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BACKGROUND: Early detection of coronary atherosclerosis using coronary computed tomography angiography (CCTA), in addition 
to coronary artery calcification (CAC) scoring, may help inform prevention strategies. We used CCTA to determine the prevalence, 
severity, and characteristics of coronary atherosclerosis and its association with CAC scores in a general population.

METHODS: We recruited 30 154 randomly invited individuals age 50 to 64 years to SCAPIS (the Swedish Cardiopulmonary 
Bioimage Study). The study includes individuals without known coronary heart disease (ie, no previous myocardial infarctions 
or cardiac procedures) and with high-quality results from CCTA and CAC imaging performed using dedicated dual-source CT 
scanners. Noncontrast images were scored for CAC. CCTA images were visually read and scored for coronary atherosclerosis 
per segment (defined as no atherosclerosis, 1% to 49% stenosis, or ≥50% stenosis). External validity of prevalence estimates 
was evaluated using inverse probability for participation weighting and Swedish register data.

RESULTS: In total, 25 182 individuals without known coronary heart disease were included (50.6% women). Any CCTA-detected 
atherosclerosis was found in 42.1%; any significant stenosis (≥50%) in 5.2%; left main, proximal left anterior descending artery, 
or 3-vessel disease in 1.9%; and any noncalcified plaques in 8.3% of this population. Onset of atherosclerosis was delayed on 
average by 10 years in women. Atherosclerosis was more prevalent in older individuals and predominantly found in the proximal 
left anterior descending artery. Prevalence of CCTA-detected atherosclerosis increased with increasing CAC scores. Among 
those with a CAC score >400, all had atherosclerosis and 45.7% had significant stenosis. In those with 0 CAC, 5.5% had 
atherosclerosis and 0.4% had significant stenosis. In participants with 0 CAC and intermediate 10-year risk of atherosclerotic 
cardiovascular disease according to the pooled cohort equation, 9.2% had CCTA-verified atherosclerosis. Prevalence estimates 
had excellent external validity and changed marginally when adjusted to the age-matched Swedish background population.

CONCLUSIONS: Using CCTA in a large, random sample of the general population without established disease, we showed that 
silent coronary atherosclerosis is common in this population. High CAC scores convey a significant probability of substantial 
stenosis, and 0 CAC does not exclude atherosclerosis, particularly in those at higher baseline risk.
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Population strategies for prevention of cardiovascu-
lar disease have been successful and likely explain 
the reduction in the incidence of myocardial infarc-

tion (MI) in recent decades.1 However, MI is still a com-
mon condition, with high morbidity and a 28-day mortality 
of 24% in Sweden.2 Improved strategies are needed to 

identify individuals at the highest risk of cardiovascular 
disease to complement population-based efforts.3

Postmortem and intravascular ultrasound studies 
have shown that most acute coronary events coincide 
with a large and often ruptured atherosclerotic plaque 
in the coronary arteries.4,5 With recent advances in imag-
ing technology,6 it is now possible to noninvasively visu-
alize atherosclerotic plaques using coronary computed 
tomography angiography (CCTA)7 to identify individu-
als with subclinical coronary heart disease and thus at 
risk of cardiac events.8 Previous reports using CCTA to 
assess coronary atherosclerosis have been performed 
in selected populations, either as health evaluations9 
or clinical evaluation of patients with chest pain,10,11 but 
not in the general population. Knowledge of the true 
prevalence and characteristics of atherosclerosis in the 
general population without established disease is a pre-
requisite for developing and designing successful high-
risk screening strategies.

Imaging of coronary artery calcifications (CAC) using 
noncontrast computed tomography (CT) has been widely 
used to identify individuals with calcified coronary ath-
erosclerosis, and there is a positive relationship between 
CAC and degree of CCTA-detected atherosclerosis.12,13 
Although CAC scoring improves prediction of cardiac 
events beyond traditional risk scores in population stud-
ies,14,15 the CAC score does not provide information on the 
exact localization of coronary atherosclerosis, degree of 
stenosis, and presence of noncalcified plaques. Data from 
symptomatic patients suggest that CCTA may add discrim-
inatory capacity for future coronary events beyond that of 
CAC.16 However, this finding remains to be corroborated 
and there are no published studies comparing CCTA and 
CAC data in a population-based prevention study.

SCAPIS (the Swedish Cardiopulmonary Bioimage 
Study), a general population-based prospective study, 
was designed to extensively characterize >30 000 men 
and women aged 50 to 64 years recruited at random 
from the population to obtain information that can be 
used to improve prevention strategies for cardiovascu-
lar disease.17 SCAPIS involves both an extensive imag-
ing protocol including CCTA and CAC scoring as well 
as a comprehensive examination protocol. The aim of 
the current study was to determine the prevalence and 
burden of CCTA-detected coronary artery atherosclero-
sis and its association with CAC scores in the general 
population without established coronary heart disease. 
This is the first report from SCAPIS based on all 30 154 
recruited participants.

METHODS
Study Population
SCAPIS is a general population-based prospective study 
(www.scapis.org). Between 2013 and 2018, men and women 
aged 50 to 64 years were randomly recruited from the census 

Clinical Perspective

What Is New?
•	 Using coronary computed tomography angiogra-

phy, we show that silent coronary atherosclerosis 
was common (42.1%), significant stenosis (≥50%) 
was less common (5.2%), and more severe forms 
were rarely found (1.9%) in a random sample of a 
middle-aged general population.

•	 Disease onset was delayed by 10 years in women. 
Higher prevalence of coronary atherosclerosis was 
observed with age and accumulation of risk factors.

•	 Coronary computed tomography angiography–
detected atherosclerosis increased with increasing 
coronary artery calcification (CAC) score: All those 
with a high CAC score (>400) had atherosclerosis 
and 45.7% had significant stenosis, 5.5% of those 
with 0 CAC had atherosclerosis, and 0.4% had 
significant stenosis, with increasing prevalence at 
higher predicted risk.

What Are the Clinical Implications?
•	 We describe the prevalence and characteristics 

of atherosclerosis in the general population with-
out established disease, which lays the foundation 
for developing and designing successful high-risk 
screening strategies.

