, Briasoulis A, Androulakis E, et al. Imaging 
subclinical atherosclerosis: where do we stand? Curr Cardiol 
Rev 2017; 13: 47–55.

 13. Moreyra E Jr., Moreyra C, Tibaldi MA, et al. Concordance 
and prevalence of subclinical atherosclerosis in different vas-
cular territories. Vascular 2020; 28: 285–294.

 14. Mitchell J and Schwartz CJ. Relationship between arterial 
disease in different sites. BMJ 1962; 1: 1293.

 15. Sollberg LA, McGarry PA, Moossy J, et al. Severity of ath-
erosclerosis in cerebral arteries, coronary arteries, and aortas. 
Ann N Y Acad Sci 1968; 149: 956–973.

 16. Kirhmajer MV, Banfić L, Vojković M, et al. Correlation of 
femoral intima-media thickness and the severity of coronary 
artery disease. Angiology 2011; 62: 134–139.

 17. Sosnowski C, Pasierski T, Janeczko-Sosnowska E, et al. 
Femoral rather than carotid artery ultrasound imaging pre-
dicts extent and severity of coronary artery disease. Kardiol 
Pol 2007; 65: 760–766.

 18. Bots ML, Baldassarre D, Simon A, et al. Carotid intima-
media thickness and coronary atherosclerosis: weak or strong 
relations? Eur Heart J 2007; 28: 398–406.

 19. Norwegian Statistics. Patient statistics, https://www.ssb.
no/en/helse/helsetjenester/ statistikk/pasienter-pa-sykehus 
(2022, accessed 13 April 2021).

 20. National Institute of Public Health. Cardiovascular disease 
in Norway, https://www.fhi.no/en/hn/cause-of-death-and-
life-expectancy/ (2020, accessed 01 April 2022).

 21. WHO. World Health Statistics, https://apps.who.int/iris/
bitstream/handle/10665/332070/9789240005105-eng.pdf 
(2020, accessed 29 Sept 2020).

 22. Krishnamurthi N, Francis J, Fihn SD, et al. Leading causes of 
cardiovascular hospitalization in 8.45 million US veterans. 
PLoS One 2018; 13: e0193996–e0193996.

 23. Putaala J. Ischemic stroke in the young: current perspectives 
on incidence, risk factors, and cardiovascular prognosis. Eur 
Stroke J 2016; 1: 28–40.

 24. Toth PP. Subclinical atherosclerosis: what it is, what it 
means and what we can do about it. Int J Clin Pract 2008; 
62: 1246–1254.

 25. Laclaustra M, Casasnovas JA, Fernández-Ortiz A, et al. 
Femoral and carotid subclinical atherosclerosis association 
with risk factors and coronary calcium: the Aragon Workers 
Health Study. J Am Coll Cardiol 2016; 67: 1263–1274.

 26. Fromm A, Thomassen L, Naess H, et al. The Norwegian 
Stroke in the Young Study (NOR-SYS): Rationale and 
design. BMC Neurol 2013; 13: 89.

 27. Nawaz B, Eide GE, Fromm A, et al. Young ischaemic stroke 
incidence and demographic characteristics – the Norwegian 
Stroke in the Young Study – a three-generation research pro-
gram. Eur Stroke J 2019; 4: 347–354.

 28. World Health Organization. Waist circumference and waist-
hip ratio: report of a WHO expert consultation, Geneva, 8–11 
December 2008. Geneva: World Health Organization, 2011.

 29. Monti CB, Codari M, De Cecco CN, et al. Novel imaging 
biomarkers: epicardial adipose tissue evaluation. Br J Radiol 
2020; 93: 20190770.

 30. Pou KM, Massaro JM, Hoffmann U, et al. Patterns of abdom-
inal fat distribution: the Framingham Heart Study. Diabetes 
Care 2009; 32: 481–485.

 31. Leng X and Liebeskind DS. Intracranial atherosclerosis. 
In: Saba L and Raz E (eds) Neurovascular Imaging: from 
Basics to Advanced Concepts. New York, NY: Springer, 
2014, 1–30.

