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Current American College of Cardiology/American Heart
Association and American Diabetes Association guide-
lines recommend statin therapy for all patients with dia-
betes between the ages of 40 and 75, including those
without cardiovascular disease (CVD). While diabetes is
a major CVD risk factor, not all patients with diabetes
have an equal risk of CVD. Thus, a more risk-based ap-
proachwarrants considerationwhen recommending stat-
in therapy for the primary prevention of CVD. Coronary
artery calcium (CAC) is a noninvasive imaging modality
that can help risk stratify patients with diabetes for future
CVD events. CAC has been extensively studied in large
cohorts such as theMulti-Ethnic Study of Atherosclerosis
and found to outperform other novel risk stratification
tools including carotid intima-media thickness.Moreover,
a CAC score of 0 has been shown to be useful in
downgrading the estimated risk of a CVDevent in patients
with diabetes and an intermediate Pooled Cohort Equa-
tion score. As clinicians weigh the recommendation for a
lifelong therapy and the problem of statin nonadherence
and patients weigh concerns about adverse effects of
statins, the decision to initiate statin therapy in patients
with diabetes is ideally a shared one between patients and
providers, and CAC could facilitate this discussion.
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D iabetes is a major cardiovascular disease (CVD) risk
factor.1 This idea was strengthened by Haffner et al.

who found that patients with diabetes and without prior myo-
cardial infarction (MI) were at as high a risk of future MI as
patients without diabetes and a prior MI.2 However, this study,
which mostly included individuals who had diabetes for a
decade or more, was underpowered, and its findings were
challenged in subsequent cross-sectional and prospective
studies.3

These later studies found that the risk of MI was greater
among individuals without diabetes and a prior MI compared

with that of individuals with diabetes and without a prior MI,
even after adjusting for traditional CVD risk factors.4,5 A
meta-analysis of 13 prospective studies supported these find-
ings and showed a 43% lower risk of incident coronary heart
disease (CHD) in patients with diabetes and no prior MI
compared with patients without diabetes and a prior MI. The
evidence indicates that although diabetes is a risk factor for
MI, it is not as strong a risk factor as a priorMI. A key question
for endocrinologists, cardiologists, and primary care physi-
cians is how should treatment to prevent future MI be tailored
to address the level of risk in patients with diabetes?
Currently, the American Diabetes Association (ADA) rec-

ommends that patients with diabetes who are ≥ 40 years of age
and do not have atherosclerotic CVD (ASCVD) should start at
least a moderate-intensity statin in addition to lifestyle therapy.
This is a level A recommendation for patients 40 to 75 years of
age and a level B recommendation for patients > 75 years of
age.6 Similarly, the 2019 ACC/AHA Cholesterol Clinical
Practice Guideline recommends starting at least a moderate-
intensity statin in adults with diabetes aged 40 to 75, regardless
of the presence of any other risk factors7 (Table 1). However,
not all patients with diabetes are at equal risk of future CVD as
their risk is impacted by factors such as diabetes duration,5

insulin use compared with oral antidiabetic medications, sub-
optimal glycemic control, age, ethnicity, lower socioeconomic
status, and traditional CVD risk factors such as hypertension.8

As in patients without diabetes, it is important to consider a
risk-based approach to primary CVD prevention in patients
with diabetes.
Coronary artery calcium (CAC) scoring offers a means by

which characterization of CVD risk in patients at intermediate
ASCVD risk can be improved, and it has shown great utility in
risk stratification in patients with diabetes. CAC, which is
measured by cardiac-gated non-contrast CT,9 indicates the
extent of subclinical atherosclerosis,10 and higher CAC scores
have been associated with a higher rate of CHD events in the
Multi-Ethnic Study of Atherosclerosis (MESA), a US general
population cohort,11 and other cohorts such the German Heinz
Nixdorf Recall study.12 When added to the Framingham Risk
Score, CAC improved the reclassification of asymptomatic
individuals in a large cohort, as having either a lower or higher
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risk of CVD events and death, over the addition of a group of
biomarkers, including C-reactive protein13 (Table 2).
The net reclassification index for participants in the MESA