•	 Although there is a strong association between high 
CAC score and significant stenosis, atherosclero-
sis is not excluded in those with 0 CAC, especially 
in those at high baseline risk.

Nonstandard Abbreviations and Acronyms

CAC	 coronary artery calcification
CCTA	� coronary computed tomography 

angiography
CT	 computed tomography
ICD	 International Classification of Diseases
LAD	 left anterior descending artery
MI	 myocardial infarction
PCE	 pooled cohort equation
SCAPIS	� Swedish Cardiopulmonary Bioimage 

Study
SCORE	 Systematic Coronary Risk Evaluation
STROBE	� Strengthening the Reporting of Obser-

vational Studies in Epidemiology
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register at 6 sites in Sweden (Gothenburg, Linköping, Malmö/
Lund, Stockholm, Umeå, and Uppsala) and invited to a com-
prehensive examination as previously described.17 The mul-
ticenter study was approved by the ethical review board in 
Umeå (number 2010-228-31M). The participants gave writ-
ten informed consent. Because of the sensitive nature of the 
personal data and study materials, they cannot be made freely 
available. However, by contacting the corresponding author or 
study organization (www.scapis.org), procedures for sharing 
data, analytic methods, and study materials for reproducing the 
results or replicating the procedure can be arranged following 
Swedish legislation.

Study inclusion is detailed in Figure I in the Data Supplement. 
Individuals were excluded from the present analyses if they 
did not undergo CCTA or if there was a technical failure in 
reading any of the 4 proximal segments (proximal right coro-
nary, left main, proximal left anterior descending [LAD], and 
proximal circumflex artery) on the CCTA images. Individuals 
were also excluded if they had previously had a MI, percutane-
ous coronary intervention, or coronary artery bypass grafting. 
Information on previous MIs and cardiac procedures was self-
reported (in the study questionnaire) or provided by at least 1 
previous diagnosis of MI or a cardiac procedure on the Swedish 
inpatient register (National Board of Health and Welfare). MI 
in registry data was defined as I21 (according to International 
Classification of Diseases [ICD]–10) or 410 (according to 
ICD-8 or ICD-9). Cardiac procedures were defined as either 
percutaneous coronary intervention or coronary artery bypass 
grafting using the codes FNA-FNG (according to ICD-10) or 
3066, 3105, 3127, 3158, 3092, or 3080 (according to ICD-8 
or ICD-9). Individuals were excluded from the CAC analyses if 
they did not have readable CAC images (Figure I in the Data 
Supplement).

Study Procedures
The study procedures have been described in detail else-
where.17 In the present analyses, we used data from cardiac 
imaging, physical examinations, routine laboratory tests, accel-
erometry, a comprehensive questionnaire, and electronic health 
records reported to the Swedish inpatient register.

Cardiac Imaging
Cardiac imaging in SCAPIS has been described in detail 
previously.17 Briefly, CT was performed using a dedicated 
dual-source CT scanner equipped with a Stellar Detector 
(Somatom Definition Flash, Siemens Medical Solutions). The 
CT scanners at each of the 6 sites were maintained using 
identical software and hardware throughout the study. CAC 
images were obtained using electrocardiogram-gated non-
contrast CT imaging at 120 kV. In preparation for CCTA 
imaging, renal function was assessed and potential contrain-
dications identified to exclude participants for whom admin-
istration of contrast media could pose a risk. A β-blocker 
(metoprolol) and sublingual glyceryl nitrate were given for 
control of heart rate and dilation of coronary arteries. The 
contrast medium iohexol (350 mg I/mL; GE Healthcare) was 
administered at a dose of 325 mg I/kg body weight. CCTA 
was performed at 100 or 120 kV using 5 different protocols 
depending on heart rate, heart rate variability, presence of 
calcifications, and body weight.

Image Processing and Analyses
All noncontrast image sets were reconstructed (B35f 
HeartView medium CaScore) and CAC were identified and 
scored using the syngo.via calcium scoring software (Volume 
Wizard; Siemens). Lesions exceeding the calcium threshold 
of 130 Hounsfield units in at least 3 neighboring pixels in a 
volume of 1 mm3 were identified with 3D-based picking and 
viewing tools. The area of calcification of each 3-mm slice was 
multiplied with an intensity factor and summed across slices 
for the whole coronary artery tree to a CAC score according to 
Agatston.18 CAC scores (in Agatston Units) were further cat-
egorized into 0, 1 to 10 (ultralow), 11 to 100 (low), 101 to 400 
(moderate), and >400 (high).

All contrast-enhanced CCTA image sets were reconstructed 
(I26f medium smooth advanced smoothing algorithm) and visu-
ally scored for atherosclerosis using syngo.via software. All 
readers (36 trained thoracic radiologists or cardiologists) had 
between 1 and >10 years of training in reading CCTA and a 
competence level 1 (11 readers, 11.0% of all reads), level 2 (16 
readers, 55.6% of all reads), or level 3 (9 readers, 33.4% of all 
reads) in accordance with the American College of Cardiology 
Foundation/American Heart Association Clinical Competence 
Statement on cardiac CT.19 Readers at the 6 sites visually read 
the CCTA image datasets and consecutively entered informa-
tion into the SCAPIS electronic case report form. The read-
ers attended yearly training and information sessions to assure 
consistency in reading and reporting.

For reporting coronary atherosclerosis from CCTA, we used 
the 18 coronary segment model defined by the Society of 
Cardiovascular Computed Tomography.20 To streamline read-
ing and increase quality of the most important findings, readers 
focused on the 11 clinically most relevant segments (segments 
1 through 3, 5 through 7, 9, 11 through 13, and 17), which 
were compulsory to report; the remaining segments were 
only reported if they had atherosclerosis or calcium blooming. 
The coronary segments were visually examined for the pres-
ence of plaques and each plaque was visually characterized 
as calcified or noncalcified. We use the phrase “only noncalci-
fied plaques” for participants who had exclusively noncalcified 
plaques in all affected segments and “any plaque noncalcified” 
for participants who had either only noncalcified plaques or a 
mix of noncalcified and calcified plaques. Per-segment status 
of the coronary vessel was defined as follows: no atheroscle-
rosis, 1% to 49% stenosis; ≥50% (ie, significant) stenosis; not 
assessable because of calcium blooming (see following); or 
not assessable because of technical failure (see following) or 
segment missing. Luminal obstruction was defined by visually 
estimating diameter stenosis (using the average of the longest 
and shortest diameter at the site of stenosis).

