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Abstract

Objective: To identify and assess studies investigating the association between statins and new-onset diabetes and determine
the clinical significance of this risk.

Data sources: A MEDLINE (1977-April 2015), Google Scholar (1997-April 2015), and International Pharmaceutical
Abstracts (1977—April 2015) search was performed using the search terms hydroxymethylglutaryl-CoA reductase inhibitors,
hydroxymethylglutaryl-CoA reductase inhibitors/adverse effects, statins, adverse effects, diabetes mellitus, diabetes mellitus/etiology, and
drug-induced. Citations of identified articles and clinical practice guidelines were also reviewed.

Study selection and data extraction: Articles describing results from original investigations or meta-analyses specifically
designed to assess the association between statins and new-onset diabetes and published in English were included.

Data synthesis: A total of |3 cohort studies and seven meta-analyses were included. In all, | | were retrospective cohort
studies and reported some degree of increased risk of new-onset diabetes associated with statins. The two prospective
cohort studies differed. One identified increased risk of new-onset diabetes, but the other did not. Increased risk was not
identified when any statin was compared to placebo alone, individual statins were compared, or in the single meta-analysis
that included observational studies. Overall, the meta-analyses suggest that statin therapy is associated with an increased risk
of new-onset diabetes when compared to placebo or active control, and when intensive therapy is compared to moderate
therapy.

Conclusion: Statins have been associated with a small, but statistically significant risk of new-onset diabetes. Patients with
risk factors for developing diabetes mellitus may be at higher risk. This risk is likely outweighed by the benefits of reducing
cardiovascular risk.
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Introduction

3-Hydroxy-3-methyl-glutaryl coenzyme-A (HMG-CoA)
reductase inhibitors, also known as statins, are one of the
most commonly prescribed classes of medications in the

goals, and lipid management is solely focused around the use
of moderate-intensity and high-intensity statin therapy to
reduce the risk of atherosclerotic cardiovascular disease

United States.! They are used for primary and secondary pre-
vention of cardiovascular and cerebrovascular events and to
reduce mortality.!-¢ Statins are well tolerated with common
adverse effects including myalgia, elevations in creatine
kinase, and impaired cognition.”® Recently, there has been
concern regarding the increased risk of developing new-
onset diabetes attributed to statins.

The American College of Cardiology and the American
Heart Association published updated recommendations in
2013, potentially increasing the number of prescribed statins.
With the new recommendations, there are no target lipid

(ASCVD) events. Important changes that could increase the
use of statins include lowering the threshold from 10% to
7.5% for 10-year risk of ASCVD events, now calculated
from Pooled Cohort Equations, drug initiation at low-density
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lipoprotein (LDL) cholesterol levels of 70mg/dL or greater
versus 100 mg/dL or greater, and the addition of stroke to the
definition of ASCVD.®

In 2012, the Food and Drug Administration (FDA)
updated labeling for all statins to include a warning for
increases in blood glucose, glycosylated hemoglobin
(HbAlc), and fasting serum glucose levels based on results
of the Justification for the Use of Statins in Primary
Prevention (JUPITER) trial.*# In this trial, the risk of new-
onset diabetes increased when a patient had one or more
major risk factors for diabetes mellitus, which included met-
abolic syndrome, impaired fasting glucose, body mass index
(BMI) greater than or equal to 30kg/m?, and glycosylated
hemoglobin (HbAlc) of 6% or greater.* Additionally, in a
study that looked at patients with zero to one risk factors
versus two to four risk factors taking either atorvastatin
10mg or simvastatin 40 mg versus atorvastatin 80mg, the
risk of new-onset diabetes increased with the atorvastatin
80mg group in patients with two to four risk factors.> The
four risk factors described were fasting blood glucose greater
than 100 mg/dL, fasting triglycerides greater than 150 mg/
dL, BMI greater than 30 kg/m?, and history of hypertension.’
In 2014, the Statin Diabetes Task Force similarly concluded
that the risk of developing type 2 diabetes mellitus with sta-
tin use may be limited to patients with pre-existing risk fac-
tors for diabetes mellitus.® In addition, the American Diabetes
Association recognizes the increased risk of developing type
2 diabetes mellitus with statin use and suggests those with
diabetes risk factors may benefit from diabetes screening
when taking statins.!?

