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Statins have impacts on the metabolism of glucose that might influence the progress of diabetes in non-
diabetics or affect glycemic control in patients with existing diabetes. Experimental proof has been
contradictory about whether some statins display beneficial properties while others indicate harmful
impressions. Some systematic reviews of statins had stated conflicting findings on the concern of glucose
metabolism. The current study investigates the published systematic reviews and meta-analyses to
combine their results and give a clear situation regarding the influence of statins therapy on glycated
hemoglobin (HbA1c). This study has valuable strength points; long follow-up period and big sample size.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Statin treatment is the foundation stone of primary and sec-
ondary prevention of cardiovascular disease [1]. As diabetes is a
significant hazard feature for cardiovascular disease and is esti-
mated as a cardiovascular disease risk equivalent, therapy guide-
lines stated that most patients with diabetes would benefit from
statin therapy [2e4]. Latest clinical standard guidelines from the
American College of Cardiology (ACC) and the American Heart As-
sociation (AHA) recommended that all patients with diabetes who
are 40e75 years of age should be placed on moderate or high-
intensity statin remedy to avoid or delay cardiovascular disease [5].

Even though their essential role in the prevention and delay of
cardiovascular disease, pieces of evidence are suggesting that sta-
tins worsen glycemia and increase the risk of developing Type 2
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diabetes [6e9]. However, the effect of statins on glycemic control in
patients with pre-existing diabetes is less clear [10]. While further
revisions have reported no worsening or even a potential benefit of
statins on the glycemic control in patients with diabetes [11e13].
However, utmost studies were observational studies or uncon-
trolled trials, were under-size and had short follow-up phases
restricting the available evidence to delineate the consequence of
statins on glycemic control in diabetes [14].

Investigational proof has been inconsistent about whether sta-
tins as a group improve glucose metabolism or whether some
statins show beneficial impact while others show injurious prop-
erties [15e20]. Statins mainly are prescribed among elderly pa-
tients with many co-morbidities and polypharmacy [21e34]. Some
clinical trials of statins had described incompatible outcomes on
the matter of glucose metabolism [35e37]. Therefore, this study
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was intended to explore the effects of statins therapy on glycated
hemoglobin control.

2. Materials and methods

2.1. Literature search

The published systematic reviews and meta-analysis from
January 2008 to February 2019 were discussed and examined for
the impacts of statins utilization on HbA1c. The present umbrella
study is based on the “Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines” retrieved fromwww.
prisma-statement.org/. Google Scholar Medline, EMBASE, and
PubMed databank was used to examine for the articles of concern
by keywords “diabetes AND HbA1c AND statin”. A systematic
search methodology was tracked. Qualified studies were primary
studies of every design(systematic reviews and meta-analysis)
published in English until February/2019 (date of the last search).
Secondary studies (observational studies, cross-sectional, cohort,
case studies, case series, clinical trials, letters), as well as revisions
published in languages other than English, were omitted. Three
reviewers independently did the literature search.

2.2. Data collection and synthesis

Revisions were designated for retrieval after three independent
investigators had collected titles and abstracts, which were iden-
tified in the electronic searches. The extracted titles of articles were
documented and categorized according to the exclusion and in-
clusion search record. All these extracted topics were examined for
the eligibility. All the unmatched or inappropriate topics were
rejected. A two independent reviewer compared the results of the
three reviewers, and any differences of opinion were resolved by
discussion as described in Fig. 1. The encompassed revisions were
collected and presented in a summary table featuring the funda-
mental points of each revision; the following data were collected:
first author surname, year of publication, study type, number of the
total population, trials number, quantitative results (OR, RR, and CI)
of the study findings.

3. - Results

The umbrella study includes 12 systematic reviews and meta-
analysis, which encompass 184 observational studies and ran-
domized controlled trials (RCTs). The current study involved
2,752,990 patients as demonstrated in Table 1.

4. Discussions

In 2008, Coleman et al., determined the ability of statins to
prevent the development of new-onset type 2 diabetes mellitus
through a meta-analysis of randomized, controlled trials. A sys-
tematic literature search through November 6, 2007, was con-
ducted to identify randomized, placebo-controlled trials of statins
that reported data on the incidence of new-onset diabetes mellitus.
Incidence of new-onset type 2 diabetes mellitus was treated as a
dichotomous variable. Weighted averages were documented as
relative risk (RR) with accompanying 95% CI. A random-effects
model was used. Five prospective, RCTs (n¼ 39,791) were recog-
nized. Upon meta-analysis, the use of a statin did not significantly
alter a patient's risk of developing new-onset type 2 diabetes
mellitus (relative risk [RR],1.03; 95% confidence interval 0.89e1.19).
Subgroup and sensitivity analyses did not significantly change the
results. There was statistical heterogeneity that stemmed from
pravastatin's tendency towards a reduction in risk and the other
statins showing an increase in risk. The funnel plot could not rule
out publication bias. Statins, as a class, do not demonstrate a sta-
tistically significant positive or negative impact on a patient's risk of
developing new-onset type 2 diabetes mellitus [38].

In 2009, a meta-analysis by Rajpathak et al., searched for ran-
domized statin trials that reported data on diabetes through
February 2009 was conducted using specific search terms [40]. In
addition to the hypothesis-generating data from the West of Scot-
land Coronary Prevention Study (WOSCOPS) [35], hypothesis-
testing data were available from the Heart Protection Study (HPS)
[49], the Long-Term Intervention with Pravastatin in Ischemic
Disease (LIPID) Study [50], the Anglo-Scandinavian Cardiac Out-
comes Trial (ASCOT) [51], the Justification for the Use of Statins in
Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER)
[36], and the Controlled Rosuvastatin Multinational Study in Heart
Failure (CORONA) [52], together including 57,593 patients with
mean follow-up of 3.9 years during which 2082 incident diabetes
cases accrued. Weighted averages were documented as risk ratios
(RRs) with 95% confidence intervals (CIs) using a random-effects
model. The scores of statistical heterogeneity were estimated
with the Q and I2 statistic. In the meta-analysis of the hypothesis-
testing trials, they observed a small growth in diabetes risk (RR
1.13 [95% CI: 1.03e1.23]) with no proof of heterogeneity through
trials. On the other hand, this evaluation was weakened and no
longer significant when the hypothesis-generating trial WOSCOPS
was encompassed (1.06 [0.93e1.25]) and resulted in significant
heterogeneity (Q 11.8 [5 d.f.], P: 0.03, I2: 57.7%). Although statin
therapy significantly lowers vascular risk, including among those
with and at risk for diabetes, the relationship of statin therapy to
incident diabetes remains uncertain. Future statin trials should be
designed to address this issue formally.

Certain limitations of (Rajpathak et al., 2009) meta-analysis
warrant consideration. First, their investigation was constrained
to the little RCTs that described data on diabetes occurrence in
statin trials; other statin trials may have data on diabetes available
that can expand their outcomes. Second, none of these clinical trials
was conducted with diabetes as the major outcome and therefore
was not statistically powered to assess this finding. Their data are
restricted in that the diagnostic benchmark for diabetes differs
between the RCTs and frequently was based on physician sketch
rather than systematic investigation. Lastly, they cannot rule out
the probability that the augmented hazard of diabetes amongst
statin-users may be due to survival bias linked to better survival in
the intervention cluster [40].

However, Sattar et al., 2010 meta-analysis of 13 trials
(N¼ 91,140) found little evidence of heterogeneity among large-
scale chronic treatment trials. For inclusion, trials were required
to have more than 1000 patients and duration of follow-up of more
than one year. This meta-analysis found an overall small increased
risk for diabetes in patients treated with statins (odds ratio [OR] for
incident diabetes 1.09, 95% CI 1.02e1.17). Subgroup analyses found
very similar diabetes risks in trials of hydrophilic or lipophilic sta-
tins, and no apparent differences among individual statins. The
results were also similar after the exclusion of the JUPITER trial.
Since JUPITER had raised much of the concern about diabetes and
statins [36], the stability of the result without JUPITER lowers the
likelihood that the glucose findings in the meta-analysis were due
to chance [41].

