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Gaps in Evidence-Based Therapy Use 
in Insured Patients in the United States 
With Type 2 Diabetes Mellitus and 
Atherosclerotic Cardiovascular Disease
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Sonali Shambhu, MPH; Zubin J. Eapen, MD, MHS; Darren K. McGuire , MD; Anthony Carnicelli, MD;  
Renato D. Lopes , MD, MHS, PhD; Jennifer B. Green , MD; Emily C. O’Brien, PhD;  
Neha J. Pagidipati , MD, MPH; Christopher B. Granger , MD

BACKGROUND: Evidence-based therapies are generally underused for cardiovascular risk reduction; however, less is known 
about contemporary patients with type 2 diabetes mellitus and atherosclerotic cardiovascular disease.

METHODS AND RESULTS: Pharmacy and medical claims data from within Anthem were queried for patients with established 
atherosclerotic cardiovascular disease and type 2 diabetes mellitus. Using an index date of April 18, 2018, we evaluated the 
proportion of patients with a prescription claim for any of the 3 evidence-based therapies on, or covering, the index date 
±30 days: high-intensity statin, angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, and sodium glucose 
cotransporter-2 inhibitor or glucagon-like peptide-1 receptor agonist. The potential benefit of achieving 100% adoption of all 3 
evidence-based therapies was simulated using pooled treatment estimates from clinical trials. Of the 155 958 patients in the 
sample, 24.7% were using a high-intensity statin, 53.1% were using an angiotensin-converting enzyme inhibitor or angiotensin 
receptor blocker, and 9.9% were using either an sodium glucose cotransporter-2 inhibitor or glucagon-like peptide-1 receptor 
agonists. Overall, only 2.7% of the population were covered by prescriptions for all 3 evidence-based therapies, and 37.4% 
were on none of them. Over a 12-month period, 70.6% of patients saw a cardiologist, while only 18% saw an endocrinologist. 
Increasing the use of evidence-based therapies to 100% over 3 years of treatment could be expected to reduce 4546 major 
atherosclerotic cardiovascular events (myocardial infarction, stroke, or cardiovascular death) in eligible but untreated patients.

CONCLUSIONS: Alarming gaps exist in the contemporary use of evidence-based therapies in this large population of insured pa-
tients with type 2 diabetes mellitus and atherosclerotic cardiovascular disease. These data provide a call to action for patients, 
providers, industry, regulators, professional societies, and payers to close these gaps in care.
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Atherosclerotic cardiovascular disease (ASCVD) is 
twice as common in patients with type 2 diabetes 
mellitus (T2DM), where it imparts greater attributable 

morbidity and more frequent premature death.1 Thus, pro-
fessional societies universally recommend an aggressive 
approach to risk reduction among patients with T2DM.

Several classes of medications have a proven ev-
idence base for patients with T2DM and ASCVD, 
including high-intensity statins,2,3 angiotensin-con-
verting enzyme inhibitors (ACEIs) or angiotensin 
receptor blockers (ARBs),4,5 and sodium glucose 
cotransporter-2 inhibitors (SGLT-2is)6 or glucagon-like 
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peptide-1 receptor agonists (GLP-1RAs).7 Despite a 
wealth of data supporting their benefit, available evi-
dence from small studies suggests that these agents 
are consistently underused.8

We sought to determine the contemporary rates 
and patterns of evidence-based therapy use in 
a large cohort of patients with T2DM and ASCVD. 
Furthermore, we sought to estimate the potential 
treatment effect of closing the gap from observed to 
optimal rates of evidence-based therapy use.

METHODS
The data that support the findings of this study are 
available in aggregate from the corresponding author 
upon reasonable request and governed under strict 
data use agreements. Longitudinal administrative 
claims data (medical, pharmacy, and laboratory) of ac-
tive patients from Anthem, a large commercial insurer 
with nationwide US representation, were analyzed. An 
index date of April 30, 2018, with a 1-year baseline pe-
riod from April 30, 2017, was used to determine cohort 
eligibility and comorbidity profile.

International Classification of Diseases, Tenth Revision 
(ICD-10) codes (Table S1) were used to identify a popu-
lation with T2DM and ASCVD, defined by the following 
conditions: (1) coronary artery disease, including prior 
myocardial infarction and revascularization; (2) cere-
brovascular disease, including nonhemorrhagic stroke; 
and (3) peripheral arterial disease, including claudica-
tion, revascularization, and amputation. Patients in this 
cohort were considered to have indications for all 3 ev-
idence-based therapies (high-intensity statins, ACEIs/
ARBs, and SGLT-2is/GLP-1RAs). To increase the like-
lihood of the cohort’s eligibility for ACEI/ARB and/or 
SGLT-2i use, patients with estimated glomerular filtration 
rate <30  mL/min per 1.73  m2 (by the Chronic Kidney 
Disease Epidemiology Collaboration formula, in those 
with available serum creatinine), ICD-10 codes for stage 
4 and 5 chronic kidney disease, and/or procedural codes 
for dialysis were excluded.

The primary outcome was the proportion of pa-
tients with a prescription claim for each of the 3 classes 
of evidence-based therapy on, or covering, the index 
date ±30  days (herein referred to as “use”): high-in-
tensity statin (atorvastatin 40–80  mg or rosuvastatin 
20–40 mg), ACEI/ARB (or angiotensin receptor-nepri-
lysin inhibitor), and SGLT-2i or GLP-1RA).

