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Key Points
Question  What is the association of statin treatment initiation and diabetes progression in patients with
diabetes?

Findings  This large retrospective cohort study included 83 022 propensity-scored matched pairs of
statin users and nonusers and found that the diabetes-progression composite outcome was significantly
higher among patients with diabetes who used statins than among patients with diabetes who did not
use statins. The study examined 12 years of data on patients covered by the Veterans Affairs health sys‐
tem and new-user and active-comparator designs to assess associations between statin initiation and
diabetes progression from 2003 to 2015.
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Meaning  Statin use was associated with diabetes progression in patients with diabetes—statin users
had a higher likelihood of insulin treatment initiation, developing significant hyperglycemia, experienc‐
ing acute glycemic complications, and being prescribed an increased number of glucose-lowering med‐
ication classes.

Abstract
Importance  Statin therapy has been associated with increased insulin resistance; however, its clinical
implications for diabetes control among patients with diabetes is unknown.

Objective  To assess diabetes progression after initiation of statin use in patients with diabetes.

Design, Setting, and Participants  This was a retrospective matched-cohort study using new-user and
active-comparator designs to assess associations between statin initiation and diabetes progression in a
national cohort of patients covered by the US Department of Veterans Affairs from fiscal years 2003-
2015. Patients included were 30 years or older; had been diagnosed with diabetes during the study peri‐
od; and were regular users of the Veterans Affairs health system, with records of demographic informa‐
tion, clinical encounters, vital signs, laboratory data, and medication usage.

Interventions  Treatment initiation with statins (statin users) or with H2-blockers or proton pump in‐
hibitors (active comparators).

Main Outcomes and Measures  Diabetes progression composite outcome comprised the following: new
insulin initiation, increase in the number of glucose-lowering medication classes, incidence of 5 or more
measurements of blood glucose of 200 mg/dL or greater, or a new diagnosis of ketoacidosis or uncon‐
trolled diabetes.

Results  From the 705 774 eligible patients, we matched 83 022 pairs of statin users and active com‐
parators; the matched cohort had a mean (SD) age of 60.1 (11.6) years; 78 712 (94.9%) were men; 1715
(2.1%) were American Indian/Pacific Islander/Alaska Native, 570 (0.8%) were Asian, 17 890 (21.5%)
were Black, and 56 633 (68.2 %) were White individuals. Diabetes progression outcome occurred in
55.9% of statin users vs 48.0% of active comparators (odds ratio, 1.37; 95% CI, 1.35�1.40; P < .001).
Each individual component of the composite outcome was significantly higher among statin users. Sec‐
ondary analysis demonstrated a dose-response relationship with a higher intensity of low-density
lipoprotein-cholesterol lowering associated with greater diabetes progression.

Conclusions and Relevance  This retrospective matched-cohort study found that statin use was associ‐
ated with diabetes progression, including greater likelihood of insulin treatment initiation, significant
hyperglycemia, acute glycemic complications, and an increased number of prescriptions for glucose-
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lowering medication classes. The risk-benefit ratio of statin use in patients with diabetes should take
into consideration its metabolic effects.

Introduction
Guidelines recommend statin therapy for all patients with diabetes mellitus type 2 (diabetes) who are
40 to 75 years old and have a low-density lipoprotein (LDL) cholesterol level of 70 mg/dL or greater (to
convert to mmol/L, multiply by 0.0259) for primary prevention of cardiovascular diseases (CVD).1,2

However, statin use has been associated with increased insulin resistance and higher blood glucose lev‐
els. Several randomized controlled trials (RCTs)3-5 and large prospective and retrospective observation‐
al studies6-8 have noted that patients treated with statin therapy (hereafter, statin users) had increased
insulin resistance, hemoglobin A1C (HbA1C) levels, and fasting plasma glucose levels. In a large observa‐

tional study, statin use was associated with a 24% reduction in insulin sensitivity.8 Despite the signifi‐
cant reduction in insulin sensitivity and the increase in fasting plasma insulin, the difference in fasting
plasma glucose and HbA1C between statin users and nonusers appears modest.8 For example, a large