A meta-analysis (Preiss et al., 2011) of five randomized trials
(N¼ 32,752) also found an increased risk of incident diabetes with
intensive statin therapy compared with moderate statin therapy
(OR: 1.12, CI: 1.04e1.22) with little or no heterogeneity across trials
[8]. This translates into approximately one additional case of dia-
betes for every 500 patients treated with intensive rather than
moderate statin therapy. Similarly, a large observational study
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Fig. 1. Flowchart of the umbrella review process.

Table 1
Details of the studies were included in the umbrella review.

Authors/year Study type Population (n) Trials No. OR/RR of DM and CI

Coleman et al., 2008 [38] Meta-analysis 39,791 5 RR: 1.03, 95% CI: 0.89e1.19
Rajpathak et al., 2009 [39] Meta-analysis 57,593 6 RR: 1.13, 95% CI: 1.03e1.23
Sattar et al., 2010 [40] Meta-analysis 91,140 13 OR:1.09, 95% CI: 1.02e1.17
Preiss et al., 2011 [8] Meta-analysis 32,752 5 OR: 1.12, 95% CI: 1.04e1.22
Waters et al., 2011 [41] Meta-analysis 18,859 3 RR: 1.02, 95% CI: 0.77e1.35
Zhou et al., 2013 [42] Meta-analysis 3232 26 RR: 1.04, 95% CI: 0.08 to 0.16
Erqou, Lee and Adler 2014 [43] Meta-analysis 9696 9 RR:1.12, 95% CI: 0.04e0.20
Vallejo-Vaz et al., 2015 [44] Meta-analysis 1600 15 RR: 1.13, 95% CI: 1.03e1.23
Swerdlow et al., 2015 [45] Meta-analysis 223,463 43 OR: 1.11, 95% CI: 1.03e1.20
Lotta et al., 2016 [46] Meta-analysis 321,044 3 RR: 1.26, 95% CI: 1.07e1.47
Cui et al., 2018 [47] Meta-analysis 2707 23 RR: 1.11, 95% CI: 1.01e1.21
Angelidi et al., 2018 [48] Systematic review 1,951,113 33 D HbA1c 2e5%
Total 12 Reviews 2,752,990 pts 184 studies RR: 1.11, 95% CI: 1.04e1.27

CI: Confidence interval, DM: Diabetes mellitus, HbA1c: Glycated haemoglobin, OR: Odds ratio, pts: Patients, RR: Relative risk.

M.A. Hammad et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 2557e2564 2559
using administrative data found a higher risk of diabetes with high-
potency statins, a moderate risk with moderate-potency statins,
and lower risk with low-potency statins [10].

Waters et al., 2011, inspected the occurrence and clinical pre-
dictors of new-onset type 2 diabetes mellitus (NOT2DM) within
three large randomized trials with atorvastatin. They used a stan-
dard definition of diabetes and excluded patients with prevalent
diabetes at baseline. They identified baseline predictors of NOT2DM
and compared the event rates in patients with and without
NOT2DM. In the Treating to New Targets (TNT) trial, 351 of 3798
patients randomized to 80mg of atorvastatin and 308 of 3797
randomized to 10mg developed NOT2DM (9.24% vs. 8.11%, adjusted
hazard ratio (aHR): 1.10, 95% CI: 0.94 to 1.29, P: 0.226). In the IDEAL
(Incremental Decrease in End Points Through Aggressive Lipid
Lowering) trial, 239 of 3737 patients randomized to atorvastatin
80mg/day and 208 of 3724 patients randomized to simvastatin
20mg/day developed NOT2DM (6.40% vs. 5.59%, aHR: 1.19, 95% CI:
0.98 to 1.43, P: 0.072). In the “Stroke Prevention by Aggressive
Reduction in Cholesterol Levels” (SPARCL) trial, NOT2DM occurred in
166 of 1905 persons randomized to atorvastatin 80mg per day and
in 115 of 1898 individuals in the placebo cohort (8.71% vs. 6.06%,
aHR: 1.37, 95% CI: 1.08 to 1.75, P: 0.011). In each of the three trials,
baseline fasting blood glucose, body mass index, hypertension, and
fasting triglycerides were independent predictors of NOT2DM.
Across the three trials, major cardiovascular events occurred in
11.3% of patients with and 10.8% of patients without NOT2DM (aHR:
1.02, 95% CI: 0.77 to 1.35, P: 0.69). High-dose atorvastatin treatment
compared with placebo in the SPARCL trial is associated with a
slightly increased risk of NOT2DM. Baseline fasting glucose level
and features of the metabolic syndrome are predictive of NOT2DM
across the three trials [41].

In 2013, Zhou et al., conducted a meta-analysis to investigate
whether statins deteriorate glycemic control in type 2 diabetes.
Cochrane Central Register of Controlled Trials, Medline, and
EMBASE from 1966 to 2012 were searched for randomized
controlled trials (RCTs) of statins. Included were only trials with
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type 2 diabetes. The I(2) statistic was used tomeasure heterogeneity
between trials and calculated mean differences for glycemic pa-
rameters with random-effect meta-analysis. A total of 26 eligible
studies were identified with 3232 participants. Statin therapy had
no remarkable influence on HbA1c (WMD 0.04%, 95% CI -0.08 to
0.16, I2¼ 45.7%, n¼ 3070), FPG (2.25mg/dl, 95% CI: 3.50 to 7.99,
I2¼ 46%, n¼ 1176), BMI, fasting insulin or HOMA-IR. However,
subgroup analysis showed a significant, detrimental effect of ator-
vastatin on HbA1c, whereas simvastatin presented an ameliorative
effect. Statin therapy showed a non-significant effect on glycemic
control in type 2 diabetes. Statin therapy need not change among
them with moderate or high cardiovascular risk or existing car-
diovascular disease [42].

In a systematic review and meta-analysis, (Erqou, Lee and Adler
2014) recognized articles between from January 1970 to November
2013 by examining reference lists and electronic databanks. They
comprised randomized controlled trials (RCTs) in which the inter-
ference cluster received statins, and the control cohort was given
placebo or standard therapy, with >200 persons joined, with the
intervention lasting more than three months and with pre and
post-intervention glycated haemoglobin was stated. They pooled
study-particular evaluations based on random-effects model meta-
analysis. A combined investigation of nine trials encompassing
9696 individuals (4716 control and 4980 statins) and an average
tracking-up of 3.6 years, the mean glycated haemoglobin (HbA1c)
of persons randomized to statins was higher than those random-
ized to the control cohort: mean difference (95% CI: 0.04e0.20) was
0.12% or 1.3mmol/mol (95% CI: 0.4e2.2); P: 0.003. There was
modest heterogeneity through the studies (I2: 54%, P: 0.014) not
illuminated by presented study-level characteristics [43].

Erqou and his colleague's study have some strengths worth
mentioning. Primary, they carried out a wide spread criticism by
mined the bibliography list and corresponding databases of related
studies. Moreover, merging data from RCTs permit them to achieve
interpretations about causation that statins in itself deteriorate
glycemic control. Furthermore, they used firm, well-defined stan-
dards to guarantee the excellence of the clinical studies incorpo-
rated and to confirm their applicability to answering the intended
clinical query. For illustration, they excepted most of the RCTs with
a period less than three months' tracking-up, because glycated
haemoglobin enumerates the mean plasma glucose level over the
duration of a three-months. Additionally, although significant var-
iances between the trials, they did not detect considerable het-
erogeneity in the meta-analysis or statistical proof of bias in the
publication. Finally, and utmost significant, it is the earliest
considerable clarification of a dysglycemia influence of statin
therapy among persons with present diabetes [53].

