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IMPORTANCE Incorporating nontraditional risk factors may improve the performance of
traditional multivariable risk assessment for cardiovascular disease (CVD).

OBJECTIVE To systematically review evidence for the US Preventive Services Task Force on
the benefits and harms of 3 nontraditional risk factors in cardiovascular risk assessment: the
ankle-brachial index (ABI), high-sensitivity C-reactive protein (hsCRP) level, and coronary
artery calcium (CAC) score.

DATA SOURCES MEDLINE, PubMed, and the Cochrane Central Register of Controlled Trials for
studies published through May 22, 2017. Surveillance continued through February 7, 2018.

STUDY SELECTION Studies of asymptomatic adults with no known cardiovascular disease.

DATA EXTRACTION AND SYNTHESIS Independent critical appraisal and data abstraction
by 2 reviewers.

MAIN OUTCOMES AND MEASURES Cardiovascular events, mortality, risk assessment
performance measures (calibration, discrimination, or risk reclassification), and serious
adverse events.

RESULTS Forty-three studies (N = 267 244) were included. No adequately powered trials have
evaluated the clinical effect of risk assessment with nontraditional risk factors on patient health
outcomes. The addition of the ABI (10 studies), hsCRP level (25 studies), or CAC score
(19 studies) can improve both discrimination and reclassification; the magnitude and
consistency of improvement varies by nontraditional risk factor. For the ABI, improvements in
performance were the greatest for women, in whom traditional risk assessment has poor
discrimination (C statistic change of 0.112 and net reclassification index [NRI] of 0.096). Results
were inconsistent for hsCRP level, with the largest analysis (n = 166 596) showing a minimal
effect on risk prediction (C statistic change of 0.0039, NRI of 0.0152). The largest
improvements in discrimination (C statistic change ranging from 0.018 to 0.144) and
reclassification (NRI ranging from 0.084 to 0.35) were seen for CAC score, although CAC score
may inappropriately reclassify individuals not having cardiovascular events into higher-risk
categories, as determined by negative nonevent NRI. Evidence for the harms of nontraditional
risk factor assessment was limited to computed tomography imaging for CAC scoring
(8 studies) and showed that radiation exposure is low but may result in additional testing.

CONCLUSIONS AND RELEVANCE There are insufficient adequately powered clinical trials
evaluating the incremental effect of the ABI, hsCRP level, or CAC score in risk assessment and
initiation of preventive therapy. Furthermore, the clinical meaning of improvements in
measures of calibration, discrimination, and reclassification risk prediction studies is uncertain.
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C ardiovascular disease (CVD) is the leading cause of death
in the United States, accounting for about 1 in 3 deaths.1 The
incidence of CVD is strongly associated with a set of tradi-

tional risk factors,2-5 which have been combined using multivari-
able risk assessment tools to estimate an individual’s risk for having
a CVD event.6 However, these tools can underestimate or overes-
timate CVD risk.7 Inclusion of nontraditional biological and physi-
ologic risk factors might improve the performance of tools. Given
that risk estimates are used to guide preventive therapy such as as-
pirin and statins,6,8-10 improved risk assessment performance could
result in improved CVD outcomes.

Previous research has established that abnormal values for
the nontraditional risk factors of the ankle-brachial index (ABI),
high-sensitivity C-reactive protein (hsCRP) level, and coronary
artery calcium (CAC) score are significantly associated with mor-
bidity and mortality.11-13 Moreover, this research has shown that
these factors can improve the ability of models to distinguish
between individuals who will and will not have events and to
reclassify individuals into clinically actionable risk strata. How-
ever, previous systematic reviews were conducted before the
release of newly recommended risk tools and treatment thresh-

olds. Additionally, these reviews did not address the ability of
nontraditional risk factors to improve on existing models’ overes-
timation or underestimation of risk.

Based on previous systematic reviews, the US Preventive Ser-
vices Task Force (USPSTF) issued recommendations in 2009 and
2013, concluding that the evidence was insufficient to assess the ben-
efits and harms of using nontraditional risk factors for cardiovascu-
lar risk assessment (I statements).14,15 This review sought to iden-
tify and appraise updated evidence on the benefits and harms of
nontraditional risk factor assessment and therapy guided by the ABI,
hsCRP level, and CAC score to support the USPSTF in updating its
2009 and 2013 recommendations.

Methods
Scope of Review
This review addressed 5 key questions (KQs) as shown in Figure 1.
Methodological details including study selection, a list of excluded
studies, data analysis methods, and additional subpopulation re-
sults, as well as detailed descriptions of all models, are available in the

Figure 1. Analytic Framework: Nontraditional Risk Factors in Cardiovascular Disease Risk Assessment

Key questions

1 Compared with the Pooled Cohort Equations or Framingham risk factors alone, does risk assessment of asymptomatic adults using nontraditional
risk factors—followed by treatment specific to risk level—lead to reduced incidence of cardiovascular events (eg, myocardial infarction,
cerebrovascular accident), mortality, or both?

Does use of nontraditional risk factors in addition to traditional risk factors to predict cardiovascular disease risk improve measures of calibration,
discrimination, and risk reclassification?

2

Does treatment guided by nontraditional risk factors, in addition to traditional risk factors, lead to reduced incidence of cardiovascular events
 (eg, myocardial infarction, cerebrovascular accident), mortality, or both?

4

What are the harms of nontraditional risk factor assessment?3

What are the harms of treatment guided by nontraditional risk factors?5

Asymptomatic
adults without
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Evidence reviews for the US Preventive Services Task Force (USPSTF) use an
analytic framework to visually display the key questions that the review will
address to allow the USPSTF to evaluate the effectiveness and safety of a
preventive service. The questions are depicted by linkages that relate
interventions and outcomes. Further details are available in the USPSTF
procedure manual.16 ABI indicates ankle-brachial index; CAC, coronary artery

calcium; CVD, cardiovascular disease; hsCRP, high-sensitivity C-reactive protein;
MI, myocardial infarction.
a Risk factors: age, sex, blood pressure, levels of total and high-density

lipoprotein cholesterol, smoking, diabetes, race/ethnicity.
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full evidence report at https://www.uspreventiveservicestaskforce
.org/Page/Document/UpdateSummaryFinal/cardiovascular-disease
-screening-using-nontraditional-risk-assessment.

Data Sources and Searches
MEDLINE, PubMed, and the Cochrane Central Register of Con-
trolled Trials were searched through May 22, 2017, to identify litera-
ture published after 2 reviews for the USPSTF11,12,17 (eMethods in
the Supplement). All studies in the prior reviews were also evalu-
ated, as well as reference lists of other systematic reviews.18-24

ClinicalTrials.gov and the World Health Organization International
Clinical Trials Registry Platform were searched for relevant ongoing
trials. Since May 22, 2017, ongoing surveillance through article
alerts and targeted searches of journals with a high impact factor
and journals relevant to the topic was conducted to identify major
studies published in the interim that may affect the conclusions or
understanding of the evidence and therefore the related USPSTF
recommendation. The last surveillance was conducted on February
7, 2018, and identified no additional relevant studies.

Study Selection
Investigatorsreviewed22 707uniquecitationsand483full-textarticles
against a priori inclusion criteria (Figure 2; eTable 1 in the Supplement).

