
ORIGINAL ARTICLES

480 

20 2018

Background: The salutary effects of statin therapy in patients 
with cardiovascular disease (CVD) are well established. 
Although generally considered safe, statin therapy has been 
reported to contribute to induction of diabetes mellitus (DM).
Objectives: To assess the risk-benefit of statin therapy, 
prescribed for the prevention of CVD, in the development of DM.
Methods: In a population-based real-life study, the incidence 
of DM and CVD were assessed retrospectively among 265,414 
subjects aged 40–70 years, 17.9% of whom were treated with 
statins. Outcomes were evaluated according to retrospectively 
determined baseline 10 year cardiovascular (CV) mortality 
risks as defined by the European Systematic COronary Risk 
Evaluation, statin dose-intensity regimen, and level of drug 
adherence.
Results: From 2010 to 2014, 5157 (1.9%) new cases of CVD 
and 11,637 (4.4%) of DM were observed. Low-intensity 
statin therapy with over 50% adherence was associated with 
increased DM incidence in patients at low or intermediate 
baseline CV risk, but not in patients at high CV risk. In patients 
at low CV risk, no CV protective benefit was obtained. The 
number needed to harm (NNH; incident DM) for low-intensity 
dose regimens with above 50% adherence was 40. In patients 
at intermediate and high CV risk, the number needed to treat 
was 125 and 29; NNH was 50 and 200, respectively.
Conclusions: Prescribing low-dose statins for primary 
prevention of CVD is beneficial in patients at high risk and 
may be detrimental in patients at low CV risk. In patients with 
intermediate CV risk, our data support current recommendations 
of individualizing treatment decisions.
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ABSTRACT:

KEY WORDS:

Statin therapy is generally considered safe, with a low rate of 
reversible side effects. Recently, statin therapy has been found 
to be associated with an excess risk of incident diabetes mellitus 
(DM) [4,5]. This hyperglycemic effect might induce diabetic 
complications and offset its cardiovascular protective effect. 
While for secondary prevention the consensus is that the ben-
efits of statins outweigh its risks [6,7], the risk-benefit balance 
of statins in primary prevention is less clear. 

The objective of the present study was to examine the risk of 
developing DM versus the benefit of preventing CVD among 
healthy individuals treated with statins for primary prevention 
compared to non-treated subjects in a large Israeli cohort. 

PATIENTS AND METHODS

This retrospective cohort study was conducted by the Maccabi 
Healthcare Services (MHS), a health maintenance organization 
in Israel that serves 2.1 million members. All data were obtained 
from MHS automated databases and were used to gather infor-
mation on all prescriptions dispensed in the community as 
well as and biochemistry results. The study was approved by 
the MHS institutional review board. The cohort included MHS 
members aged 40 to 70 years old in 2010 who were enrolled 
in MHS in 2008 with no record of DM or CVD, who did not 
have a statin prescription for at least 2 years before the index 
date (the date of the first statin purchase), and who from 1 
January 2010 to 31 December 2014 had at least one prescrip-
tion filled. From the total number who met the criteria, we 
identified 265,414 eligible individuals. Incident cases of DM or 
CVD were determined using DM and CVD registries that are 
routinely updated using the search engines of the MHS central 
electronic medical record files. These files include personal 
data, hospitalization records, history of medical procedures, 
laboratory test findings, medications prescribed, imaging 
results, and personal physician diagnoses. The CVD registry is 
comprised of patients diagnosed with CVD including ischemic 
heart disease, congestive heart failure, and peripheral vascular 
disease. The maximum follow-up was 5 years. The European 
Systematic COronary Risk Evaluation (SCORE) formula was 
used to stratify the cohort into three 10 year risk levels: low risk 

T
he role of statins in reducing serum low-density lipopro-
tein-cholesterol (LDL-C) levels and risk ratio for cardio-

