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Statin in Diabetes – Good or Bad
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,QWURGXFWLRQ
Ever since the introduction of statins, the 3-hydroxy-
methylglutaryl coenzyme A (HMG-CoA) reductase 
LQKLELWRUV�LQ�������WKHLU�DVFHQW�WR�JORU\�KDV�EHHQ�UHPDUNDEOH��
Not only did they successfully decrease lipids, they were 
also found to be associated with many pleiotropic effects 
like decreasing LDL-C oxidation, enhancing the stability of 
atherosclerotic plaques, inhibiting vascular smooth muscle 
proliferation and platelet aggregation, reducing vascular 
LQÀDPPDWLRQ�� DQG� PDQ\� EHQH¿FLDO� HIIHFWV� RQ� HQGRWKHOLDO�
IXQFWLRQ� DQG� EORRG� ÀRZ�1 Over the last two decades, 
PXOWLSOH� FOLQLFDO� WULDOV� KDYH� GHPRQVWUDWHG� WKH� EHQH¿FLDO�
effects of statins in the reduction of cardiovascular event 
rates. Statin therapy has been associated with 25–45% 
reduction in cardiovascular events.2 Primary prevention 
trials like ASPEN,3 CARDS,4 ASCOT LLA,5 etc. have 
VKRZQ� UHODWLYH� ULVN� UHGXFWLRQ� RI� �±���� LQ� WKH� ���\HDU�
risk for major CVD events in patients with diabetes while 
secondary prevention trials like CARE DM,6 TNT DM,7 4S 
DM��have shown relative risk reduction of 13–50%. Such 
strong, clinically meaningful evidence in their favor have 
resulted in statins being the most widely prescribed drugs 
in the world. Recently, however, these molecules which 
have even been heralded as miracle drugs have come under 
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question because of the unrevealing of an association of new 
onset diabetes (NOD) with statin use.

6WDWLQ�DQG�1HZ�2QVHW�'LDEHWHV
The interest in the association between statins and NOD 
ZDV� ¿UVW� REVHUYHG� E\� WKH� :HVW� RI� 6FRWODQG� &RURQDU\�
Prevention Study (WOSCOP) 2001, which demonstrated 
a 30% risk reduction for incident diabetes with the use of 
40 mg of pravastatin.9 Subsequent trials of simvastatin,10,11 
pravastatin,12–15 and atorvastatin,16 however, failed to 
reciprocate similar results. Interest in this association was 
UHLJQLWHG� LQ� ����� ZKHQ� D� FRPSOHWHO\� FRQWUDVWLQJ� SLFWXUH�
ZDV� SUHVHQWHG� E\� WKH� -XVWL¿FDWLRQ� IRU� WKH� 8VH� RI� 6WDWLQV�
LQ� 3ULPDU\� 3UHYHQWLRQ�� DQ� LQWHUYHQWLRQ� 7ULDO� (YDOXDWLQJ�
Rosuvastatin (JUPITER) trial, which reported increased 
incident of diabetes among patients taking rosuvastatin. In 
individuals with one or more risk factors, statin allocation 
ZDV� DVVRFLDWHG� ZLWK� D� ���� LQFUHDVH� LQ� GLDEHWHV�17 In the 
aftermath of the JUPITER report, a number of placebo-
controlled and standard care-controlled trials of statin 
WKHUDS\�KDYH�SURYLGHG�FRQÀLFWLQJ�UHSRUWV�UHJDUGLQJ�VWDWLQ�XVH�
and NOD. Sattar et al. in a meta-analysis from 13 individual 
studies9–21 (involving a total of 91,140 patients) concluded 
that statin therapy was associated with a 9% increased 