RCT noted that an increase in HbA1C was 0.30% in the rosuvastatin group and 0.22% in the placebo

group (P < .001), and there was no significant difference in fasting serum glucose between the groups.9

A modest change in fasting blood glucose after statin initiation despite a relatively large change in in‐
sulin resistance and fasting insulin levels deserves further study. Clinicians might escalate antidiabetes
therapy to offset the rising blood glucose; hence, HbA1C levels may underestimate how statin therapy

influences diabetes control. Yet increased insulin resistance is of concern because it may fuel diabetes
disease progression.10,11 It is important to understand the clinical importance of increased insulin resis‐
tance to actual patient care.

The statin Diabetes Safety Task Force has remarked on the paucity of data regarding how statin use af‐
fects glycemic control.12 The present study’s objective was to compare diabetes progression (by assess‐
ing new insulin treatment initiations, changes in the number of glucose-lowering medication classes,
and new persistent hyperglycemia or acute glycemic complications) after statin initiation with progres‐
sion among nonusers in a national cohort of patients covered by the US Department of Veterans Affairs
(VA).

Methods
Study Design

This was a retrospective matched-cohort study that used new-user and active-comparator designs to
assess associations between statin initiation and diabetes progression among a national cohort of pa‐
tients covered by the VA from fiscal year (FY) 2003�FY 2015. The study was reviewed and approved by
the institutional review boards of the VA North Texas Health Care System and the Texas Tech University
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Health Sciences Center. Informed consent was waived because the study used only preexisting deidenti‐
fied data. The study followed the Reporting of Observational Studies in Epidemiology (STROBE) report‐
ing guideline and the reporting of studies conducted using observational routinely collected health data
statement for pharmacoepidemiologic research (RECORD�PE).

We extracted medical record data from the national VA Corporate Data Warehouse FY 2003�FY 2015
(October 1, 2002�September 30, 2015), which captures several domains under published protocols.13 It
includes inpatient and outpatient diagnoses and procedure codes, pharmacy and medication usage, vital
signs records, and laboratory data. We used all available medical encounters for a national VA cohort of
patients diagnosed with diabetes during the study period, identified using a validated algorithm.14,15

The overall cohort included patients who met these criteria, were age 30 years or older at the index
date and were regular VA health system users. We defined regular VA system users as having the fol‐
lowing during both the baseline and follow-up periods: (1) at least 1 VA encounter; (2) blood pressure
and weight measurements; (3) VA pharmacy dispensing; and (4) laboratory data, including blood or
serum glucose, creatinine, and LDL cholesterol measurements.

Study Groups

We used an active comparator, new user design, to minimize unmeasured confounders and confounding
by indication.16,17 The statin user group was composed of patients who initiated statin therapy within
the study period. The active comparator group was composed of patients who initiated an H2-blocker or
proton pump inhibitor (H2/PPI) and were not concurrently prescribed a statin. To exclude prevalent
users, any patient who during the 12 months prior to cohort entry had filled a statin prescription was ex‐
cluded from the statin user group and any patient who had filled an H2-blocker or PPI prescription was
excluded from the active comparator group. For any patient in the active comparator group who filled a
statin prescription during the follow-up period, their follow-up ended as a nonuser (on the date of
statin initiation) and they were crossed over to the statin user group (the date of statin initiation be‐
came their new index date). This design mitigated confounding by indication and immortal time bias.18

The index date was the date on which the first prescription for statin therapy or an H2 or PPI was filled.
Because the study data included all available encounters from FY 2003�FY 2015, regardless of when a
patient was diagnosed with diabetes, the index date could precede, coincide with, or occur after the
date of diabetes diagnosis.