At hand are some of the boundaries that limit the generalization
that can be done from the study of Erqou, Lee, and Adler (2014).
First, there were a minor number of studies (Nine studies), and two
of them had sample size less than one-hundred fifty subjects of
each (About seventy-five patients for arm) [54,55]. The other three
studies of them with a sample size less than three-hundred forty
participants/study available for the review [56e58]. Second, they
had data only on pravastatin and atorvastatin besides one trial on
simvastatin [52]. Therefore extrapolations concerning the conse-
quence of various members of statins are restricted. Third, the
designated trials did not generally document the variations in the
utilization of antidiabetic drugs, which might influence the impact
of statins on glycated hemoglobin level. Fourth, for glycated he-
moglobin difference (95% CI), three studies [49,53,56] included
patients with type 1 diabetes with statically insignificant findings.
While in nine studies, include type 2 diabetes, only four studies
[52,54,59,60] with significant findings, which give controversy
data. Fifth, the main outcomes of the nine studies were the
incidence of CVD or other endpoints, for example, the LDL-C level.
Finally, most of the patients’ ethnicity was white and older age,
which give limited data about younger patients and the other
ethnicities. In addition, the follow-up of patients was less than
three months, in three studies and less than six months in another
two studies, which limited the data about the effect of the pro-
longed use of statin on HbA1c.

As the review study of Erqou, Lee, and Adler (2014) is a collected
work established on meta-analysis, they did not have entrance to
the personal data of contributor, and could not find out detailed
heterogeneity. Even though friction of statins trials encompassed
diabetic persons, a little number of studies only described glycated
hemoglobin level. A cooperative meta-analysis that ponds together
the available results and recent data, permitting extra compre-
hensive, reliable and potent investigation, would aid to deliver an
additional convinced response than has been probably in the
future, therefore that an extra strong deduction can be considered
[53].

In meta-analysis 2015, Vallejo-Vaz and his colleagues searched
Medline, Cochrane, Embase and clinical trials registries websites
until November-2014 formore than or equals threemonths’ follow-
up placebo or statin-controlled RCT of pitavastatin that included
participants without diabetes and reported on fasting blood
glucose (FBG), HbA1c or new-onset diabetes (NOD). Random-
effects meta-analyses estimated the association of pitavastatin
with the outcomes. About fifteen studies (Approximately, one-
thousand and six-hundred individual-years) were involved. No
significant variances associated with pitavastatin (vs. control) were
observed for FBG mean differences (MD). Sensitivity and subgroup
analyses (including the type of control [placebo or another statin],
pitavastatin dose or follow-up) did not yield significant results.
Potential publication bias may occur for the NOD. In this study,
pitavastatin did not harmfully influence the metabolism of glucose
or progress new cases of diabetes in matching with other statins or
placebo [44].

While, the meta-analysis of Vallejo-Vaz et al. (2015) is the
largest study up to date assessing pitavastatin and its effects on
glucose metabolism and diabetes incidence. Several limitations
must be acknowledged; for instance, the limited number of studies
for some subgroup analyses (e.g., to comparewith placebo) or those
above relatively short follow-up time from most trials. Most of the
participants were non-diabetic. Additionally, the differences in the
populations included may have attenuated possible differences
that may or may not exist; nonetheless, sensitivity and subgroup
analyses were materially consistent with the overall results. Het-
erogeneity was assessed by the I2 test and was observed con-
cerning effects on HbA1c. Thus influence evaluates for glycated
hemoglobin would be explained with carefulness. The results of
Vallejo-Vaz et al. (2015) analysis must also be interpreted consid-
ering the characteristics of the population included: on average
sixty years old, non-obese and FBG within the normal level. How-
ever, some studies have suggested that certain conditions such as
older age, higher BMI or pre-diabetes are potential risk factors for
the NOD. While on statin therapy, they, unfortunately, could not
perform sub-analyses considering these characteristics. The small
number of NOD events (twenty-nine cases overall) and the absence
of any cases in eight studies undoubtedly mean this particular
analysis is underpowered. Potential publication bias may also exist
for NOD (Asymmetry in funnel plots related to three studies with a
sample size less than forty subjects per arm) [61e63]. The
perceived missing studies dropped in areas of low statistical sig-
nificance [suggesting publication bias as a potential cause of this
asymmetry]. However, they need to note that these studies were
not primarily designed to assess NOD risk and, therefore, their
glucose findings would not have influenced the decisions to publish
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the results. Finally, in common with previous meta-analysis and
individual RCT, it should be remembered that their results are
mostly based on post-hoc analyses from trials not specifically
designed to evaluate effects on measures of glycemia or diabetes
risk.

A 2015 meta-analysis (Swerdlow et al., 2015) supported the
findings both for the incidence of diabetes with statins against
placebo (OR 1.11, CI 1.03e1.20) and for high-intensity against
moderate-intensity statin treatment (OR 1.12, 1.04e1.22) [45]. This
meta-analysis also incorporated the Mendelian randomization
study that establish that decreased genetic HMG-CoA reductase
activity is connected with a higher danger of type 2 diabetes, such
that at slightest some of the hazard noted with statin treatment
seems to be related to its on-target impact of inhibiting HMG-CoA
reductase. This is important because it means that this adverse
effect of statins cannot likely be avoided while maintaining the
main effectiveness of statin treatment [64]. A 2016 analysis
approximate that high-dose intensity statin treatment (Atorvasta-
tin 40mg per day) would result in fifty to one-hundred new cases
of diabetes in ten thousands treated persons [65].

Lotta et al., 2016 exmined whether LDL-lowering alleles in or
near Niemann-Pick C1-like 1 (NPC1L1) - the LDL cholesterol
transporter - and other genes encoding current or prospective
molecular targets of lipid-lowering therapy (i.e., 3-Hydroxy-3-
Methylglutaryl-CoA Reductase (HMGCR), Proprotein convertase
subtilisin/kexin type 9 (PCSK9), ATP-cassette binding proteins G5
(ABCG5) and G8 (ABCG8), low density lipoprotein receptor (LDLR))
are connected with the hazard of type 2 diabetes mellitus (T2DM).
The correlations with T2DM and coronary artery disease (CAD) of
LDL-lowering genetic variants were exmined in meta-analyses of
genetic association studies. Meta-analyses incorporated 50,775
persons with T2DM and 270,269 controls including three studies
and 60,801 individuals with CAD and 123,504 controls from a
published meta-analysis. Data collection took place in Europe and
the United States between 1991 and 2016. The odds ratio of T2DM
and CAD was measured. LDL-lowering genetic variants at NPC1L1
were inversely associated with CAD (OR for a genetically-predicted
reduction of 1mmol/L in LDL cholesterol, 0.61; 95% CI: 0.42e0.88;
P< 0.008) and directly associated with T2DM (OR: 2.42, CI:
1.70e3.43; P< 0.001). The OR of T2DM for PCSK9 genetic variants
was 1.19 (95% CI: 1.02e1.38, P< 0.03). For a given reduction in LDL
cholesterol, genetic variants were linked with a similar reduction in
CAD risk (I2 for heterogeneity in genetic associations¼ 0.0%;
P< 0.93). However, associations with T2DM were heterogeneous
(I2: 77.2%; P< 0.002), indicating gene-specific associations with
metabolic hazard for LDL-lowering alleles. In this meta-analysis,
exposure to LDL-cholesterol lowering genetic variants in or near
NPC1L1 and other genes was connected with a higher danger of
T2DM. These data give insights into the potential adverse effects of
LDL cholesterol-lowering treatment [46].

In 2018, a review by Cui et al. was conducted to match the as-
sociations of individual statins with their adversely impact on
controlling glycemia in diabetic patients. They envolved twenty-
three RCTs matching statin therapy with placebo in diabetic per-
sons. The primary outcomes were HbA1c and FBG; besides that, the
standard mean differences (SMD) and 95% CI were estimated. Sta-
tins therapy was associated with a higher level of HbA1c in
matching with placebo. The moderate-dose strength of pitavastatin
depressed HbA1c matched with the moderate-dose strength of
atorvastatin, high-dose strength of atorvastatin, the moderate-dose
strength of rosuvastatin and low-dose strength of pravastatin. The
moderate-dose strength of simvastatin dropped glycated hemo-
globin matched with the high-dose strength of rosuvastatin and
high-dose strength of atorvastatin. The high-dose strength of
atorvastatin linked with the high level of HbA1c matched with
placebo, moderate-dose strength of rosuvastatin, low-dose
strength of pravastatin and moderate-dose strength of atorvasta-
tin [47].

