
Address for correspondence:
Salim S. Virani, MD
Health Services Research and
Development (152)
Michael E. DeBakey Veterans Affairs
Medical Center
2002 Holcombe Boulevard
Houston, TX 77030
virani@bcm.edu

Quality and Outcomes

Statin Use and Its Facility-Level Variation in
Patients With Diabetes: Insight From the
Veterans Affairs National Database
Yashashwi Pokharel, MD, MSCR; Julia M. Akeroyd, MPH; David J. Ramsey, PhD; Ravi S. Hira, MD; Vijay Nambi, MD,
PhD; Tina Shah, MD; LeChauncy D. Woodard, MD, MPH; David E. Winchester, MD, MS; Christie M. Ballantyne, MD;
Laura A. Petersen, MD, MPH; Salim S. Virani, MD, PhD
Saint Luke’s Mid-America Heart Institute, University of Missouri-Kansas City, Missouri (Pokharel); Section of Cardiovascular
Research (Nambi, Ballantyne, Virani) and; Department of Medicine (Akeroyd, Ramsey, Hira, Nambi, Shah, Woodard, Ballantyne,
Petersen, Virani), Baylor College of Medicine, Houston, Texas; Center for Cardiovascular Disease Prevention (Nambi, Ballantyne,
Virani), Methodist DeBakey Heart and Vascular Center, Houston, Texas; Health Policy, Quality & Informatics Program (Akeroyd,
Ramsey, Woodard, Petersen, Virani), Michael E. DeBakey VA Medical Center Health Services Research & Development Center for
Innovations, Houston, Texas; Michael E. DeBakey VA Medical Center (Akeroyd, Ramsey, Nambi, Shah, Woodard, Petersen,
Virani), Houston, Texas; Malcom Randall Veterans Affairs Medical Center (Winchester), Gainesville, Florida; University of Florida
College of Medicine (Winchester), Gainesville, Florida

We sought to determine use of any and at least moderate-intensity statin therapy in a national sample of
patients with diabetes mellitus (DM), with the hypothesis that nationwide frequency and facility-level variation
in statin therapy are suboptimal. We sampled patients with DM age 40 to 75 years receiving primary care
between October 1, 2012, and September 30, 2013, at 130 parent facilities and associated community-based
outpatient clinics in the Veterans Affairs Health Care System. We examined frequency and facility-level
variation in use of any or at least moderate-intensity statin therapy (mean daily dose associated with ≥30%
low-density lipoprotein cholesterol lowering). In 911 444 patients with DM, 68.3% and 58.4% were receiving
any and moderate- to high-intensity statin therapy, respectively. Patients receiving statin had higher burden
of cardiovascular disease, were more likely to be on nonstatin lipid-lowering therapy and to receive care at
a teaching facility, and had more frequent primary-care visits. Median facility-level uses of any and at least
moderate-intensity statin therapy were 68.7% (interquartile range, 65.9%–70.8%) and 58.6% (interquartile
range, 55.8%–61.4%), respectively. After adjusting for several patient-related and some facility-related
characteristics, the median rate ratios for any and moderate- to high-intensity statin therapy were 1.20 (95%
confidence interval: 1.18-1.22) and 1.29 (95% confidence interval: 1.24-1.33) respectively, indicating 20% to
29% variation in statin use between 2 identical patients receiving care at 2 random facilities. Statin use was
suboptimal in a national sample of patients with DM with modest facility-level variation, likely indicating
differences in statin-prescribing patterns.
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Introduction
In a meta-analysis of 18 686 individuals with diabetes mellitus
(DM) from 14 randomized trials of statin therapy, moderate-
intensity statin therapy compared with placebo has been
shown to reduce the relative risk for cardiovascular disease
(CVD) by approximately 27% per 1 mmol/L (38.7 mg/dL)
reduction in low-density lipoprotein cholesterol (LDL-C).1