There are numerous potential mechanisms for developing
new-onset diabetes with statin use.!:”-* One potential mecha-
nism is via disruption of voltage-gated calcium channels in
pancreatic beta cells. Statins may directly block L-type cal-
cium channels, therefore inhibiting glucose-induced calcium
signaling in beta cells and decreasing insulin secretion.
Another mechanism involves decreased translocation of the
glucose transporter, GLUT4, on the intracellular membrane
of cells. GLUT4 is responsible for glucose uptake in both fat
and muscle cells in the presence of insulin. In the presence of
a statin, GLUT4 translocation can be altered resulting in
decreased glucose uptake in cells ultimately leading to
hyperglycemia. Other proposed mechanisms include periph-
eral insulin resistance as a result of mitochondrial dysfunc-
tion in cells (including fat cells and pancreatic beta cells) and
chronic depletion of cellular cholesterol resulting in impaired
insulin secretion.

Whether a statin is hydrophilic or lipophilic may account
for alteration of glucose control.” Hydrophilic statins (i.c.
pravastatin and rosuvastatin) require carrier-mediated uptake
into cells, thus increasing selectivity for hepatic cells.
Lipophilic statins are able to passively diffuse through mem-
branes of the hepatic cells, but can also diffuse into extrahe-
patic tissues and disrupt cellular processes, including decreased
insulin secretion in response to glucose.

The strength of association between statin therapy and
development of new-onset diabetes is controversial. The
objective of this review is to identify and assess studies
investigating the association between statins and new-onset
diabetes and to determine the clinical significance of this
risk.

Methods

A search of MEDLINE (1977-April 2015), Google Scholar
(1997-April  2015), and International Pharmaceutical
Abstracts (IPA) (1977-April 2015) was conducted using the
search terms hydroxymethylglutaryl-CoA reductase inhibi-
tors, hydroxymethylglutaryl-CoA reductase inhibitors/
adverse effects, statins, adverse effects, diabetes mellitus, dia-
betes mellitus/etiology, and drug-induced. Citations of identi-
fied articles and clinical practice guidelines for dyslipidemia
and type 2 diabetes mellitus were also reviewed.!0-14 All fully
published articles describing results from original investiga-
tions or meta-analyses specifically designed to assess the
association between statins, for primary or secondary preven-
tion, and new-onset diabetes, compared to a reference or con-
trol, and published in English were included in the review.
After applying inclusion criteria to search results, 11 retro-
spective cohort studies, two prospective cohort studies, and
seven meta-analyses were included. No interventional studies
designed specifically to assess risk of new-onset diabetes due
to statin therapy were identified.

Results

Observational studies

In all, 11 retrospective cohort studies evaluated the associa-
tion of statins with new-onset diabetes. All reported some
degree of increased risk of new-onset diabetes associated
with statin use (range of absolute incidence reported: 3.1%—
22.7%; number needed to harm (NNH) compared to no
treatment: 53-67).11-2! Some studies compared statins to no
exposure, while others evaluated statins as a class, both in
terms of individual agents and groups based on statin inten-
sity. The results from observational studies are included in
Table 1.

