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Abstract 
Background 

Atherosclerosis may begin in early adulthood and remain clinically silent for decades before 

cardiovascular disease becomes manifest. Although silent atherosclerosis is associated with 

cardiovascular events and death independently of traditional cardiovascular disease risk 

factors, its age- and sex-specific prevalence, vascular territory distribution, and plaque volume 

across adult life remains incompletely defined. 

Methods 

We conducted a prospective cohort study in Denmark and Spain. Adults 18 to 70 years of age 

without known atherosclerotic cardiovascular disease were enrolled in five prespecified age 

strata, with equal numbers of women and men. Silent atherosclerosis was assessed at 

baseline by three-dimensional vascular ultrasound of the carotid and femoral arteries and by 

coronary computed tomography angiography. 

Results 

A total of 16,808 adults were enrolled in the study. The mean ( SD) age of participants was 

45±12.5 years and 51.4% were women. Silent atherosclerosis was present in 57.1% of 

participants (95% confidence interval, 56.3 to 58.0). In the youngest age strata (18 to 29 

years), atherosclerosis was present in 8.7% of men and 6.7% of women, and the prevalence 

increased with age, with a later, steeper midlife rise in women. At younger ages, 

atherosclerosis was most often peripheral and confined to a single vascular territory; with 

increasing age, plaque volume increased exponentially and the prevalence of multiterritory 

involvement became more frequent. Isolated coronary artery atherosclerosis was uncommon 

 

Conclusions 

This atlas of silent atherosclerosis showed that it was detectable from early adulthood, with 

age- and sex-associated increases in the cross-sectional prevalence, across arterial 

territories, and marked increases in plaque volumes.  

(Funded by Novo Nordisk Foundation and others; REACT ClinicalTrials.gov number 

NCT06692127.) 
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INTRODUCTION 

Cardiovascular disease remains the leading cause of morbidity and mortality worldwide.1 

Atherosclerosis is the principal pathological process underlying coronary heart disease, 

ischemic stroke, peripheral artery disease, sudden cardiac death and other cardiovascular 

manifestations. Accordingly, preventing the development and progression of atherosclerosis 

is central to efforts to reduce the global burden of atherosclerotic cardiovascular disease.2,3 

However, contemporary primary prevention is guided largely by estimated event risk and risk-

factor thresholds, rather than by the presence, vascular distribution, or volume of established 

atherosclerosis. This distinction is important because atherosclerosis may be present for 

decades before clinical cardiovascular disease becomes manifest. 

Imaging studies in asymptomatic adults have consistently shown that silent atherosclerosis is 

common, although the reported prevalence varies according to age, population 

characteristics, vascular territory, and imaging modality. In studies of middle-aged and older 

adults, coronary artery calcium scoring, coronary computed tomography angiography, and 

carotid or femoral ultrasound imaging have detected silent atherosclerosis in approximately 

40% to 80% of participants. Consistently, greater plaque burden has been associated with 

higher risks of subsequent atherosclerotic cardiovascular events and death.4-8 Longitudinal 

imaging studies have also shown that plaque burden may progress over time, with known 

modifiable risk factors particularly relevant to plaque burden progression at younger ages. 5,9   

Despite this evidence, the epidemiology of silent atherosclerosis across adult life remains 

incompletely defined. Most large imaging cohorts have enrolled participants from middle age 

onward, whereas studies in adults younger than 40 years have often been small, selected, or 

based on surrogate markers rather than direct quantification of plaque.10-13 As a result, there 

is no clear age- and sex-specific atlas to demonstrate when atherosclerosis is already present, 

where it is distributed, and differences in the accumulation of atherosclerosis in a cross-

sectional cohort from early adulthood through later adult life. 