Furthermore, there was a 9% and 13% relative reduction in
all-cause and vascular mortality, respectively, per mmol/L
reduction in LDL-C with statin therapy.1 The American
Diabetes Association (ADA) recommends moderate- to
high-intensity statin therapy in DM patients age 40 to 75
years with or without presence of cardiovascular risk factors
and/or disease.2 In addition, the 2013 American College
of Cardiology/American Heart Association (ACC/AHA)
guideline on the treatment of blood cholesterol also
identified DM patients age 40 to 75 years (with or without
CVD) to benefit from moderate- to high-intensity statin
therapy.3 However, frequency and practice pattern of statin
use in a national sample of DM patients is not known.
The purpose of this study is to examine the frequency and
facility-level variation in statin use in DM patients age 40
to 75 years receiving care in primary-care facilities in the
entire Veterans Affairs (VA) Health Care System.

Methods
Patient Population

We classified patients as having DM if any of the following
were documented: 2 outpatient or 1 inpatient diagnosis
code indicating DM, from International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM;
250.xx, 357.2, 366.41; see Supporting Information, Table,
in the online version of this article); filled prescription
for DM medication; or any fasting glucose ≥126 mg/dL,
hemoglobin A1C > 6.5%, or ≥2 outpatient blood glucose
readings >200 mg/dL on 2 different days.4–6 We identified
1 239 260 patients with DM with a primary-care visits in 130
VA parent facilities and their associated community-based
outpatient clinics between October 1, 2012, and September
30, 2013. After excluding patients with history of metastatic
cancer in the 5 years prior or history of hospice care in
the preceding year (n = 21 184), we had a total of 1 218 076
patients with DM. Among patients with DM, major US
guidelines recommend that those age 40 to 75 years receive
moderate- to high-intensity statin therapy,2,3 and therefore
we further excluded individuals age <40 or >75 years
(n = 306 632), resulting in 911 444 as the total number of
participants included in our final analyses.

Covariates

We defined CVD as the presence of acute coronary syn-
drome, stable or unstable angina, coronary revascular-
ization (percutaneous coronary intervention or coronary
artery bypass grafting), ischemic stroke, transient ischemic
attacks, peripheral artery disease, or other arterial revas-
cularization. We used ICD-9-CM diagnosis and procedure
codes, as well as current procedural terminology codes, to
identify CVD and other variables, as described in previous
studies (see Supporting Information, Table, in the online
version of this article).7,8

We assessed several pertinent patient characteristics that
could be related to cardiovascular risk, such as age, race,
sex, and history of hypertension and CVD, using the VA
administrative database. Race was self reported by patients.
We also assessed facility-level variables, such as receiving
care in a teaching vs nonteaching facility and the number
of primary-care visits in the preceding 1 year. We calculated
mean Diagnostic Cost Group (DCG) relative risk score
(RRS) for each patient to assess the impact of a patient’s
illness burden on statin adherence. The DCG RSS is a ratio of
predicted to the mean cost and has been used as a surrogate
of illness burden in prior studies.7,8 For example, a patient
with a score of 1.9 is expected to be 90% more costly than an
‘‘average’’ patient, reflecting 90% incremental illness burden.

We identified the statin and its dose and any nonstatin
lipid-lowering medications using VA administrative phar-
macy data sources for each patient. Statin and moderate-
to high-intensity statin use was defined as their use within
100 days prior to or 14 days following the most recent
primary-care visit. We studied atorvastatin, rosuvastatin,
pravastatin, fluvastatin, lovastatin, simvastatin, and pitavas-
tatin. We defined statin intensity based on the most recent
statin fill. Low-, moderate-, and high-intensity statin therapy
corrosponded to a daily statin dose that reduces LDL-C by
<30%, 30% to <50%, and ≥50%, respectively, as defined in
the 2013 ACC/AHA cholesterol guideline.3 For the purpose
of this study, moderate- to high-intensity statin use (or at
least moderate-intensity statin use) was defined as a mean
daily dose of atorvastatin ≥10 mg, rosuvastatin ≥5 mg,
simvastatin ≥20 mg, pravastatin ≥40 mg, lovastatin ≥40 mg,
fluvastatin ≥80 mg, or pitavastatin ≥2 mg. These statin
doses would be expected to lead to ≥30% LDL-C reduction
based on the 2013 ACC/AHA cholesterol guideline.3