Moreover, themoderate-dose strength of pitavastatin has pulled
down FBG paralleled with placebo, moderate-dose strength of
rosuvastatin, moderate-dose strength of atorvastatin and high-
dose strength of atorvastatin. Furthermore, the high-dose
strength of atorvastatin has high FBG matched with placebo,
moderate-dose strength of atorvastatin, moderate-dose strength of
rosuvastatin and moderate-dose strength of simvastatin. Statins
were concomitant with an escalation in HbA1c matched with pla-
cebo. In diabetic persons, the moderate-dose strength of pit-
avastatin result in an improvement of the glycemic control;
however, high-dose strength of atorvastatin deteriorated it. Suit-
able member of statin should be prescribed for diabetic people.

Cui et al. (2018) revision had some restrictions such as first of all,
the available information for each statin were comparatively
restricted and incomplete, which may result in the unclear
assessment of the consequence for some matching. Moreover, the
interference times of comprised RCTs were a somewhat short
period (the mainstream of RCTs continued from three-months to
one-year), which may not mirror the longstanding therapy
outcome. Furthermore, the bulk of the covered studies were not
intended to estimate the effect of statin on controlling of glycemia
and at hand was no explanation of whether the antidiabetic
treatment was identical through the therapy period in some RCTs.

Angelidi et al., 2018 review was to discover the influence of
atorvastatin in causing new-onset diabetes or HbA1c control in
patients with diabetes mellitus (DM). Two independent reviewers
did the literature search, throughout the PubMed database search
for papers until April 2015. About thirty-three studies with
1,951,113 subjects were included in the analysis. Twenty articles
examined the dys-regulation of DM result from atorvastatin ther-
apy. About 50% of them indicated that there was non significant
modification in HbA1c control in patients treated with atorvastatin.
Other studies revealed that fasting plasma glucose (FBG) and
HbA1c levels were augmented by atorvastatin. Thirteen articles
investigated if atorvastatin causes new-onset diabetes. Most of
these articles stated that persons who used atorvastatin had a
higher dose-dependent danger of developing new onset diabetes.
This systematic review recommends that there is an relationship
between atorvastatin therapy and new-onset diabetes. Further-
more, it stated that atorvastatin in high-dose intensity results in
deterioration of the HbA1c control in patients with DM [48].

In 2019, Ward et al. review the incidence of new-onset type 2
diabetes mellitus with statin treatment appears to be more com-
mon in patients with preexisting risk factors, including elevated
body massive index and glycated hemoglobin or impaired fasting
glucose. It has been observed for both hydrophilic and lipophilic
statins and appears to occur more frequently in older patients and
those on high-dose statin therapy [66]. Mechanistically, the inci-
dence of new-onset type 2 diabetes mellitus is not known but may
be related to both on-target and off-target action, including effects
on body weight, body mass index, adipocyte differentiation, blood
glucose homeostasis via gluconeogenesis and the insulin signaling
cascade, changes in circulating free fatty acids or hormones such as
adiponectin and leptin, as well as impaired b-cell function [67].

As reviewed by Betteridge and Carmena (2016) [68] of Mende-
lian randomization studies suggest that the effect of statins on
glucose homeostasis reflects reduced 3-hydroxy-3-methyl-glu-
taryl-coenzyme A (HMG-CoA) reductase activity, while there is in-
vitro and in vivo evidence that reduced synthesis of mevalonate
pathway products and increased cholesterol loading impairs
pancreatic b-cell function and decreases tissue insulin sensitivity.
These effects are probably quantitative, consistent with the graded
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increase in HbA1c by the intensity of statin therapy. Clinicians
should, therefore, be aware that introduction of simvastatin/ator-
vastatin >40mg/d or rosuvastatin >10mg/d may lead to the need
for more intensive treatment for diabetes, depending on the cur-
rent level of control and individualized glycemic targets. In FDS2,
high-intensity statin therapy was associated with a change in me-
dian HbA1c from 6.6% to 8.0% (49e64mmol/mol), implying that a
substantial proportion of patients went from adequate to sub-
optimal control [69]. Given the tendency to therapeutic procrasti-
nation in Type 2 diabetes, this effect may have adverse conse-
quences for chronic vascular complications [70].

In 2018, to quantitatively assess the evidence for potential side
effects of longstanding statin treatment on the homeostasis of
glucose, cognitive, and risk for cataract. A reviewmining cover from
2000 to 2017 was achieved. The Panel analytically evaluated the
information and decided by agreement on the classification of
described adverse reaction. RCTs and genetic research indicated
that statin treatment is concomitant with moderate growth in the
hazard of new cases of diabetes, usually well-defined by laboratory
outcomes (HbA1c� 6.5); this threat is meaningfully effective in the
prediabetes or metabolic disorder. Therapy of statin does not
harmfully effect on cognitive function, even at the very low LDL-C
level and is not connected with the significant development of
cataract. Extended therapy of statin has a remarkable safety with a
little hazard of clinically related side effects as described above, the
established CV benefits of statin therapy far outweigh the risk of
adverse effects [71].

In 2018, the European Atherosclerosis Society (EAS) Consensus
Panel stated that the medical advantages of statin therapy faraway
compensate for the possible hazard of new cases of diabetes,
particularly in persons with elevated glycated hemoglobin. The
overpowering inference of this Consensus Panel is that the recog-
nized CV aids of statin treatment far overshadow the hazard of
some such side effects. Healthcare providers should be relieved
about the statin safety and non-cardiovascular influences of statins
[72e75] founded on this comprehensive evidence-grounded anal-
ysis [76].

5. Conclusions

In lipid-lowering reviews in patients with diabetes, limited data
suggest that there is no consistent relationship between statin
therapy and alterations in glycosylated hemoglobin or other gly-
cemic parameters. In the current study, small differences in HbA1c
concentrations were observed over time in the treatment groups,
with a slightly more significant difference in the atorvastatin group.
Some studies have also shown small increases in HbA1c following
long-term treatment with statins.

IRB approval

The institution's IRB has approved the research.

Research project number

NMRR-15-1068-25700.

Commercial sponsorship

No.

Funding support

Universiti Sains Malaysia supported this research (USM
Fellowship 4/15).
Conflicts of interest

All the authors do not have any possible conflicts of interest.

Authors' Contributions

� MAH contributed in the conception of the work, data collection,
data analysis, manuscript drafting, manuscript revising, and
approval of manuscript final, all aspects of the work and agreed
for all aspects of the work.

� MSA contributed in the data collection, the manuscript drafting,
manuscript revising, manuscript final approval and agreed for
all aspects of the work.

� AMM contributed in the data collection, the manuscript draft-
ing, manuscript revising, manuscript final approval and agreed
for all aspects of the work.

� SASS contributed to the conception of the work, data analysis,
manuscript revising, and manuscript final approval and agreed
for all aspects of the study.

� SA contributed to the conception of the work, data analysis,
manuscript revising, and manuscript final approval and agreed
for all aspects of the study.

� AAM contributed to data analysis, manuscript revising, and
manuscript final approval and agreed for all aspects of the study.

� DAMN contributed in the conception of the work, data analysis,
manuscript drafting, manuscript revising, and approval of
manuscript final and agreed for all aspects of the work.

The manuscript has been read and agreed by all the authors.The
requirements for authorship as stated earlier in this document have
been encountered. Each author deliberates that the manuscript
represents honest work.

Acknowledgment

Special appreciations to Universiti Sains Malaysia for financially
supporting this research.

References

[1] The Emerging Risk Factors Collaboration. Diabetes mellitus, fasting blood
glucose concentration, and risk of vascular disease: a collaborative meta-
analysis of 102 prospective studies. Lancet 2010;375(9733):2215e22. http://
doi.org/10.1016/S0140-6736(10)60484-9.

[2] Cholesterol Treatment Trialists’ (CTT) Collaborators, Kearney P, Blackwell L,
Collins R, Keech A, Simes J, et al. Efficacy of cholesterol-lowering therapy in 18,
686 people with diabetes in 14 randomised trials of statins: a meta-analysis.
Lancet 2008;371(9607):117e25.

[3] Third Report of the National Cholesterol Education Program (NCEP). Expert
panel on detection, evaluation, and treatment of high blood cholesterol in
adults (adult treatment panel III) final report. Circulation 2002;106:
3143e421.