An estimation of the potential benefits of increas-
ing the use of evidence-based therapies to 100% was 
performed as described previously.9 The effect of each 
therapy was evaluated separately. Conservative esti-
mates of treatment effect for reducing the composite 
of myocardial infarction, stroke, and cardiovascular 
death were derived from meta-analyses evaluating 

each class (or classes) of therapy in patients with 
T2DM and established ASCVD. The 3-year standard-
ized number needed to treat was used to calculate the 
potential major atherosclerotic cardiovascular events 
(MACEs) prevented for each individual therapy and 
then summed to determine the overall effect. As de-
scribed previously,9–11 this calculation is predicated on 
2 key assumptions regarding the magnitude of treat-
ment benefit, specifically, that a therapy’s benefit is 
linear over time and additive to each other. A range 
of potential benefit was determined first by increasing 
and decreasing the individual number needed to treat 
of each therapy by 20%, and second by considering 
each successive therapy as not fully additive by atten-
uating the effectiveness of each by 20%. A series of 
sensitivity analyses were also performed by using an 
average expected absolute risk reduction per com-
ponent of evidence-based therapy and estimating the 
effect of adding 1, 2, or 3 therapies to each of the un-
treated populations. As above, this was performed in a 
wholly additive manner and compared with successive 
20% attenuation of treatment effect (Table S2).

Characteristics of patients either using or not using 
each of the three therapies are presented as median 
(Q1–Q3), mean±SD, or number (%), as appropriate. 
Univariate comparisons between groups were evalu-
ated by t test or chi-squared test, as appropriate.

The project received a waiver of informed consent by 
the New England Institutional Review Board. Analyses 
were performed using the Instant Health Data platform 
(Boston Health Economics, Boston, MA). Statistical 
analyses were performed using R version 3.2.1 (R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Of the 1  011  245 patients with T2DM insured with 
Anthem on the index date, 699 380 patients were en-
rolled over the preceding 12-month baseline period 
(Figure 1). Of these, 155 958 had evidence of ASCVD 
and were >18 years of age without evidence of chronic 
kidney disease stage 4 or 5. Characteristics of the 
cohort are presented in Table  1, overall and by pre-
scription fill of each of the 3 agents. In the preceding 
12 months from index date, 70.6% of the cohort were 
seen by a cardiologist, while only 18% were seen by an 
endocrinologist.

Patients using a high-intensity statin were more 
likely to be male, have coronary ASCVD and dyslipid-
emia, and to have been seen by a cardiologist in the 
past 12  months. Patients using either an SGLT-2i or 
a GLP-1RA were generally younger and more often 
male. Patients prescribed one of the newer antiglyce-
mic agents were also more likely to be located in the 
South than the Midwest or Northeast, have primary 
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commercial rather than Medicare Advantage plans, 
and were more likely to have seen an endocrinolo-
gist in the past 12  months. While obesity was more 
common among patients using either an SGLT-2i or 
a GLP-1RA, those with heart failure were notably less 
likely to be on these agents. Although similarly likely to 
have filled a prescription for an ACEI or an ARB (38.1% 
versus 40.5%), women were less likely to be among 
those filling a prescription for a high-intensity statin 
(31.4% versus 41.8%) or either an SGLT-2i or a GLP-
1RA (34.2% versus 39.8%).

On the index date, 24.7% were on a high-intensity 
statin (49.9% were on a non–high-intensity statin), 53.1% 
were on an ACEI/ARB/angiotensin receptor–neprilysin 
inhibitor, and 9.9% were on either an SGLT-2i or a GLP-
1RA. Overall, only 2.7% of the population were covered 
by a prescription for all 3 evidence-based therapies, 
19.4% were on 2, 40.7% were on 1, and 37.4% were 
on none (Figure 2).

The number of MACE prevented by closing the gap 
in the use of each respective evidence-based therapy 
would be 1415 for high-intensity statins, 871 for ACEIs/
ARBs, and 2260 for SGLT-2is or GLP-1RAs, yielding a 
potential total of 4546 at 3 years (Table 2).12 Using an 
analysis of extremes (±20% number needed to treat), 
this total MACE prevention figure ranges from 3810 to 
5731 (Table 3), and by considering each therapy as not 
completely additive (−20% successive effectiveness), 
the number of MACE prevented is 3659. By assuming 

various estimates of treatment effect by baseline use, 
the number of MACE prevented ranged from 3416 to 
4443 over a 3-year period.

DISCUSSION
These data reveal an alarming gap in the use of ev-
idence-based therapies for patients with T2DM and 
ASCVD. Among this commercially insured population, 
almost no one was on all 3 evidence-based therapies, 
and over one-third of these patients were on none of 
them. This marked underuse of evidence-based thera-
pies in T2DM, a condition that contributes significantly 
to the overall burden and growth of cardiovascular dis-
ease in the United States, provides a compelling case 
to address this critical gap in care.

Our estimate that only 2.7% are using all 3 evi-
dence-based therapies is even less than a recent 
analysis from the GOULD (Getting to an Improved 
Understanding of Low-Density Lipoprotein Cholesterol 
and Dyslipidemia Management) registry. In a subgroup 
analysis of 1735 patients with T2DM enrolled between 
2016 and 2018, 6.9% were prescribed a similar group 
of medications (our 3 components plus an antiplatelet), 
a figure that is also alarmingly low.8 Increased rates of 
evidence-based therapy use may reflect differences 
in end point ascertainment; specifically, medication 
prescription occurs upstream from prescription fill 

Figure 1.  CONSORT diagram of eligible cohort.
FigurASCVD indicates atherosclerotic cardiovascular disease; CKD, chronic kidney disease; 
eGFR, estimated glomerular filtration rate; and T2DM, type 2 diabetes mellitus.