We compared the levels of various lipid parameters among
patients receiving statin therapy and those not receiving
statin therapy, and separately among patients receiving at
least moderate-intensity statin therapy and those receiving
low-intensity statin therapy or not receiving any statin
therapy. We subtracted high-density lipoprotein cholesterol
(HDL-C) from total cholesterol to calculate non–HDL-
C. We also evaluated use of nonstatin LDL-C–lowering
medications. These included bile acid binding sequestrants,
ezetimibe, and niacin. We excluded fibrates because of their
minimal LDL-C–lowering effects.

Statistical Analysis

Our outcome of interest was to examine use of any statin
therapy and at least moderate-intensity statin therapy in
patients with DM and to examine facility-level variation in
the use of any statin and moderate- to high-intensity statin
therapy. We compared patient-, provider-, and facility-related
characteristics between patients who were on statin therapy
and those who were not. We examined categorical variables
using the χ2 test and continuous variables with the t test.

To explore facility-level variation in statin use, we
evaluated the median facility-level use of any statin therapy
and of moderate- to high-intensity statin therapy. We
then constructed multivariable hierarchical regression
models to determine median rate ratio (MRR) to assess the
magnitude of facility-level variation in any statin therapy and
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moderate- to high-intensity statin therapy. These are 2-level
hierarchical models adjusted for clustering of patients
within facilities and modeled individual facility as a random
effect and patient characteristics as filter effects within each
facility.9 This approach allowed us to control for confound-
ing between facilities to ensure that patients with similar
baseline characteristics from different facilities were com-
pared with each other. The MRR can be interpreted as the
likelihood that 2 random facilities would differ in treatment
of ‘‘identical’’ patients. For example, an MRR of 1 suggests
no facility-level variation, whereas an MRR of 1.50 suggests
50% probability of differing treatment for ‘‘identical’’ DM
patients receiving care at 2 random facilities. This methodol-
ogy to study variation in care has been described before.10,11

We calculated MRR initially from an unadjusted model,
followed by a model adjusting for patient age, sex, race
(white vs others), history of hypertension and CVD, DCG
RSS, receipt of care at a teaching vs nonteaching facility, and
the number of primary-care visits in the prior 12 months.

We conducted analyses with SAS version 9.1.3 (SAS
Institute, Inc., Cary, NC) and Stata version 11 (StataCorp,
College Station, TX). The protocol was approved by the insti-
tutional review boards at Baylor College of Medicine and the
Michael E. DeBakey VA Medical Center, and a waiver for

the need of informed consent was approved. Investigations
were in accordance with the Declaration of Helsinki.

Results
Baseline Data

In the study cohort of 1 239 260 patients with DM, the
final study population was 911 444 patients age 40 to 75
years. Overall, most were men (95.9%); 67.8% were white
and 20.2% were black. Race was self reported by patients.
Hypertension was present in 84.0%; 37.3% had CVD; and
43.4% were receiving care at a teaching facility.

Compared with patients not receiving statin therapy, statin
users were slightly older (Table 1) and more likely to be
white and male (P < 0.0001 for all). Statin users, compared
with nonusers, had higher prevalence of hypertension
(88.0% vs 75.6%) and CVD (43.8% vs 23.3%), and higher
illness burden as reflected by a higher DCG RSS (1.9 vs 1.6;
P < 0.0001 for all). Statin users had more frequent primary-
care visits in the 1 year prior to the index primary-care
visit and were more likely to receive care in a teaching
facility compared with statin nonusers. Compared with
statin nonusers, those receiving statins were also more
likely to receive nonstatin lipid-lowering therapy, mainly
niacin therapy. Although most of these differences were