[4] Rocco MB. Statins and diabetes risk: fact, fiction, and clinical implications.
Clevel Clin J Med 2012;79:883e93.

[5] Stone NJ, Robinson J, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH,
et al. ACC/AHA guideline on the treatment of blood cholesterol to reduce
atherosclerotic cardiovascular risk in adults: a report of the American College
of Cardiology/American Heart Association Task Force on Practice Guidelines.
Circulation 2013;129(25):S1e45. https://doi.org/10.1016/j.jacc.2013.11.002.
2014.

[6] Hammad MA, Syed Sulaiman SA, Aziz NA, Mohamed Noor DA. Comparison of
atorvastatin and simvastatin effect on glycated hemoglobin control among
outpatients with Type 2 diabetes mellitus. ISPOR Europe 2018, 10-14
November 2018, Barcelona, Spain. Value Health 2018;21(3). S119, https://doi.
org/10.1016/j.jval.2018.09.709.

[7] Maki KC, Ridker PM, Brown WV, Grundy SM, Sattar N. An assessment by the
statin diabetes safety task force: 2014 update. J ClinLipidol 2014;8(3):S17e29.

[8] Preiss D, Seshasai S, Welsh P, Murphy S, Ho J, Waters D, et al. Risk of incident
diabetes with intensive-dose compared with moderate-dose statin therapy: a
meta-analysis. J Am Med Assoc 2011;305(24):2556e64. https://doi.org/
10.1001/jama.2011.860.

[9] Hammad MA, Syed Sulaiman SA, Aziz NA, Mohamed Noor DA. The effects of

http://doi.org/10.1016/S0140-6736(10)60484-9
http://doi.org/10.1016/S0140-6736(10)60484-9
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref2
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref2
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref2
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref2
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref2
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref3
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref3
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref3
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref3
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref3
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref4
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref4
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref4
https://doi.org/10.1016/j.jacc.2013.11.002
https://doi.org/10.1016/j.jval.2018.09.709
https://doi.org/10.1016/j.jval.2018.09.709
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref7
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref7
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref7
https://doi.org/10.1001/jama.2011.860
https://doi.org/10.1001/jama.2011.860


M.A. Hammad et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 2557e2564 2563
glycemic control on morbidity and survival among diabetic patients. Diabetes
& Metabolic Syndrome: Clin Res Rev 2019;13(2):1035e40. https://doi.org/10.
1016/j.dsx.2019.01.001.

[10] Carter AA, Gomes T, Camacho X, Juurlink DN, Shah BR, Mamdani MM. Risk of
incident diabetes among patients treated with statins: population based
study. BMJ 2013;346:f2610. http://doi.org/10.1136/bmj.f2610.

[11] Liu PY, Lin LY, Lin HJ, Hsia CH, Hung YR, Yeh HI, et al. Pitavastatin and Ator-
vastatin double-blind randomized comPArative study among hiGh-risk pa-
tients, including thOse with Type 2 diabetes mellitus, in Taiwan (PAPAGO-T
Study). PLoS One 2013 Oct 1;8(10):e76298. https://doi.org/10.1371/journal.-
pone.0076298. Erratum in: PLoS One. 2014;9(11):e114175. PubMed PMID:
24098467; PubMed Central PMCID: PMC3788128.

[12] Chapman MJ, Orsoni A, Robillard P, Hounslow N, Sponseller CA, Giral P. Effect
of high-dose pitavastatin on glucose homeostasis in patients at elevated risk
of new-onset diabetes: insights from the CAPITAIN and PREVAIL-US studies.
Curr Med Res Opin 2014 May;30(5):775e84. https://doi.org/10.1185/
03007995.2013.874989. Epub 2014 Jan 10.

[13] Behounek BD, McGovern ME, Kassler-Taub KB, Markowitz JS, Bergman M.
A multinational study of the effects of low-dose pravastatin in patients with
non-insulin-dependent diabetes mellitus and hypercholesterolemia. Pravas-
tatin Multinational Study Group for Diabetes. Clin Cardiol 1994;17:558e62.
https://doi.org/10.1002/clc.4960171009.

[14] Yamakawa T, Takano T, Tanaka S, Kadonosono K, Terauchi Y. Influence of
pitavastatin on glucose tolerance in patients with Type 2 diabetes mellitus.
J Atheroscler Thromb 2008;15:269e75. https://doi.org/10.5551/jat.E562.

[15] Yu Y, Ohmori K, Chen Y, Sato C, Kiyomoto H, Shinomiya K, et al. Effects of
pravastatin on progression of glucose intolerance and cardiovascular
remodeling in a type II diabetes model. J Am Coll Cardiol 2004;44:904. https://
doi.org/10.1016/j.jacc.2004.04.050. PMID: 15312879.

[16] Wong V, Stavar L, Szeto L, Uffelman K, Wang CH, Fantus IG, et al. Atorvastatin
induces insulin sensitization in Zucker lean and fatty rats. Atherosclerosis
2006;184:348. https://doi.org/10.1016/j.atherosclerosis.2005.05.009. PMID:
15998521.

[17] Chen Y, Ohmori K, Mizukawa M, Yoshida J, Zeng Y, Zhang L, et al. Differential
impact of atorvastatin vs pravastatin on progressive insulin resistance and left
ventricular diastolic dysfunction in a rat model of type II diabetes. Circ J
2007;71:144. https://doi.org/10.1253/circj.71.144.

[18] Mita T, Watada H, Nakayama S, Abe M, Ogihara T, Shimizu T, et al. Preferable
effect of pravastatin compared to atorvastatin on beta cell function in Japa-
nese early-state type 2 diabetes with hypercholesterolemia. Endocr J 2007;54:
441. https://doi.org/10.1507/endocrj.K06-198.

[19] Hammad MA, Syed Sulaiman SA, Mohamed Noor DA. The effect of statins
usage on diabetic eye complications. Value Health 2018;21(3):S119. https://
doi.org/10.1016/j.jval.2018.09.711.

[20] Sathyapalan T, Kilpatrick ES, Coady AM, Atkin SL. The effect of atorvastatin in
patients with polycystic ovary syndrome: a randomized double-blind pla-
cebo-controlled study. J Clin Endocrinol Metab 2009;94:103.

[21] Hammad MA, Syed Sulaiman SA, Aziz NA, Mohamed Noor DA. Prescribing
statins among patients with type 2 diabetes: the clinical gap between the
guidelines and practice. J Res Med Sci 2019 Feb 25;24(15):1e6. https://
doi.org/10.4103/jrms.JRMS_100_18. PubMed PMID: 30988683; PubMed Cen-
tral PMCID: PMC6421885.

[22] Hammad MA, Tangiisuran B, Kharshid AM, Abdul-Aziz N, Hassan Y, Aziz NA,
Elsayed TM. Drug-drug interaction-related uncontrolled glycemia. J Pharm
BioAllied Sci 2017 Oct-Dec;9(4):221e8. https://doi.org/10.4103/jpbs.JPBS_26_
17. PubMed PMID: 29456372; PubMed Central PMCID: PMC5810071.

[23] Hammad MA, Khamis AA, Al- Akhali KM, Elsayed TM, Alasmri AM,
AlAhmari EM, et al. Evaluation of drug dosing in renal failure. IOSR-JPBS
2016;11(5):39e50. https://doi.org/10.9790/3008-1105033950.

[24] Hammad MA, Mohamed Noor DA, Syed Sulaiman SA. The effect of patients'
adherence on HbA1c control. AMPSR 2017;1(1):30e5.

[25] Hammad MA, Alakhali KM, Hattan M, Mohamed Noor DA, Syed Sulaiman SA,
Kharshid AM, et al. Asthma in Saudi Arabia: risk factors and pharmacotherapy.
IAJPR 2016;6(11):6814e21. https://doi.org/10.1044/1980-iajpr.161043.

[26] Alakhali KM, Ansari MA, Hammad MA. Analysis of prevalence, risk Factor and
pharmacotherapy of hypertension in outpatients. IJOPP 2013;4(6):64e6
[ISSN)], http://ijopp.org/IJOPP_Vol_6_Issu_4_2.pdf.