Several studies were designed to determine whether cer-
tain formulations or intensities of statins were associated with
increased risk of new-onset diabetes when compared to oth-
ers. Conflicting results were obtained from several studies
designed to ascertain whether individual statins or different
intensities of therapy were associated with an increased risk
of new-onset diabetes. Ma et al.!2 concluded that pravastatin
was associated with an increased risk (hazard ratio (HR)=1.3,
p=0.0011), while fluvastatin and lovastatin were associated
with decreased risk, and the remaining statins did not increase
or decrease risk. In contrast, lovastatin and simvastatin, but
not pravastatin, were associated with an increased risk of
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new-onset diabetes (lovastatin HR=1.36, p<0.0001; simvas-
tatin HR=1.30, p=0.0001; pravastatin HR=1.07, p=0.3092)
in a different study by Ma et al.'!> While the methods were
similar in these two studies, differences that may contribute
to the contrasting results include an older patient population
and higher doses of lovastatin and simvastatin in the second
study. Other baseline characteristics that influence the risk of
new-onset diabetes were not available to assess differences
between studies. Carter et al.!’ postulated that pravastatin
would be beneficial to use in patients at increased risk of
developing diabetes mellitus based on hydrophilicity and
accordingly found increased risk with atorvastatin (HR=1.22,
95% confidence interval (CI)=1.15-1.29), rosuvastatin
(HR=1.18, 95% CI=1.10-1.26), and simvastatin (HR=1.10,
95% CI=1.04-1.17) when compared to pravastatin. This
increased risk may also be related to the higher intensity of
the latter statins, including the other hydrophilic statin rosuv-
astatin, when compared to pravastatin. Cho et al.!¢ concluded
that pitavastatin was associated with an increased risk of new-
onset diabetes when compared to simvastatin (HR=2.68,
95% CI=1.26-5.71, p=0.011); however, this was the only
study that included pitavastatin, so these results should be
compared with the results from other studies with caution.

The relationship between statin intensity and new-onset
diabetes has been explored. Ko et al.!* concluded that inten-
sive-dose statins had no higher risk of new-onset diabetes than
moderate-dose statins at Syears (13.6% versus 13.0%,
p=0.19); however, Dormuth et al.!” found a 15% higher rate
of new-onset diabetes in the high-potency statin group when
compared to the other statins. A subgroup analysis in the study
by Ma et al.!2 found a dose-response relationship with atorv-
astatin, but not with other statins. Corrao et al.!8 classified
statins according to intensity, but compared results in groups
based on adherence and determined that the rate of new-onset
diabetes increased with increasing adherence (high-potency
statins, high adherence HR=1.43, 95% CI=1.19-1.73; low-
potency statins, high adherence HR=1.24, 95% CI=1.08—
1.43). Zaharan et al.!® found a significant association between
new-onset diabetes and statin use, dose, and duration of ther-
apy (HR=1.02, p<0.0001).

Difference in risk of patients receiving statins for primary or
secondary prevention was also addressed in several studies.
Wang et al.!! noted that while the risk—benefit profile was simi-
lar in patients receiving statins versus control in the primary
prevention population, patients receiving statins for secondary
prevention showed a benefit in preventing in-hospital fatalities,
which outweighed the risk of developing new-onset diabetes
when compared to a control population. Carter et al.'> found
consistent results in the primary endpoint of new-onset diabetes
in both the primary (HR atorvastatin=1.20, rosuvastatin=1.12,
simvastatin=1.12) and secondary prevention populations (HR
atorvastatin=1.25, rosuvastatin=1.24, simvastatin=1.14).

Only two of the studies simultaneously evaluated the
effect of statins for prevention of cardiovascular outcomes in
order to assess risk—benefit. Ko et al.'* found that higher

intensity statins were associated with a small increase in the
number of cases of new-onset diabetes, but were also associ-
ated with a larger reduction in acute coronary syndromes
(22.2% versus 23.5%, p=0.039). Wang et al.!! concluded
that while statins are associated with an increased risk of
new-onset diabetes (HR=1.15, p<0.001), the cardiovascu-
lar benefits seen in high-risk and secondary prevention popu-
lations outweigh this risk.