Defining the level of stenosis from calcified plaques is a 
challenge for CCTA and calcifications are known to overesti-
mate the level of stenosis.21,22 If calcium content of the seg-
ment was severe and precluded judgment of level of stenosis, 
the segment was classified as having a calcium blooming arti-
fact and, in the main analyses, the level of stenosis was set 
to 1% to 49%. In a sensitivity analysis presented in the Data 
Supplement, the level of stenosis for a calcium blooming arti-
fact was set to ≥50%.

Technical artefacts (eg, owing to motion, stair-step, beam-
hardening, reduced signal-to-noise, low vessel contrast inten-
sity) of a magnitude that made judgment of segment status 
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invalid were reported as technical failures when reading the 
segment and coded as missing data in analyses of coronary 
atherosclerosis prevalence. Details on calcium blooming, tech-
nical failures, reproducibility, and consistency across sites are 
presented in the Data Supplement.

Participants with ≥50% stenosis were classified as having 
1-, 2-, or 3-vessel disease and whether they had left main or 
proximal LAD disease. Segments with noncalcified plaques 
were also identified.

Risk Factor Burden
The extent of CCTA-detected atherosclerosis was compared 
with risk factor burden using both the Systematic Coronary Risk 
Evaluation (SCORE)23 and the pooled cohort equation (PCE).24 
The following risk categories were used: for SCORE, low 
(<2%), moderate (2% to 5%), and high (>5%) 10-year risk of 
atherosclerotic cardiovascular disease (fatal); and for PCE, low 
(<5%), borderline (≥5 to <7.5%), intermediate (≥7.5 to <20%), 
and high (≥20%) 10-year risk of atherosclerotic cardiovascular 
disease (nonfatal/fatal). The extent of CCTA-detected athero-
sclerosis in relation to risk factor burden assessed by PCE was 
also determined in those with a CAC score of 0.

Statistical Analysis
Data were analyzed without imputations and we estimated 
the prevalence of coronary atherosclerosis in the general 
population based on individuals who agreed to participate in 
SCAPIS. As a sensitivity analysis to test the external validity of 
this estimate, we standardized the SCAPIS sample to 2 target 
populations of interest using sociodemographic register data25: 
the age-matched population in the SCAPIS catchment areas, 
which reflects the population that was invited to participate 
in SCAPIS; and the age-matched population of Sweden as a 
whole using inverse probability for participation weighting (see 
the Data Supplement).

The delayed onset of CCTA-detected atherosclerosis (1% 
to 49% stenosis and ≥50% stenosis) in women versus men 
was modeled to identify the minimal value of the sum of the 
squared differences between the annualized prevalence in 
women and men (see the Data Supplement).

Logistic regression was used to test which factors were 
associated with discrepancies between CCTA-detected ath-
erosclerosis and CAC scores. Factors included in the logistic 
regression were sex, age, obesity (body mass index >30), cur-
rent smoker, cholesterol-lowering medication, antihypertensive 
medication, diabetes (self-reported), systolic blood pressure, 
total cholesterol, and high-density lipoprotein cholesterol.

Reporting of this study follows the recommendations of 
the STROBE statement (Strengthening the Reporting of 
Observational Studies in Epidemiology).26 Data were analyzed 
by authors M.A., C.B., and E.B.

RESULTS
Population
In total, 30 154 individuals were recruited to SCAPIS 
(characteristics presented in Table I in the Data Supple-
ment). The overall participation rate of those invited was 

50.3% and was similar between ages and sexes (Table II 
in the Data Supplement). Of the total number recruited, 
29 613 underwent CT and 27 385 underwent CCTA. 
Characteristics of participants who underwent CT but 
not CCTA (n=2228) are described in Table III in the Data 
Supplement. The main reasons for not undergoing CCTA 
were issues with the safety of the participant (44%), un-
willingness to be exposed to the examination (24%), or 
issues with venous access (17%; details in Table IV in 
the Data Supplement). The median effective radiation 
dose from CAC imaging and CCTA imaging was 0.34 
mSv (interquartile range, 0.29 to 0.48) and 1.33 mSv (in-
terquartile range, 0.95 to 1.77), respectively.

After excluding 1805 individuals because image 
quality of their proximal segments was poor and a fur-
ther 398 individuals because they had previous MI or 
coronary intervention, 25 182 participants remained for 
the analysis of CCTA-detected atherosclerosis (charac-
teristics in Table 1, missing data in Table V in the Data 
Supplement). Results on reading consistency of CCTA 
images are presented in Table VI in the Data Supplement, 
and Figures II and III in the Data Supplement. Technical 
artefacts making judgment of segment status invalid are 
reported in Table VII in the Data Supplement. Character-
istics of individuals with technical failures in any of the 4 
most proximal segments are described in Table VIII in the 
Data Supplement.

After excluding a further 168 individuals who did not 
have readable CAC images, 25 014 participants were 
included in the combined analyses of CCTA and CAC 
(Figure I in the Data Supplement).