The REACT Initiative was designed to address this gap. We systematically assessed silent 

atherosclerosis in adults 18 to 70 years of age without known clinical atherosclerotic 

cardiovascular disease, using standardized multimodal imaging of the carotid, femoral, and 

coronary arteries together with comprehensive clinical and biological phenotyping. Here, we 

report the baseline age- and sex-specific prevalence, vascular distribution, and plaque volume 

across adult life, and examine the extent to which conventional cardiovascular risk 

assessment identifies participants with established but clinically silent atherosclerosis. 
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METHODS 

Study design and oversight 

REACT is a multicenter Danish and Spanish prospective cohort study, as described 

previously.14,15 The study was designed by the academic investigators and conducted in 

accordance with the protocol, which is available with the full text of this article online at 

NEJM.org. The study was conducted in accordance with the Declaration of Helsinki, and the 

protocol was approved by ethics committees in Denmark (H-24047468) and in Spain (CEI PI 

76_2024). All participants provided written informed consent and were informed about their 

own results. The funder had no role in the design or conduct of the study; the collection, 

management, analysis, or interpretation of the data; the preparation, review, or approval of 

the manuscript, or the decision to submit the manuscript for publication. All authors had access 

to the data and vouch for the accuracy and completeness of the data and for the fidelity of the 

study to the protocol. Expanded information on trial oversight and responsibilities can be found 

in the Supplementary Appendix available online at NEJM.org. 

Study participants and assessments 

Adults 18 to 70 years of age were eligible if they had no history of established clinical 

atherosclerotic cardiovascular disease such as myocardial infarction, ischemic stroke, 

coronary revascularization, or peripheral artery disease. Symptoms such as angina or 

claudication in the absence of established clinical atherosclerotic cardiovascular disease were 

not formally excluded. Enrollment was designed a priori to include approximately 2000 

participants in each of the 18 to 29-year and 60 to 70-year age strata and approximately 4000 

participants in each of the 30 to 39-year, 40 to 49-year and 50 to 59-year age strata, with 

balance according to country and sex within each stratum (Tables S1 and S2 in the 

Supplementary Appendix).  

Participants underwent multimodal imaging for silent atherosclerosis in the carotid, femoral, 

and coronary arteries. Carotid and femoral atherosclerosis was assessed by three-

dimensional vascular ultrasound. Coronary atherosclerosis was assessed by coronary 

computed tomography angiography, and coronary calcification by non-contrast computed 

tomography. Cardiovascular risk was estimated according to the Systematic Coronary Risk 

Evaluation 2 (SCORE2) framework, which predicts the 10-year risk of fatal and non-fatal 

cardiovascular disease in European individuals 40 to 69 years of age (a higher score indicates 

a higher risk). In Denmark, participants were identified by stratified random sampling from the 

Civil Registration System; in Spain, participants were recruited by open advertisement to the 

general public. Details of recruitment, sampling, eligibility criteria, imaging definitions, clinical 
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assessments, laboratory methods, and statistical handling of imaging variables are provided 

in the protocol and the Supplementary Appendix. 

Outcomes 

The primary outcome was the presence of silent atherosclerosis, defined as plaque in at least 

one examined vascular territory. Secondary outcomes included the presence of plaque in each 

vascular territory, plaque volume in each territory, global peripheral plaque volume, coronary 

plaque volume, and coronary artery calcium score. Global peripheral plaque volume was 

defined as the sum of plaque volumes in the bilateral carotid and femoral arteries. Coronary 

plaque volume was defined as the sum of plaque volumes in the coronary arteries. Coronary 

artery calcium score was expressed in Agatston units. 

Statistical analysis 

Prevalence of silent atherosclerosis was calculated as the percentage of participants with 

plaque in at least one examined vascular territory. Estimates are presented with 95% 

confidence intervals (CI). Cross-sectional age trajectories of silent atherosclerosis were 

estimated with cubic splines with three degrees of freedom fitted for age; observed prevalence 

within each age stratum was superimposed on the fitted curves at the mean age of the age 

stratum. To evaluate the association between any two variables, multivariable regression 

models were used. Continuous, normally distributed variables were analyzed using linear 

regression, whereas highly skewed continuous variables were log-transformed and evaluated 

via log-linear regression models. Logistic regression was applied to binary outcomes. 