Inclusion and exclusion criteria varied among studies;
however, in general, most studies included patients who
were receiving statin monotherapy and excluded those who
were already diagnosed with diabetes mellitus, as deter-
mined by prescription history or hospital admission data.
These retrospective studies were limited by the fact that
some diagnoses may have been missed based on retrospec-
tively gathering secondary information from healthcare data-
bases. Additionally, the definition of diabetes mellitus varied
between the studies. Definitions of new-onset diabetes
included International Classification of Diseases (ICD)-9
codes for diabetes mellitus, dispensing of oral antidiabetic
medications or insulin, or diagnosis of diabetes mellitus
listed in a validated healthcare database; however, the defini-
tion was not consistent among all studies and may have unin-
tentionally excluded patients who had developed diabetes
mellitus but did not meet the specified parameters. The pop-
ulations included in the studies also differed, mostly by age.
Adherence and compliance were not assessed in most of the
studies, and the studies could not control for all potential
confounders, as some confounders could not be found in the
databases which were utilized, such as family history of dia-
betes mellitus and tobacco abuse.!!-2!

In addition to retrospective cohort studies, two prospec-
tive cohort studies were identified.?223 The results from these
studies are available in Table 1. Unlike the retrospective
studies, the prospective studies were mixed in that [zzo et al.
did not identify increased risk of new-onset diabetes with
statins (adjusted HR=1.03, 95% CI=0.79-1.35), but Culver
et al. did (adjusted HR=1.48, 95% CI=1.38-1.59). Both
studies were consistent in that approximately 10% of statin
users experienced new-onset diabetes; however, Culver et al.
observed a lower risk of new-onset diabetes in non-statin
users (6.4%) compared to Izzo et al. (8.7%). Investigators
accounted for different confounding variables in their multi-
variate analyses: Culver et al. adjusted for age, race, educa-
tion, cigarette smoking, BMI, physical activity, alcohol
intake, energy intake, family history, hormonal therapy, and
baseline cardiovascular risk; however, the model used in
Izzo et al. only accounted for age, gender, duration of hyper-
tension, and undescribed “baseline parameters.”

In addition to varying greatly in covariates assessed in
their analyses, the two prospective cohort studies differed
greatly in terms of patient population. Culver et al., as part of
the Women’s Health Initiative, included post-menopausal
women, while Izzo et al. assessed a cohort of hypertensive
patients treated at a sample of clinics in Italy. The results
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from each study may be limited by inclusion of very specific
populations of patients. Additionally, the results from Izzo
et al. may be at increased risk of Type II statistical error giv-
ing relatively low enrollment compared to other observa-
tional studies and failure to account for the wide range of
potential covariates assessed by Culver et al. The large size
(n=153,840) and prospective design lend additional cre-
dence to the results obtained by Culver et al. compared to
other cohort studies; however, the large study design also
increases power of the study to detect minor, clinically irrel-
evant differences between groups.

Meta-analyses

Seven meta-analyses assessing the risk of new-onset diabe-
tes in patients on statins were identified.2*30 Six of seven
included only interventional studies. The results were varied
with a small, statistically significant increased risk identified
in patients on statins when compared to placebo or active
control in aggregate (relative risk (RR)=1.09—1.18)?>28 and
patients on intensive statin therapy compared to moderate
statin therapy (odds ratio (OR)=1.12, RR=1.18).26:28
However, increased risk was not identified when any statin
use was compared to placebo alone,?33? individual statins
were compared,?’ and in the single identified meta-analysis
that included observational studies.?? The meta-analysis con-
ducted by Navarese et al.?” is noteworthy for having the larg-
est patient population while still not identifying a statistically
significant increased risk of any individual statins; however,
application of this finding is limited by the lack of heteroge-
neity data.