Prevalence and Characteristics of CCTA-
Detected Atherosclerosis
Of the 25 182 participants in SCAPIS who underwent 
a technically successful CCTA and had not previously 
experienced a MI or coronary intervention, any CCTA-
detected atherosclerosis was found in 42.1% (95% CI, 
41.3–42.7%) and any significant stenosis (≥50%) in 
5.2% (95% CI, 4.9–5.5%; Table 2). Severe forms of cor-
onary atherosclerosis were less common, with significant 
stenosis in left main, proximal LAD, or 3-vessel disease 
found in 1.9% (95% CI, 1.7–2.0%) of the population 
(Table  2). Prevalence of atherosclerosis was 1.9 times 
higher in men than in women and increased sharply with 
age in both sexes (being 1.8 times higher in the upper 
versus lower age range [60 to 64 versus 50 to 54 years] 
in the combined population; Table 2 and Figure IV in the 
Data Supplement). Modeling showed that the delay in 
disease onset in women compared with men was ≈10 
years for both 1% to 49% stenosis and ≥50% stenosis 
(Figure V in the Data Supplement). Prevalence of athero-
sclerosis increased with risk factor burden, being 2.1and 
2.9 times more common in participants at high versus 
low risk according to SCORE and PCE, respectively 
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Table 1.  Characteristics of SCAPIS Participants Without Established Coronary Heart Disease 
Who Underwent Successful Coronary Computed Tomography Angiography

Characteristics Total Men Women

Sample size, n 25 182 12 444 12 738

Sociodemographics

  Age, y 57.4±4.3 57.4±4.4 57.4±4.3

  Education, university degree 11 263 (45.8) 5031 (41.6) 6232 (49.9)

  Employed 20 952 (83.2) 10 443 (83.9) 10 509 (82.5)

Anthropometry

  Body mass index at age 20, kg/m2 21.9±2.7 22.8±2.5 21.1±2.6

  Body mass index, kg/m2 26.8±4.3 27.3±3.8 26.3±4.6

  Waist circumference, cm 94.0±12.6 99.2±10.9 88.9±12.0

Smoking status

  Current smoker 3079 (12.5) 1495 (12.3) 1584 (12.6)

  Former smoker 8791 (35.6) 3997 (32.9) 4794 (38.3)

  Mean pack-years 7.2±11.7 7.2±12.3 7.2±11.1

  Duration of smoking, y 11.6±15.4 10.8±15.2 12.3±15.6

Alcohol use

  Once per month or less 5649 (23.0) 2361 (19.6) 3288 (26.4)

  2 to 4 times per month 9415 (38.4) 4594 (38.1) 4821 (38.7)

  More than once a week 9452 (38.6) 5115 (42.4) 4337 (34.8)

Physical activity, % of active time

  Sedentary 53.8±10.4 55.7±10.4 52.0±10.0

  Moderate or vigorous activity 6.4±3.4 6.6±3.6 6.3±3.2

Treatment

  Cholesterol-lowering medication 1624 (6.4) 973 (7.8) 651 (5.1)

  Antihypertensive medication 4437 (17.6) 2352 (18.9) 2085 (16.4)

  Diabetes medication 717 (2.8) 470 (3.8) 247 (1.9)

Blood pressure, mm Hg

  Systolic 126±17 129±15 123±18

  Diastolic 78±10 78±10 77±11

Clinical chemistry

  Total cholesterol, mmol/L 5.5±1.0 5.4±1.0 5.7±1.0

  HDL cholesterol, mmol/L 1.6±0.5 1.4±0.4 1.9±0.5

  LDL cholesterol, mmol/L 3.5±1.0 3.5±0.9 3.5±1.0

  Triglycerides, mmol/L 1.2±0.8 1.4±0.9 1.1±0.6

  Glucose, mmol/L 5.7±1.0 5.9±1.1 5.5±0.9

  HbA1c, mmol/mol 36.3±5.9 36.5±6.5 36.1±5.2

  High-sensitivity C-reactive protein, mg/L 2.1±3.9 2.0±4.1 2.1±3.7

  Estimated GFR, mL/min/1.73 m2 85±11 86±11 85±12

Risk scores, %

  SCORE 1.4±1.3 2.0±1.4 0.7±0.6

  Pooled cohort equation 6.2±5.4 9.1±5.9 3.3±2.9

Prevalent cardiovascular disease

  Stroke 343 (1.4) 198 (1.6) 145 (1.1)

  Peripheral artery disease 108 (0.4) 65 (0.5) 43 (0.3)

Heredity

  Family history of premature myocardial infarction 1619 (6.4) 719 (5.8) 900 (7.1)

  Family history of premature stroke 1468 (5.8) 632 (5.1) 836 (6.6)

Values are mean±SD or n (%). GFR indicates glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipo-
protein; SCAPIS, Swedish Cardiopulmonary Bioimage Study; and SCORE, Systematic Coronary Risk Evaluation.
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(Figure  1). The prevalence of atherosclerosis was not 
higher in women at high versus moderate risk according 
to SCORE (Figure 1), but only 15 women were in the 
high-risk SCORE category. When the reported preva-
lence was adjusted to the age-matched population in the 
SCAPIS catchment areas, which reflects the population 
that was invited to participate in SCAPIS or Sweden as a 
whole using inverse probability for participation weight-
ing, the estimates changed only marginally (Table IX in 
the Data Supplement).

In the analyses presented in the main text, calcium 
blooming was set to 1% to 49% stenosis. When calcium 
blooming was set to ≥50% stenosis, the prevalence of 
any significant stenosis increased from 5.2% to 9.3% 
(Table X in the Data Supplement) and severe forms of 
coronary atherosclerosis with significant stenosis in left 
main, proximal LAD, or 3-vessel disease increased from 
1.9% to 3.7% of the population.

Atherosclerosis was distributed across all segments 
with a predilection for proximal segments (most com-
monly found in proximal and mid LAD), with no appar-
ent differences in the distribution between sexes or age 

groups (Figure 2 and Table XI in the Data Supplement). 
The same distribution was found in participants in the 
early developmental phase of atherosclerosis (ie, those 
with only 1 affected coronary segment), with proximal 
LAD most often involved (Figure 3).

Participants with only noncalcified plaques were rare 
(2.4%) whereas a mix of 1 or more noncalcified plaques 
together with calcified plaques was observed in 8.3% of 
the population (Table 2).

Association Between CCTA-Detected 
Atherosclerosis and CAC Scores
In general, the prevalence of CAC in the cohort with both 
valid CCTA and CAC images (n=25 014) followed the 
same pattern as seen for CCTA-detected atheroscle-
rosis, with 40.2% of the population being CAC-positive 
and a higher prevalence with age and in men (Table 2). 
Most CAC-positive participants had low (11 to 100) or 
ultralow (1 to 10) CAC scores (Table 2). In those who 
were CAC-positive, the median CAC score was 35 (in-
terquartile range, 8 to 126; Table 2).