[27] Hammad MA, Mohamed Noor DA, Syed Sulaiman SA, Khamis AA, Kharshid A,
Aziz NA. Comparison of statins dose intensity on HbA1c control in outpatients
with type 2 diabetes: a prospective cohort study. Int J Pharmacol Pharma-
ceutic Sci 2017;11(8):466e71.

[28] Al Akhali K, Hammad MA, Ansari MA. Evaluation of prevalence and pattern of
anemia- a hospital based study in Aseer province, Kingdom of Saudi Arabia.
J Exp Med Surg Res 2013;2:32e5.

[29] Hammad MA, Mohamed Noor DA, Syed Sulaiman SA, Elsayed TM. Statins
effects on diabetic retinopathy among patients with type 2 diabetes mellitus.
Int J Opthamol Visual Sci 2017;2(4):106e14. https://doi.org/10.11648/j.ijovs.
20170204.15.

[30] Hammad MA, Syed Sulaiman SA, Aly A, Mohamed Noor DA. Malaysian
adaptation of the mini-addenbrooke’s cognitive examination (M-ACE). WASJ
2017;35(11):2315e20. https://doi.org/10.5829/idosi.wasj.2017.2315.2320.

[31] Alakhali KM, Selim M, Hammad MA. Evaluation of therapeutic drug moni-
toring of cyclosporine and tacrolimus in kidney transplant patients. JPCS
2014;8:18e25. https://www.arpapress.com/Volumes/JPCS/Vol8/JPCS_8_03.
pdf.
[32] Hammad MA, AL-Akhali KM, Mohammed AT. Evaluation of surgical antibiotic
prophylaxis in aseer area hospitals in kingdom of Saudi Arabia, vol. 6. JPCS;
2013 Jan-March. p. 1e7 [ISSN)], www.arpapress.com/Volumes/JPCS/Vol6/
JPCS_6_02.pdf.

[33] Hammad MA, Al-Akhali KM, Alasmri AM, Al-Ahmari EM, Mossa EM,
Algahtani NM. Prospective study of evaluation of drug dosage adjustment in
patient with chronic renal failure at aseer hospital. The 10th annual scientific
research day for medical, applied and basic sciences. King Khalid University;
2014 May 5. p. 92. https://doi.org/10.13140/RG.2.1.1918.0567.

[34] Hammad MA, Syed Sulaiman SA, Aziz NA, Mohamed Noor DA. Evaluation of
statins impacts on cognitive function among diabetic patients. Diabetes &
Metabolic Syndrome: Clin Res Rev 2019;13(3):1797e803. https://doi.org/10.
1016/j.dsx.2019.04.006.

[35] Freeman DJ, Norrie J, Sattar N, Neely RD, Cobbe SM, Ford I, Isles C, Lorimer AR,
Macfarlane PW, McKillop JH, Packard CJ, Shepherd J, Gaw A. Pravastatin and
the development of diabetes mellitus: evidence for a protective treatment
effect in the West of Scotland Coronary Prevention Study. Circulation
2001;103:357e62. PMID: 11157685.

[36] Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto JrJr, Kastelein JJ, Koenig W,
Libby P, Lorenzatti AJ, MacFadyen JG, Nordestgaard BG, Shepherd J,
Willerson JT, Glynn RJ. Rosuvastatin to prevent vascular events in men and
women with elevated C-reactive protein. N Engl J Med 2008;359(21):
2195e207. https://doi.org/10.1056/nejmoa0807646.

[37] Coleman CI, Reinhart K, Kluger J, White CM. The effect of statins on the
development of new-onset type 2 diabetes: a meta-analysis of randomized
controlled trials. Curr Med Res Opin 2008 May;24(5):1359e62. https://
doi.org/10.1185/030079908X292029. Epub 2008 Apr 1.

[38] Coleman CI, Reinhart K, Kluger J, White CM. The effect of statins on the
development of new-onset type 2 diabetes: a meta-analysis of randomized
controlled trials. Curr Med Res Opin 2008;24(5):1359e62. https://doi.org/10.
1185/030079908X292029.

[39] Rajpathak S, Kumbhani D, Crandall J, Barzilai N, Alderman M, Ridker P. Statin
therapy and risk of developing type 2 diabetes: a meta-analysis. Diabetes Care
2009;32(10):1924e9. https://doi.org/10.2337/dc09-0738.

[40] Sattar N, Preiss D, Murray HM, Welsh P, Buckley BM, de Craen AJ. Statins and
risk of diabetes: a collaborative meta-analysis of randomised statin trials.
Lancet 2010;375(9716):735e42. https://doi.org/10.1016/S0140-6736(09)
61965-6.

[41] Waters DD, Ho JE, DeMicco DA, Breazna A, Arsenault BJ, Wun C-C. Predictors
of new-onset diabetes in patients treated with atorvastatin: results from 3
large randomized clinical trials. J Am Coll Cardiol 2011;57(14):1535e45.
https://doi.org/10.1016/j.jacc.2010.10.047.

[42] Zhou Y, Yuan Y, Cai RR, Huang Y, Xia WQ, Yang Y, et al. Statin therapy on
glycaemic control in type 2 diabetes: a meta-analysis. Expert Opin Phar-
macother 2013;14(12):1575e84. https://doi.org/10.1517/
14656566.2013.810210. PMID: 23826679.

[43] Erqou S, Lee CC, Adler AI. Statins and glycaemic control in individuals with
diabetes: a systematic review and meta-analysis. Diabetologia 2014
Dec;57(12):2444e52. https://doi.org/10.1007/s00125-014-3374-x. PMID:
25245638.

[44] Vallejo-Vaz AJ, Seshasai SRK, Kurogi K, Michishita I, Nozue T, Sugiyama S, et al.
Effect of pitavastatin on glucose, HbA1c and incident diabetes: a meta-
analysis of randomized controlled clinical trials in individuals without dia-
betes. Atherosclerosis 2015 Aug;241(2):409e18. https://doi.org/10.1016/
j.atherosclerosis.2015.06.001.

[45] Swerdlow DI, Preiss D, Kuchenbaecker KB, Holmes MV, Engmann JE, Shah T,
et al. HMG-coenzyme A reductase inhibition, type 2 diabetes, and body-
weight: evidence from genetic analysis and randomised trials. Lancet 2015
Jan;385(9965):351e61. https://doi.org/10.1016/S0140-6736(14)61183-1.

[46] Lotta LA, Sharp SJ, Burgess S, Perry J, Stewart ID, Willems SM, et al. Association
between low-density lipoprotein cholesterol-lowering genetic variants and
risk of type 2 diabetes: a meta-analysis. J Am Med Assoc 2016;316(13):
1383e91. https://doi.org/10.1001/jama.2016.14568.

[47] Cui JY, Zhou RR, Han S, Wang TS, Wang LQ, Xie XH. Statin therapy on glycemic
control in type 2 diabetic patients: a network meta-analysis. J Clin Pharm Ther
2018 Aug;43(4):556e70. https://doi.org/10.1111/jcpt.12690.

[48] Angelidi AM, Stambolliu E, Adamopoulou KI, Kousoulis AA. Is atorvastatin
associated with new onset diabetes or deterioration of glycemic control?
Systematic review using data from 1.9 million patients. Internet J Endocrinol
2018 Oct:1e17. Article ID 8380192, https://doi.org/10.1155/2018/8380192.

[49] Collins R, Armitage J, Parish S, Sleigh P, Peto R. MRC/BHF Heart Protection
Study of cholesterol-lowering with simvastatin in 5963 people with diabetes:
a randomized placebo-controlled trial. Lancet 2003;361. 2005e16. PMID:
12814710, https://doi.org/10.1016/S0140-6736(03)13636-7.

[50] Keech A, Colquhoun D, Best J, Kirby A, Simes RJ, Hunt D, Hague W, Beller E,
Arulchelvam M, Baker J, Tonkin A. Secondary prevention of cardiovascular
events with long-term pravastatin in patients with diabetes or impaired
fasting glucose: results from the LIPID trial. Diabetes Care 2003;26:2713e21.
https://doi.org/10.2337/diacare.26.10.2713.