Categorical variables were assessed using multinomial logistic regression, and ordinal 

outcomes were modeled via ordinal logistic regression. All models were adjusted by country, 

sex and age excluding collinear variables, e.g., age, sex, or country were not adjusted for 

themselves. Adjusted odds ratios are reported. For comparative purposes, continuous clinical 

biomarkers and biochemical metrics were standardized (mean of 0, standard deviation of 1) 

to express associations per 1-standard-deviation increase. To assess the effect of age on 

atherosclerosis prevalence, continuous age was divided by 10 and entered into the 

multivariable logistic regression model. Consequently, the resulting regression coefficient 

represents the change in the log-odds of silent atherosclerosis per 10-year increment of age, 

and its exponentiated value is interpreted as the adjusted odds ratio per decade of life. There 

was no adjustment for multiplicity, the unadjusted CI should be interpreted as descriptive and 

the intervals may not be used in place of hypothesis testing. Analyses were performed with R 

statistical software, version 4.4.0 (R Project for Statistical Computing). Further details are 

listed in the Supplementary Material. 

 



7 
 

RESULTS 

Participants 

From November 2024 through June 2026, a total of 16,808 participants were enrolled, of 

whom 50.3% were recruited in Spain and 49.7% in Denmark; the mean age of participants 

was 45±12.5 years and 51.4% were women. Imaging for analysis was available for the carotid 

arteries in 16,317 participants, the femoral arteries in 15,844, and the coronary arteries in 

14,140. Complete three-territory imaging was available in 13,186 participants, who constituted 

the primary analysis population for prevalence (Figs. S1 and S2). Baseline characteristics and 

estimated (SCORE2) risk are shown in Table 1, and Tables S3 to S5. Overall, the study 

population seemed to be representative to the background populations (Table S2).  

Prevalence of silent atherosclerosis 

Silent atherosclerosis in at least one vascular territory was present in 57.1% (95% CI, 56.3 to 

58.0) of participants with complete imaging and was more prevalent in men (63.4%; 95% CI, 

62.2 to 64.6) than in women (50.9%; 95% CI, 49.7 to 52.1) with an adjusted odds ratio of 0.44 

(95% CI, 0.40 to 0.48) for women versus men (Tables S6 and S7). Silent atherosclerosis was 

detectable in the youngest age stratum, affecting 8.7% (95% CI, 6.7 to 11.1) of men and 6.7% 

(95% CI, 5.1 to 8.7) of women 18 to 29 years of age, and was present in 34.6% (95% CI, 32.2 

to 37.0) of men and 21.3% (95% CI, 19.2 to 23.5) of women 30 to 39 years of age (Table S6 

and S7). The prevalence of silent atherosclerosis increased with the age strata in both sexes 

(adjusted odds ratio per 10-year increase, 4.52 [95% CI, 4.21 to 4.87] for men; 3.85 [95% CI, 

3.61 to 4.12] for women). The age-related pattern differed between men and women: in men, 

the prevalence of silent atherosclerosis increased from the third decade age strata and began 

to plateau by midlife; in women, the steepest increase occurred in the age strata after 40 years 

of age, narrowing the sex difference with increasing age (Fig. 1A-B, Table S6). Among 

participants 60 to 70 years of age, only 1.9% (95% CI, 1.1 to 3.0) of men and 8.1% (95% CI, 

6.4 to 10.0) of women had no plaque detected in any examined territory (Fig. 2). By vascular 

territory, carotid, femoral, and coronary atherosclerosis prevalence increased broadly in 

parallel in men, whereas in women carotid atherosclerosis predominated and femoral and 

coronary involvement were less frequent until later adult life age strata (Fig. 1B-D). The 

prevalence of silent atherosclerosis was similar in Spain and Denmark, except among women 

50 to 59 years of age, for whom the prevalence was lower in Spain (Fig. S3). 

Distribution of silent atherosclerosis across vascular territories 

Peripheral atherosclerosis 
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Among younger participants, silent atherosclerosis was usually identified in the peripheral 

vasculature, confined to a single vascular territory, and most often detected in the carotid 

arteries. Within the increasing age strata, combined carotid and femoral artery involvement 

became more common, particularly among men (Table S6). 