Studies of adults without known CVD that were published in
English were eligible for inclusion. For each KQ, subpopulation analy-
ses by sex, race/ethnicity, and diabetes were identified a priori. For
KQ1, trials comparing traditional risk assessment with traditional risk
assessment plus the ABI, hsCRP level, or CAC score that reported
patient health outcomes (ie, CVD events, mortality, or both) were
included. For KQ2, individual participant data meta-analyses, trials,
and well-designed prospective cohort studies evaluating risk pre-
diction in models with traditional risk factors (base model), com-
pared with models additionally including the ABI, hsCRP level, or CAC
score (extended model), were included. KQ2 studies were re-
quired to include a measure of calibration, discrimination, or reclas-
sification (Box). Eligible base models were the Pooled Cohort
Equations,27 the Framingham Risk Score,28-32 or models including
the same variables: age, sex, systolic blood pressure, use of antihy-
pertensive medication, total cholesterol level, high-density lipopro-
tein cholesterol level, and smoking status. Models were eligible with
or without inclusion of race/ethnicity and diabetes status. Studies
with additional variables in their base models were excluded, as this
would have precluded isolation of the effect of the nontraditional
risk factor of interest. Extended models that incorporated multiple
nontraditional risk factors were excluded if the effect of newly added
risk factors could not be isolated.

Figure 2. Literature Search Flow Diagram: Nontraditional Risk Factors in Cardiovascular Disease Risk Assessment

1 Article (1 study) included
for KQ1

22 224 Citations excluded based on
review of title or abstract

482 Articles excluded for KQ1
442 Aim

1 Setting
3 Population
5 Outcomes
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30 Study design
0 Quality
0 Base model
0 Comparator
0 Ancillary

43 Articles (33 studies)
included for KQ2

8 Articles (8 studies) included
for KQ3

5 Articles (4 studies) included
for KQ4

3 Articles (3 studies) included
for KQ5

483 Full-text articles assessed for
eligibility for KQ1-KQ5

22 707 Citations screened

22 573 Citations identified through KQ
literature database searchesa 

134 Citations identified through other
sources (eg, reference lists, experts)

440 Articles excluded for KQ2
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205 Outcomes
12 Intervention
37 Study design

2 Quality
60 Base model
30 Comparator
12 Ancillary

475 Articles excluded for KQ3
420 Aim
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6 Population

15 Outcomes
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0 Quality
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478 Articles excluded for KQ4
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0 Quality
0 Base model
0 Comparator
7 Ancillary

480 Articles excluded for KQ5
432 Aim

1 Setting
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7 Outcomes
4 Intervention

31 Study design
0 Quality
0 Base model
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2 Ancillary

In total, the current review included 54 articles (43 studies); studies may appear
in more than 1 key question (KQ). Reasons for exclusion: Aim: Study aim was not
relevant. Setting: Study was not conducted in a country relevant to US practice,
or not conducted in, recruited from, or feasible for primary care or a health care
system. Population: Study was not conducted in adults without known
cardiovascular disease. Outcomes: Study did not report required outcomes.
Intervention: Intervention was out of scope. Study design: Study did not use
an included design. Quality: Study was poor quality. Base model: Eligible base
models had to include age, sex, systolic blood pressure, antihypertensive
medication use, total cholesterol, high-density lipoprotein cholesterol,

and current smoking status; eligible base models could not include additional
risk factors. Comparator: Study did not include an eligible model for comparison.
Ancillary: The article met inclusion criteria, but more complete data
such as a larger sample or longer follow-up was abstracted from a different
included article.
a January 2007-May 19, 2017 (high-sensitivity C-reactive protein); January

2008-May 19, 2017 (coronary artery calcium score); January 2012-May 19,
2017 (ankle-brachial index).
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For KQ3 and KQ5, trials, prospective and retrospective cohort
studies, and well-designed case-control studies examining harms
of risk assessment or treatment guided by risk assessment were
included. Harms included any serious adverse event requiring
unexpected or unwanted medical attention resulting from risk
assessment or harms from risk factor modification. For assess-
ment of CAC score, radiation exposure from computed tomogra-
phy (CT) was included as a potential harm. For KQ4, trials of treat-
ment guided by nontraditional risk factor assessment in addition
to traditional risk assessment vs no treatment or usual care that
reported patient health outcomes (ie, CVD events, mortality, or
both) were included.

Data Extraction and Quality Assessment
Two independent reviewers critically appraised the included stud-
ies using predefined criteria,16,33,34 with a third reviewer resolving
disagreements (eTable 2 in the Supplement). Articles were rated
as good, fair, or poor quality. In general, a good-quality study met
all criteria. A fair-quality study did not meet, or it was unclear
whether it met, at least 1 criterion but had no known important
limitations that could invalidate its results. A poor-quality study
had a single fatal flaw or multiple important limitations. Poor-
quality studies were excluded from the review. Two studies, both
for KQ2, were excluded as poor quality because of nonrepresen-
tative sampling of patients, self-reported outcomes, limited dura-

tion of follow-up, and/or a small number of CVD events.35,36 One
reviewer abstracted descriptive and outcome data from each
included study into standardized evidence tables; a second
checked for accuracy and completeness.

Data Synthesis and Analysis
Data for each KQ are summarized narratively according to nontradi-
tional risk factor. Quantitative analyses were not conducted
because of the limited number of studies for each KQ or method-
ological and clinical heterogeneity, including differences in out-
comes and treatments evaluated. KQ2 results are stratified by cali-
bration, discrimination, or reclassification (Box). A full description
of selected measures for each domain and their limitations is avail-
able in eTable 3 in the Supplement.

Because there is no guidance in existing literature about how
to characterize the magnitude or clinical meaning of changes in dis-
crimination (KQ2),26 the following definitions were used for prac-
tical reasons. For changes in the C statistic, the term “large” is used
to denote changes of 0.1 or greater, “moderate” for changes of 0.05
to 0.1, “small” for changes of 0.025 to 0.05, and “very small” for
changes less than 0.025. C statistics range from 0.5 to 1.0; the 0.1
cutpoint for “large” was set because it represents 20% of the pos-
sible range. A change in C statistic of 0.025 approximates a 5% higher
sensitivity when specificity is 50%.37

KQ2 analyses were additionally stratified by (1) type of model
design—ie, published coefficient vs model development; (2) choice
of the Pooled Cohort Equations or the Framingham Risk Score as
the base model; and (3) prediction of global CVD outcomes, which
include coronary and noncoronary events. Published coefficient
model studies are risk prediction studies evaluating the added
prognostic value of the ABI, hsCRP level, or CAC score that pre-
served the coefficients from the published Pooled Cohort Equa-
tions or Framingham Risk Score, which are readily available for use
in clinical practice. This is in contrast to model development stud-
ies, which fit entirely new models with locally developed coeffi-
cients, such that these models are generally not available in the
public domain for clinical use. Studies that used the original pub-
lished coefficients of the Framingham Risk Score or the Pooled
Cohort Equations were considered preferable to model develop-
ment studies because of their applicability.

To help illustrate the clinical meaning of the Net Reclassifica-
tion Index (NRI), event NRI, and nonevent NRI for each nontradi-
tional risk factor, reclassification tables from selected studies were
modified to correspond to current treatment thresholds and show
reclassification in both absolute and relative terms. A 2016
Multi-Ethnic Study of Atherosclerosis (MESA) published coeffi-
cient analysis (which evaluated all 3 nontraditional risk factors
using both Pooled Cohort Equations and Framingham Risk Score
base models)38 and 2 individual patient data meta-analyses
(available for the ABI39 and hsCRP level40) were selected based on
the applicability of the models evaluated, the ability to compare
across risk factors, the larger populations represented therein, and
the reporting of reclassification tables allowing for this analysis.
For the Framingham Risk Score–based analyses, which used 3 risk
strata, the top 2 risk strata (10%-20% and >20%) were combined
to conform to the current USPSTF recommendation to initiate pre-
ventive low-dose aspirin and statins based on a 10-year CVD risk
of 10% or greater.

Box. Definitions of Risk Prediction Measures Included for KQ2

Calibration refers to the agreement between observed and
predicted outcomes. Calibration plots and observed to
expected ratios were identified a priori as preferable measures
of calibration because of their ability to indicate direction of
miscalibration, capacity to compare across models. and intuitive
graphic interpretation.