[51] Sever PS, Dahlof B, Poulter NR, Wedel H, Beevers G, Caulfield M, et al. Pre-
vention of coronary and stroke events with atorvastatin in hypertensive pa-
tients who have average or lower-than average cholesterol concentrations, in
the Anglo-Scandinavian Cardiac Outcomes TrialeLipid Lowering Arm
(ASCOTLLA): a multicentre randomised controlled trial. Drugs
2004;64(Suppl. 2):43e60. https://doi.org/10.1016/S0140-6736(03)12948-0.

https://doi.org/10.1016/j.dsx.2019.01.001
https://doi.org/10.1016/j.dsx.2019.01.001
http://doi.org/10.1136/bmj.f2610
https://doi.org/10.1371/journal.pone.0076298
https://doi.org/10.1371/journal.pone.0076298
https://doi.org/10.1185/03007995.2013.874989. Epub 2014 Jan 10
https://doi.org/10.1185/03007995.2013.874989. Epub 2014 Jan 10
https://doi.org/10.1002/clc.4960171009
https://doi.org/10.5551/jat.E562
https://doi.org/10.1016/j.jacc.2004.04.050
https://doi.org/10.1016/j.jacc.2004.04.050
https://doi.org/10.1016/j.atherosclerosis.2005.05.009
https://doi.org/10.1253/circj.71.144
https://doi.org/10.1507/endocrj.K06-198
https://doi.org/10.1016/j.jval.2018.09.711
https://doi.org/10.1016/j.jval.2018.09.711
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref20
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref20
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref20
https://doi.org/10.4103/jrms.JRMS_100_18
https://doi.org/10.4103/jrms.JRMS_100_18
https://doi.org/10.4103/jpbs.JPBS_26_17
https://doi.org/10.4103/jpbs.JPBS_26_17
https://doi.org/10.9790/3008-1105033950
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref24
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref24
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref24
https://doi.org/10.1044/1980-iajpr.161043
http://ijopp.org/IJOPP_Vol_6_Issu_4_2.pdf
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref27
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref27
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref27
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref27
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref27
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref28
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref28
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref28
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref28
https://doi.org/10.11648/j.ijovs.20170204.15
https://doi.org/10.11648/j.ijovs.20170204.15
https://doi.org/10.5829/idosi.wasj.2017.2315.2320
https://www.arpapress.com/Volumes/JPCS/Vol8/JPCS_8_03.pdf
https://www.arpapress.com/Volumes/JPCS/Vol8/JPCS_8_03.pdf
http://www.arpapress.com/Volumes/JPCS/Vol6/JPCS_6_02.pdf
http://www.arpapress.com/Volumes/JPCS/Vol6/JPCS_6_02.pdf
https://doi.org/10.13140/RG.2.1.1918.0567
https://doi.org/10.1016/j.dsx.2019.04.006
https://doi.org/10.1016/j.dsx.2019.04.006
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref35
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref35
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref35
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref35
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref35
http://refhub.elsevier.com/S1871-4021(19)30399-6/sref35
https://doi.org/10.1056/nejmoa0807646
https://doi.org/10.1185/030079908X292029
https://doi.org/10.1185/030079908X292029
https://doi.org/10.1185/030079908X292029
https://doi.org/10.1185/030079908X292029
https://doi.org/10.2337/dc09-0738
https://doi.org/10.1016/S0140-6736(09)61965-6
https://doi.org/10.1016/S0140-6736(09)61965-6
https://doi.org/10.1016/j.jacc.2010.10.047
https://doi.org/10.1517/14656566.2013.810210. PMID: 23826679
https://doi.org/10.1517/14656566.2013.810210. PMID: 23826679
https://doi.org/10.1007/s00125-014-3374-x
https://doi.org/10.1016/j.atherosclerosis.2015.06.001
https://doi.org/10.1016/j.atherosclerosis.2015.06.001
https://doi.org/10.1016/S0140-6736(14)61183-1
https://doi.org/10.1001/jama.2016.14568
https://doi.org/10.1111/jcpt.12690
https://doi.org/10.1155/2018/8380192
https://doi.org/10.1016/S0140-6736(03)13636-7
https://doi.org/10.2337/diacare.26.10.2713
https://doi.org/10.1016/S0140-6736(03)12948-0


M.A. Hammad et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 2557e25642564
PMID: 12686036.
[52] Kjekshus J, Apetrei E, Barrios V, Bohm M, Cleland JG, Cornel JH, et al. Rosu-

vastatin in older patients with systolic heart failure. N Engl J Med 2007;357:
2248e61. https://doi.org/10.1056/NEJMoa0706201. PMID: 17984166.

[53] Swerdlow DI, Sattar N. A dysglycaemic effect of statins in diabetes: relevance
to clinical practice? Diabetologia 2014;57(12):2433e5. http://doi.org/10.
1007/s00125-014-3409-3.

[54] The Diabetes Atorvastatin Lipid Intervention (DALI) Study Group. The effect of
aggressive versus standard lipid lowering by atorvastatin on diabetic dysli-
pidemia: the DALI study: a double-blind, randomized, placebo-controlled trial
in patients with type 2 diabetes and diabetic dyslipidemia. Diabetes Care 2001
Aug;24:1335e41. https://doi.org/10.2337/diacare.24.8.1335. PMID:
11473066.

[55] Freed MI, Ratner R, Marcovina SM, Kreider MM, Biswas N, Cohen BR, et al.
Effects of rosiglitazone alone and in combination with atorvastatin on the
metabolic abnormalities in type 2 diabetes mellitus. Am J Cardiol 2002
Nov;90:947e52. https://doi.org/10.1016/S0002-9149(02)02659-0.

[56] Konduracka E, Galicka-Latala D, Cieslik G, Rostoff P, Fedak D, Sieradzki J, et al.
Effect of atorvastatin on endothelial function and inflammation in long
duration Type 1 diabetic patients without coronary heart disease and arterial
hypertension. Diabetes Obes Metab 2008;10:719e25. https://doi.org/10.1111/
j.1463-1326.2007.00798.x.

[57] Tajima N, Kurata H, Nakaya N, Mizuno K, Ohashi Y, Kushiro T, et al. Pravastatin
reduces the risk for cardiovascular disease in Japanese hypercholesterolemic
patients with impaired fasting glucose or diabetes: diabetes subanalysis of the
Management of Elevated Cholesterol in the Primary Prevention Group of
Adult Japanese (MEGA) study. Atherosclerosis 2008;199:455e62. https://
doi.org/10.1016/j.atherosclerosis.2008.05.027. PMID: 18635188.

[58] Neil HA, Ceglarek U, Thiery J, Paul S, Farmer A, Holman RR. Impact of ator-
vastatin and omega-3 ethyl esters 90 on plasma plant sterol concentrations
and cholesterol synthesis in type 2 diabetes: a randomised placebo controlled
factorial trial. Atherosclerosis 2010;213:512e7. https://doi.org/10.1016/
j.atherosclerosis.2010.09.013.

[59] Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, Neil HA,
Livingstone SJ, et al. Primary prevention of cardiovascular disease with ator-
vastatin in type 2 diabetes in the Collaborative Atorvastatin Diabetes Study
(CARDS): multicentre randomised placebo-controlled trial. Lancet 2004;364:
685e96. https://doi.org/10.1016/S0140-6736(04)16895-5. PMID: 15325833.

[60] Knopp RH, d0Emden M, Smilde JG, Pocock SJ. Efficacy and safety of atorvas-
tatin in the prevention of cardiovascular end points in subjects with type 2
diabetes: the atorvastatin study for prevention of coronary heart disease
endpoints in non-insulin-dependent diabetes mellitus (ASPEN). Diabetes Care
2006;29:1478e85. https://doi.org/10.2337/dc05-2415. PMID: 16801565.

[61] Kurogi K, Sugiyama S, Sakamoto K, Fukui K, Umezawa S, Onishi Y, et al.
Comparison of arterial remodeling and changes in plaque composition be-
tween patients with progression versus regression of coronary atherosclerosis
during statin therapy (from the TRUTH study). Am J Cardiol 2012 Aug;109(9):
1247e53. https://doi.org/10.1016/j.amjcard.2011.12.016.