Table 2.  Prevalence of Coronary Computed Tomography Angiography–Detected Atherosclerosis and CAC in SCAPIS 
Participants Without Established Coronary Heart Disease Who Underwent Successful Coronary Computed Tomography 
Angiography (n=25 182) and Coronary Computed Tomography Angiography and CAC Scoring (n=25 014), Divided by Sex and Age

Characteristics Total 

Men Women

50 to 54 y 55 to 59 y 60 to 64 y 50 to 54 y 55 to 59 y 60 to 64 y

Sample size 25 182 4278 4128 4038 4348 4189 4201

No atherosclerosis 14 579 (57.9) 2516 (58.8) 1791 (43.4) 1262 (31.3) 3532 (81.2) 2960 (70.7) ,518 (59.9)

Any form of atherosclerosis 10 603 (42.1) 1762 (41.2) 2337 (56.6) 2776 (68.7) 816 (18.8) 1229 (29.3) 1683 (40.1)

Any stenosis ≥50% 1317 (5.2) 185 (4.3) 343 (8.3) 508 (12.6) 52 (1.2) 83 (2.0) 146 (3.5)

One-vessel disease 1072 (4.3) 157 (3.7) 275 (6.7) 403 (10.0) 50 (1.1) 66 (1.6) 121 (2.9)

Two-vessel disease 196 (0.8) 23 (0.5) 53 (1.3) 82 (2.0) 1 (0.0) 15 (0.4) 22 (0.5)

Three-vessel disease 49 (0.2) 5 (0.1) 15 (0.4) 23 (0.6) 1 (0.0) 2 (0.0) 3 (0.1)

Left main disease 35 (0.1) 4 (0.1) 6 (0.1) 15 (0.4) 1 (0.0) 3 (0.1) 6 (0.1)

Proximal LAD disease 471 (1.9) 65 (1.5) 116 (2.8) 184 (4.6) 19 (0.4) 32 (0.8) 55 (1.3)

Left main, proximal LAD, or 3-vessel disease 491 (1.9) 69 (1.6) 123 (3.0) 191 (4.7) 19 (0.4) 34 (0.8) 55 (1.3)

Only noncalcified plaques 607 (2.4) 117 (2.7) 107 (2.6) 94 (2.3) 100 (2.3) 96 (2.3) 93 (2.2)

Any plaque noncalcified 2102 (8.3) 359 (8.4) 492 (11.9) 575 (14.2) 160 (3.7) 224 (5.3) 292 (7.0)

Any noncalcified stenosis ≥50% 315 (1.3) 42 (1.0) 80 (1.9) 110 (2.7) 16 (0.4) 24 (0.6) 43 (1.0)

CAC

  Sample size 25 014 4243 4099 4006 4320 4169 4177

    0 14 957 (59.8) 2583 (60.9) 1850 (45.1) 1317 (32.9) 3592 (83.1) 3032 (72.7) 2583 (61.8)

    >0 10 057 (40.2) 1660 (39.1) 2249 (54.9) 2689 (67.1) 728 (16.9) 1137 (27.3) 1594 (38.2)

    1 to 10 (ultralow) 2867 (11.5) 582 (13.7) 610 (14.9) 500 (12.5) 313 (7.2) 393 (9.4) 469 (11.2)

    11 to 100 (low) 4287 (17.1) 704 (16.6) 979 (23.9) 1021 (25.5) 313 (7.2) 529 (12.7) 741 (17.7)

    101 to 400 (moderate) 2022 (8.1) 285 (6.7) 464 (11.3) 726 (18.1) 83 (1.9) 176 (4.2) 288 (6.9)

    >400 (high) 881 (3.5) 89 (2.1) 196 (4.8) 442 (11.0) 19 (0.4) 39 (0.9) 96 (2.3)

  CAC* 35 (8–126) 25 (5–85) 36 (9–130) 75 (18–237) 17 (4–53) 21 (6–71) 30 (8–96)

Values are n (%) or median (interquartile range). CAC indicates coronary artery calcification; LAD, left anterior descending artery; and SCAPIS, Swedish Cardio-
pulmonary Bioimage Study.

*Median CAC calculated in participants with CAC score >0.
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The prevalence of any CCTA-detected atherosclero-
sis, any significant stenosis, and more severe forms of 
CCTA-detected atherosclerosis increased with increas-
ing CAC categories, both in men and women (Table 3). In 
participants with 0 CAC or CAC score 1 to 10, 5.5% and 
81.9% had CCTA-detected atherosclerosis, respectively. 
In participants with CAC score 11 to 100, 7.0% had at 
least 1 significant stenosis and 14.9% had noncalcified 
plaques. In those with CAC score 101 to 400, 24% had 
at least 1 CCTA-identified significant stenosis and 8.5% 
had left main, proximal LAD, or 3-vessel disease. In par-
ticipants with a high CAC score (>400), 54.3% did not 
have any significant stenosis; 20.3% had CCTA-detected 
left main, proximal LAD, or 3-vessel disease.

Complementary Information Provided by CCTA
The number of coronary segments with CCTA-detected 
atherosclerosis showed a large variation within each CAC 
score category (Figure 4). In those with CAC score 1 to 
10, 29.7% of men and 22.0% of women had CCTA-de-
tected atherosclerosis in 2 or more coronary segments. 

In participants with CAC score 11 to 100, 41.1% of men 
and 30.3% of women had CCTA-detected atherosclero-
sis in 3 or more coronary segments.

A number of participants (n=367) did not have 
CCTA-detected atherosclerosis despite having CAC 
scores >0. The majority of these (n=312) had ultralow 
CAC scores (1 to 10) and the scores were mainly in 
the lower range of this category (median, 1; interquar-
tile range, 1 to 3). In participants with ultralow CAC 
scores, body mass index was slightly higher in those 
without CCTA-detected atherosclerosis than in those 
with CCTA-detected atherosclerosis (body mass index 
27.6 and 27.2, respectively; P=0.058). A few partici-
pants had only noncalcified plaques on CCTA but had 
CAC scores 1 to 10 (n=32), 11 to 100 (n=10), and 
even 101 to 400 (n=3). In the cohort with both valid 
CCTA and CAC images, the number of participants with 
0 CAC but CCTA-detected plaques was 818 (3.3%), 
slightly higher than the number with only noncalcified 
plaques on CCTA (n=602, 2.4%; Table 3).