Discrimination is the ability to distinguish between individuals who
will and will not have an event. This analysis uses the change in
C statistic to measure discrimination. The C statistic is the
probability that, for a randomly selected pair of individuals,
1 with disease and the other without, the person with disease
will have the higher estimated disease probability according
to the model.25

Reclassification reflects the ability of a new model to appropriately
reassign people into different risk strata. The most commonly used
measure in this review was the Net Reclassification Index (NRI),
which captures the reclassification of individuals that occurs when
traditional risk assessment is enriched with the ABI, hsCRP level, or
CAC score, where clinically meaningful risk strata are typically
defined by treatment thresholds. Reclassification to a higher risk
category is considered appropriate when the individual has an
outcome, and reclassification to a lower risk category is considered
appropriate when an individual does not have an outcome. The
NRI is the sum of differences in proportions of individuals moving
up a risk category minus those moving down a risk category with a
cardiovascular disease outcome (known as the event NRI), plus the
proportion moving down a risk category minus those moving up a
risk category without an outcome (known as the nonevent NRl).26

Abbreviations: ABI, ankle-brachial index; CAC, coronary artery calcium;
hsCRP, high-sensitivity C-reactive protein; KQ, key question.
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Results

In total, 43 studies reported in 54 publications (n = 267 244) were
included (Figure 2).24,25,38-89 Thirty-eight unique trials or cohorts
are represented in the included literature. For all KQs, additional de-
scriptive and outcome data are available in the full report.

Benefits of Risk Assessment
Key Question 1. Compared with the Pooled Cohort Equations or
Framingham risk factors alone, does risk assessment of asymptom-
atic adults using nontraditional risk factors lead to reduced inci-
dence of cardiovascular events, mortality, or both?

Only 1 fair-quality trial evaluated the incremental value of
nontraditional risk factor assessment on CVD events. The Early
Identification of Subclinical Atherosclerosis by Non-invasive
Imaging Research (EISNER) trial (n = 2137), conducted in the
United States, randomized volunteers to undergo CT scanning for
CAC scoring in addition to the Framingham Risk Score vs no CAC
scoring before risk factor counseling.75 Participants were middle-
aged adults with CVD risk factors but no known CVD or symp-
toms. This study found no statistically significant difference in
myocardial infarction, mortality, or combined myocardial infarc-
tion and mortality at 4 years between the 2 groups; however, the
trial did not have adequate sample size and length of follow-up to
detect differences in these outcomes, as the primary outcome of
this trial was a change in CVD risk factors and Framingham Risk
Score at 4 years.

Performance Characteristics of Risk Assessment Measures
Key Question 2. Does use of nontraditional risk factors in ad-
dition to traditional risk factors to predict cardiovascular disease
risk improve measures of calibration, discrimination, and risk
reclassification?

Thirty-three studies reported in 43 articles evaluated the ABI,
hsCRP level, and/or CAC score in addition to traditional cardiovas-
cular risk assessment and reported 1 or more measures of calibra-
tion, discrimination, and/or risk reclassification. Ten studies evalu-
ated the ABI, 25 studies evaluated hsCRP level, and 19 studies
evaluated CAC score (Table 1). The evidence base for the ABI and
hsCRP included large individual patient data meta-analyses39,40; in
these cases, the meta-analyses are discussed as the central piece of
evidence and other studies of individual cohorts are discussed in re-
lation to these meta-analyses.

In general, participants included in studies represented
a broad range of primary prevention populations to whom CVD
risk assessment is applicable. Most individuals were recruited as
part of population-based cohort studies; additional populations
were from cohorts derived from treatment trials72,77,79,83,86 and 1
registry of individuals who received CAC scores.44 Some analyses
excluded people with known diabetes or already taking
statins.25,38,53,57,65,69,71,76,88

Most included studies have important limitations in their
applicability to current clinical practice. Fourteen studies (32.6%)
used the published coefficients of publicly available Framingham
Risk Score or Pooled Cohort Equations models. Moreover, the
“low,” “intermediate,” and “high” risk strata used in many studies
are not consistent with those used in current practice, where aTa
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single threshold, such as 7.5% or 10% 10-year risk, is used for
decision making to initiate preventive therapy.

Calibration
Limited data are available to inform whether the addition of the ABI
(5 studies), hsCRP level (9 studies), or CAC score (8 studies) can im-
prove agreement between predicted and observed events of risk as-
sessment models. Across all 3 nontraditional risk factors, less than
half of studies reported a measure of calibration (Table 1). Of these,
only 224,25 reported the preferred measures of calibration plots and
observed to expected ratios, and these are reported only for stud-
ies evaluating hsCRP level. These studies showed that the addition
of hsCRP can improve calibration in some risk groups but worsen it
in others; however, the small number of events—particularly in lower-
risk groups—precludes definitive conclusions.

Discrimination

Ankle-Brachial Index | A large body of literature (10 studies;
n = 79 583) consistently shows that the addition of the ABI to risk
prediction models generally results in no to small improvement in a
model’s ability to distinguish between individuals who will and will
not have cardiovascular events (C statistic change of −0.006 to
0.036); however, improvements in discrimination can be large
(eg, change of 0.112) when base models perform poorly (eTable 4
in the Supplement). Most models are not directly applicable to cur-
rent practice because most are model development studies rather
than published coefficient analyses, and evidence for the addition
of the ABI to the Pooled Cohort Equations is sparse. The 1 study evalu-
ating the Pooled Cohort Equations, a 2016 analysis of the MESA
study38 showed moderate base model discrimination of 0.74 and
no statistically significant change in discrimination of 0.01 when the
ABI was added. The central piece of evidence for the addition of
the ABI to the Framingham Risk Score is the individual patient data
meta-analysis from the ABI Collaboration, which includes 11 421 in-
dividuals in the external validation data set. Both published coeffi-
cient and model development analyses were conducted, and re-
sults were stratified by sex.39 For published coefficient analyses, the
base model performed poorly in women, with a C statistic of 0.578
(95% CI, 0.492 to 0.661), and the addition of the ABI to the model
showed a large improvement in discrimination, with a change of
0.112. The base model for men showed better discrimination, with
a C statistic of 0.672 (95% CI, 0.599 to 0.737) and a smaller change
of 0.013 when the ABI was added to the model. In the individual pa-
tient data meta-analysis model development analyses, base model
performance was better because the model was fit to the studied
population. The base model C statistics were 0.788 (95% CI,
0.709 to 0.850) for women and 0.683 (95% CI, 0.611 to 0.748)
for men. The resulting changes in discrimination were very small
when the ABI was added to the model: 0.003 for women and 0.007
for men. Results for cohorts not included in the individual patient
data meta-analysis were consistent with those included in the
analysis.38,52,56,81,88

hsCRP Level | The body of evidence for hsCRP level is much larger
(25 studies; n = 265 704) than for ABI and CAC but demonstrates
less consistent findings (eTable 5 in the Supplement). The hsCRP lit-
erature is dominated by model development studies, which add the

nontraditional risk factor to base models including Framingham Risk
Score variables. The 1 study evaluating the addition of hsCRP to the
Pooled Cohort Equations, the 2016 MESA analysis,38 showed mod-
erate base model discrimination of 0.74 and no change in discrimi-
nation when hsCRP level was added to the model. The central piece
of evidence for the addition of hsCRP level to the Framingham Risk
Score is the Emerging Risk Factors Collaboration individual patient
data meta-analysis, which involved 166 596 participants and 13 568
hard CVD events; this was a model development study with a mod-
erate base model discrimination of 0.714.40 This analysis showed that
the addition of hsCRP level increased discrimination by 0.0039 (95%
CI, 0.0028 to 0.0050) for predicting a composite of fatal and non-
fatal myocardial infarction and cerebrovascular accident. Explor-
atory subgroup analyses showed a very small, statistically signifi-
cant improvement in men and no change in women; the P value for
heterogeneity was less than .001. Results were inconsistent for stud-
ies not included in the individual patient data meta-analysis, rang-
ing from a worsening of discrimination with the addition of hsCRP
level24 to a small improvement59,71; however, estimates of even small
improvement likely represent an upper bound because of study de-
sign limitations.