T2DM and insured on index date

n = 1 011 245

Continuous enrollment 

April 30
th

2017-April 30
th

2018

n = 698 380

Evidence of ASCVD

n = 163 559

Excluded:

• Age <18yo: n = 27

• CKD Stage 4 or 5; eGFR 

<30ml/min/m
2
; hemodialysis; n = 7 574

Final cohort
n = 155 958
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and thus GOULD data represent a more generous 
estimate of “use.” Furthermore, GOULD estimates of 
evidence-based therapy use may be less representa-
tive of the general population because of patient se-
lection and, given that the registry was designed to 
understand physician prescribing practices, may have 
affected prescribing behavior through a Hawthorne 
phenomenon on the physicians.

Despite strong evidence that has evolved over the past 
5 years for SGLT-2is13 and GLP-1RAs,14 only 1 in 10 eligi-
ble patients in our cohort were using these medications. 
This figure is likely an overestimate for the broader US 

population, as our commercially insured cohort would be 
less likely to face cost or access barriers. That being said, 
the costs of these agents remain high (average monthly 
full cost of empagliflozin, for example, is ≈$US50015). This 
could lead to substantial out-of-pocket or copay costs for 
patients, regardless of insurance type, which is likely one 
barrier to use of these effective therapies.

The identification of geographic and demographic 
patterns of underuse highlight both locations and sub-
groups in need of stronger efforts to close gaps in ev-
idence-based care. In particular, our findings continue 
to reinforce the presence of sex-based disparities in 

Figure 2.  Proportions of patients on all 3, 2, 1, or none of the evidence-based therapies: 
high-intensity statin, ACEI or ARB, SGLT-2i or GLP-1RA.
ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; 
GLP-1RA, glucagon-like peptide receptor-1 agonist; and SGLT-2i, sodium glucose cotransporter 
2 inhibitor.

Table 2.  Relative and Absolute Risk Reduction and Number Needed to Treat Derived From Meta-Analyses for Each of the 
Evidence-Based Therapies

RRR ARR NNT for MACE (mo)
NNT for MACE  

(Over 3 y)

High-intensity statin* 15% 0.4% per year (2.4% vs 2.8%) 250 over 12 83

ACEI/ARB† 11% 1.4% over 3.5 y (12.9% vs 14.3%) 71 over 42 83

SGLT-2i/GLP-1RA‡ 14% 1.6% over 3.1 y (10.5% vs 12.1%) 62 over 37 62

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARR, absolute risk reduction; GLP-1RA, glucagon-like peptide 
receptor-1 agonist; NNT, number needed to treat; RRR, relative risk reduction; and SGLT-2i, sodium glucose cotransporter 2 inhibitor.

*High-intensity vs moderate or low-intensity statin; hazard ratio, 0.85 (95% CI, 0.82–0.89).2 Conservative estimate given 25% were on no statin at all.
†ACEI/ARB in normotensive participants with atherosclerotic cardiovascular disease; hazard ratio, 0.89 (95% CI, 1.85–0.93).5 Conservative estimate given 

90% of patients had hypertension and may derive greater benefit.
‡ARR and NNT were derived from a pooled meta-analysis of GLP-1RA and SGLT-2i trials in patients with established atherosclerotic cardiovascular disease; 

hazard ratio, 0.86 (95% CI, 0.80–0.93).12
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the use of therapies for cardiovascular risk reduction. 
While women were overall less common in our sample, 
those who were included were less likely to use evi-
dence-based therapies—whether this reflects clinician 
prescribing behavior or patient adherence, or a com-
bination of the 2, cannot be determined from claims 
data.

The barriers to the adoption of evidence-based 
therapies have patient, clinician, and system-level 
origins. Lack of clinician familiarity; variation in the 
content, strength, and latency of society guidelines; 
clinical inertia; perceived interdisciplinary boundaries; 
fragmented care pathways; increasing patient comor-
bidity; and the aforementioned cost considerations all 
likely contribute to the observed evidence-to-practice 
gap.

We estimate that the adoption of evidence-based 
therapy use in all patients could prevent 4546 (sensitiv-
ity analyses range, 3416–5731) myocardial infarction, 
stroke, or cardiovascular deaths over a 3-year period 
of treatment. The majority of the estimated benefit is 
driven by increasing the adoption of either SGLT-2is or 
GLP-1RAs given their lower overall current use (hence 
greater potential for improvement) and lower number 
needed to treat (higher absolute risk reduction). While 
patients with contraindications and intolerance are 
likely to limit complete use, these numbers provide 
a compelling argument to develop population health 
strategies to aid adoption of evidence-based therapies. 
With patients 3 times more likely to see a cardiologist 
than an endocrinologist, our data suggest that cardi-
ologists, along with primary care physicians, can and 
should play a key role in closing these gaps in care.