The risk profile of participants with 0 CAC but CCTA-
detected atherosclerosis (n=818) was between that of 
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Figure 1. Prevalence of coronary computed tomography angiography–detected atherosclerosis by sex and category of risk score.
Prevalence of coronary computed tomography angiography–detected coronary atherosclerosis and degree of stenosis in the SCAPIS cohort (Swedish 
Cardiopulmonary Bioimage Study; n=25 182) divided by sex and category of cardiovascular risk according to pooled cohort equation (PCE; low <5%, 
borderline/intermediate ≥5 to <20%, and high ≥20% 10-year risk of atherosclerotic cardiovascular disease [fatal/nonfatal]) and Systematic Coronary 
Risk Evaluation (SCORE; low <2%, moderate 2% to 5%, and high >5% 10-year risk of atherosclerotic cardiovascular disease [fatal]).
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participants with 0 CAC and no CCTA-detected athero-
sclerosis and that of participants with CAC scores >0 
and CCTA-detected atherosclerosis (Table XII in the Data 
Supplement). In the population with 0 CAC, the partici-
pants with CCTA-detected atherosclerosis (n=818) were 
more often male, had a higher age, were more likely to be 
smokers, had higher cholesterol and lower high-density 
lipoprotein, and higher blood pressure, and were more 
often obese compared with participants without CCTA-
detected atherosclerosis (Tables XII and XIII in the Data 
Supplement). These risk factors (with the exception of 
current smokers) were also more common in participants 
with a CAC score >0 (n=367) versus those with 0 CAC 
in the population without CCTA-detected atherosclerosis 
(Tables XII and XIII in the Data Supplement).

Of the population with 0 CAC, CCTA-detected athero-
sclerosis was found in 6.0% of participants with a strong 

family history of MI, 6.8% of participants who were cur-
rent smokers, and 8.1% of participants receiving treat-
ment for diabetes.

The proportion of participants with 0 CAC but CCTA-
detected atherosclerosis increased with increasing cat-
egories of the PCE and was 15% in the highest PCE 
risk category (Table 4). In participants with 0 CAC and 
borderline and intermediate risk according to PCE, the 
proportion of participants with CCTA-detected athero-
sclerosis was 5.3% and 9.2%, respectively.

DISCUSSION
This study used CCTA in a large, random sample of the 
general population. In a middle-aged population without 
previous MI or coronary intervention, silent coronary ath-
erosclerosis was common, with 42.1% of participants 

Figure 2. Distribution of coronary 
computed tomography angiography–
detected atherosclerosis.
Frequency of atherosclerosis in the 11 
most proximal coronary segments in men 
(n=12 444) and women (n=12 738) in the 
SCAPIS cohort (Swedish Cardiopulmonary 
Bioimage Study). The heat map refers 
to the frequency of any form of coronary 
computed tomography angiography–detected 
atherosclerosis. The numbers within boxes 
indicate the frequency of different degrees 
of vessel stenosis (white box, ≥50% 
stenosis; black box, any form of coronary 
computed tomography angiography–
detected atherosclerosis). Figure modified 
from Ayoub et al.,52 used with permission of 
Mayo Foundation for Medical Education and 
Research, all rights reserved.
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Figure 3. Segmental distribution of coronary computed tomography angiography–detected atherosclerosis in participants of 
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having plaques in their coronary arteries. Significant ste-
nosis (≥50%) was less common (in 5.2% of the popula-
tion) and more severe forms of coronary atherosclerosis 
such as left main, proximal LAD, or 3-vessel disease were 
rarely found (in only 1.9% of the population). A higher 
prevalence of coronary atherosclerosis was observed in 
men and with higher age and accumulation of risk fac-
tors. CCTA-detected atherosclerosis increased with in-
creasing CAC score category but subgroups of partici-
pants could be identified whose coronary atherosclerosis 
was not accurately represented by their CAC score.

Previous data on the prevalence of coronary athero-
sclerosis in the general population are rare. A number of 
autopsy studies have reported the prevalence of coronary 
atherosclerosis, but these studies are often in small and 
highly selected populations and use a variety of reporting 
systems, 27 making comparisons with the general popula-
tion difficult. Several population-based imaging studies 
have used CT to quantify CAC as a surrogate marker of 
atherosclerosis and showed a prevalence of a positive 
CAC between 50% and 89% dependent on age.14,28–30 
However, no estimates of coronary artery stenosis can 

be derived from these studies.31 Earlier reports using 
CCTA, which have shown prevalence of atherosclerosis 
ranging between 22% and 43% and significant stenosis 
at 5% to 8%,9,32 are from selected populations only. True 
population estimates of prevalence are of importance if 
we are to design and apply successful screening strate-
gies.33 Using inverse probability for participation weight-
ing, we showed that our population was representative 
of the age-matched background population with only 
minimal selection bias. Thus, the prevalence of CCTA-
detected coronary atherosclerosis in the general popula-
tion reported in our study closely reflects the situation 
in Sweden. According to disease statistics from Europe 
and the United States,34,35 Sweden has an incidence 
of cardiovascular disease similar to that of many other 
western countries. In addition, we confirmed a 10-year 
delay in the development of both nonobstructive (1% to 
49% stenosis) and obstructive (≥50% stenosis) silent 
coronary atherosclerosis in women, in agreement with 
earlier estimates of a 10-year difference between men 
and women in the onset of atherosclerosis-related clini-
cal cardiovascular disease.23,24

Table 3.  Prevalence of Coronary Computed Tomography Angiography–Detected Atherosclerosis in SCAPIS Participants 
Without Established Coronary Heart Disease Who Underwent Both Successful Coronary Computed Tomography Angiography 
and CAC Scoring (n=25 014), Divided by Sex and CAC Category