$EVWUDFW��2YHU�WKH�ODVW�WKUHH�GHFDGHV��VWDWLQV�KDYH�SOD\HG�D�PDMRU�UROH�LQ�SULPDU\�DQG�VHFRQGDU\�SUHYHQWLRQ�
RI�FDUGLRYDVFXODU�PRUELGLW\�DQG�PRUWDOLW\��5HFHQWO\�WKHUH�KDYH�EHHQ�FRQFHUQV�DERXW�D�SRVVLEOH�DVVRFLDWLRQ�
EHWZHHQ�VWDWLQ�XVH�DQG�QHZ�RQVHW�GLDEHWHV��+RZHYHU�WKH�FDUGLRYDVFXODU�EHQH¿WV�RI�VWDWLQV�KDYH�EHHQ�IRXQG�
WR� RXWZHLJK�DQ\� SRWHQWLDO� GHWULPHQWDO� HIIHFWV� RQ� JOXFRVH�PHWDEROLVP�DQG�GLDEHWHV� ULVN� DQG� WKXV� VKRXOG�
QRW�EH�GHQLHG�WR�PRGHUDWH��DQG�KLJK�ULVN�SDWLHQWV��7KH�GLIIHUHQW�OLSLGV�JXLGHOLQHV�IRU�SDWLHQWV�ZLWK�W\SH���
GLDEHWHV�PHOOLWXV�DUH�QRW�LQ�FRQVHQVXV�DQG�WKXV�FOLQLFLDQV�QHHG�WR�H[HUW�FOLQLFDO�GLVFUHWLRQ�ZKHQ�GHFLGLQJ�
RQ�ZKLFK�JXLGHOLQH�WR�IROORZ�
.H\ZRUGV��JXLGHOLQHV��QHZ�RQVHW�GLDEHWHV��VWDWLQ�
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risk for NOD (OR 1.09).22 In another meta-analysis by 
Rajpathak and colleagues, including 57,593 patients from 
six trials (WOSCOPS,9 ASCOT-LLA,5 JUPITER,17 HPS,11 
the Long-term Intervention With Pravastatin in Ischaemic 
Disease [LIPID] study,19 and the Controlled Rosuvastatin 
Multinational Study in Heart Failure [CORONA]23), a small 
increase in risk for type 2 diabetes was shown (relative risk 
����������FRQ¿GHQFH�LQWHUYDO�����±������24

Whether this effect of statins is a class effect or do 
other factors have implications in this association between 
statins and diabetes is another area of interest. Yamakawa 
et al. in a retrospective analysis, while examining the effect 
RI� DWRUYDVWDWLQ� ��� PJ�GD\�� SUDYDVWDWLQ� ��� PJ�GD\�� DQG�
SLWDYDVWDWLQ���PJ�GD\�RQ�JO\FHPLF�FRQWURO�RYHU���PRQWKV��
found that while random blood glucose and hemoglobin A1c 
levels were increased in the atorvastatin group it was not 
affected in the other two.25 

Another meta-analysis by Navarese showed the 
differential effect of different statins and their doses in the 
development of NOD.26 Corrao et al. found that compared 
to patients with very low adherence (PDC <25%) to statin 
therapy, those with high (75%) adherence had a 32% 
increase risk of NOD.27 Chen et al. found that the risk of 
statin-related NOD was cumulative-dose dependent and 
more evident for women aged 40–64 years compared to 
women aged 65 or more.�� Preiss and colleagues in a meta-
DQDO\VLV�RI��������SDWLHQWV� LQ�¿YH� WULDOV� IRXQG� WKDW�KLJKHU�
potency statins were associated with a 12% increased risk 
of diabetes relative to lower potency statins (odds ratio 1.12, 
1.04–1.22).29 In contrast, a review by Yousef et al. of the 
())(&7�VWXG\�GLG�QRW�¿QG�D�KLJKHU�GLDEHWHV�PHOOLWXV�ULVN�
with more intensive statin therapy based on the magnitude 
of LDL-C reduction.30 One hypothesis states that lipophilic 
statins can passively penetrate extrahepatic tissues leading 
to myopathy and consequent insulin resistance, and it also 
decreases insulin secretion due to increased HMG-CoA 
inhibition or cytotoxicity.31 However, the strong association 
between rosuvastatin, which is hydrophilic, and NOD goes 
against this hypothesis. 

In the wake of these trials and the analyses reports, the US 
Food and Drug Administration (FDA) updated the labeling 
of statin medications in February 2012 incorporating a 
warning against a possible increased diabetes risk.