There are a number of limitations to these analy-
ses. The data come from a single US managed care 
population that are not representative of the overall 
population of patients with ASCVD and T2DM, al-
though this is a best-case estimate compared with 
the less well insured general population. Assessment 
of eligibility has not taken into account patients with 
absolute contraindications beyond kidney dysfunc-
tion. While SGLT-2is appear to have similar class-
wide efficacy, there is greater heterogeneity in the 

cardiovascular benefit derived from the various GLP-
1RAs; yet for this analysis, all agents in each of the 
classes were considered evidence-based therapies. 
Importantly, it must also be acknowledged that while 
the evidence base for recommending these therapies 
has been established for several years, it would be 
premature to critique adherence to guideline recom-
mendations. Indeed, one of the hurdles to effective 
translation of a therapy with a proven evidence base 
to its widespread adoption in clinical practice is the 
slow pace and variable strength of guideline recom-
mendations. Notwithstanding this, the most recent 
updates of the American and European guidelines 
consistently recommend these therapies,16–19 and 
thus this analysis, in some respects, represents a 
starting landscape of clinical care. The estimation 
of potential treatment effect makes a number of as-
sumptions, including 100% patient eligibility, linear 
efficacy over time, and additive therapeutic benefit. 
While the validity of the additive benefit assumption 
may vary by baseline treatment status, the majority 
of the overall population-level effect is derived from 
the commencement of either an SGLT-2i or a GLP-
1RA. Given that clinical trials of these agents were 
performed in the context of high (≈80%) ACEI/ARB 
and statin use, the assumption of additive benefit is 
likely to be robust.

Ultimately, these data provide a much needed 
call to action for patients, providers, industry, regu-
lators, professional societies, and payers to support 
high-quality and rigorous research evaluating ways 
to close these gaps in care. Methods to overcome 
these barriers must comprehensively engage, em-
power, and incentivize patients, clinicians, and health 
systems to achieve the shared goals of high-quality 
care.
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Table S1. ICD-10 codes. 

Parent Code Description 

CAD I20.0 Unstable angina 

I20.1 Angina pectoris with documented spasm 

I20.8 Other forms of angina pectoris 

I20.9 Angina pectoris, unspecified 

I21.01 ST elevation (STEMI) myocardial infarction involving left main coronary artery 

I21.02 ST elevation (STEMI) myocardial infarction involving left anterior descending coronary artery 

I21.09 ST elevation (STEMI) myocardial infarction involving other coronary artery of anterior wall 

I21.11 ST elevation (STEMI) myocardial infarction involving right coronary artery 

I21.19 ST elevation (STEMI) myocardial infarction involving other coronary artery of inferior wall 

I21.21 ST elevation (STEMI) myocardial infarction involving left circumflex coronary artery 

I21.29 ST elevation (STEMI) myocardial infarction involving other sites 

I21.3 ST elevation (STEMI) myocardial infarction of unspecified site 

I21.4 Non-ST elevation (NSTEMI) myocardial infarction 

I22.0 Subsequent ST elevation (STEMI) myocardial infarction of anterior wall 

I22.1 Subsequent ST elevation (STEMI) myocardial infarction of inferior wall 

I22.2 Subsequent non-ST elevation (NSTEMI) myocardial infarction 

I22.8 Subsequent ST elevation (STEMI) myocardial infarction of other sites 

I22.9 Subsequent ST elevation (STEMI) myocardial infarction of unspecified site 

I24.0 Acute coronary thrombosis not resulting in myocardial infarction 

I24.0 Acute coronary thrombosis not resulting in myocardial infarction 

I24.1 Dressler's syndrome 

I24.8 Other forms of acute ischemic heart disease 

I24.8 Other forms of acute ischemic heart disease 

I24.9 Acute ischemic heart disease, unspecified 

I24.9 Acute ischemic heart disease, unspecified 

I25.10 Atherosclerotic heart disease of native coronary artery without angina pectoris 

I25.110 Atherosclerotic heart disease of native coronary artery with unstable angina pectoris 

I25.111 Atherosclerotic heart disease of native coronary artery with angina pectoris with documented spasm 

I25.118 Atherosclerotic heart disease of native coronary artery with other forms of angina pectoris 

I25.118 Atherosclerotic heart disease of native coronary artery with other forms of angina pectoris 

I25.119 Atherosclerotic heart disease of native coronary artery with unspecified angina pectoris 

I25.5 Ischemic cardiomyopathy 

I25.5 Ischemic cardiomyopathy 

I25.6 Silent myocardial ischemia 

I25.6 Silent myocardial ischemia 

I25.700 Atherosclerosis of coronary artery bypass graft(s), unspecified, with unstable angina pectoris 

I25.701 Atherosclerosis of coronary artery bypass graft(s), unspecified, with angina pectoris with documented spasm 

I25.708 Atherosclerosis of coronary artery bypass graft(s), unspecified, with other forms of angina pectoris 

I25.709 Atherosclerosis of coronary artery bypass graft(s), unspecified, with unspecified angina pectoris 



I25.710 Atherosclerosis of autologous vein coronary artery bypass graft(s) with unstable angina pectoris 

I25.711 Atherosclerosis of autologous vein coronary artery bypass graft(s) with angina pectoris with documented spasm 

I25.718 Atherosclerosis of autologous vein coronary artery bypass graft(s) with other forms of angina pectoris 

I25.719 Atherosclerosis of autologous vein coronary artery bypass graft(s) with unspecified angina pectoris 

I25.720 Atherosclerosis of autologous artery coronary artery bypass graft(s) with unstable angina pectoris 

I25.721 
Atherosclerosis of autologous artery coronary artery bypass graft(s) with angina pectoris with documented 

spasm 

I25.728 Atherosclerosis of autologous artery coronary artery bypass graft(s) with other forms of angina pectoris 

I25.729 Atherosclerosis of autologous artery coronary artery bypass graft(s) with unspecified angina pectoris 