Characteristics Total CAC 0 CAC 1 to 10 CAC 11 to 100 CAC 101 to 400 CAC >400

Sample size 25 014 14 957 2867 4287 2022 881

No atherosclerosis 14 50658 14 139 (94.5) 312 (10.9) 54 (1.3) 1 (0.0) 0 (0.0)

Any form of atherosclerosis 10 508 (42.0) 818 (5.5) 2555 (89.1) 4233 (98.7) 2021 (100.0) 881 (100.0)

Any stenosis ≥50% 1309 (5.2) 63 (0.4) 58 (2.0) 300 (7.0) 485 (24.0) 403 (45.7)

Left main, proximal LAD, or 3-vessel disease 487 (1.9) 23 (0.2) 15 (0.5) 99 (2.3) 171 (8.5) 179 (20.3)

Only noncalcified plaques 602 (2.4) 557 (3.7) 32 (1.1) 10 (0.2) 3 (0.1) 0 (0.0)

Any plaque noncalcified 2086 (8.3) 598 (4.0) 300 (10.5) 639 (14.9) 380 (18.8) 169 (19.2)

Men

  Sample size 12 348 5750 1692 2704 1475 727

  No atherosclerosis 5545 (44.9) 5332 (92.7) 178 (10.5) 34 (1.3) 1 (0.1) 0 (0)

  Any form of atherosclerosis 6803 (55.1) 418 (7.3) 1514 (89.5) 2670 (98.7) 1474 (99.9) 727 (100)

  Any stenosis ≥50% 1028 (8.3) 28 (0.5) 48 (2.8) 223 (8.2) 386 (26.2) 343 (47.2)

  Left main, proximal LAD, or 3-vessel disease 379 (3.1) 12 (0.2) 11 (0.7) 66 (2.4) 135 (9.2) 155 (21.3)

  Only noncalcified plaques 316 (2.6) 284 (4.9) 22 (1.3) 8 (0.3) 2 (0.1) 0

  Any plaque noncalcified 1414 (11.5) 307 (5.3) 218 (12.9) 445 (16.5) 302 (20.5) 142 (19.5)

Women

  Sample size 12 666 9207 1175 1583 547 154

  No atherosclerosis 8961 (70.7) 8807 (95.7) 134 (11.4) 20 (1.3) 0 (0) 0 (0)

  Any form of atherosclerosis 3705 (29.3) 400 (4.3) 1041 (88.6) 1563 (98.7) 547 (100) 154 (100)

  Any stenosis ≥50% 281 (2.2) 35 (0.4) 10 (0.9) 77 (4.9) 99 (18.1) 60 (39)

  Left main, proximal LAD, or 3-vessel disease 108 (0.9) 11 (0.1) 4 (0.3) 33 (2.1) 36 (6.6) 24 (15.6)

  Only noncalcified plaques 286 (2.3) 273 (3.0) 10 (0.9) 2 (0.1) 1 (0.2) 0

  Any plaque noncalcified 672 (5.3) 291 (3.2) 82 (7.0) 194 (12.3) 78 (14.3) 27 (17.5)

Values are n (%). CAC indicates coronary artery calcification; LAD, left anterior descending artery; and SCAPIS, Swedish Cardiopulmonary Bioimage Study.
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Our results show that proximal LAD was the most 
common location for plaques, corroborating early autopsy 
studies36,37 and suggesting that atherosclerosis has a 
predilection for proximal branching sites perhaps with 
turbulent flow patterns.38,39 Proximal LAD was also the 
most common location of significant stenosis. Although 
the cross-sectional design of our study prevents us from 
showing how atherosclerosis develops over time, we 
identified individuals with only 1 affected coronary seg-
ment who are likely in the early developmental phase 
of coronary atherosclerosis. We observed that proximal 
LAD was also the most common location of atheroscle-
rosis in these individuals.

Noncalcified plaques have been suggested as a sign 
of a more vulnerable form of coronary atherosclerosis 
prone to cause events, although their role in causing 
cardiovascular events needs to be established.7 Whereas 
the prevalence of participants with only noncalcified 
plaques on CCTA was low (2.4%), the percentage of par-
ticipants with noncalcified plaques mixed among plaques 
with calcifications was higher and 14.2% of men aged 
60 to 64 years had noncalcified plaques. However, it is 
well-known that not all plaques will lead to clinical events, 
and future longitudinal studies are required to determine 
whether the presence of noncalcified plaques confers an 
increased risk of future events.

In this large population study comparing CCTA and 
CAC data, we observed a positive association between 
CCTA-detected atherosclerosis and CAC scores, consis-
tent with previous observations.40,41 In participants with 
a high CAC score (>400), the frequencies of coronary 

stenosis ≥50% and very severe forms of coronary ath-
erosclerosis were 45.7% and 20.3%, respectively. How-
ever, there were discrepancies between CCTA and CAC 
data. In participants with an ultralow CAC score (1 to 
10), 22.0% of women and 29.7% of men had 2 or more 
coronary segments with CCTA-detected atherosclerosis, 
and 7.0% of participants with a low CAC score (11 to 
100) had coronary stenosis ≥50%. It was also evident 
that CCTA and CAC imaging provided complementary 
data on coronary atherosclerosis because not all calci-
fications detected using CAC scoring were verified as 
CCTA-detected atherosclerosis by the readers. This was 
mainly seen in participants with ultralow CAC score (1 
to 10) and could be explained by difficulties in assess-
ing such low CAC scores with high reproducibility42 and 
the well-known difficulties in identifying small calcifica-
tions in the presence of iodinated contrast media.43 Fur-
thermore, CCTA-detected atherosclerosis in participants 
with 0 CAC was sometimes reported as calcified from 
CCTA images. These differences could in some cases 
be attributable to miscoding but most likely result from 
differences in the methodology to detect calcification.44 
If we define noncalcified plaques as atherosclerosis in 
participants with 0 CAC, as would be the situation in a 
CAC screening program, the prevalence of participants 
with only noncalcified plaques would be 3.3%, higher 
than the prevalence of all noncalcified plaques detected 
using CCTA (2.4%).