Coronary atherosclerosis 

Isolated coronary artery atherosclerosis was uncommon in every age stratum, reaching at 

most 9.3% (95% CI, 7.9 to 10.8) in men and 5.0% (95% CI, 4.0 to 6.1) in women (Table S6 

and Fig. 2). Coronary atherosclerosis severity and calcification increased with age in both 

sexes (Fig. 3A-B, and Fig. S4). Coronary plaque was frequently present without detectable 

calcium, particularly at younger ages: among participants 30 to 39 years of age with coronary 

plaque, 41.8% (95% CI, 32.5 to 51.6) of men and 48.4% (95% CI, 30.2 to 66.9) of women had 

a coronary artery calcium score of 0; this proportion declined with age but was still observed 

in the 60 to 70-year stratum (Figs. S5 to S8). 

Comparison across Vascular Territories 

Atherosclerosis in different vascular territories was strongly interrelated. Among participants 

with coronary plaque, 82.0% (95% CI, 80.7 to 83.2) also had peripheral arterial plaque, as 

compared with 41.5% (95% CI, 40.5 to 42.5) among those without coronary artery plaque (Fig. 

1B and Fig. S9). The probability of coronary artery atherosclerosis increased with greater 

peripheral plaque volume, with odds ratios of 1.32, 1.85, and 3.70 across increasing plaque-

volume quartiles, respectively, as compared with no peripheral plaque. Atherosclerosis was 

increasingly multiterritorial with increasing age. Among participants 30 to 39 years of age, two 

or three territories were involved in 6.0% (95% CI, 4.9 to 7.3) of men and 2.6% (95% CI, 1.8 

to 3.6) of women, whereas among those 60 to 70 years of age, all three territories were 

involved in 56.3% (95% CI, 53.0 to 59.6) of men and 30.7% (95% CI, 27.8 to 33.7) of women 

(Table S6; Fig. 2). 

Plaque Volume 

Among participants with plaque, the median plaque volume was 23.9 mm³ (interquartile range, 

10.2 to 58.4) in the carotid arteries, 44.8 mm³ (interquartile range, 16.0 to 120.3) in the femoral 

arteries, and 39.7 mm³ (interquartile range, 13.4 to 116.6) across the combined peripheral 

territories; the median coronary plaque volume was 74.7 mm³ (interquartile range, 32.0 to 

181.4). Plaque volume increased with age, with cross-sectional age-related patterns 

consistent with an exponential increase (Fig. 3C and 3D). Carotid and coronary artery plaque 

volume increased more steeply with age in men than in women, whereas femoral artery plaque 

growth was similar between the sexes (Fig. S10). 
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Silent Atherosclerosis and Cardiovascular Risk Classification 

Participants with silent atherosclerosis had older age, more cardiovascular risk factors, and 

higher SCORE2 risk than those without plaque; these differences were greatest among 

participants with combined peripheral and coronary artery atherosclerosis (Table S8). 

SCORE2 classified only 17 participants (0.5%) with single-territory silent atherosclerosis and 

97 participants (3.8%) with combined peripheral and coronary artery silent atherosclerosis as 

being in the high 10-year risk category. A high SCORE2 risk was highly specific (99.8%) but 

had low sensitivity (1.9%) for silent atherosclerosis, whereas a moderate-to-high SCORE2 risk 

had a specificity of 87.9% and a sensitivity of 34.1%. The discordance was most pronounced 

in younger participants and varied according to individual risk factors (Fig. 4); findings were 

similar when excluding participants on lipid-lowering or antihypertensive therapy (Fig. S11). 

There were a total of 115 adverse events and 10 serious adverse events associated with the 

study procedures (Table S9). 

 

DISCUSSION 

In this large, systematic cross-sectional imaging study of adults 18 to 70 years of age without 

known atherosclerotic cardiovascular disease, silent atherosclerosis was already detectable 

in approximately 1 in 13 adults 18 to 29 years of age and increased sigmoidally to 9 in 10 by 

60 to 70 of age. Prevalence increased earlier in men, whereas women showed a later and 

particularly steep midlife increase. In addition, increasing age was associated with more 

frequent multiterritory atherosclerosis and an exponential increase in plaque volume. These 

data support the concept of silent atherosclerosis as a systemic, progressive disease process 

with men showing an approximately 5-to-10-year earlier atherosclerotic phenotype than 

women. 