CAC Score | The evidence (18 studies; n = 60 486) shows that the
addition of CAC score to traditional risk assessment models results
in the largest improvement in discrimination of all nontraditional risk
factors evaluated, with change in the C statistic ranging from 0.018
to 0.144 (eTable 6 in the Supplement); however, there is no avail-
able individual patient data meta-analysis allowing for robust sex-
stratified analyses. Two studies evaluated published coefficient
Pooled Cohort Equations models; however, both were analyses of
the same cohort.38,51 The MESA analysis by Yeboah et al,38 which
had moderate base model discrimination of 0.74, found a very small
to small, statistically significant improvement of 0.02 with the ad-
dition of CAC score to the model. The MESA analysis by Fudim et al,51

which presented only sex-stratified results, demonstrated similar
findings, although statistically significant only for men. Results for
published coefficient Framingham Risk Score base models were sta-
tistically significant and showed a slightly higher magnitude of
change. For example, the 2016 MESA analysis found a statistically
significant improvement in discrimination of 0.04.38 Results for
model development studies were generally consistent with results
from published coefficient analyses.

Reclassification

Ankle-Brachial Index | A large but heterogeneous body of literature
(9 studies; n = 46 979) showed that the addition of the ABI to risk
prediction models can improve the appropriate reclassification of
individuals into clinically meaningful risk strata; NRIs are at best less
than 0.1 and are usually much smaller and often nonsignificant
(Table 2). There was considerable variation in the definitions of risk
strata used across studies, and only 1 study used the Pooled Cohort
Equations, with a treatment threshold of 7.5% 10-year risk.38 In this
study, the total NRI was 0.017 (95% CI, −0.031 to 0.058). The indi-
vidual patient data meta-analysis published coefficient Framing-
ham Risk Score analysis used 10-year risk strata of less than 10%,
10% to 19%, and 20% or greater.39 The NRIs based on these 3 strata
are no longer as relevant because current treatment thresholds to
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Table 2. Ranges of Overall, Event, and Nonevent NRI for Cardiovascular or Coronary Heart Disease Events in Studies Reporting Categorical NRI

Risk Factora

NRI Range (95% CI)

Overall Event Nonevent
Pooled Cohort Equationsb

ABI (1 study,38 n = 5185) 0.017 (−0.031 to 0.058)c 0.013 (−0.034 to 0.051)c 0.004 (−0.004 to 0.011)c

hsCRP (1 study,38 n = 5185) 0.024 (−0.015 to 0.067)c 0.028 (−0.013 to 0.077)c −0.005 (−0.015 to 0.003)c

CAC (2 studies,38,51 n = 11 927) 0.119 (0.080 to 0.256)c 0.178 (0.080 to 0.256)c −0.059 (−0.075 to 0.030)c

Framingham Risk Scored

ABI (7 studies,52,56,58,65,74,81,88 n = 30 373) 0.001 (−0.06 to 0.058) to 0.079 (NR)e −0.01 (−0.07 to 0.045) to 0.041 (−0.01 to 0.108)f −0.003 (−0.008 to 0.004) to 0.027 (NR)f

IPD meta-analysis (1 study,39 n = 11 421)

Women 0.096 (0.061 to 0.164)g 0.145 (0.101 to 0.189)g −0.051 (−0.059 to −0.043)g

Men 0.043 (0.008 to 0.076)g 0.026 (−0.005 to 0.058)g 0.016 (0.004 to 0.027)g

hsCRP (13 studies,24,58,60,63,71,74,76,78,79,82,83,85,88 n = 37 742) 0.003 (−0.028 to 0.026) to 0.120 (NR) 0.005 (−0.027 to 0.027) to 0.1091 (0.022 to 0.196)h −0.012 (−0.029 to 0.006)h to 0.099 (NR)

IPD meta-analysis (1 study,40 n = 72 574) 0.0152 (0.0078 to 0.0227) 0.0146 (0.0073 to 0.0219) 0.0006 (−0.0009 to 0.0022)

CAC (13 studies,43,44,47,48,52,55,57,58,63,68,69,72,88 n = 46 362) 0.084 (0.024 to 0.196) to 0.35 (0.11 to 0.58) 0.119 (0.045 to 0.239) to 0.333 (0.156 to 0.511) −0.041 (−0.058 to −0.024) to 0.06 (0.028 to 0.092)

Abbreviations: ABI, ankle-brachial index; CAC, coronary artery calcium; hsCRP, high-sensitivity C-reactive protein;
IPD, individual patient data; NR, not reported; NRI, net reclassification index.
a Categorical NRIs are measures of reclassification that are influenced by event rates and risk cutoffs; continuous

NRIs define upward and downward movement by a change in predicted probabilities.90 Because these
measures are not comparable, only categorical NRIs, which are the most commonly reported, are included
in this table.

b Two-category risk strata (Yeboah, 201638): 7.5% or greater, less than 7.5%.
c Evidence from published coefficient studies only; no model development studies available.

d Three-category risk strata: varies.
e Range of −0.011 (not reported; not significant) to 0.159 (not reported; not significant) when sex-stratified

analyses considered; the upper and lower ranges are for men and women, respectively, from the same study.56

f Many confidence intervals not reported or not calculable.
g Published coefficient model reported; confidence intervals calculated using Kaplan-Meier estimates reported

in study.
h Confidence intervals were calculated using simple variance method.
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initiate preventive therapies have been lowered to 7.5% or 10%, and
reported NRI will capture movement between the middle and up-
per categories. Consistent with findings for discrimination, the ad-
dition of the ABI showed a larger improvement in women than in
men. In contrast to the findings for the Pooled Cohort Equations, this
improvement was statistically significant for the Framingham Risk
Score base model: 0.096 (95% CI, 0.061 to 0.164) for women and
0.043 (95% CI, 0.008 to 0.076) for men. Event NRIs (the appro-
priate upward reclassification of individuals having CVD events) were
larger than nonevent NRIs (the appropriate downward reclassifica-
tion of individuals not having CVD events). However, the nonevent
NRI for women was negative and statistically significant, meaning
that more women without events were inappropriately reclassi-
fied to a higher risk stratum than appropriately reclassified to a lower
risk stratum. Consideration of the event and nonevent NRI sepa-
rately is important because the total NRI does not weight for the pro-
portion of individuals who have or do not have events; in the in-
cluded primary prevention populations, it is much more common
not to have an event. Cohorts not included in the individual patient
data meta-analysis showed a similar magnitude of reclassification
with the addition of the ABI, with mixed statistical significance.