The NNH for new-onset diabetes varied from 125 to 250
in the meta-analyses which found statistically significant
increases.'>"!7 Similarly, the absolute differences in rates of
new-onset diabetes were low (i.e. 0.4%—-0.8%). Preiss et al.2¢
published the only meta-analysis that directly compared risk
of new-onset diabetes to risk of cardiovascular events.
Investigators found that although there was increased risk of
new-onset diabetes with high-intensity statin therapy com-
pared to moderate-intensity statin therapy (8.8% versus 8.0%,
OR=1.12 (95% CI=1.04-1.22), NNH=125), the increased
risk was offset by a composite reduction in cardiovascular
events (19.1% versus 21.7%, RR=0.84 (95% CI=0.75-
0.94), number needed to treat (NNT)=39). The heterogeneity
in the latter meta-analysis was substantial, likely due to the
variety of events included in the composite cardiovascular
outcome.

Heterogeneity results are reported in Table 2, when avail-
able. Overall, heterogeneity was low in most studies (i.c.
0%—11%) increasing confidence in findings;?*2628 however,
there were several exceptions. Heterogeneity was moderate
in the study conducted by Coleman et al.3? (likely due to the
inclusion of clinical studies describing both primary and sec-
ondary cardiovascular prevention) and substantial in the
study conducted by Macedo et al.?? The latter was the only

identified meta-analysis that included observational studies;
however, only two studies (one cohort and one case—control)
of varying size (153,840 and 4682 patients) were included.
Despite the large number of patients assessed in this study,
the results are greatly limited by the large number of cohort
studies, discussed in this review, that were not included. Few
relevant studies were identified due to investigator require-
ment that only prospective, observational studies be included
in the analysis. The higher heterogeneity in both Coleman
et al. and Macedo et al. suggests that their common finding
of a lack of association between statins and new-onset diabe-
tes should be interpreted with caution.

The most common comparison was all statin therapy
compared to control.24252 Only one meta-analysis assessed
differences in risk of new-onset diabetes based on individual
agents and doses,?’ rather than by pooling results for high-
intensity and moderate-intensity therapy.262% The study
assessing individual agents did not find increased risk of
new-onset diabetes with any one agent or dose,?’ possibly
due to lack of power to identify such small incremental risk.
Despite this finding, the possibility for a small risk of new-
onset diabetes on higher intensity or higher dose statins is
underscored by findings from a direct comparison where
high-intensity therapy resulted in higher odds for new-onset
diabetes than moderate-intensity therapy (8.8% versus 8.0%,
OR=1.12, 95% CI=1.04-1.22).26 The NNH for new-onset
diabetes was 250 in the moderate-intensity and 125 in the
high-intensity group.

Discussion

This review focused on observational studies and meta-anal-
yses specifically designed to evaluate risk of statin-induced
new-onset diabetes. Our findings, similar to those of the
Statin Diabetes Task Force,” suggest that statins have been
consistently associated with a small increased risk of new-
onset diabetes, relative to placebo or no treatment, especially
in studies of stronger study design (e.g. prospective, larger
sample size observational studies, lower heterogeneity meta-
analyses). It should be noted that while results were gener-
ally statistically significant in favor of a statin effect, the
absolute risk of new-onset diabetes was generally small.
While the Statin Diabetes Task Force states that any statin
use is associated with a 10% increased risk of new-onset dia-
betes and a 12% increased risk of high-intensity statins, our
findings suggest that these are relative numbers based on
much smaller increases in absolute risk in observational
studies (0%—5%) and meta-analyses (0%—2%).° Additionally,
each study that assessed incidence of major cardiovascular
endpoints found a corresponding reduction in these events
(NNT=39-77) that likely would outweigh the possible risk
of new-onset diabetes (NNH=125-250).142526 There was a
lack of literature that simultaneously assessed both new-
onset diabetes and major cardiovascular events, making it
difficult to draw firm conclusions in this area. It should be
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Table 3. Studies included in meta-analyses of clinical trials.
Control Rajpathak Sattar Preiss Navarese Cai Coleman
et al.2 etal? et al.2¢ etal? et al.28 et al.3°
Placebo Active or Active Active or Active or Placebo
placebo placebo placebo
Included clinical trials
4S X X X
AtoZ X
AFCAPS/TexCAPS X X X
ALLHAT-LLT X X X
ASCOT X X X X X
CORONA X X X X X
GISSI X X X
GISSI-HF X X X
HPS X X X X X
IDEAL X X
JUPITER X X X X
LIPID X X X X X
MEGA X X X
PROSPER X X X
PROVE-IT-TIMI-22 X X
SEARCH X
SPARCL X X
TNT X X
WOSCOPS X X X X X