I25.730 Atherosclerosis of nonautologous biological coronary artery bypass graft(s) with unstable angina pectoris 

I25.731 
Atherosclerosis of nonautologous biological coronary artery bypass graft(s) with angina pectoris with 

documented spasm 

I25.738 Atherosclerosis of nonautologous biological coronary artery bypass graft(s) with other forms of angina pectoris 

I25.739 Atherosclerosis of nonautologous biological coronary artery bypass graft(s) with unspecified angina pectoris 

I25.750 Atherosclerosis of native coronary artery of transplanted heart with unstable angina 

I25.751 Atherosclerosis of native coronary artery of transplanted heart with angina pectoris with documented spasm 

I25.758 Atherosclerosis of native coronary artery of transplanted heart with other forms of angina pectoris 

I25.759 Atherosclerosis of native coronary artery of transplanted heart with unspecified angina pectoris 

I25.760 Atherosclerosis of bypass graft of coronary artery of transplanted heart with unstable angina 

I25.761 
Atherosclerosis of bypass graft of coronary artery of transplanted heart with angina pectoris with documented 

spasm 

I25.768 Atherosclerosis of bypass graft of coronary artery of transplanted heart with other forms of angina pectoris 

I25.769 Atherosclerosis of bypass graft of coronary artery of transplanted heart with unspecified angina pectoris 

I25.790 Atherosclerosis of other coronary artery bypass graft(s) with unstable angina pectoris 

I25.791 Atherosclerosis of other coronary artery bypass graft(s) with angina pectoris with documented spasm 

I25.798 Atherosclerosis of other coronary artery bypass graft(s) with other forms of angina pectoris 

I25.799 Atherosclerosis of other coronary artery bypass graft(s) with unspecified angina pectoris 

I25.810 Atherosclerosis of coronary artery bypass graft(s) without angina pectoris 

I25.811 Atherosclerosis of native coronary artery of transplanted heart without angina pectoris 

I25.812 Atherosclerosis of bypass graft of coronary artery of transplanted heart without angina pectoris 

I25.82 Chronic total occlusion of coronary artery 

I25.83 Coronary atherosclerosis due to lipid rich plaque 

I25.84 Coronary atherosclerosis due to calcified coronary lesion 

I25.89 Other forms of chronic ischemic heart disease 

I25.9 Chronic ischemic heart disease, unspecified 

Z95.5 Presence of coronary angioplasty implant and graft 

Z98.61 Coronary angioplasty status 

CeVD I63.00 Cerebral infarction due to thrombosis of unspecified precerebral artery 

I63.011 Cerebral infarction due to thrombosis of right vertebral artery 

I63.012 Cerebral infarction due to thrombosis of left vertebral artery 

I63.013 Cerebral infarction due to thrombosis of bilateral vertebral arteries 

I63.019 Cerebral infarction due to thrombosis of unspecified vertebral artery 

I63.02 Cerebral infarction due to thrombosis of basilar artery 



I63.031 Cerebral infarction due to thrombosis of right carotid artery 

I63.032 Cerebral infarction due to thrombosis of left carotid artery 

I63.033 Cerebral infarction due to thrombosis of bilateral carotid arteries 

I63.039 Cerebral infarction due to thrombosis of unspecified carotid artery 

I63.09 Cerebral infarction due to thrombosis of other precerebral artery 

I63.20 Cerebral infarction due to unspecified occlusion or stenosis of unspecified precerebral arteries 

I63.211 Cerebral infarction due to unspecified occlusion or stenosis of right vertebral artery 

I63.212 Cerebral infarction due to unspecified occlusion or stenosis of left vertebral artery 

I63.213 Cerebral infarction due to unspecified occlusion or stenosis of bilateral vertebral arteries 

I63.219 Cerebral infarction due to unspecified occlusion or stenosis of unspecified vertebral artery 

I63.22 Cerebral infarction due to unspecified occlusion or stenosis of basilar artery 

I63.231 Cerebral infarction due to unspecified occlusion or stenosis of right carotid arteries 

I63.232 Cerebral infarction due to unspecified occlusion or stenosis of left carotid arteries 

I63.233 Cerebral infarction due to unspecified occlusion or stenosis of bilateral carotid arteries 

I63.239 Cerebral infarction due to unspecified occlusion or stenosis of unspecified carotid artery 

I63.29 Cerebral infarction due to unspecified occlusion or stenosis of other precerebral arteries 

I63.30 Cerebral infarction due to thrombosis of unspecified cerebral artery 

I63.311 Cerebral infarction due to thrombosis of right middle cerebral artery 

I63.312 Cerebral infarction due to thrombosis of left middle cerebral artery 

I63.313 Cerebral infarction due to thrombosis of bilateral middle cerebral arteries 

I63.319 Cerebral infarction due to thrombosis of unspecified middle cerebral artery 

I63.321 Cerebral infarction due to thrombosis of right anterior cerebral artery 

I63.322 Cerebral infarction due to thrombosis of left anterior cerebral artery 

I63.323 Cerebral infarction due to thrombosis of bilateral anterior cerebral arteries 

I63.329 Cerebral infarction due to thrombosis of unspecified anterior cerebral artery 

I63.331 Cerebral infarction due to thrombosis of right posterior cerebral artery 

I63.332 Cerebral infarction due to thrombosis of left posterior cerebral artery 

I63.333 Cerebral infarction due to thrombosis of bilateral posterior cerebral arteries 

I63.339 Cerebral infarction due to thrombosis of unspecified posterior cerebral artery 