hsCRP Level | The body of evidence for the addition of hsCRP
level to risk prediction models (15 studies; n = 115 686) shows
inconsistent evidence for an improvement in the appropriate
reclassification of individuals into clinically meaningful risk strata;
evidence from the largest analysis suggests an overall NRI of no
greater than 0.02 (Table 2). As with the evidence for the ABI,
risk strata were defined variably among studies, with few using
thresholds applicable to current practice. Additionally, many stud-
ies used 3 risk strata, which is no longer as relevant to current clini-
cal practice. Only 1 study used the Pooled Cohort Equations with
treatment threshold of 7.5% 10-year risk, and this was the same
study that evaluated the addition of the ABI to the Pooled Cohort
Equations.38 In this study, the total NRI was 0.024 (95% CI, −0.015
to 0.067). The IPD meta-analysis model development study
(n = 72 574) used 10-year risk strata of less than 10%, 10% to 19%,
and 20% or greater.40 The total NRI and event NRI were 0.0152
(95% CI, 0.0078 to 0.0227) and 0.0146 (95% CI, 0.0073 to
0.0219), respectively. However, the nonevent NRI was much
smaller and nonsignificant (0.0006 [95% CI, −0.0009 to
0.0022]); about 92% of individuals in the individual participant
data meta-analysis did not have events. Similar to results for dis-
crimination, exploratory subgroup analyses by sex show that
reclassification was greater for men than for women, but reclassifi-
cation results were not significant for either sex individually. Two
other studies offer some confirmatory evidence about a larger
effect for men, although reporting inconsistencies preclude defini-
tive conclusions.60,76 The results of cohorts not included in the
individual patient data meta-analysis were also inconsistent with
respect to magnitude and statistical significance. Predicted out-
come, definitions of risk strata, and case mix did not explain differ-
ences among studies; however, these comparisons were limited by
several concurrent sources of heterogeneity.

CAC Score | Of the 3 nontraditional risk factors evaluated in this re-
view, the addition of CAC score to traditional risk assessment mod-
els has the strongest effect on appropriate reclassification (15 stud-

ies; n = 58 289). Results range from 0.084 (95% CI, 0.024 to 0.196)
to 0.35 (95% CI, 0.11 to 0.58) and are consistently statistically sig-
nificant; however, the nonevent NRI is negative in several studies
(Table 2). In the absence of an individual patient data meta-
analysis for CAC score, few reliable data are available to inform
whether effect modification exists by sex. As for other nontradi-
tional risk factors, studies used a variety of definitions of risk strata,
which precludes definitive comparisons. The most applicable evi-
dence is from the published coefficient Pooled Cohort Equations
analysis,38 which reported an overall NRI of 0.119 (95% CI, 0.080
to 0.256). Numerically, the overall NRI was driven by the event NRI
of 0.178 (0.080 to 0.256). The nonevent NRI was negative (−0.059
[95% CI, −0.075 to 0.030]), meaning that individuals not having
events were inappropriately reclassified upward into higher risk and
above a treatment threshold. While not statistically significant in this
study, the negative nonevent NRI is statistically significant in other
studies.55,58,68

Clinical Interpretation of Reclassification
Across Nontraditional Risk Factors
The clinical significance of the NRI, event NRI, and nonevent NRI can
be understood by illustrating the absolute number of people appro-
priately and inappropriately reclassified in terms of current treat-
ment thresholds. Selected examples from included studies are pro-
vided in Table 3. In the example for the Pooled Cohort Equations,
76 people having CVD events were appropriately reclassified up-
ward when CAC score was added to risk assessment, and 19 people
who had events were inappropriately reclassified downward who
had a CVD event—a net improvement of 57 individuals among the
320 having events, about 18 events per 100 people (reported event
NRI of 0.178 [95% CI, 0.080 to 0.256]). However, in the primary pre-
vention populations to which CVD risk assessment with the Pooled
Cohort Equations or Framingham Risk Score applies, the majority of
people will not experience a CVD event. With the addition of CAC
score to risk assessment, 202 people not having events are appro-
priately reclassified downward, but 496 people are inappropri-
ately reclassified upward—on net, a worsening of reclassification of
294 individuals of 4865 not having events—or about 6 events per
100 people (reported nonevent NRI of −0.059 [ 95% CI, −0.075 to
0.030]). Therefore, the NRI of 0.119 [95% CI, 0.080 to 0.256] does
not convey that for CAC score a sizeable proportion of individuals
who are not having events will now be considered for treatment. The
addition of the ABI to the Framingham Risk Score in women showed
a similar pattern.

Harms of Risk Assessment
Key Question 3. What are the harms of nontraditional risk factor
assessment?

Evidence for the harms of nontraditional risk factor assess-
ment was limited to 8 studies evaluating CAC score; no eligible stud-
ies evaluated the potential harms of the ABI or hsCRP level. Four stud-
ies reported radiation exposure for CT imaging to obtain CAC
score,43,55,62,75 and 5 studies reported other potential adverse events
from CAC score measurement such as psychological outcomes, ad-
verse cardiovascular events, and health care utilization.45,66,67,75,80

Overall, the radiation exposure or effective radiation dose
per CT examination is low: 2 mSv or less. Based on 2 studies
(n = 1619)—a small randomized clinical trial (RCT) and a subsample
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from a population-based cohort—risk assessment with CAC score
does not appear to cause short-term mental distress.66,67 Addition-
ally, 2 studies (n = 11 364) using administrative claims data showed
that risk assessment with CAC score did not appear to paradoxi-
cally increase CVD events.45,80 However, a small body of evidence
with study design and applicability limitations shows mixed find-
ings for the effect of CAC score on downstream health care
utilization.45,75,80 Both the EISNER RCT and 1 cohort using admin-
istrative data found no statistically significant increase in cardiac
imaging or revascularization procedures in patients receiving vs not
receiving CAC screening in follow-up of 4 years or 6 months,
respectively.45,75 However, 1 study using Medicare claims data found
a greater number of subsequent cardiac imaging tests and revascu-
larization in asymptomatic people who received CAC screening com-
pared with those receiving hsCRP or lipid screening.80

Benefits and Harms of Risk Factor–Guided Treatment
Key Question 4. Does treatment guided by nontraditional risk fac-
tors, in addition to traditional risk factors, lead to reduced inci-
dence of cardiovascular events, mortality, or both?

No trials compared treatment guided by nontraditional risk fac-
tors in addition to traditional risk factors vs no treatment or usual
care. In the absence of this evidence, studies in which preventive
therapies were guided by nontraditional risk factors alone, without
formal traditional risk assessment, were included. Four such RCTs
reported the outcomes of CVD events, mortality, or both.41,42,50,64,73

Two of these trials evaluated aspirin in individuals with an abnor-
mal ABI, 1 trial evaluated high-intensity statins in those with an ab-
normal hsCRP level, and 1 trial evaluated moderate-intensity stat-
ins in those with an abnormal CAC score.

Two good-quality RCTs (n = 4626) in asymptomatic adults
with an abnormal ABI—including 1 trial exclusively in participants with

diabetes—did not find any statistically significant benefit for aspirin
(100 mg daily) on reducing CVD outcomes or all-cause mortality com-
pared with placebo after approximately 7 to 8 years of follow-up.42,50

However, neither trial used the conventional 0.90 threshold for an
abnormal ABI; 1 defined an abnormal ABI as 0.95 or less and the other
as 0.99 or less. One good-quality RCT (n = 17 802) in asymptom-
atic people with elevated hsCRP level (�2.0 mg/L [19.05 nmol/L])
but normal low-density lipoprotein cholesterol level (<130 mg/dL
[3.37 mmol/L]) found a significant relative reduction in CVD events
for rosuvastatin (20 mg daily) compared with placebo (hazard ra-
tio, 0.56 [95% CI, 0.46 to 0.69]) at approximately 2 years.73 One
fair-quality trial (n = 1005) in asymptomatic people with elevated
CAC score, defined as 80th percentile or greater for age and sex, and
with low-density lipoprotein cholesterol levels less than 175 mg/dL
(4.5 mmol/L), did not find any statistically significant benefit for ator-
vastatin (20 mg daily) on reducing CVD outcomes compared with
placebo after a mean of 4.3 years of follow-up41; however, that study
had a lower than expected number of events and was terminated
early because of futility.
Key Question 5. What are the harms of treatment guided by non-
traditional risk factors?