4S: Scandinavian Simvastatin Survival Study; A to Z: early intensive versus a delayed conservative simvastatin strategy in patients with acute coronary syn-
dromes; AFCAPS/TexCAPS: Air Force/Texas Coronary Atherosclerosis Prevention Study; ALLHAT-LLT: Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial-Lipid-Lowering Trial; ASCOT: Anglo-Scandinavian Cardiac Outcomes Trial-Lipid-Lowering Arm; CORONA: Controlled
Rosuvastatin Multinational Trial in Heart Failure; GISSI: Gruppo Italiano per lo Studio Della Sopravvivenza Nell'Infarto Miocardico; GISSI-HF: Gruppo
Italiano per lo Studio Della Sopravvivenza NellInfarto Miocardio—Heart Failure; HPS: Heart Protection Study; IDEAL: Incremental Decrease in End Points
through Aggressive Lipid Lowering; JUPITER: Justification for the Use of Statins in Primary Prevention; LIPID: Long-Term Intervention with Pravastatin

in Ischemic Disease; MEGA: Management of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese; PROSPER: Prospective Study of
Pravastatin in the Elderly at Risk; PROVE-IT-TIMI-22: Pravastatin or Atorvastatin Evaluation and Infection Therapy—Thrombolysis in Myocardial Infarction
22; SEARCH: Study of the Effectiveness of Additional Reductions in Cholesterol and Homocysteine; SPARCL: Stroke Prevention by Aggressive Reduction
in Cholesterol Levels; TNT: Treating to New Targets; WOSCOPS: West of Scotland Coronary Prevention Study.

cautioned that although observational studies are preferred
for evaluating safety issues, inherent limitations such as use
of retrospective data, potential for recall bias, and lack of
randomization to reduce impact of confounding variables
limit the ability to draw definite conclusions. The small dif-
ference in new-onset diabetes observed in some studies
could also be attributed to survival bias, particularly in
observational studies. This phenomenon could lead to small
increases in diabetes diagnosis in the statin groups due to
extended patient survival.

‘While the conclusion can be made that statins, as a class,
are associated with an increased risk of new-onset diabetes,
the question of whether a certain dose or agent carries a
higher risk is not as clear. Several of the observational studies
indicated that the risk of new-onset diabetes may be higher
with higher intensity statins, but this finding was not consist-
ent among all the studies that compared statin intensity. The
definition of high-intensity statin also varied between studies,
decreasing the ability to compare results across studies. Also,
some observational studies found increased risk associated

with certain statins. Other studies found decreased risk based
on hydrophilic statins; however, the results from other studies
contradicted those results. When the results from all studies
are considered, no one dose or agent is clearly associated with
increased risk of new-onset diabetes.

Differences in risk—benefit ratio based on indication of
statin for primary or secondary prevention has also been
explored. While the risk—benefit profile seems to be similar
in patients receiving statins versus controls for primary pre-
vention, patients receiving statins for secondary prevention
experienced less in-hospital fatalities over 10 years than con-
trols, which outweighed the risk of developing new-onset
diabetes when compared to a control population in one study
conducted in Taiwanese patients.!! While the clear cardio-
vascular benefits of statins make randomized, controlled tri-
als of high-intensity statins versus placebo or low-intensity
statins inappropriate, further research is needed to determine
individual patients who might be at highest risk of new-onset
diabetes. The factors considered in the Pooled Cohort
Equations estimating 10-year ASCVD risk have not been
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consistently accounted for in prior studies and should be
when weighing risk versus benefit of statin therapy for indi-
vidual patients. Additionally, further research is needed to
quantify statin impact on new-onset diabetes accounting for
other confounding variables, such as lifestyle factors, meta-
bolic syndrome, pre-diabetes, and comorbid conditions that
increase new-onset diabetes risk. Covariates assessed in pub-
lished studies were highly variable and often lacking or unre-
ported, making it difficult to draw firm conclusions regarding
whether statins themselves or incidental patient factors are
more responsible for the small increased risk of new-onset
diabetes.