Imaging studies have consistently shown that atherosclerosis is common in apparently healthy 

adults. In BioImage (A Clinical Study of Burden of Atherosclerotic Disease in an At-Risk 

Population) that enrolled asymptomatic participants 55 to 80 years of age, it was present in 

58% of participants, and greater carotid artery plaque and coronary artery calcium levels 

independently predicted cardiovascular events and death.4,5 In MESA (Multi-Ethnic Study of 

Atherosclerosis) that included participants 45 to 84 years of age, about half had coronary 

calcium, which predicted coronary events independent of traditional risk factors.6 In PESA 

(Progression of Early Subclinical Atherosclerosis) that included participants 40 to 54 years of 

age, the carotid, iliac, femoral arteries, , the aorta, and the coronary arteries found that silent 

atherosclerosis was present in 63% of participants.16 Plaque burden progressed over time, 

with modifiable risk factors most influential at younger ages.9 In SCAPIS (Swedish 
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CardioPulmonary bioImage Study) that included individuals 50 to 64 years of age, silent 

coronary artery atherosclerosis was present in 42.1% of participants, and obstructive in 5.2%.7 

Coronary CT angiography in the Copenhagen General Population Study that included 

participants 40 years of age or older showed silent coronary atherosclerosis in 46%, being 

obstructive in 10%.8 In both the SCAPIS and the Copenhagen General Population Study, the 

highest myocardial-infarction risk was demonstrated in individuals with obstructive or 

extensive coronary artery disease.17   

The present study extends these earlier observations across the full adult life course, with 

equal representation of women and men using standardized imaging of the carotid, femoral, 

and coronary arteries. Because silent atherosclerosis predicts ischemic events and death 

independent of traditional risk factors,4,5,8,12,18 its detection in young adults may identify a 

population at increased long-term risk, at a stage where the benefit of risk-factor control seems 

greatest.19,20  

We observed that plaque volume increased more steeply with age in men despite sex 

differences in cardiovascular risk factors being more pronounced at younger than older ages. 

This apparent paradox may reflect the cumulative rather than cross-sectional effects of 

cardiovascular risk exposure. Sex-related biological mechanisms may also play a role. The 

observed marked increase in coronary artery calcification after the age of 50 may have been 

influenced by the higher use of statins in older participants, particularly in men.  

The results reported here have implications for detection strategies. Our findings suggest that 

imaging of the carotid arteries provided the highest diagnostic yield. Still, 18% of individuals 

with atherosclerosis in femoral arteries but not carotids would be misclassified if only the 

carotid arteries were examined. In younger adults, coronary artery plaque was frequently 

present despite the absence of calcification, indicating that calcium scoring alone does not 

exclude early coronary atherosclerosis. 

Current primary-prevention guidelines rely predominantly on absolute-risk estimation tools, 

including the PREVENT (Predicting the Risk of Cardiovascular Disease Events) equations in 

the United States and SCORE2 in Europe, to guide the intensity of risk-factor modification.21-

24 However, these scores are strongly influenced by age and tend to assign low risk to young 

adults, even in the presence of relevant risk-factor exposure. Moreover, these tools are not 

calibrated for adults younger than 30 and 40 years of age in the US and Europe, respectively. 

Consistent with this, a high or moderate-to-high risk SCORE2 classification identified only a 

small minority of participants who actually had silent atherosclerosis. Thus, risk-factor-based 

scores and direct imaging capture different information, especially at younger ages. These 
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results support that primary prevention strategies informed by imaging may improve risk 

assessment and start early in life. 

The age-related increase in prevalence differed between the sexes, with women showing a 

steeper rise between 40 and 60 years of age, broadly overlapping with the menopausal 

transition. Menopause, especially early, has been associated with higher cardiovascular 

risk.25-27  

Our study has limitations. The analyses are cross-sectional, and the age-related patterns 

should not be interpreted directly as within-person progression. Enrollment was stratified by 

age, sex, and country; therefore, the overall prevalence should be interpreted as a cross-

sectional estimate rather than as a population-weighted estimate. Complete three-territory 

imaging was available in 13,186 of 16,808 enrolled participants, and incomplete imaging may 

have introduced selection bias. The cohort comprised individuals without known clinical 

atherosclerotic cardiovascular disease, and atherosclerosis outside the carotid, femoral, and 

coronary territories was not assessed. Healthy-participant bias may have led to 

underestimation of the true prevalence and extent of silent atherosclerosis. Exclusion criteria 

included history of atherosclerotic cardiovascular disease events but not symptoms such as 

chest pain or leg-pain during walking.  