at intermediate 5-year risk of incident CHD (3 to < 10%) was
> 50% when CAC was added to a model of traditional risk
factors. In comparison, 25% of the whole cohort was
reclassified when CAC was added to the model. This suggests
that patients at intermediate risk of CVD may benefit most
from CAC in terms of CHD risk prediction14 (Table 3). In
2019, the use of CAC for patients with an intermediate 10-year
ASCVD risk had a IIA recommendation in the ACC/AHA
guidelines7 (Table 4).
Not only does increasing CAC have predictive value in

terms of CVD risk but also a CAC score of 0, a potent negative
risk marker, does as well. InMESA, the smallest percentage of
CVD events occurred in those with a CAC score of 0, com-
pared with participants who had other negative risk factors,
such as a lack of carotid plaque15 (Table 2). Moreover, for
MESA participants with 3 traditional CVD risk factors but a
CAC of 0, the total CHD event rate per 1000 person-years was
3.1%, compared with 0.6% in those without risk factors and a
CAC of 0. For both groups, the absolute event rate for CHD
was small. In comparison, the event rates were 3.4% for
participants without risk factors and a CAC of 1–100 and
13.2% for participants with 3 risk factors and a CAC of 1–
100.16

For MESA participants with a 7.5 to 20% 10-year ASCVD
risk and a CAC of 0, who would be in the statin-recommended
group based on the 2013 ACC/AHA guidelines, the observed
ASCVD event rate was 4.6%, lower than the threshold at
which statin therapy is considered to provide cost-effective
benefit17 (Table 3). In patients without known CHD, Sarwar
et al. found those with a CAC of 0 had a cumulative risk ratio

of 0.15 for CV events compared with those with CAC > 0.18

Similarly, Joshi et al. showed a cumulative event rate of 2.9 per
1000 person-years in a group ofMESA participants with CAC
of 0 who were followed over a median of 10.3 years.19 As
such, the management of specific populations of patients,
including those who have asymptomatic CHD or a 7.5 to
20% 10-year ASCVD risk score, could potentially change
because of a CAC score.
Patients with diabetes represent a patient population for

whom a statin recommendation could change substantially
based on their CAC score. In one study by Malik et al.,10 the
percentage of patients with diabetes in the MESA who had a
CAC of 0 was 37%. Among these patients, the 10-year CHD
event rate was 3.7%, which is lower than the 10-year risk of
7.5%, at which statin use is recommended by the 2019 ACC/
AHA guideline to be part of a clinician-patient risk discus-
sion.7 For those patients in the study with diabetes who had a
CAC of 0 and a Pooled Cohort Equation (PCE) score20 of 7.5
to 15%, the observed ASCVD event rate was 5.2 per 1000
person-years. The authors also found that CAC measured as a
continuous variable independently predicted both CHD and
ASCVD, after adjusting for the Framingham Risk Score or
PCE and diabetes-specific risk factors including hemoglobin
A1C and diabetes duration. Although a longer duration of
diabetes is a CVD risk factor, the authors noted that CHD
and ASCVD event rates were similar between patients who
had a CAC of 0 and either a diabetes duration of < 10 years or
≥ 10 years. This demonstrated that CAC was a more accurate
predictor of CHD and ASCVD than diabetes duration in this
patient population (Table 5).
This evidence highlights the heterogeneity of CVD risk

among patients with diabetes. This idea was explored in a
study that measured the number needed to treat (NNT) with

Table 1 ACC/AHA and ADA Guidelines on Statin Use in Patients with Diabetes

Society Patient Population Recommendation Recommendation class
or level of evidence