Study Intervals
The baseline period, which was used to describe baseline characteristics, comprised the year preceding
the index date. The follow-up period, which was used to ascertain outcomes, started at the index date
and continued until: (1) the last date of VA care, (2) the end of the study period, (3) death of the pa‐
tient, or (4) date of statin initiation in active comparators who subsequently used a statin. To minimize
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confounding, we excluded patients who had fewer than 60 days of follow-up because the study out‐
comes would be highly unlikely to occur with fewer than 60 days of statin exposure.18-20

Primary Outcome—Diabetes Progression

This study’s prespecified outcome was a dichotomous composite outcome that comprised (1) therapy
intensification, including new insulin initiation during the follow-up period or an increased number of
glucose-lowering medication classes that were ever used during follow-up in comparison with the base‐
line (eTable 1 in the Supplement) and (2) new persistent hyperglycemia or acute glycemic complica‐
tions, including: (a) the presence of 5 or more measurements with blood glucose levels of 200 mg/dL
or greater (to convert to mmol/L, multiply by 0.0555) during follow-up (not present during the base‐
line period) and (b) receiving a new diagnosis of diabetes with ketoacidosis or uncontrolled diabetes
during the follow-up period (not present during the baseline period). The International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD�9�CM) codes were used to identify diabetic ketoaci‐
dosis or uncontrolled diabetes (eTable 2 in the Supplement)21 and have been widely used in the litera‐
ture.22-24 Overall, administrative health databases have found ICD�9�CM codes to be useful for identi‐
fying diabetes and its complications, with specificity from 94.3% to 100%, although sensitivity can
vary.25,26

Secondary Outcomes

The study had 4 secondary outcomes. The first was individual components of diabetes progression out‐
come; second, the difference in the number of glucose-lowering medication classes ever used during
the follow-up period by each individual in comparison with the number during their baseline; third, the
proportion of patients with a decreased number of glucose-lowering medication classes during follow-
up vs baseline; and fourth, the change in mean blood glucose (mg/dL) during follow-up vs baseline.

Cohort Characterization

Patients’ comorbidities were identified using ICD�9�CM codes as defined by the Agency for Health Re‐
search and Quality Clinical Classifications Software disease categories.21 We calculated each patient’s
Charlson comorbidity index27 score and cardiovascular risk (eTables 3 and 4 in the Supplement).28-30

We created a propensity score (PS) to match statin users and active comparators (nonusers) at a ratio of
1:1 using 93 variables chosen a priori (Table 1).31 We used the routine by Leuven and Sianesi32 to per‐
form multivariable logistic regression to estimate the PS and to perform nearest number matching using
the logit model.33 We subsequently examined the balance in baseline characteristics between treat‐
ment groups. A caliper of 0.00014 was found to balance differences between treatment groups and
maximize sample size (eMethods in the Supplement).

Primary and Secondary Analyses
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In the primary analysis, we compared the primary and secondary outcomes in the PS matched cohort us‐
ing conditional logistic regression to calculate odds ratios (OR) and 95% CI. For the secondary analyses,
we compared the primary outcome in the following cohorts:

1. Overall cohort: all patients who fulfilled inclusion and exclusion criteria of the study before PS
matching.

2. Healthy cohort: patients with no comorbidities in the Charlson comorbidity index at baseline.

3. High-intensity cholesterol-lowering statin users (decrease of ≥50% in mean LDL cholesterol dur‐
ing follow-up vs baseline) compared with nonusers in the overall cohort.1

4. Moderate-intensity cholesterol lowering statin users (decrease of <50% and ≥30% in mean LDL
cholesterol during follow-up vs baseline) compared with nonusers in the overall cohort.

5. Low-intensity cholesterol lowering statin users (a decrease of <30% in mean LDL cholesterol dur‐
ing follow-up vs baseline) compared with nonusers in the overall cohort.