Three of the 4 RCTs included for KQ4 reported harms of aspi-
rin or statins guided by nontraditional risk factor assessment.42,50,73

No other studies evaluating harms met inclusion criteria. Neither as-
pirin trial (n = 4626) found a statistically significant increase in hem-
orrhagic cerebrovascular accident after approximately 7 to 8 years
of follow-up, although analyses are limited by a rare event rate.42,50

In the 1 trial reporting major bleeding, the association with low-
dose aspirin approached statistical significance (hazard ratio, 1.71
[95% CI, 0.99 to 2.97]).50 The trial evaluating high-intensity stat-
ins in adults with elevated hsCRP levels (n = 17 802) found evi-
dence of an increased incidence of diabetes in the treatment group

Table 3. Selected Examples of Appropriate and Inappropriate Reclassification Using Current Treatment Thresholds (≥7.5% for the Pooled Cohort
Equations, ≥10% for Framingham Risk Score)

Nontraditional
Risk Factor

People With CVD or CHD Event People Without CVD or CHD Event

Absolute No. of People Reclassified Per 100 People Reclassifieda Absolute No. of People Reclassified Per 100 People Reclassifieda

Appropriately
Reclassified
Upward

Inappropriately
Reclassified
Downward

Appropriately
Reclassified
Upward

Inappropriately
Reclassified
Downward

Appropriately
Reclassified
Downward

Inappropriately
Reclassified
Upward

Appropriately
Reclassified
Downward

Inappropriately
Reclassified
Upward

PCE (Predicted Outcome: Hard CVD)b

ABI 17 13 5 4 113 92 2 2

hsCRP 18 9 6 3 98 120 2 2

CAC 76 19 24 6 202 496 4 10

FRS (Predicted Outcome: Hard CHD)b

ABI 7 4 4 2 50 57 1 1

IPD meta-analysis

Menc 14 17 3 4 260 174 6 4

Womenc 46 5 15 2 136 426 2 7

hsCRP 1 1 1 1 16 28 0 1

IPD meta-analysisd 162 131 2 2 993 922 2 1

CAC 26 5 13 3 71 233 1 5

Abbreviations: ABI, ankle-brachial index; CAC, coronary artery calcium;
CHD, coronary heart disease; CVD, cardiovascular disease; FRS, Framingham Risk
Score; hsCRP, high-sensitivity C-reactive protein; IPD, individual participant data.
a Rounded to whole numbers.
b MESA (Multi-Ethnic Study of Atherosclerosis) cohort from Yeboah, 201638

(N = 5185 in reclassification analyses).

c IPD meta-analysis study for the ABI reported in ABI Collaboration, 201439

(N = 6459 women and N = 4962 men in reclassification analyses).
d IPD meta-analysis study for hsCRP reported in Emerging Risk Factors

Collaboration, 201240 (N = 72 574 in reclassification analyses).

USPSTF Report: Nontraditional Risk Factors in CVD Risk Assessment US Preventive Services Task Force Clinical Review & Education

jama.com (Reprinted) JAMA July 17, 2018 Volume 320, Number 3 289

© 2018 American Medical Association. All rights reserved.



Table 4. Summary of Evidence

Outcome Studiesa Summary of Findings by Outcome
Consistency
and Precision Reporting Bias Study Quality Body of Evidence Limitations Applicability

KQ1: Direct Evidence for Screening

CVD events or
mortality

1 study, n = 2137
(RCT)

No statistically significant difference in
MI and/or mortality at 4 y between those
who received CAC screening vs
those who did not

Consistency NA
Precision NA

NA Fair Single trial; insufficient sample size
and length of follow-up to detect
differences in patient health
outcomes

US-based trial,
volunteer sample

KQ2: ABI Risk Prediction

Calibration 5 studies, n = 26 286
(1 IPD meta-analysis,
4 cohort)

Based on 1 IPD meta-analysis, various measures
demonstrate that the addition of ABI to FRS
can improve model fit
However, the clinical meaning of changes
in these measures of calibration is unclear

Reasonably
consistent
Unable to
assess precision

Undetected 1 Good, 4 fair No preferred measures of calibration No evidence for PCE.
IPD meta-analysis in
white patients only

Discrimination 10 studies,
n = 79 583
(1 IPD meta-analysis,
8 cohortb)

Based on 1 IPD meta-analysis, ABI can result
in large improvement in discrimination when
added to FRS in women, but not men, primarily
because of poorer discrimination of the
base model (using published coefficients)
in women but not men
The incremental benefit in IPD meta-analysis
model development analysis was very small
for both men and women, owing to
improved base model discrimination

Reasonably
consistent
Reasonably
precise

Undetected 1 Good, 9 fair Adequate power for sex-stratified
analyses limited to IPD meta-analysis;
differences in study population, base
models, and outcomes predicted limit
direct comparison across studies

Limited evidence for PCE.
IPD meta-analysis in
white patients only

Risk
reclassification

9 studies, n = 46 979
(1 IPD meta-analysis,
7 cohortb)

Based on 1 IPD meta-analysis, ABI can result
in improvement in reclassification when
added to FRS (using published coefficients)
in women, but not men; most promising
for women at intermediate risk for
hard CHD events
However, examination of separate components
of the NRI (event and nonevent NRI) suggests
that improvement in reclassification comes
from women who had events being appropriately
reclassified as having a higher risk;
in contrast, women who did not have
a cardiovascular event (the majority
of the population) were inappropriately
reclassified as having a higher risk
(ie, a negative nonevent NRI)
Improvement in NRI was not observed in the
model development IPD meta-analysis

Reasonably
consistent
Reasonably
precise

Undetected 1 Good,
8 fair

Adequate power for sex-stratified
analyses limited to IPD meta-analysis;
differences in study population, base
models, and outcomes predicted limit
direct comparison across studies
NRI not weighted for prevalence of
events and nonevents, so
reclassification benefit may be
overstated

Limited evidence for PCE
IPD meta-analysis in
white patients only
Risk categories on which
NRI analyses are based
can vary across studies
and may not apply
to current practice

KQ2: hsCRP Risk Prediction

Calibration 9 studies, n = 50 343
(8 cohort,c 1 nested
case-control)

Various measures demonstrate that the
addition of hsCRP to traditional risk factors
can improve model fit
However, the clinical meaning of changes
in these measures is unclear
In model development studies, calibration plots
suggest that the addition of hsCRP can improve
model fit in some but not all risk groups

Reasonably
consistent
Unable to
assess precision

Undetected 2 Good, 7 fair No preferred measures for most
studies (and none for published
coefficient models); no calibration
statistics for the IPD meta-analysis

Limited evidence for PCE
Model development
IPD meta-analysis only
(calibration in model
development less
applicable to clinical practice)
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Table 4. Summary of Evidence (continued)

Outcome Studiesa Summary of Findings by Outcome
Consistency
and Precision Reporting Bias Study Quality Body of Evidence Limitations Applicability

Discrimination 25 studies,
n = 265 704
(1 IPD meta-analysis,
18 cohort,c 3 nested
case-control, 1
case-cohort)

At best, improvement in discrimination
from the addition of hsCRP to traditional
cardiovascular risk assessment is small
and more likely to occur in the context
of a poorly discriminating base model
IPD meta-analysis model development study
found very small improvement in discrimination
from the addition of hsCRP to FRS to predict
hard CHD

Inconsistent
Reasonably
precise for IPD
meta-analysis

Undetected 2 Good, 23 fair Limited reporting of confidence
intervals and statistical significance;
differences in study population, base
models, and outcomes predicted limit
direct comparison across studies

Limited evidence for PCE
Model development IPD meta-analysis
only (changes in discrimination
in model development may be less
applicable to clinical practice)

Risk
reclassification

15 studies,
n = 115 686
(1 IPD meta-analysis,
13 cohort,c 1 nested
case-control)