ADA Patients with diabetes and ASCVD or PCE risk > 20% Recommend high intensity statin use Level of evidence: A
ADA Patients with diabetes and without ASCVD aged 40 to 75 years old Recommend moderate intensity statin Level of evidence: A
ADA Patients with diabetes and without ASCVD > 75 years old Recommend moderate intensity statin Level of evidence: B
ACC/AHA Patients with diabetes and other ASCVD risk factors Consider high intensity statin Class IIa
ACC/AHA Patients with diabetes and without ASCVD aged 40 to 75 years old Recommend moderate intensity statin Class I

ACC/AHA, American College of Cardiology/American Heart Association; ADA, American Diabetes Association; ASCVD, atherosclerotic
cardiovascular disease; PCE, Pooled Cohort Equation

Table 2 Summary of General Population Studies on CAC and CVD Risk

Authors Cohort Outcome

Detrano et al. 2008 MESA ↑CAC associated with ↑CVD events
Erbel et al. 2010 Heinz Nixdorf Recall Study ↑CAC associated with ↑CVD events
Rana et al. 2012 EISNER study CAC, not multiple biomarkers, improved CVD risk prediction
Polonsky et al. 2010 MESA CAC improved CVD risk prediction when added to a traditional risk score
Blaha et al. 2016 MESA Among negative risk markers, CAC = 0 was the most accurate

MESA, Multi-Ethnic Study of Atherosclerosis; CAC, coronary artery calcium; CVD, cardiovascular disease; EISNER, Early Identification of Subclinical
Atherosclerosis by Noninvasive Imaging Research
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statins for MESA participants with diabetes and without clin-
ical ASCVD. While the 5-year NNT was 15 for participants
with a CAC > 100, it was 75 for participants with a CAC of
0.23 As such, a blanket recommendation for statin therapy
geared towards an entire population of patients with diabetes
aged ≥ 40 years does not fully incorporate individual patient
characteristics. This is an area of clinical decision-making
where CAC would give the patient with diabetes and provide
a better understanding of the patient’s ASCVD risk.
Blankstein et al. highlighted subpopulations of patients with

diabetes for whom CAC might alter the decision to initiate a
statin. These included patients for whom a statin should be either
considered or recommended based on a 10-year ASCVD risk of
≥ 5% but who feel equivocal about starting a statin.24 Among
MESA participants with diabetes who had a PCE risk of < 7.5%,
those with a CAC score between 100 and 399 had an ASCVD
event rate of 28.6 per 1000 person-years.10 A patient’s individual
CAC score, in the context of this data, might therefore direct a
patient towards statin use, especially if a patient’s CAC is ≥ 100.
Furthermore, those patients who have an intermediate PCE score,
specifically between 5 and 20%, may benefit most from using
CAC in the process of decidingwhether to use a statin, compared
with those patients with low PCE scores (< 5%) or high PCE
scores (> 20%). For example, for patients at elevated risk of CVD
with a PCE score > 20% and a CAC of 0, the observed ASCVD
event rate in the MESAwas found to be ~ 11%, which is greater
than the level at which statin treatment is typically recommend-
ed.17,24 As such, CAC is less likely to have an impact on the
decision to initiate a statin in this high-risk population.

One concern that patients with diabetes may have regarding
statin use is whether statins can worsen glucose control. Statins
are hypothesized to adversely affect glycemia by both impairing
beta cell insulin secretion and increasing insulin resistance.25

However, the current literature has opposing conclusions on this.
One meta-analysis showed a small but significant increase in
A1C in patients with diabetes on higher doses of atorvastatin or
simvastatin versus those not on a statin,26 whereas in the pro-
spective LIVES study, in which participants were observed on
pitavastatin, a significant decrease in A1C was noted in partici-
pants with diabetes over a 104-week treatment course.27 Overall,
however, the benefit of statin treatment in reducing ASCVD
events clearly offsets the slight adverse effect on glycemic
control.25