Table 1. Baseline Characteristics of the Study Population by Statin Use

Study Variables
Using Statin,

n = 622 503 (68.3%)
Not Using Statin,

n = 288 941 (31.7%) P Value

Age, y 63.5 (7.0) 62.4 (7.9) <0.0001

White race, % 69.3 64.5 <0.0001

Male sex, % 96.2 95.2 <0.0001

History of HTN, % 88.0 75.6 <0.0001

History of CVD, % 43.8 23.3 <0.0001

DCG RRS 1.9 (2.9) 1.6 (2.8) <0.0001

No. of primary-care visits in 12 months prior to the index primary-care visit 4.6 (5.1) 3.3 (4.4) <0.0001

Receiving care in a teaching facility, % 44.2 41.6 <0.0001

Use of any nonstatin, % 9.7 6.1 <0.0001

Bile acid sequestrants 1.0 1.6 <0.0001

Ezetimibe 1.1 0.9 <0.0001

Niacin 8.0 4.1 <0.0001

LDL-C, mg/dL 86.9 (32.7) 95.7 (33.3) <0.0001

HDL-C, mg/dL 41.0 (11.3) 41.9 (12.9) <0.0001

TG, mg/dL 146.0 (101.0, 213.0) 141.0 (96.0, 211.0) <0.0001

TC, mg/dL 159.3 (40.7) 169.3 (40.7) <0.0001

Non–HDL-C, mg/dLa 119.0 (39.0) 127.9 (39.6) <0.0001

Abbreviations: CVD, cardiovascular disease; DCG RRS, Diagnostic Cost Group relative risk score; HDL-C, high-density lipoprotein cholesterol; HTN,
hypertension; LDL-C, low-density lipoprotein cholesterol; non–HDL-C, non–high-density lipoprotein cholesterol; SD, standard deviation; TC, total
cholesterol; TG triglycerides.
Data for continuous variables are expressed as mean (SD), except for TG, which is expressed as median (25th, 75th percentiles).
aNon–HDL-C = TC − HDL-C.
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Table 2. Lipid Levels by Intensity of Statin Treatmenta

Lipid Variables, mg/dL

Moderate-
to High-Intensity

Statin Use, n = 532 467
(58.4%)

Not Using Statin/
Using Low-Intensity

Statin, n = 378 977 (41.6%) P Value

LDL-C 86.5 (32.8) 94.2 (33.0) <0.0001

HDL-C 40.9 (11.2) 41.7 (12.7) <0.0001

TG 147.0 (101.0, 214.0) 142.0 (96.0, 211.0) <0.0001

TC 158.8 (40.9) 167.5 (40.5) <0.0001

Non–HDL-Cb 118.5 (39.2) 126.4 (39.2) <0.0001

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; non–HDL-C, non–high-density lipoprotein
cholesterol; SD, standard deviation; TC, total cholesterol; TG triglycerides.
Data for continuous variables are expressed as mean (SD), except for TG, which is expressed as median (25th, 75th percentiles).
aLow-, moderate-, and high-intensity statins correspond to a daily statin dose that reduces LDL-C by <30%, 30% to <50%, and ≥50%, respectively.
bNon–HDL-C = TC − HDL-C.

statistically significant given the large sample size, absolute
differences were numerically small for some variables. As
expected, patients receiving statin therapy, compared with
those not on a statin, had lower on-treatment levels of LDL-C
(86.9 vs 95.7 mg/dL, respectively) and non–HDL-C (119.0
vs 127.9 mg/dL, respectively; P < 0.0001 for both). Levels of
lipid parameters in moderate- to high-intensity statin users
compared with statin nonusers/low-intensity statin users
showed a similar pattern (Table 2).