I63.341 Cerebral infarction due to thrombosis of right cerebellar artery 

I63.342 Cerebral infarction due to thrombosis of left cerebellar artery 

I63.343 Cerebral infarction due to thrombosis of bilateral cerebellar arteries 

I63.349 Cerebral infarction due to thrombosis of unspecified cerebellar artery 

I63.39 Cerebral infarction due to thrombosis of other cerebral artery 

I63.50 Cerebral infarction due to unspecified occlusion or stenosis of unspecified cerebral artery 

I63.511 Cerebral infarction due to unspecified occlusion or stenosis of right middle cerebral artery 

I63.512 Cerebral infarction due to unspecified occlusion or stenosis of left middle cerebral artery 

I63.513 Cerebral infarction due to unspecified occlusion or stenosis of bilateral middle cerebral arteries 

I63.519 Cerebral infarction due to unspecified occlusion or stenosis of unspecified middle cerebral artery 

I63.521 Cerebral infarction due to unspecified occlusion or stenosis of right anterior cerebral artery 

I63.522 Cerebral infarction due to unspecified occlusion or stenosis of left anterior cerebral artery 



I63.523 Cerebral infarction due to unspecified occlusion or stenosis of bilateral anterior cerebral arteries 

I63.529 Cerebral infarction due to unspecified occlusion or stenosis of unspecified anterior cerebral artery 

I63.531 Cerebral infarction due to unspecified occlusion or stenosis of right posterior cerebral artery 

I63.532 Cerebral infarction due to unspecified occlusion or stenosis of left posterior cerebral artery 

I63.533 Cerebral infarction due to unspecified occlusion or stenosis of bilateral posterior cerebral arteries 

I63.539 Cerebral infarction due to unspecified occlusion or stenosis of unspecified posterior cerebral artery 

I63.541 Cerebral infarction due to unspecified occlusion or stenosis of right cerebellar artery 

I63.542 Cerebral infarction due to unspecified occlusion or stenosis of left cerebellar artery 

I63.543 Cerebral infarction due to unspecified occlusion or stenosis of bilateral cerebellar arteries 

I63.549 Cerebral infarction due to unspecified occlusion or stenosis of unspecified cerebellar artery 

I63.59 Cerebral infarction due to unspecified occlusion or stenosis of other cerebral artery 

I63.6 Cerebral infarction due to cerebral venous thrombosis, nonpyogenic 

I63.81 Other cerebral infarction due to occlusion or stenosis of small artery 

I65.01 Occlusion and stenosis of right vertebral artery 

I65.02 Occlusion and stenosis of left vertebral artery 

I65.03 Occlusion and stenosis of bilateral vertebral arteries 

I65.09 Occlusion and stenosis of unspecified vertebral artery 

I65.1 Occlusion and stenosis of basilar artery 

I65.21 Occlusion and stenosis of right carotid artery 

I65.22 Occlusion and stenosis of left carotid artery 

I65.23 Occlusion and stenosis of bilateral carotid arteries 

I65.29 Occlusion and stenosis of unspecified carotid artery 

I65.8 Occlusion and stenosis of other precerebral arteries 

I65.9 Occlusion and stenosis of unspecified precerebral artery 

PAD E08.52 Diabetes mellitus due to underlying condition with diabetic peripheral angiopathy with gangrene 

E10.51 Type 1 diabetes mellitus with diabetic peripheral angiopathy without gangrene 

E10.52 Type 1 diabetes mellitus with diabetic peripheral angiopathy with gangrene 

E10.59 Type 1 diabetes mellitus with other circulatory complications 

E11.51 Type 2 diabetes mellitus with diabetic peripheral angiopathy without gangrene 

E11.52 Type 2 diabetes mellitus with diabetic peripheral angiopathy with gangrene 

E11.59 Type 2 diabetes mellitus with other circulatory complications 

E13.51 Other specified diabetes mellitus with diabetic peripheral angiopathy without gangrene 

E13.52 Other specified diabetes mellitus with diabetic peripheral angiopathy with gangrene 

E13.59 Other specified diabetes mellitus with other circulatory complications 

I70.0 Atherosclerosis of aorta 

I70.201 Unspecified atherosclerosis of native arteries of extremities, right leg 

I70.202 Unspecified atherosclerosis of native arteries of extremities, left leg 

I70.203 Unspecified atherosclerosis of native arteries of extremities, bilateral legs 

I70.208 Unspecified atherosclerosis of native arteries of extremities, other extremity 

I70.209 Unspecified atherosclerosis of native arteries of extremities, unspecified extremity 

I70.211 Atherosclerosis of native arteries of extremities with intermittent claudication, right leg 



I70.212 Atherosclerosis of native arteries of extremities with intermittent claudication, left leg 

I70.213 Atherosclerosis of native arteries of extremities with intermittent claudication, bilateral legs 

I70.218 Atherosclerosis of native arteries of extremities with intermittent claudication, other extremity 

I70.219 Atherosclerosis of native arteries of extremities with intermittent claudication, unspecified extremity 

I70.221 Atherosclerosis of native arteries of extremities with rest pain, right leg 

I70.222 Atherosclerosis of native arteries of extremities with rest pain, left leg 

I70.223 Atherosclerosis of native arteries of extremities with rest pain, bilateral legs 

I70.228 Atherosclerosis of native arteries of extremities with rest pain, other extremity 

I70.229 Atherosclerosis of native arteries of extremities with rest pain, unspecified extremity 