Personalized medicine should be applied to the decision to
start a statin for a patient with diabetes. CAC can facilitate
personalized and shared decision-making between patients and
their providers and allow patients to be active participants in their
ASCVD risk reduction.28 For example, in patients in the MESA
with a CAC of 0 and an ASCVD risk score of 5 to 20%, the 10-
year risk of ASCVDwas < 5%. A patient with similar character-
istics could reasonably forgo statin therapy and focus on lifestyle
changes.29 Another point to consider is statin adherence, as older
data has found that the majority of patients are non-adherent to
treatment during the first year.29

One study identified patients from a health maintenance orga-
nization as either continuers or discontinuers of statin therapy
during the year from the time that the medication was originally
dispensed. Significantly fewer discontinuers than continuers re-
ported understanding that statin use was long term. In addition,
significantly more discontinuers noted that their providers had
not asked for their feedback regarding their medical issues and

Table 5 Summary of Studies on CAC and CVD Risk of Individuals
with Diabetes

Authors Cohort Outcome

Elkeles et al.
200821

PREDICT CAC independently
predicted CVD events in
patients with type 2 diabetes
and no known ASCVD

Anand et al.
200622

510 patients with
type 2 diabetes without
ASCVD in London,
United Kingdom

CAC independently
predicted silent myocardial
ischemia and CVD events
in 2 years of follow-up

Malik et al.
201710

MESA • 37% of participants with
diabetes had a CAC = 0
• These participants had a
CHD event rate of 3.7%
• CAC is an independent
predictor
of CHD and ASCVD
• CAC = 0 was a more
accurate predictor of CHD
and ASCVD
than diabetes duration

Silverman
et al. 201823

MESA Among participants with
diabetes, 5-year NNT with
statin was 75 if CAC = 0
and was 15 if CAC > 100

Table 4 ACC/AHA Guidelines on CAC Use

Patient Population Recommendation Recommendation
class

Patients without
diabetes and PCE
risk 5 to < 7.5%
OR PCE risk ≥ 7.5
to < 20%

Consider CAC use for
risk reclassification
• If CAC = 0, ↓ predicted
risk → consider not
initiating statin therapy
and revisiting in
5–10 years
• If CAC >= 100 and/or
>= 75th percentile, ↑
predicted risk → start
statin

IIa

ACC/AHA, American College of Cardiology/American Heart Associa-
tion; CAC, coronary artery calcium; PCE, Pooled Cohort Equation

Table 3 Summary of Studies on CAC and CVD Risk of Individuals
with Intermediate CVD Risk

Authors Cohort Outcome

Polonsky
et al. 2010

MESA CAC resulted in ↑improvement in risk
classification of intermediate risk score
participants compared with that of the
whole cohort

Nasir et al.
2015

MESA In patients with a PCE risk score of
7.5 to 20%, those with a CAC = 0 had
an observed10 year ASCVD risk of < 5%
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reported not knowing how statin use might be advantageous to
them.30

These findings underscore the importance of shared
decision-making concerning statin use. While patient decision
aids have been developed to assist with shared decision-
making about statin use, CAC offers an additional point of
information to help decide whether a statin is needed, partic-
ularly in patients with intermediate PCE scores.31 The shared
decision-making process has been shown to be greatly influ-
enced by the patient’s perception of risk.28

There are limitations worthy of consideration regarding the
use of CAC in the statin decision-making process in patients
with diabetes. CAC may not be beneficial for those patients
unlikely to start a statin based on CAC results.24 It is also
unclear what the impact of not using statins is in patients with
diabetes and a CAC of 0.32 Moreover, no prospective studies
exist in the current literature on using CAC screening in the
statin decision-making process in patients with diabetes.24

Although limited research is available on the long-term health
care costs of CAC, its use was evaluated through a
microsimulation model in the MESA and found to have a
slightly greater incremental cost-effectiveness ratio when
compared with treating all patients with a PCE score of ≥ 5%
with statins. The cost-effectiveness increased when patients
with a PCE score of 5 to 7.5% were considered.33

In summary, patients with diabetes have a range of CVD
risk, and the use of CAC, in addition to the PCE equation, can
assist patients and providers in deciding whether long-term
statin use is warranted.
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