Statin Therapy and Facility-Level Variation
Approximately 68.3% (n = 622 503) of our study patients
were on statin therapy, and 58.4% (n = 532 467) were on
at least moderate-intensity statin therapy (about 85.5% of
those receiving any-intensity statin). Among patients with
DM and established CVD, statin therapy was used in 80.2%
(moderate to high intensity in 71.3%). Among those with DM
but without concomitant CVD, statin therapy was used in
61.2% (moderate to high intensity in 50.8%). The mean (SD)
daily doses of individual statin among those receiving statins
were as follows: atorvastatin, 40.1 (27.4) mg; fluvastatin, 51.8
(26.0) mg; lovastatin, 38.1 (22.1) mg; pitavastatin, 2.1 (1.2)
mg; pravastatin, 40.9 (24.0) mg; rosuvastatin, 21.1 (12.7) mg;
and simvastatin, 32.3 (20.5) mg.

The median facility-level uses of any and moderate- to
high-intensity statin therapy were 68.7% (interquartile range
[IQR], 65.9%–70.8%; range, 59.9%–82.8%) and 58.6% (IQR,
55.8%–61.4%; range, 47.3%–77.1%), respectively (figures 1
and 2). The unadjusted MRRs for any and moderate- to high-
intensity statin therapy were 1.16 (95% confidence interval
[CI]: 1.13-1.17) and 1.28 (95% CI: 1.23-1.31), respectively.
After adjusting for age, sex, race, history of hypertension and
CVD, DCG RSS, receipt of care at a teaching vs nonteaching
facility, and number of primary-care visits in the preceding 1
year, there was no attenuation in the MRRs (the MRRs [95%
CI] for any and moderate- to high-intensity statin therapy
were 1.20 [1.18-1.22] and 1.29 [1.24-1.33], respectively).

Discussion
In this nationwide database of 911 444 DM patients
from 130 VA primary-care facilities, about one-third of

patients were not on any statin therapy and about 42%
were not on moderate- to high-intensity statin therapy,
which is recommended by the most recent guidelines.2,3

Furthermore, about 39% of DM patients without established
CVD and about 20% of DM patients with CVD were not on
any statin therapy. There was 20% facility-level variation in
any statin therapy between 2 identical patients receiving
care at 2 random facilities and 29% variation for moderate-
to high-intensity statin use.

Statin use in patients with DM has been shown to reduce
both vascular and all-cause mortality.1 It has been estimated
that after 5 years, 42 fewer DM patients would have major
vascular events per 1000 patients allocated to statin therapy.1

The benefit was similar irrespective of whether there was a
history of vascular disease or other baseline characteristics.1

The most recent guidelines by the ADA and the ACC/AHA
recommend moderate- to high-intensity statin therapy in
DM patients age 40 to 75 years with or without CVD.2,3

Similarly, other major guidelines also recommend statin
therapy in patients with DM.12–14 On the other hand, it has
been shown that not using statin therapy in eligible patients,
for example from statin nonadherence, could be associated
with increased risk of hospitalization for CVD and all-cause
mortality.15 Despite this evidence, in the current study we
found that only 58% of eligible patients were on moderate-
to high-intensity statin therapy, and about 32% were not on
any statin therapy. Accordingly, it is estimated that if the
288 941 patients who were not receiving statin therapy in
our study start taking a statin, then after 5 years, there will
be on average 12 135 fewer cardiovascular events in these
patients.1

There could be several reasons for less-than-optimal
statin use in our study. Historically, it has been shown
that translation of evidence-based science into routine
clinical practice can be suboptimal,16 which may explain
our observations. We did not have data on the reasons for
not prescribing a statin, such as intolerance to statin therapy.
Statin-related musculoskeletal side effects could be partly
responsible for suboptimal statin therapy. Although this
is possible, we found that nonstatin lipid-lowering therapy
was higher in statin users compared with statin nonusers,
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Figure 1. Percentage of patients age 40 to 75 years with DM receiving any statin therapy at each of the 130 VA facilities. Abbreviations: DM, diabetes
mellitus; VA, Veterans Affairs Health Care System.
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Figure 2. Percentage of patients age 40 to 75 years with DM receiving moderate- to high-intensity statin therapy at each of the 130 VA facilities.
Abbreviations: DM, diabetes mellitus; VA, Veterans Affairs Health Care System.

suggesting that statin intolerance cannot completely account
for the suboptimal statin therapy, as it is expected that
nonstatin lipid-lowering medication therapy would have
been higher in statin nonusers if statin intolerance was
a major driver for lower statin therapy. In addition, higher
use of nonstatin lipid-lowering therapy in statin users also
suggests that statin-treated patients are generally more
aggressively treated.