0HFKDQLVP�RI�1HZ�2QVHW�'LDEHWHV�ZLWK�
6WDWLQ�8VH�
Several mechanisms have been proposed to explain the 
association between statin and NOD – direct, indirect or 
FRPELQHG�HIIHFWV�RQ�FDOFLXP�FKDQQHOV�LQ�SDQFUHDWLF�ȕ�FHOOV��
reduced translocation of glucose transporter 4, decreases 
in downstream products such as coenzyme Q10, farnesyl 
pyrophosphate, geranylgeranyl pyrophosphate, and dolichol 
leading to reduced intracellular signaling, interference 

with intracellular insulin signal transduction pathways 
via inhibition of necessary phosphorylation events and 
reduction of small GTPase action, inhibition of adipocyte 
differentiation leading to decreased peroxisome proliferator 
DFWLYDWHG� UHFHSWRU� JDPPD� DQG� &&$$7�HQKDQFHU�ELQGLQJ�
SURWHLQ�� GHFUHDVHG� OHSWLQ� FDXVLQJ� LQKLELWLRQ� RI� ȕ�FHOOV�
proliferation and insulin secretion and diminished 
adiponectin levels.32 However present evidence is not 
HQRXJK� WR�GH¿QLWLYHO\�HVWDEOLVK� WKH� VWUHQJWK�RI� WKH�FDXVH±
effect relationship of any of these proposed mechanisms. 
Elucidation of the mechanism may help identify preventative 
or therapeutic approaches to this problem.

%HQH¿W�9HUVXV�5LVN
7KHVH�¿QGLQJV�FUHDWH�D�SDUDGR[�ZKHUHE\�WKH�UHTXLUHG�VWDWLQ�
therapy while representing the strongest cardiovascular 
risk reduction tool in diabetics, may be withheld to avoid 
excess risk of diabetes. Several reviews have tried to 
analyze whether this necessitates reduction in the use of 
statins, which have become an almost integral part of the 
diabetes treatment armamentarium. It must be understood 
that most of these meta-analyses, which showed the positive 
association of statins with diabetes, incorporated trials that 
were not designed to assess NOD, included studies with no 
FPG data after baseline (HPS, CORONA), and included 
patients who had underlying risk factors for diabetes like 
PHWDEROLF� V\QGURPH�� PHDQ� HOHYDWHG� %0,�� KLVWRU\� RI�
CVD and hypertension (ASCOT-LLA, JUPITER, LIPID, 
PROSPER, 4S, ALLHAT-LLT). Waters et al. found that 
those who had none or one of the risk factors for diabetes 
(impaired fasting glucose, obesity, elevated triglycerides, 
and hypertension) had no difference in the rate of NOD 
with either moderate or intensive statin therapy, but the 
risk was pronounced in those who had three or four risk 
factors.33 In the JUPITER analyses in patients who did not 
have CVD at baseline, for every 54 new cases of diabetes 
in follow-up, 134 cardiovascular events or deaths were 
prevented. Those who had one or more risk factors for 
diabetes at baseline (MS, IFG, obesity, or HbA1c� !� ����
KDG�D�����UHGXFWLRQ�LQ�WKH�SULPDU\�HQG�SRLQW�ZLWK�D�����
increase in new diabetes, while those who had none of these 
risk factors had a 52% lower rate of cardiovascular events 
but no increase in diabetes. In the Sattar et al. analyses, 
in every 255 patients treated with statins over 4 years, for 
HDFK� ��� PJ�G/� UHGXFWLRQ� LQ� /'/�� WKHUH� ZHUH� ���� IHZHU�
deaths from CHD and cases of nonfatal MI with the risk of 
developing one additional case of diabetes. Also, among the 
13 trials which reviewed the incidence of diabetes varied 
substantially, with only JUPITER and PROSPER showing 
VWDWLVWLFDOO\� VLJQL¿FDQW� LQFUHDVH� LQ� UDWHV� ����� DQG� �����
UHVSHFWLYHO\�� ZKLOH� �� KDG� QRQVLJQL¿FDQW� WUHQGV� WRZDUG�
ORZHU� LQFLGHQFH� DQG� WKH� UHPDLQLQJ� �� KDG� QRQVLJQL¿FDQW�
trends toward higher incidence. The Preiss et al. analyses 
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showed that for every 1000 patient-years, there were 6.5 
IHZHU�¿UVW�PDMRU�FDUGLRYDVFXODU�HYHQWV�DQG���PRUH�FDVHV�RI�
diabetes in the intensive dose statin users. An analysis of 
345,000 patients in the Veteran Affairs Healthcare System 
indicates that, after adjustment for age and use of aspirin, 
ȕ�EORFNHUV�� DQG� DQJLRWHQVLQ�FRQYHUWLQJ� HQ]\PH� LQKLELWRUV��
the statin-attributable change in fasting plasma glucose was 
��PJ�G/����PJ�G/�LQFUHDVH��YV����PJ�G/�LQ�QRQVWDWLQ�XVHUV��
P�����������IRU�QRQGLDEHWLF�XVHUV�DQG���PJ�G/�����PJ�G/�
LQFUHDVH��YV�����PJ�G/�LQ�QRQVWDWLQ�XVHUV��P < 0.0001) for 
diabetic users.34 In a recent analysis, Wang et al. found that 
over more than 7 years of follow-up of statin therapy, the 
ULVN�RI�'0�ZDV� LQFUHDVHG�E\�����ZLWK�D� VLJQL¿FDQW�����
UHGXFWLRQ�LQ�WKH�ULVN�RI�P\RFDUGLDO�LQIDUFWLRQ��D�VLJQL¿FDQW�
9% reduction in the risk of major adverse cardiac events, and 
a 39% lower risk of in-hospital mortality.35 That the glucose 
changes seen on statin therapy may not extrapolate to an 
equivalent increase in adverse cardiovascular events as seen 
in other diabetic patients was shown by Waters et al. While 
evaluating three trials of high-dose atorvastatin therapy, they 
found that major cardiovascular events occurred in 11.3% of 
WKRVH�ZLWK�12'��������RI�WKRVH�ZLWKRXW�12'��DQG�������
of those who had diabetes at baseline.33 These analyses, 
while acknowledging an increased diabetes risk with statin 
use, agree in principle that the concern surrounding the 
diabetogenic effects of statins appears small in comparison 
ZLWK�WKH�IDYRUDEOH�EHQH¿W�WR�ULVN�UDWLR�DVVRFLDWHG�ZLWK�WKHLU�
use in diabetics and nondiabetic patients with moderate to 
high cardiovascular risk. It is only the lower risk individuals 
ZKR�SHUKDSV�PD\� UHSUHVHQW� D�JURXS� LQ�ZKLFK� WKH�EHQH¿WV�
of therapy do not outweigh the potential risk of incident 
diabetes. The Japan Prevention Trial of Diabetes by 
Pitavastatin in Patients with Impaired Glucose Tolerance 
(J-PREDICT) to evaluate the effect of a statin on the onset 
of diabetes as the primary end point, which is expected to 
be completed in 2015, will hopefully throw some more light 
into this issue and increase our understanding of the statin–
diabetes association.36 