NRIs from addition of hsCRP to FRS are
inconsistent; 1 published coefficient
PCE-based study suggested no improvement
in reclassification
Best evidence from IPD meta-analysis
showed a statistically significant NRI of
0.0152 (95% CI, 0.0078-0.0227)
Sex-stratified analyses suggest that
reclassification occurs in men
but not women
The bias-corrected intermediate-risk
group NRI from the IPD meta-analysis
was still very small to small, at 0.027 (95% CI,
0.007-0.047)

Inconsistent
Reasonably
precise for IPD
meta-analysis

Undetected 2 Good, 13 fair Comparisons across studies are
limited by inconsistency in risk
category definitions; sex-specific
analyses reported rarely and more are
needed to confirm the signal of effect
modification by sex
Limited information on
intermediate-risk group NRI, as
analyses often underpowered and
often cannot be corrected for bias

Limited evidence for PCE
Risk categories on which NRI analyses
are based can vary across studies and
may not apply to current practice
Estimates of reclassification in model
development may be less applicable
to clinical practice

KQ2: CAC Risk Prediction

Calibration 8 studies, n = 29 775
(4 cohortd)

Limited model development studies using various
measures demonstrate that the addition of CAC
to traditional risk factors can improve model fit
However, the clinical meaning of changes in
these measures is unclear

Inconsistent
Unable to
assess precision

Undetected Fair No preferred measures of calibration No evidence for published coefficient
models, calibration in model
development less applicable
to clinical practice, limited evidence
in context of PCE

Discrimination 18 studies,
n = 60 486
(10 cohorte)

CAC in addition to traditional risk factor
assessment results in changes of 0.018 to 0.144
Discrimination is not consistently greater in men
or women

Reasonably
consistent
Reasonably
precise

Undetected Fair Smaller cohorts compared with ABI
and hsCRP body of evidence
No IPD meta-analysis limits
understanding in differences by sex
Differences in study population,
base models, and outcomes
predicted limit direct comparison
across studies

Limited evidence in context of PCE
Non–population-based cohorts may
not be broadly applicable

Risk
reclassification

15 studies,
n = 58 289
(9 cohortf)

CAC resulted in NRIs of 0.084 to 0.35 when
added to traditional risk factor assessment
Evaluation of separate components of the NRI
shows that improvements in NRI are consistently
driven by event NRIs much larger than nonevent
NRIs, which were commonly negative when
reported and sometimes statistically significant
Reclassification is not consistently greater in men
or women

Reasonably
consistent
Reasonably
precise

Undetected Fair Smaller cohorts compared with ABI
and hsCRP body of evidence
No IPD meta-analysis limits
understanding in differences by sex
Limited information on
intermediate-risk group NRI,
as analyses often underpowered
and often cannot be corrected for bias
Differences in study population,
base models, and outcomes predicted
limit direct comparison across studies
NRI not weighted for prevalence
of events and nonevents,
so the reclassification benefit
may be overstated

Non–population-based cohorts may
not be broadly applicable
Risk categories on which NRI analyses
are based can vary across studies and
may not apply to current practice
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Table 4. Summary of Evidence (continued)

Outcome Studiesa Summary of Findings by Outcome
Consistency
and Precision Reporting Bias Study Quality Body of Evidence Limitations Applicability

KQ3: Harms of Screening

Radiation dose 4 studies, n = 11 473
(3 cohort, 1 RCT)

Effective dose of radiation per CT examination
for screening CAC was low (≤2.1 mSv)

Reasonably
consistent
Reasonably
precise

Suspected Fair Only a limited subset of CAC studies
included for KQ2 reported radiation
dose
Dose not reported separately by EBCT
vs MDCT

CT protocols evolve over time, most
often reducing radiation exposure

Psychological
outcomes

2 studies, n = 1619
(1 cohort, 1 RCT)

Screening CAC is not associated
with subsequent depression, anxiety,
or decline in overall mental health
functioning up to 1 y

Reasonably
consistent
Reasonably
precise

Undetected Fair No studies for ABI or hsCRP
Only 1 study with a comparator
group

Baseline depression and anxiety scores
were low in these studies
One study in a Danish cohort, the other
in active military duty

CVD events 2 studies, n = 11 364
(2 cohort)

No paradoxical increase in CVD
events (MI, CVA, unstable angina)
or all-cause mortality with screening
CAC at approximately 1.5 y to 3 y
of follow-up

Reasonably
consistent
Reasonably
precise

Undetected Fair No studies for ABI or hsCRP
Retrospective analyses of
administrative data
Limited length of follow-up

Large, nationally representative
samples

Health care
utilization

3 studies, n = 13 204
(2 cohort, 1 RCT)

Best-quality evidence from 1 RCT
found no statistically significant
increase in cardiac imaging
or revascularization for screening
CAC at 4 y of follow-up
Two retrospective cohort studies
using differently assembled control
groups had mixed findings
One study using Medicare claims
data found a higher number
of cardiac imaging and
revascularization procedures
associated with CAC as opposed
to hsCRP or lipid screening

Inconsistent
Imprecise

Undetected Fair No studies for ABI or hsCRP
No studies of downstream utilization
due to incidental findings on CT
for CAC
Two retrospective analyses of
administrative data

RCT may be less applicable to clinical
practice

KQ4: ABI-Guided Treatment Benefit

CVD events 2 studies, n = 4626
(2 RCT)

AAA and POPADAD found no
benefit for ABI-guided low-dose
aspirin (100 mg daily)
in asymptomatic persons on
composite CVD outcomes
(MI, CVA, revascularization,
or amputation) at approximately
7 y to 8 y of follow-up

Reasonably
consistent
Reasonably
precise

Undetected Good No ABI-guided statin trials Nontraditional threshold for ABI used
in both trials

KQ4: hsCRP-Guided Treatment Benefit

CVD events 1 study,
n = 17 802
(RCT)

JUPITER found a benefit for hsCRP-guided,
high-intensity statin (rosuvastatin
[20 mg daily]) in asymptomatic persons
on CVD outcomes
At 1.9-y follow-up, 1.6% had
a CVD event (MI, CVA, hospitalization for
unstable angina, revascularization, or CVD
mortality) in the statin group
vs 2.8% in the placebo group
(HR, 0.56 [95% CI, 0.46-0.69])

Consistency NA
Reasonably
precise

Undetected Good No hsCRP-guided aspirin treatment
trials
Trial stopped early, which may
overestimate findings of benefit

Threshold for hsCRP was 2.0 mg/L
(19.05 nmol/L)
Diverse population
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Table 4. Summary of Evidence (continued)

Outcome Studiesa Summary of Findings by Outcome
Consistency
and Precision Reporting Bias Study Quality Body of Evidence Limitations Applicability

KQ4: CAC-Guided Treatment Benefit

CVD events 1 study, n = 1005
(RCT)

St Francis Heart Study found no benefit
for CAC-guided moderate-intensity
statin (atorvastatin [20 mg daily]) in
asymptomatic persons on composite CVD
outcomes at approximately 4 y of follow-up

Consistency NA
Imprecise

Undetected Fair No CAC-guided aspirin treatment
trials
Trial not powered to detect
a difference in outcomes

All participants were taking aspirin
Threshold for CAC was based on age
and sex
Mean hsCRP level was lower in this
trial compared with JUPITER

KQ5: ABI-Guided Aspirin Treatment Harms

Major bleeding 2 studies, n = 4626
(2 RCT)

AAA and POPADAD found no statistically
significant difference in bleeding events between
low-dose aspirin (100 mg daily) and placebo
However, AAA found a trend for increased
bleeding events in the aspirin group (2.0%) vs
placebo (1.2%) (HR, 1.71 [95% CI, 0.99-2.97])
at 8.2 y of follow-up