6. Ever user vs never user cohort: we excluded patients who started as active comparators and were
crossed over to the statin user group.

Sensitivity Analysis

We excluded patients who were diagnosed with incident diabetes, diabetic complications, ketoacidosis
or uncontrolled diabetes, or CVD events within 60 days from the index date. Because it is highly unlike‐
ly that statin use would influence these outcomes within 60 days of statin initiation, excluding these
patients further mitigated confounding by indication or residual confounding.18-20

Post Hoc Analysis

We created another PS matched cohort that included only patients who had diabetes during the base‐
line period (PS matched prevalent diabetes cohort). All variables and techniques that were used in the
primary analysis were included in this cohort. A caliper of 0.00002 was used to achieve balance-maxi‐
mizing sample size (Table 1).

Statistical Analysis

Dichotomous variables were compared using χ2, and continuous variables were compared using t tests.
When the Kolmogorov-Smirnov test indicated unequal distribution, we used the Wilcoxon Mann-
Whitney test. Statistical tests were 2-tailed, and significance was defined as P < .05.

Because multiple comparisons in the secondary analyses may produce a type I error, findings of sec‐
ondary analyses should be interpreted as exploratory. Secondary and sensitivity analyses were per‐
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formed using a separate logistic regression model for each dichotomous outcome adjusting for the PS.
Data management and statistical analyses were conducted from September 2019 to October 2020 us‐
ing STATA, version 15 (Stata Corp LLC).

Results
From the 705 774 eligible VA patients (595 579 statin users and 110 195 nonusers), we matched 83 022
pairs of statin users and active comparators; the matched cohort had a mean (SD) age of 60.1 (11.6)
years; 78 712 (94.9%) were men; 1715 (2.1%) were American Indian/Pacific Islander/Alaska Native, 570
(0.8%) were Asian, 17 890 (21.5%) were Black, and 56 633 (68.2 %) were White individuals. To form
the study cohort, we had excluded 441 778 patients who were prevalent users of statins, H2, or PPI;
6613 who were less than 30 years old; 36 085 whose follow-up period had been fewer than 60 days;
421 170 who were not regular VA users; and 1098 whose records were missing data on age (eFigure in
the Supplement).

Statin users had filled prescriptions for statins for a mean (SD) duration of 5.3 (3.3) years; median (IQR)
of 5.1 (2.6�8.0) years. Statin users filled 12 118 523 prescriptions for statins throughout the study; 63.4%
of the prescriptions were for simvastatin, 12.4% for atorvastatin, 10.5% for rosuvastatin, and 9.5% for
pravastatin. Among nonusers, 52 176 patients (47.4%) subsequently used a statin during the study peri‐
od and 58 019 (52.7%) never used a statin.

Among the 83 022 matched pairs of statin users and nonusers (Table 1) there was only a small differ‐
ence in race and ethnicity distribution. Based on the cohort characteristics, all patients had been diag‐
nosed with diabetes by the end of the study period. At baseline, the statin user and nonuser groups in
the PS matched cohort had similar proportions of patients with diabetes, diabetes complications, recur‐
rent episodes of high blood glucose (≥200 mg/dL), and using glucose-lowering agents; they also had
similar mean blood glucose levels and patient follow-up periods. During the follow-up period, the
statin users decreased their mean LDL cholesterol by a mean (SD) of 25 (31.6) mg/dL compared with a
0.8 (23.7) mg/dL among nonusers (95% CI of mean difference, 23.9�24.4; P < .001), demonstrating that
statin users had effectively used, not just filled, their statin prescriptions (eTable 5 in the Supplement).
The mean (SD) number of outpatient encounters by the PS matched cohort during the follow-up period
was 37.8 (43.1) for the statin user group and 41.4 (50.5) encounters for the nonuser group.