8VH�RI�6WDWLQ�LQ�7\SH���'LDEHWHV�0HOOLWXV
,Q� YLHZ� RI� WKH� EHQH¿WV� DVVRFLDWHG�ZLWK� VWDWLQ� WKHUDS\�� WKH�
ADA has advocated statin therapy to all diabetics with overt 
FDUGLRYDVFXODU�GLVHDVH�NHHSLQJ�D�/'/�&�WDUJHW�DV�����PJ�
dL. In those without overt cardiovascular risk, statin therapy 
is recommended if the age is more than 40 with any one 
of the CVD risk factors (family history of CVD, smoking, 
hypertension, dyslipidemia, or albuminuria) keeping an 
/'/�WDUJHW�RI������PJ�G/�37 

The American College of Cardiology and American 
Heart Association have released new guidelines in 2013 
for treating high blood cholesterol to reduce the risk of 
atherosclerotic cardiovascular disease (ASCVD) in adults.�� 
They have endorsed the introduction of a risk calculator 

based on which 10-year CVD risk as well as the lifetime 
risk of an individual can be calculated. As per these 
guidelines for those with diabetes between 40 to 75 years 
of age, moderate-intensity statin therapy is recommended 
for all and high-intensity statin therapy is recommended for 
WKRVH�ZLWK�D�������HVWLPDWHG����\HDU�$6&9'�ULVN�XQOHVV�
contraindicated. In adults with DM, who are <40 years or 
!���\HDUV�RI�DJH��LW�LV�UHFRPPHQGHG�WR�HYDOXDWH�WKH�SRWHQWLDO�
IRU�$6&9'�EHQH¿WV�DQG�IRU�DGYHUVH�HIIHFWV��IRU�GUXJ±GUXJ�
interactions, and to consider patient preferences when 
deciding to initiate, continue, or intensify statin therapy.