I70.231 Atherosclerosis of native arteries of right leg with ulceration of thigh 

I70.232 Atherosclerosis of native arteries of right leg with ulceration of calf 

I70.233 Atherosclerosis of native arteries of right leg with ulceration of ankle 

I70.234 Atherosclerosis of native arteries of right leg with ulceration of heel and midfoot 

I70.235 Atherosclerosis of native arteries of right leg with ulceration of other part of foot 

I70.238 Atherosclerosis of native arteries of right leg with ulceration of other part of lower leg 

I70.239 Atherosclerosis of native arteries of right leg with ulceration of unspecified site 

I70.241 Atherosclerosis of native arteries of left leg with ulceration of thigh 

I70.242 Atherosclerosis of native arteries of left leg with ulceration of calf 

I70.243 Atherosclerosis of native arteries of left leg with ulceration of ankle 

I70.244 Atherosclerosis of native arteries of left leg with ulceration of heel and midfoot 

I70.245 Atherosclerosis of native arteries of left leg with ulceration of other part of foot 

I70.248 Atherosclerosis of native arteries of left leg with ulceration of other part of lower leg 

I70.249 Atherosclerosis of native arteries of left leg with ulceration of unspecified site 

I70.25 Atherosclerosis of native arteries of other extremities with ulceration 

I70.261 Atherosclerosis of native arteries of extremities with gangrene, right leg 

I70.262 Atherosclerosis of native arteries of extremities with gangrene, left leg 

I70.263 Atherosclerosis of native arteries of extremities with gangrene, bilateral legs 

I70.268 Atherosclerosis of native arteries of extremities with gangrene, other extremity 

I70.269 Atherosclerosis of native arteries of extremities with gangrene, unspecified extremity 

I70.291 Other atherosclerosis of native arteries of extremities, right leg 

I70.292 Other atherosclerosis of native arteries of extremities, left leg 

I70.293 Other atherosclerosis of native arteries of extremities, bilateral legs 

I70.298 Other atherosclerosis of native arteries of extremities, other extremity 

I70.299 Other atherosclerosis of native arteries of extremities, unspecified extremity 

I70.301 Unspecified atherosclerosis of unspecified type of bypass graft(s) of the extremities, right leg 

I70.302 Unspecified atherosclerosis of unspecified type of bypass graft(s) of the extremities, left leg 

I70.303 Unspecified atherosclerosis of unspecified type of bypass graft(s) of the extremities, bilateral legs 

I70.311 Atherosclerosis of unspecified type of bypass graft(s) of the extremities with intermittent claudication, right leg 

I70.312 Atherosclerosis of unspecified type of bypass graft(s) of the extremities with intermittent claudication, left leg 

I70.313 
Atherosclerosis of unspecified type of bypass graft(s) of the extremities with intermittent claudication, bilateral 

legs 

I70.318 
Atherosclerosis of unspecified type of bypass graft(s) of the extremities with intermittent claudication, other 

extremity 



I70.319 
Atherosclerosis of unspecified type of bypass graft(s) of the extremities with intermittent claudication, 

unspecified extremity 

I70.321 Atherosclerosis of unspecified type of bypass graft(s) of the extremities with rest pain, right leg 

I70.322 Atherosclerosis of unspecified type of bypass graft(s) of the extremities with rest pain, left leg 

I70.323 Atherosclerosis of unspecified type of bypass graft(s) of the extremities with rest pain, bilateral legs 

I70.339 Atherosclerosis of unspecified type of bypass graft(s) of the right leg with ulceration of unspecified site 

I70.362 Atherosclerosis of unspecified type of bypass graft(s) of the extremities with gangrene, left leg 

I70.368 Atherosclerosis of unspecified type of bypass graft(s) of the extremities with gangrene, other extremity 

I70.392 Other atherosclerosis of unspecified type of bypass graft(s) of the extremities, left leg 

I70.393 Other atherosclerosis of unspecified type of bypass graft(s) of the extremities, bilateral legs 

I70.401 Unspecified atherosclerosis of autologous vein bypass graft(s) of the extremities, right leg 

I70.402 Unspecified atherosclerosis of autologous vein bypass graft(s) of the extremities, left leg 

I70.403 Unspecified atherosclerosis of autologous vein bypass graft(s) of the extremities, bilateral legs 

I70.408 Unspecified atherosclerosis of autologous vein bypass graft(s) of the extremities, other extremity 

I70.411 Atherosclerosis of autologous vein bypass graft(s) of the extremities with intermittent claudication, right leg 

I70.412 Atherosclerosis of autologous vein bypass graft(s) of the extremities with intermittent claudication, left leg 

I70.413 
Atherosclerosis of autologous vein bypass graft(s) of the extremities with intermittent claudication, bilateral 

legs 

I70.418 
Atherosclerosis of autologous vein bypass graft(s) of the extremities with intermittent claudication, other 

extremity 

I70.419 
Atherosclerosis of autologous vein bypass graft(s) of the extremities with intermittent claudication, unspecified 

extremity 

I70.421 Atherosclerosis of autologous vein bypass graft(s) of the extremities with rest pain, right leg 

I70.422 Atherosclerosis of autologous vein bypass graft(s) of the extremities with rest pain, left leg 

I70.423 Atherosclerosis of autologous vein bypass graft(s) of the extremities with rest pain, bilateral legs 

I70.429 Atherosclerosis of autologous vein bypass graft(s) of the extremities with rest pain, unspecified extremity 