[62] Kurogi K, Sugiyama S, Sakamoto K, Tayama S, Nakamura S, Biwa T, et al.
Comparison of pitavastatin with atorvastatin in increasing HDL-cholesterol
and adiponectin in patients with dyslipidemia and coronary artery disease:
the COMPACT-CAD study. J Cardiol 2013 Aug;62(2):87e94. https://doi.org/10.
1016/j.jjcc.2013.03.008.

[63] Yoshida H, Shoda T, Yanai H, Ikewaki K, Kurata H, Ito K, et al. Effects of pit-
avastatin and atorvastatin on lipoprotein oxidation biomarkers in patients
with dyslipidemia. Atherosclerosis 2013 Jan;226(1):161e4. https://doi.org/
10.1016/j.atherosclerosis.2012.10.069. Epub 2012 Nov 8.

[64] Frayling TM. Statins and type 2 diabetes: genetic studies on target. Lancet
2015 Jan 24;385(9965):310e2. https://doi.org/10.1016/S0140-6736(14)
61639-1. Epub 2014 Sep. 24.

[65] Collins R, Reith C, Emberson J, Armitage J, Baigent C, Blackwell L, et al.
Interpretation of the evidence for the efficacy and safety of statin therapy.
Lancet 2016 Nov 19;388(10059):2532e61. https://doi.org/10.1016/S0140-
6736(16)31357e5. Epub 2016 Sep. 8.

[66] Banach M, Rizzo M, Toth PP, Farnier M, Davidson MH, Al-Rasadi K, et al. Statin
intolerance - an attempt at a unified definition. Position paper from an In-
ternational Lipid Expert Panel. Arch Med Sci 2015 Mar 16;11(1):1e23. https://
doi.org/10.5114/aoms.2015.49807. Epub 2015 Mar 14.

[67] Ward Natalie C, Watts Gerald F, Eckel Robert H. Statin toxicity mechanistic
Insights and Clinical Implications. 2019. p. 328e50. 124, https://doi.org/10.
1161/CIRCRESAHA.118.312782.

[68] Betteridge D, Carmena R. The diabetogenic action of statins - mechanisms and
clinical implications. Nat Rev Endocrinol 2015;12(2):99e110. https://doi.org/
10.1038/nrendo.2015.194.

[69] Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al.
Management of hyperglycemia in type 2 diabetes, 2015: a patient-centered
approach: update to a position statement of the American Diabetes Associa-
tion and the European Association for the Study of Diabetes. Diabetes Care
2015 Jan;38(1):140e9. https://doi.org/10.2337/dc14-2441.

[70] Davis TM, Badshah I, Chubb SA, Davis WA. Dose-response relationship be-
tween statin therapy and glycaemia in community-based patients with type 2
diabetes: the Fremantle Diabetes Study. Diabetes Obes Metab 2016
Nov;18(11):1143e6. https://doi.org/10.1111/dom.12710. PMID: 27334248.

[71] Mach F, Ray KK, Wiklund O, Corsini A, Catapano AL, Bruckert E, et al. European
Atherosclerosis Society Consensus Panel. Adverse effects of statin therapy:
perception vs. the evidence - focus on glucose homeostasis, cognitive, renal
and hepatic function, haemorrhagic stroke and cataract. Eur Heart J 2018;39:
2526e39. https://doi.org/10.1093/eurheartj/ehy182.

[72] Hammad MA, Syed Sulaiman SA, Aziz NA, AL Akhali KM, Mohamed Noor DA.
Design and validation of knowledge, attitude, and practice (KAP) question-
naire of healthcare providers towards statins utilization in diabetic dyslipi-
demia. ISPOR Asia Pacific 2018. 8e11 September 2018, Tokyo, Japan. Value
Health 2018;21(Suppl.2):S101. https://doi.org/10.1016/j.jval.2018.07.762.

[73] Hammad MA, Syed Sulaiman SA, Aziz NA, Zaitoun M, Mohamed Noor DA. The
impact of glycemic control on cognition in people with type 2 diabetes. ISPOR
Asia Pacific 2018. 8e11 September 2018, Tokyo, Japan. Value Health
2018;21(Suppl.2):S5. https://doi.org/10.1016/j.jval.2018.07.037.

[74] Hammad MA, Syed Sulaiman SA, Aziz NA, Mohamed Noor DA. Study of statins
effects on cognitive impairment among outpatients with type 2 diabetes
mellitus. ISPOR Europe 2018, 10e14 November 2018, Barcelona, Spain. Value
Health 2018;21(3):S243. https://doi.org/10.1016/j.jval.2018.09.1451.

[75] Hammad MA, Syed Sulaiman SA, Aziz NA, Mashaly AM, Elsayed TM, Mohamed
Noor DA. The impact of postgraduate education on healthcare providers'
awareness of statins therapy in diabetic dyslipidemia management. ISPOR
Asia Pacific 2018. 8e11 September 2018, Tokyo, Japan. Value Health
2018;21(Suppl.2):S73e4. https://doi.org/10.1016/j.jval.2018.07.555.

[76] European Atherosclerosis Society (EAS) Consensus panel. EAS Consensus
panel answers the questions on statin safety. https://www.eas-society.org/
page/statin_safety. [Accessed 6 August 2018].

https://doi.org/10.1056/NEJMoa0706201
http://doi.org/10.1007/s00125-014-3409-3
http://doi.org/10.1007/s00125-014-3409-3
https://doi.org/10.2337/diacare.24.8.1335
https://doi.org/10.1016/S0002-9149(02)02659-0
https://doi.org/10.1111/j.1463-1326.2007.00798.x
https://doi.org/10.1111/j.1463-1326.2007.00798.x
https://doi.org/10.1016/j.atherosclerosis.2008.05.027
https://doi.org/10.1016/j.atherosclerosis.2008.05.027
https://doi.org/10.1016/j.atherosclerosis.2010.09.013
https://doi.org/10.1016/j.atherosclerosis.2010.09.013
https://doi.org/10.1016/S0140-6736(04)16895-5
https://doi.org/10.2337/dc05-2415
https://doi.org/10.1016/j.amjcard.2011.12.016
https://doi.org/10.1016/j.jjcc.2013.03.008
https://doi.org/10.1016/j.jjcc.2013.03.008
https://doi.org/10.1016/j.atherosclerosis.2012.10.069
https://doi.org/10.1016/j.atherosclerosis.2012.10.069
https://doi.org/10.1016/S0140-6736(14)61639-1
https://doi.org/10.1016/S0140-6736(14)61639-1
https://doi.org/10.1016/S0140-6736(16)31357&ndash;5
https://doi.org/10.1016/S0140-6736(16)31357&ndash;5
https://doi.org/10.1016/S0140-6736(16)31357&ndash;5
https://doi.org/10.5114/aoms.2015.49807
https://doi.org/10.5114/aoms.2015.49807
https://doi.org/10.1161/CIRCRESAHA.118.312782
https://doi.org/10.1161/CIRCRESAHA.118.312782
https://doi.org/10.1038/nrendo.2015.194
https://doi.org/10.1038/nrendo.2015.194
https://doi.org/10.2337/dc14-2441
https://doi.org/10.1111/dom.12710
https://doi.org/10.1093/eurheartj/ehy182
https://doi.org/10.1016/j.jval.2018.07.762
https://doi.org/10.1016/j.jval.2018.07.037
https://doi.org/10.1016/j.jval.2018.09.1451
https://doi.org/10.1016/j.jval.2018.07.555
https://www.eas-society.org/page/statin_safety
https://www.eas-society.org/page/statin_safety

	The statins effects on HbA1c control among diabetic patients: An umbrella review of systematic reviews and meta-analyses of ...
	1. Introduction
	2. Materials and methods
	2.1. Literature search
	2.2. Data collection and synthesis

	3. - Results
	4. Discussions
	5. Conclusions
	IRB approval
	Research project number
	Commercial sponsorship
	Funding support
	Conflicts of interest
	Authors' Contributions
	Acknowledgment
	References