What has changed from the previous NCEP ATP III 
guidelines is that treatment goals for LDL-C and non-
high-density lipoprotein cholesterol (non-HDL-C) are no 
longer recommended, high-intensity and moderate-intensity 
statin treatment is emphasized, while low-intensity statin 
therapy is nearly eliminated and nonstatin therapies have 
been markedly de-emphasized with no guidelines for the 
treatment of high triglycerides. The guidelines choose to 
ignore the residual risk in patients on both moderate- and 
high-intensity statin therapy and remain noncommittal 
about patients with recurrent cardiovascular events already 
on maximal tolerated statin doses.

The guidelines which came after a considerable 
number of years after ATPNCEP III has generated a lot 
of controversies. AACE has declined to endorse the new 
guidelines criticizing the database considered which 
according to them omits much new information. AACE 
along with many other apex bodies also disagrees with 
removal of the LDL targets and the concept that statin 
WKHUDS\� DORQH� LV� VXI¿FLHQW� IRU� DOO� DW�ULVN� SDWLHQWV�� 7KH�
most criticized aspect of the guidelines remains the overt 
importance attached to the risk calculator. When analyzed 
in recent cohorts (Women’s Health Study, Health Study, and 
Women’s Health Initiative) the new calculator overestimates 
the 10-year risk of ASCVD by 75–150%. This raises concern 
of overt treatment of many patients at low risk. In contrast 
the risk calculator relies heavily on age and sex and does 
not include other factors such as triglyceride level, family 
KLVWRU\��%0,��&�UHDFWLYH�SURWHLQ��RU�OLSRSURWHLQ�D��DQG�WKXV�
FRXOG�GHQ\�WKH�EHQH¿WV�RI�VWDWLQ�WUHDWPHQW�WR�PDQ\�SDWLHQWV�
DW�VXEVWDQWLDO�ULVN��7KH�QHZ�$+$�$&&�JXLGHOLQHV�ZLWK�LWV�
elimination of targets, drawbacks of the risk calculator, and 
institution of aggressive therapy independent of LDL levels 
are a marked deviation from the previous lipid guidelines 
and contemporary diabetes guidelines and remain to be 
YDOLGDWHG��,Q�YLHZ�RI�WKHVH�VKRUWFRPLQJV�RI�WKH�$+$�$&&�
guidelines, it has been suggested to exert caution in strict 
adherence to the new guidelines and instead to consider a 
hybrid of the old guidelines (using the ATP III LDL-C goals) 
and the new ones (emphasizing global risk assessment and 
high-intensity statin treatment).39

Recently the draft guidelines for The National Institute 
for Health and Care Excellence (NICE) have been published. 
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NICE has recommended estimating the level of risk using 
the QRISK2 assessment, starting high-intensity statins for 
the primary prevention of CVD in patients with a 10-year 
risk of 10% or more with atorvastatin 20 mg, secondary 
SUHYHQWLRQ�ZLWK�DWRUYDVWDWLQ����PJ��DQG�D�WUHDW�WR�WDUJHW�RI�
40% reduction in non-HDL-C.

&RQFOXVLRQ�
�:KHQ�DVVHVVHG�DW�WKH�EDFNGURS�RI�WKH�LPPHQVH�EHQH¿W�RI�
statins in terms of reduction in cardiovascular mortality and 
PRUELGLW\��WKH�UHODWLYHO\�VPDOO�EXW�VLJQL¿FDQW�ULVN�RI�12'�
does not appear enough to withhold therapy in deserving 
patients. Rather these patients may be monitored more 
vigorously for early detection of new onset hyperglycemia. 
Different guidelines differ in their recommendations for the 
use of statins in diabetes and it needs to be re-emphasized 
that guidelines are meant to be an expression of expert 
recommendations and not to dictate practice, wherein lies 
the importance of individual discretion in exerting clinical 
judgment, weighing of potential pros and cons, considering 
drug–drug interactions and patient preferences before 
deciding on which recommendation to follow.
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