I70.433 Atherosclerosis of autologous vein bypass graft(s) of the right leg with ulceration of ankle 

I70.434 Atherosclerosis of autologous vein bypass graft(s) of the right leg with ulceration of heel and midfoot 

I70.442 Atherosclerosis of autologous vein bypass graft(s) of the left leg with ulceration of calf 

I70.443 Atherosclerosis of autologous vein bypass graft(s) of the left leg with ulceration of ankle 

I70.448 Atherosclerosis of autologous vein bypass graft(s) of the left leg with ulceration of other part of lower leg 

I70.449 Atherosclerosis of autologous vein bypass graft(s) of the left leg with ulceration of unspecified site 

I70.461 Atherosclerosis of autologous vein bypass graft(s) of the extremities with gangrene, right leg 

I70.462 Atherosclerosis of autologous vein bypass graft(s) of the extremities with gangrene, left leg 

I70.491 Other atherosclerosis of autologous vein bypass graft(s) of the extremities, right leg 

I70.503 Unspecified atherosclerosis of nonautologous biological bypass graft(s) of the extremities, bilateral legs 

I70.511 
Atherosclerosis of nonautologous biological bypass graft(s) of the extremities with intermittent claudication, 

right leg 

I70.512 
Atherosclerosis of nonautologous biological bypass graft(s) of the extremities with intermittent claudication, 

left leg 

I70.513 
Atherosclerosis of nonautologous biological bypass graft(s) of the extremities with intermittent claudication, 

bilateral legs 

I70.518 
Atherosclerosis of nonautologous biological bypass graft(s) of the extremities with intermittent claudication, 

other extremity 

I70.519 
Atherosclerosis of nonautologous biological bypass graft(s) of the extremities with intermittent claudication, 

unspecified extremity 

I70.561 Atherosclerosis of nonautologous biological bypass graft(s) of the extremities with gangrene, right leg 



I70.611 Atherosclerosis of nonbiological bypass graft(s) of the extremities with intermittent claudication, right leg 

I70.612 Atherosclerosis of nonbiological bypass graft(s) of the extremities with intermittent claudication, left leg 

I70.613 Atherosclerosis of nonbiological bypass graft(s) of the extremities with intermittent claudication, bilateral legs 

I70.618 
Atherosclerosis of nonbiological bypass graft(s) of the extremities with intermittent claudication, other 

extremity 

I70.619 
Atherosclerosis of nonbiological bypass graft(s) of the extremities with intermittent claudication, unspecified 

extremity 

I70.621 Atherosclerosis of nonbiological bypass graft(s) of the extremities with rest pain, right leg 

I70.661 Atherosclerosis of nonbiological bypass graft(s) of the extremities with gangrene, right leg 

I70.701 Unspecified atherosclerosis of other type of bypass graft(s) of the extremities, right leg 

I70.703 Unspecified atherosclerosis of other type of bypass graft(s) of the extremities, bilateral legs 

I70.711 Atherosclerosis of other type of bypass graft(s) of the extremities with intermittent claudication, right leg 

I70.712 Atherosclerosis of other type of bypass graft(s) of the extremities with intermittent claudication, left leg 

I70.713 Atherosclerosis of other type of bypass graft(s) of the extremities with intermittent claudication, bilateral legs 

I70.718 Atherosclerosis of other type of bypass graft(s) of the extremities with intermittent claudication, other extremity 

I70.719 
Atherosclerosis of other type of bypass graft(s) of the extremities with intermittent claudication, unspecified 

extremity 

I70.721 Atherosclerosis of other type of bypass graft(s) of the extremities with rest pain, right leg 

I70.722 Atherosclerosis of other type of bypass graft(s) of the extremities with rest pain, left leg 

I70.739 Atherosclerosis of other type of bypass graft(s) of the right leg with ulceration of unspecified site 

I70.745 Atherosclerosis of other type of bypass graft(s) of the left leg with ulceration of other part of foot 

I70.761 Atherosclerosis of other type of bypass graft(s) of the extremities with gangrene, right leg 

I70.762 Atherosclerosis of other type of bypass graft(s) of the extremities with gangrene, left leg 

I70.90 Unspecified atherosclerosis 

I70.91 Generalized atherosclerosis 

I70.92 Chronic total occlusion of artery of the extremities 

I73.9 Peripheral vascular disease, unspecified 

I75.021 Atheroembolism of right lower extremity 

I75.022 Atheroembolism of left lower extremity 

I75.023 Atheroembolism of bilateral lower extremities 

I75.029 Atheroembolism of unspecified lower extremity 

I77.1 Stricture of artery 

I96 Gangrene, not elsewhere classified 

  



Table S2. High-intensity vs. moderate or low-intensity statin. 

Number of 

therapies 

added 

Untreated population 

N 

Estimated MACE reduction (3 years) 

ARR 1.33% per therapy, fully 

additive 

1st therapy ARR 1.33% with successive 

20% reduction in effectiveness 

3 therapies 58 252 2 330 (NNT 25) 1 941 (NNT 30) 

2 therapies 63 358 1 712 (NNT 37) 1 218 (NNT 52) 

1 therapy 30 109 401 (NNT 75) 257 (NNT 117) 

Total  4 443 3 416 

; ARR 1.2% over 3 years2; ACEi/ARB in normotensive participants with ASCVD; ARR 1.2% over 3 years5; Pooled GLP-1RA and 

SGLT-2i trials in patients with established ASCVD; ARR 1.6% over 3 years12; Mean ARR 1.33% 

 