Primary Analysis

Statin users had significantly higher odds of diabetes progression (OR, 1.37; 95% CI, 1.35�1.40) com‐
pared with nonusers. There was significantly higher rate of each component of the diabetes progression
outcome in statin users compared with nonusers (Table 2) including an increase in the number of glu‐
cose-lowering medication classes (OR, 1.41; 95% CI, 1.38�1.43), new insulin starts (OR, 1.16; 95% CI,
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1.12�1.19), presence of persistent hyperglycemia (OR, 1.13; 95% CI, 1.10�1.16), and new diagnosis of ke‐
toacidosis or uncontrolled diabetes (OR, 1.24; 95% CI, 1.19�1.30).

Secondary Analysis

Odds of diabetes progression outcome were consistently higher in statin users compared with nonusers
among all secondary and sensitivity analyses (Table 3). The odds of diabetes progression among statin
users in the healthy cohort were higher than the overall cohort (OR, 1.56 vs 1.40) (Table 3). Intensive
cholesterol lowering was associated with highest odds of diabetes progression outcome among statin
users in compared with nonusers.

Post Hoc Analysis

In the PS-matched prevalent diabetes cohort, we matched 51 467 pairs of statin users and nonusers
with only a small difference in proportion of men and some racial and ethnic minority subgroups (Table
1). The odds of the primary and secondary outcomes were significantly higher among statin users (Table
2).

Discussion
This study of a national cohort of VA patients with diabetes found that statin use was associated with an
escalation of diabetes treatment, including a higher risk of initiating insulin and the use of more glu‐
cose-lowering medication classes. This escalation of diabetes treatment was associated with worse dia‐
betes control, including new persistent hyperglycemia and acute glycemic complications. Moreover,
there was a dose-response association between intensity of lowering LDL cholesterol and risk of the
study outcomes, with higher intensity of LDL cholesterol-lowering associated with higher odds of dia‐
betes progression. For example, the odds of diabetes progression among statin users vs nonusers were
1.83, 1.55, and 1.45 for high-, moderate-, and low-intensity cholesterol lowering, respectively.

Using the Bender and Blettner formula,34 the number needed to be exposed to statins for 1 additional
person to experience diabetes progression outcome was 13. Although the mean difference between
blood glucose during follow-up and baseline among statin users in contrast with nonusers was modest,
there was significant escalation in diabetes therapy that was not associated with better clinical out‐
comes. This statin-associated metabolic cost was not measured by the RCTs, which instead focused
mainly on cardiovascular benefits.35 From 2009 to 2015, annual emergency department visits for hy‐
perglycemic crisis almost doubled, hospitalization increased by 73%, and related deaths increased by
55%.36 This resurgence in diabetes-specific complications deserves attention and a call to scrutinize our
practices and goals.37

The higher risk of diabetes progression associated with statin use may seem less consequential, at least
in the short and intermediate term, than the cardiovascular benefits of statin use, especially when used
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for secondary prevention. However, diabetes progression has long-term effects on quality of life and
treatment burden, which warrant consideration when discussing the overall risk-benefit profile, espe‐
cially when used for primary prevention. In this study, approximately 77% of the cohort had no known
CVD at baseline. A recent cohort study38 reported that patients with diabetes with 5 risk factors within
a target control range (eg, LDL cholesterol <97 mg/dL) had little or no excess risk of CVD outcomes. Of
note, 61.5% of patients in this cohort used statins, and HbA1C was a stronger predictor than LDL choles‐

terol of risk of death from any cause. Moreover, some studies39-42 have demonstrated that only pa‐
tients who have had diabetes for at least 10 to 15 years have an increased risk of CVD events. In 1 of
these studies,39 only 31% of patients with diabetes and 66% of those with diabetes and coronary heart
disease used statins at baseline.