A CAC score of 0 is generally considered a very good 
prognosis.40 Recent US guidelines state that the CAC 
score could be used in primary prevention to improve 
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Figure 4. Distribution of the number of coronary artery segments with coronary computed tomography angiography (CCTA)–
detected atherosclerosis, divided by coronary artery calcification (CAC) category and sex.

D
ow

nloaded from
 http://ahajournals.org by on O

ctober 7, 2021



OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

September 21, 2021� Circulation. 2021;144:916–929. DOI: 10.1161/CIRCULATIONAHA.121.055340926

Bergström et al Atherosclerosis in the Population

classification of individuals identified by PCE to be at 
intermediate 10-year risk of atherosclerotic cardiovas-
cular disease; a CAC score of 0 would indicate a low-
ered risk and therefore not favor treatment with statins, 
which would otherwise be recommended in this group.45 
However, studies and guidelines have questioned the 
negative predictive value of 0 CAC because significant 
atherosclerosis in the absence of CAC is possible.46 In 
the age group recruited to the current study (50 to 64 
years), a large proportion would be expected to have 
0 CAC (and here we report 60%). Of the group with 0 
CAC in our study, 5.5% (4.3% of women and 7.3% of 
men) had CCTA-detected atherosclerosis in their coro-
nary arteries. The risk factor burden in the group with 
0 CAC but CCTA-detected atherosclerosis was gener-
ally higher than in the group with 0 CAC and no CCTA-
detected atherosclerosis. In our population with 0 CAC 
and at intermediate risk as defined by PCE, 9.2% had 
CCTA-detected atherosclerosis, and would thus have 
been misclassified (according to US guidelines45) as 
having a lower than intermediate risk. The US guide-
lines do not recommend using 0 CAC to indicate a lower 
risk when the risk factor burden is large and the likeli-
hood of noncalcified plaques could be high.45 Indeed, we 
showed that CCTA-detected atherosclerosis was pres-
ent in a subset of our population with a CAC score of 0 

who were currently smokers (6.8%), had a strong family 
history of MI (6.0%), or had diabetes (8.1%). Data from 
SCOT-HEART (Scottish Computed Tomography of the 
HEART Trial)47 and PROMISE (Prospective Multicenter 
Imaging Study for Evaluation of Chest Pain)48 suggest 
that CCTA-detected coronary atherosclerosis, irrespec-
tive of degree of stenosis, is an important driver of clini-
cal events in symptomatic populations. Follow-up studies 
are required to determine whether CCTA-detected coro-
nary atherosclerosis is associated with similar risk in an 
asymptomatic population.

This study has limitations. Because this is a large-
scale study in the general population, we used strin-
gent safety criteria, including use of low-dose radiation, 
avoiding repetition of nondiagnostic scans, and strict risk 
management for contrast injections, which resulted in a 
relatively high exclusion rate. Although we successfully 
scanned and obtained high-quality CCTA images from 
86% of the SCAPIS population, a more aggressive imag-
ing strategy could be applied in a real-world screening 
situation. The readers had access to both contrast and 
noncontrast image sets and the readings of CCTA and 
CAC data are therefore not independent.

In conclusion, our study showed that (1) silent coro-
nary atherosclerosis is common in the general population 
without established disease, (2) coronary atherosclerosis 

Table 4.  Prevalence of Coronary Computed Tomography Angiography–Detected Atherosclerosis in SCAPIS Participants 
Without Established Coronary Heart Disease Who Underwent Both Successful Coronary Computed Tomography Angiography 
and CAC Scoring, for Whom PCE Could Be Calculated, and With 0 CAC (n=14 679), Divided by Sex and PCE Risk Group

Characteristic Total

PCE risk category

Low (<5%)
Borderline (≥5 to 
<7.5%)

Intermediate (7.5 
to <20%) High (≥20%)

Total with CAC = 0

  Sample size 14 679 9780 2203 2543 153

  No atherosclerosis 13 876 (94.5) 9350 (95.6) 2086 (94.7) 2310 (90.8) 130 (85.0)

  Any form of atherosclerosis 803 (5.5) 430 (4.4) 117 (5.3) 233 (9.2) 23 (15.0)

  Any stenosis ≥50% 60 (0.4) 32 (0.3) 14 (0.6) 12 (0.5) 2 (1.3)

  Left main, proximal LAD, or 3-vessel disease 22 (0.1) 11 (0.1) 8 (0.4) 3 (0.1) 0 (0.0)

Men with CAC = 0

  Sample size 5635 1998 1369 2126 142

  No atherosclerosis 5228 (92.8) 1889 (94.5) 1288 (94.1) 1931 (90.8) 120 (84.5)

  Any form of atherosclerosis 407 (7.2) 109 (5.5) 81 (5.9) 195 (9.2) 22 (15.5)

  Any stenosis ≥50% 25 (0.4) 7 (0.4) 8 (0.6) 8 (0.4) 2 (1.4)

  Left main, proximal LAD, or 3-vessel disease 11 (0.2) 4 (0.2) 4 (0.3) 3 (0.1) 0 (0)

Women with CAC = 0

  Sample size 9044 7782 834 417 11

  No atherosclerosis 8648 (95.6) 7461 (95.9) 798 (95.7) 379 (90.9) 10 (90.9)

  Any form of atherosclerosis 396 (4.4) 321 (4.1) 36 (4.3) 38 (9.1) 1 (9.1)

  Any stenosis ≥50% 35 (0.4) 25 (0.3) 6 (0.7) 4 (1) 0 (0)

  Left main, proximal LAD, or 3-vessel disease 11 (0.1) 7 (0.1) 4 (0.5) 0 (0) 0 (0)

Values are n (%). CAC indicates coronary artery calcification; LAD, left anterior descending artery; PCE, pooled cohort equation; and SCAPIS, Swedish Cardio-
pulmonary Bioimage Study.D
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detected using CCTA is associated with CAC scores, and 
(3) subgroups of participants could be identified whose 
coronary atherosclerosis was not accurately represented 
by their CAC score, showing a potential additive value of 
CCTA imaging.
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