 32. von Sarnowski B, Putaala J, Grittner U, et al. Lifestyle risk 
factors for ischemic stroke and transient ischemic attack in 

https://orcid.org/0000-0002-4055-9744
https://www.ssb.no/en/helse/helsetjenester/
https://www.ssb.no/en/helse/helsetjenester/
https://www.fhi.no/en/hn/cause-of-death-and-life-expectancy/
https://www.fhi.no/en/hn/cause-of-death-and-life-expectancy/
https://apps.who.int/iris/bitstream/handle/10665/332070/9789240005105-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/332070/9789240005105-eng.pdf


298 European Stroke Journal 7(3)

young adults in the Stroke in Young Fabry Patients study. 
Stroke 2013; 44: 119–125.

 33. Renna R, Pilato F, Profice P, et al. Risk factor and etiology 
analysis of ischemic stroke in young adult patients. J Stroke 
Cerebrovasc Dis 2014; 23: e221–e227.

 34. Putaala J, Metso AJ, Metso TM, et al. Analysis of 1008 consec-
utive patients aged 15 to 49 with first-ever ischemic stroke: the 
Helsinki young stroke registry. Stroke 2009; 40: 1195–1203.

 35. Aggarwal A, Aggarwal S, Goel A, et al. A retrospective 
case-control study of modifiable risk factors and cutaneous 
markers in Indian patients with young coronary artery dis-
ease. JRSM Cardiovasc Dis 2012; 1.

 36. Berenson GS, Srinivasan SR, Bao W, et al. Association 
between multiple cardiovascular risk factors and athero-
sclerosis in children and young adults. The Bogalusa Heart 
Study. New Engl J Med 1998; 338: 1650–1656.

 37. Aigner A, Grittner U, Rolfs A, et al. Contribution of estab-
lished stroke risk factors to the burden of stroke in young 
adults. Stroke 2017; 48: 1744–1751.

 38. Mitchell AB, Cole JW, McArdle PF, et al. Obesity increases 
risk of ischemic stroke in young adults. Stroke 2015; 46: 
1690–1692.

 39. Ohlsson C, Bygdell M, Sondén A, et al. BMI increase 
through puberty and adolescence is associated with risk of 
adult stroke. Neurology 2017; 89: 363–369.

 40. Rothman KJ. BMI-related errors in the measurement of 
 obesity. Int J Obes 2008; 32: S56–S59.

 41. Bodenant M, Kuulasmaa K, Wagner A, et al. Measures of 
abdominal adiposity and the risk of stroke: the MOnica Risk, 
Genetics, Archiving and Monograph (MORGAM) study. 
Stroke 2011; 42: 2872–2877.

 42. Wormser D, Kaptoge S, Di Angelantonio E, et al. Separate 
and combined associations of body-mass index and 
abdominal adiposity with cardiovascular disease: collab-
orative analysis of 58 prospective studies. Lancet 2011; 
377: 1085–1095.

 43. Iacobellis G and Willens H. Echocardiographic epicardial 
fat: a review of research and clinical applications. J Am Soc 
Echocardiogr 2009; 22: 1311–1319.

 44. Villasante Fricke AC and Iacobellis G. Epicardial adipose 
tissue: clinical biomarker of cardio-metabolic risk. Int J Mol 
Sci 2019; 20.

 45. Gruzdeva O, Borodkina D, Uchasova E, et al. Localization of 
fat depots and cardiovascular risk. Lipids Health Dis 2018; 
17: 218.

 46. Fox CS, Massaro JM, Hoffmann U, et al. Abdominal visceral 
and subcutaneous adipose tissue compartments: association 
with metabolic risk factors in the Framingham Heart Study. 
Circulation 2007; 116: 39–48.

 47. De Lorenzo A, Gratteri S, Gualtieri P, et al. Why primary 
obesity is a disease? J Transl Med 2019; 17: 169.

 48. Cheng YC, Cole JW, Kittner SJ, et al. Genetics of ischemic 
stroke in young adults. Circ Cardiovasc Genet 2014; 7: 
383–392.