Reasonably
consistent
Imprecise

Undetected Good Limited follow-up
Likely not powered to detect a
difference in bleeding events
POPADAD only reported on
hemorrhagic CVA, and the event rate
was very low

These 2 trials should be interpreted in
the context of the larger body of
evidence on major bleeding from
low-dose aspirin

KQ5: hsCRP-Guided Statin Treatment Harms

Serious adverse
events

1 study, n = 17 802
(RCT)

JUPITER found a statistically significant increase
in incident diabetes but not in other serious
adverse events
There were 3.0% cases of diabetes in the
rosuvastatin group vs 2.4% cases in the placebo
group (RR, 1.25 [95% CI, 1.04-1.50]) at 1.9 y of
follow-up

Reasonably
consistent
Reasonably
precise

Undetected Good Limited follow-up This trial should be interpreted in
the context of the larger body of
evidence on adverse events from
high-intensity statins

Abbreviations: AAA, Aspirin for Asymptomatic Atherosclerosis; ABI, ankle-brachial index; CAC, coronary artery
calcium; CHD, coronary heart disease; CT, computed tomography; CVA, cerebrovascular accident;
CVD, cardiovascular disease; EBCT, electron beam computed tomography; FRS, Framingham Risk Score;
HR, hazard ratio; hsCRP, high-sensitivity C-reactive protein; IPD, individual patient data; JUPITER, Justification
for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin; KQ, key question;
MDCT, multidetector computed tomography; MI, myocardial infarction; NA, not applicable; NRI, Net
Reclassification Index; PCE, Pooled Cohort Equations; POPADAD, Prevention of Progression of Arterial Disease
and Diabetes; RCT, randomized clinical trial; RR, relative risk.
a Ns approximated by using the largest N analyzed in each cohort.

b Two studies using the MESA (Multi-Ethnic Study of Atherosclerosis) cohort.38,88

c One study reported 2 cohorts separately.24

d Three studies using the Rotterdam cohort43,47,58; 2 studies using the MESA cohort51,69; 2 studies using Heinz
Nixdorf Recall cohort.48,63

e Four studies using the Rotterdam cohort43,47,57,58; 7 studies using the MESA cohort38,51,57,61,69,87,88; 5 studies
using the Heinz Nixdorf Recall cohort.48,52,57,63,87

f Four studies using the Rotterdam cohort43,47,57,58; 6 studies using the MESA cohort38,51,57,68,69,88; 4 studies
using the Heinz Nixdorf Recall cohort48,52,57,63
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compared with placebo after approximately 2 years (3.0% vs 2.4%,
P = .01); however, it did not find evidence of increases in other se-
rious adverse effects, including hemorrhagic cerebrovascular acci-
dent or myopathic events, for high-intensity statin therapy com-
pared with placebo.

Discussion
Direct evidence from adequately powered clinical trials evaluating
the incremental effect of the ABI, hsCRP level, or CAC score to im-
prove health outcomes is lacking (Table 4; eTable 7 in the Supple-
ment). This remains unchanged from the 2009 and 2013 USPSTF
recommendations, which concluded that the evidence was insuffi-
cient to assess the benefits and harms of using nontraditional risk
factors for cardiovascular risk assessment (I statements).14,15

Advances in the evaluation of risk prediction literature, as well
as an accrual of new evidence since the previous recommenda-
tions, has allowed for more detailed analyses of risk prediction stud-
ies that offer indirect evidence for the use of nontraditional risk fac-
tors (Figure 1). A substantial body of evidence evaluates the ability
of the ABI, hsCRP level, or CAC score to improve on the discrimina-
tion and reclassification of traditional risk assessment, but most of
this evidence is not readily applicable to current clinical practice be-
cause it does not use published coefficients, rarely evaluates the ad-
dition of nontraditional risk factors in the context of the Pooled Co-
hort Equations, and seldom uses current risk thresholds for aiding
treatment decisions. Regardless, CAC score shows the largest po-
tential for improvement in discrimination and reclassification. Im-
provements for the ABI are larger when base models perform poorly,
such as the Framingham Risk Score in women. Results for hsCRP level
are inconsistent. Based on selected included studies, examination
of the absolute number of people appropriately and inappropri-
ately reclassified using current treatment thresholds (ie, 7.5% or 10%
10-year CVD risk) demonstrates that even with favorable NRI for CAC
score and ABI, more people will be incorrectly reclassified to a higher
risk category, thus needing treatment, vs correctly reclassified as
needing or not needing treatment.

A 2015 analysis of data from the MESA study91 found inconsis-
tent results. That analysis, while valid, was designed to answer a dif-
ferent question about risk stratification and was excluded from this
review because of its different study design. Multiple methodo-
logic differences between this analysis and the included MESA
analysis38 (ie, differences in definitions of risk strata, differences in
risk classification of individuals with diabetes, differences in com-
parisons of CAC score alone vs CAC score plus Pooled Cohort Equa-
tions, and recalibration of the Pooled Cohort Equations) prohibit di-
rect comparisons between the 2 studies’ findings. Therefore, while
CAC score appears to be the most informative nontraditional risk fac-
tor, there remains uncertainty around the overall clinical effect of
the inappropriate upward reclassification of individuals and of re-
sultant downstream testing, including from incidental findings. While

experts have argued that large-scale clinical trials evaluating the ef-
fectiveness of CAC screening on patient health outcomes are not
feasible,92 these studies may be necessary to address this remain-
ing clinical uncertainty.

Despite the recent proliferation of risk prediction studies, few
clarify whether the addition of the ABI, hsCRP level, or CAC score
can improve the calibration of traditional risk assessment. The lack
of reporting of preferred measures such as calibration plots and ob-
served to expected ratios limits the ability to interpret the clinical
meaning of improvements in calibration. Even when preferred mea-
sures are reported, confidence in their results is usually limited by
small numbers of events, especially among low-risk groups. As treat-
ment thresholds have decreased over time, the implications of cali-
bration in lower-risk groups have become especially important. His-
torically, the performance of risk prediction models has been focused
on discrimination,93 so the sparse reporting of calibration mea-
sures is not surprising and is consistent with the findings of other
systematic reviews.94 The focus on discrimination is incomplete be-
cause the C statistic is a rank order statistic; therefore a model can
discriminate well but still systematically underestimate or overes-
timate risk.95

Limitations
The evidence report has several limitations. The review focused on
just 3 nontraditional risk factors—the ABI, hsCRP level, and CAC score.
Many more have been identified in the literature; however, these
risk factors were selected because other synthesized literature iden-
tified them as having the greatest clinical potential.21,27 Addition-
ally, the predictive value of traditional risk factors such as levels of
total or high-density lipoprotein cholesterol was taken as given, but
some literature suggests that these, too, might be very small to small
when assessed in terms of the C statistic.40 Given the large volume
of studies included for KQ2, some explicit exclusions were made so
as to focus on the most clinically relevant analyses. Additionally, com-
parisons across studies are difficult because of the heterogeneity of
base models, model type, predicted outcome, and definitions of risk
strata as well as limited reporting of confidence intervals, statistical
significance, and separate reporting of event and nonevent NRIs. In
addition, 1 of the risk assessment analysis stratifications was whether
a study preserved published coefficients or developed a new model;
because methods were often only briefly described, the categori-
zation represents a best guess for many studies, and, in cases of un-
certainty, the study was categorized as model development.

Conclusions
There are insufficient adequately powered clinical trials evaluating the
incremental effect of the ABI, hsCRP level, or CAC score in risk assess-
ment and initiation of preventive therapy. Furthermore, the clinical
meaning of improvements in measures of calibration, discrimina-
tion, and reclassification risk prediction studies is uncertain.
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