Several RCTs,3,4,43 Mendelian randomization studies,44 observational studies,5 and animal studies45,46

have demonstrated that statin use increases insulin resistance. The association of statin use with dia‐
betes progression may be explained by its effect on insulin resistance (eDiscussion in the Supplement).
Insulin resistance has been shown to increase the risk of diabetic complications,10,47 endothelial dys‐
function, inflammation, and increased platelet reactivity.48-52

Strengths and Limitations

Strengths of this study are its large size and longitudinal follow-up period with detailed clinical data.
Also of note, patients in the nonuser group did not receive statin therapy despite guidelines recom‐
mending statins, a finding consistent with other studies53 that indicate that, in community practice,
many patients do not receive statins according to guidelines. The present study’s definitions of the in‐
tensity of cholesterol lowering is guided by, but not identical to, the definitions used by the American
College of Cardiology/American Heart Association (ACC/AHA) and the American Diabetes Association.1

The ACC/AHA identifies high-intensity statins based on their expected efficacy in lowering LDL choles‐
terol by 50% or more. For this study, we defined intensive cholesterol lowering among statin users as
decreasing mean LDL cholesterol during the follow-up period by 50% or more compared with the base‐
line mean. Similarly, our definitions for low- and moderate-intensity cholesterol lowering used the same
cutoff limits as the ACC/AHA guidelines but used the actual decrease in mean LDL cholesterol during
follow-up. Our approach incorporates a measure of adherence to treatment, not simply filling of
prescriptions.

This study also had some limitations inherent to retrospective observational data; hence, there is always
a chance of unmeasured residual confounding. It may be argued that statin users have closer follow-up,
resulting in ascertainment bias. However, the outpatient encounters of the PS matched cohort during
the follow-up period were not more frequent among statin users than among nonusers. Prior studies54

have shown that adjusting to number of encounters that took place during follow-up period did not af‐
fect outcomes if baseline characteristics were adequately described.Our website uses cookies to enhance your experience. By continuing to use our site, or clicking "Continue," you
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It could be argued that the physicians who prescribed statins may have also attempted to aggressively
control diabetes by adding more glucose-lowering agents; however, this would not explain the in‐
creased persistent hyperglycemia nor the ketoacidosis, which would be expected to decrease. It may
also be argued that confounding by indication may have played a part in the study findings, specifically
in patients with diabetic complications who might have been treated with statins and more aggressive
antidiabetes therapy. However, the sensitivity analysis, which excluded patients who experienced any
diabetic complications, ketoacidosis, uncontrolled diabetes, or CVD within fewer than 60 days from the
index date, demonstrated an association of statin use with diabetes progression, with odds similar those
of the primary analysis. We also could not ascertain whether the association of statin use with diabetes
progression was because of the statin use or the lower LDL cholesterol—that is, statins are inseparable
from their cholesterol-lowering effect. The definition of the study’s composite outcome also had some
limitations; an increase in the number of glucose-lowering agents assumed that all agents had similar
potency. Also, selecting 5 or more episodes of blood glucose seems arbitrary; nevertheless, the out‐
come was applied equally to both statin users and nonusers and all components of the composite out‐
come were directionally the same. The study data could not reliably differentiate between diabetes
types because there is no reliable algorithm to accomplish this in a data set such as this,55 and regard‐
less, there is no reason to believe that it would have differentially affected statin users vs nonusers. We
expect that the extensive matching of the 2 groups on baseline characteristics, including microvascular
and macrovascular diabetes complications, may have acted as a surrogate for diabetes severity and
chronicity. Patients covered by the VA were predominantly men, which may limit generalization; howev‐
er, research has shown that men covered by the VA have characteristics similar to those of individuals
covered by other insurance.56 Lastly, the study protocol was not prepublished.

Conclusions
This large retrospective matched-cohort study found that statin use was associated with a higher risk of
diabetes treatment escalation and an increased risk of hyperglycemic complications. This metabolic cost
was not considered in RCTs of statins. Further research is needed to form a risk-tailored approach to
balancing the cardiovascular benefits of statin therapy with its risk of diabetes progression.
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