Although moderate- to high-intensity statin therapy
is recommended in patients with DM per most recent

guidelines,2,3 use of low-intensity statin therapy could be
related to intolerance to high-intensity statin therapy. How-
ever, using the VA database, we have previously shown that
there is minimal reduction in statin adherence (of unknown
clinical significance) when using high-intensity compared
with low- to moderate-intensity statin therapy.7 Most recent
cholesterol guidelines recommend a ‘‘treat to risk’’ approach
with a fixed dose using moderate- to high-intensity statin
therapy in patients with DM and recommend that there is
not enough evidence to use nonstatin lipid-lowering therapy
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in most patients.3 Following contemporary lipid guidelines
during our study period when the focus was ‘‘treat to LDL-C
target’’ (goal LDL-C <100 mg/dL in high-risk patients and
<70 mg/dL in very high-risk patients, such as those with
CVD),17–20 providers may have elected not to use statin
therapy in those who were already at their LDL-C goal, or to
use nonstatin lipid-lowering therapy only. In fact, the mean
LDL-C level in patients not on statin therapy was 96 mg/dL
in our study, which could be one of the reasons for the
lower level of statin therapy.

To our knowledge, only a few studies have evaluated statin
use and prescription specifically in patients with DM. In a
study of 75 046 DM patients without CVD from the outpatient
cardiology practices participating in the Practice Innovation
and Clinical Excellence (PINNACLE) registry between
January 1, 2008, and December 31, 2012, approximately
56% of patients were not prescribed a statin, which was
defined as physician documentation of statin prescription.21

In this study, intensity of statin treatment was not examined.
In the current analysis, we found that 39% of 571 506 DM
patients without CVD were not on any statin, and about
49% of them were not on moderate- to high-intensity statin
therapy. The relatively higher use of statins in the VA health
care system, as shown in the current analysis, could reflect
a temporal trend with increasing use of statin therapy, as
our data represent a more contemporary cohort of DM
patients. Unlike the PINNACLE study, where statin use was
based on physician documentation of statin prescription,21

the current study is strengthened by the presence of statin
fill data from VA administrative pharmacy data sources. We
found modest facility-level variation in statin use, despite the
fact that our data were from only 1 health care system. The
median facility-level statin use ranged from 60% to 83% for any
statin and 47% to 77% for moderate- to high-intensity statin.
Our results showing 20% and 29% facility-level variation in
statin therapy, despite adjusting for several patient-related
and some facility-level variables, suggest that this random
variation is likely due to differences in statin-prescribing
patterns at these facilities by individual practicing providers,
rather than patient factors.

Study Limitations

Our study has limitations. Although most VA patients are
expected to receive their statins from the VA system where
they usually receive their primary-care service, it is possible
that they could have received statins outside the VA system,
which we were not able to account for. Although this is
possible, we believe its likelihood is low, as all patients
included in our study were receiving primary care within
the VA health care system. Because our study involved
only patients treated in the VA health care system, with
a predominantly male population, our findings may not be
directly generalizable to other health systems. On the other
hand, the strengths include a large patient population from
a national sample of DM patients with good ascertainment
of several patient-level characteristics.

Conclusion
This study from the VA health care system shows that statin
therapy was not used in 32% (moderate- to high-intensity

statin in 42%) of DM patients age 40 to 75 years, and
there was modest facility-level variation, likely indicating
differences in statin-prescribing patterns at these facilities.
Achieving concordance with the prevailing guidelines,
which recommend using moderate- to high-intensity statin
therapy in eligible patients with DM, and minimizing
variations in care can potentially lower future cardiovascular
events in this high-risk patient population.
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