In conclusion, this cross-sectional study provides a large-scale atlas of silent atherosclerosis 

across adult life in men and women. Silent atherosclerosis showed age- and sex-related 

increases in cross-sectional prevalence and extent of systemic involvement. Most individuals 

with silent coronary atherosclerosis had peripheral atherosclerosis. Conventional 10-year risk 

classification identified only a minority of participants with established silent atherosclerosis.  

 

Disclosure forms provided by the authors are available with the full text of this article 
at NEJM.org. 
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FIGURE LEGENDS 
 
Figure 1: Prevalence of peripheral and coronary silent atherosclerosis across life  
(a) Cross-sectional age pattern of silent atherosclerosis prevalence in men and women. (b) 

Atherosclerosis distribution in the three arterial vascular territories (coronary, femoral, carotid) 

stratified by age and sex. (c) Atherosclerosis prevalence for male participants in any territory 

(same as a) and for each vascular site. (d) Same as (c) for female participants. Age strata:  

18-29, 30-39, 40-49, 50-59, and 60-70 years. For each age stratum, the prevalence and exact 

Clopper-Pearson 95% CI are shown. The lines represent logistic regression models with age 

modelled using natural cubic spline (df=3) and the shaded bands are pointwise 95% CI 

intervals. The confidence intervals should be interpreted as descriptive and not used for 

hypothesis testing. 

 
Figure 2: Age-Related Distribution of Silent Atherosclerosis across Vascular Territories 
According to Sex 
Bars show the percentage of participants within each age stratum with plaque in the indicated 

combination of arterial vascular territories: no plaque, carotid only, femoral only, coronary only, 

carotid and femoral, carotid and coronary, femoral and coronary, or all three territories. 

Percentages were calculated among all participants of the same sex and age stratum. Error 

bars indicate 95% confidence intervals. The confidence intervals should be interpreted as 

descriptive and not used for hypothesis testing. 

 

Figure 3: Age-related differences in plaque burden across vascular territories 
(a) C

segments) or nonobstructive (<50% stenosis in all segments) and as extensive (stenosis in 

more than 5 of the 17 coronary segments) or non-extensive (stenosis in fewer than 5 

segments).  (b) Cross-sectional calcium score (Agatston unit) in participants with calcium>0 

for male (R2=11.4%) and female (R2=6.4%). (c, d) Cross-sectional plaque volume fit in 

participants with plaque. Each line is the exponential fit of age predicting plaque volume in 

participants with plaque present for the respective territory: (c) males with plaque in carotid 

(R2=17.6%), femoral (R2=17.5%), and coronary (R2=10.7%).  (d) females with plaque in carotid 

(R2=14.4%), femoral (R2=15.0%), and coronary (R2=7.0%). 

 

Figure 4: Association between CV risk factors and silent atherosclerosis 
(a) Age-specific discrimination (AUC) of SCORE2 for predicting silent atherosclerosis. For 

each age, the AUC is calculated for participants within ±5 years (e.g. at age 50 the AUC is 

calculated for participants 45 to 55 years of age). The line represents the AUC, and the shaded 
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area indicates pointwise 95% confidence intervals (DeLong). The prediction at ages <40 is 

shown in dashed line and a lighter gray to highlight that SCORE2 is not calibrated for 

participants <40 years of age. (b) Age-specific associations of SCORE2 components with 

silent atherosclerosis. Curves show adjusted odds ratios for each component as a function of 

age, estimated from logistic models using a natural cubic spline for age and the component-

age interaction. Shaded area is the pointwise 95% confidence intervals. Points are odds ratios 

within each age strata and error bars show the 95% confidence interval. All the models were 

adjusted for country and the other SCORE2 components. The confidence intervals should be 

interpreted as descriptive and not used for hypothesis testing. 
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