The results from this review were similar to those found
in three others, indicating that statins are associated with an
increased risk of diabetes and that this is a class-related
effect. Additional conclusions were that it would be prudent
to closely monitor patients receiving statins who are at
higher risk of developing diabetes, such as elevated triglyc-
erides, high fasting glucose level, higher BMI, and advanced
age.’1-33 This review provides findings from a wider scope
of published studies compared to recent reviews, including
that of the Statin Diabetes Taskforce and American Diabetes
Association.%1031-33

The identified meta-analyses were generally limited in
scope to randomized, controlled trials and excluded observa-
tional studies. While this approach decreased heterogeneity,
it sets aside data from several large, impactful studies that
were specifically designed to evaluate statin-induced diabe-
tes. An overview of the studies included in meta-analyses of
clinical trials is provided in Table 3. The identified meta-
analyses were generally consistent in that the same studies
were included; however, there were several minor differ-
ences that could have impacted results. A core group of 13
trials were included in all three meta-analyses that assessed
both active- and placebo-controlled trials; however, addi-
tional studies were included in Navarese et al., possibly
explaining the lack of statistically significant findings. The
two meta-analyses that included placebo-controlled trials
both included a common core group of five trials, but one
included JUPITER,?* and the other included post hoc analy-
ses of West of Scotland Coronary Prevention Study
(WOSCOPS) and Heart Protection Study (HPS),>* which
could be a factor in the different results observed between
studies. Cai et al., possibly the most impactful meta-analysis
in terms of number of included studies combined with low
heterogeneity, detected that although high- and moderate-
intensity statins were associated with statistically significant
risk of new-onset diabetes, the results would not be consid-
ered clinically worrisome due to the low absolute event rates
and high NNH values. One notable gap in the available lit-
erature was the lack of a meta-analysis that evaluated the
large number of published observational studies on this
topic, although the risk of heterogeneity due to differences in
intervention, control, duration, patient population, and end-
points could limit impact of such a study.

There were several limitations to this review. First, the
literature search was limited to use of PubMed, Google
Scholar, and IPA. It is possible that additional databases (e.g.
EMBASE) could yield further studies meeting our criteria;
however, we believe the scope of our search was successful
in identifying the most important studies focused on this
topic. Additionally, it is possible that further data could be
identified from major randomized, controlled trials assessing
statin efficacy, as well as post hoc safety analyses of these
studies. We chose to focus on studies designed to specifically
answer research questions related to risk of statin-induced
new-onset diabetes in order to focus on the most robust
safety data available. Anecdotally, we observed that most of
the major statin trials that incidentally observed increased
risk of new-onset diabetes were included in the meta-analy-
ses that were evaluated as part of this review.

Conclusion

In a review focusing on literature specifically designed to
investigate this association between statins and new-onset
diabetes, statins have been associated with a small, but statis-
tically significant risk. This risk is not considered to be clini-
cally significant (due to small increases in absolute risk,
particularly in meta-analyses of multiple studies), was incon-
sistent across published evidence, and is likely outweighed
by statins’ benefits on cardiovascular risk reduction. Future
research should focus on directly comparing risk of new-
onset diabetes versus risk of cardiovascular events and
accounting for all potential factors that could increase risk of
new-onset diabetes.
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