vascular disease (CVD) as well as primary prevention is well 
established [1-3].
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(≤ 1%), intermediate risk (> 1 to < 5%), and high risk (≥ 5%). 
The SCORE is used for primary prevention purposes and uses 
10 year cardiovascular mortality risk levels. We calibrated 
the formula to fit the MHS population (unpublished data) 
and validated its 10 year accuracy prior to the current study 
(receiver operating characteristic [ROC] 0.76, asymptotic 95% 
confidence interval [95%CI] 0.75–0.77) The chi-square test for 
calibration failed to refute the null hypothesis of fit. In accor-
dance with the American College of Cardiology/American 
Heart Association (ACC/AHA) 2013 guideline classification of 
statin therapy [8], initial statin therapy was divided into three 
relative efficacy levels: low intensity regimen (< 30% expected 
LDL-C reduction), moderate intensity regimen (31–50% 
expected LDL-C reduction), and high intensity regimen (> 51% 
expected LDL-C reduction). In accordance with previous studies 
[9], adherence was calculated using the mean proportion of days 
covered (PDC) by dividing the quantity of statins dispensed by 
the total interval from index date to outcome diagnosis, death of 
the patient, or the end of the study period (31 December 2014), 
whichever occurred first. We referred to two levels of PDC: less 
than 50% (low) and 50% or more (high) adherence, respectively. 
The chi-square test for categorical variables and one-way analy-
sis of variance test for continuous variables were performed to 
determine significant differences in baseline characteristics 
and cardiovascular risk levels and between levels of intensity of 
statin therapy and outcomes. Cox proportional hazard regression 
with years of follow-up as the time scale was used to estimate 
hazard ratios (HR) and 95%CI and to identify variables sig-
nificantly associated with increased risk of outcome. Analyses 
were conducted separately for DM and CVD outcomes. The full 
multivariate model included the following baseline values: age 
(in 1 year increments), gender, total cholesterol, cardiovascular 
SCORE risk, PDC, and intensity level of the initial statin therapy. 
Analyses were stratified by baseline body mass index (BMI) lev-
els. We used adjusted Kaplan–Meier curves to compare the time 
to new onset of DM and CVD in each cardiovascular risk group. 
We calculated the number needed to treat (NNT) or number 
needed to harm (NNH) using absolute risk estimates at 5 years 
of follow-up [10]. Statistical analyses were performed using IBM 
Statistical Package for the Social Sciences statistics software, ver-
sion 22 (SPSS, IBM Corp, Armonk, NY, USA).

RESULTS

The study was comprised of 265,414 subjects, 43% male, mean 
age 50.8 years. Average BMI was 27.4 kg/m2 and total choles-
terol 5.19 mmol/L. A total of 19% had hypertension; 63% of the 
total number of participants were at low risk for cardiovascular 
mortality (≤ 1% in 10 years), 33.6% at moderate risk, and 3.4% 
at high risk (≥ 5%) [Table 1].

Some 47,611 (17.9%) patients purchased statins during the 
study period, of which 43,229 (90.8%) were of low intensity 

regimen. Simvastatin was the most frequently prescribed statin, 
purchased by 32,389 (68%) patients. Although a formal evalua-
tion of the overall cardiovascular risk was not performed prior 
to the decision to prescribe chronic statin therapy, the actual 
percentage of subjects treated with statins increased as the 
calculated risk SCORE increased: 3.3%, 7%, and 11.1% for < 
1% risk, 1–5% risk and ≥ 5% risk, respectively, in the low statin 
with low adherence group; and 8.2%, 17.2%, and 25.2% for < 
1% risk, 1–5% risk, and ≥ 5% risk, respectively, in the low statin 
with high adherence group. 

The distribution of demographics and risk factors according 
to statin treatment is shown in Table 1A. Subjects who received 
statins were older, were more frequently male, had a higher 
BMI, and presented more frequently with hypertension and 
hypercholesterolemia, compared to subjects who received no 
statins. The level of adherence did not correlate with demo-
graphics and risk factors.

Over the 5 year evaluation period, 11,637 subjects (4.4 %) 
were diagnosed with DM and 5157 (1.9%) with CVD. The rela-
tive risk (RR) for DM and CVD was 3.8 and 9, respectively, 

Table 1. Distribution of demographics and risk factors [A] According to cardiovascular 
SCORE risk [B] According to statin treatment

BMI = body mass index, CV = cardiovascular, LDL = low-density lipoprotein, SCORE = European 
Systematic COronary Risk Evaluation

LDL 

(mmol/L)

mean ± SD

Total 

cholesterol 

(mmol/L)

mean ± SD 

Hypertension, 

N (%) 

BMI, 

mean  

± SD  

Age, 

mean  

± SD  

Male 

genderN (%) Statin use

3.08 ± 0.685.05 ± 0.836,802 (16.9)27.2 ± 5.250.2 ± 7.441.4%217,803 
(83.4)

No statin

3.77 ± 0.705.84 ± 0.857078 (27.2)28.3 ± 5.053.0 ± 7.445.2%25,986 
(10.0)

Low statin, 
adherence 
< 50%

3.69 ± 0.665.76 ± 0.785551 (32.2)28.0 ± 4.854.3 ± 7.547.4%17,233 
(6.6)

Low statin, 
adherence 
> 50%

3.19 ± 0.725.17 ± 0.8649,431 (18.9)27.4 ± 5.250.8 ± 7.642.2%261,022 
(100)

All

< 0.001< 0.001< 0.001< 0.001< 0.001< 0.001P value

A

B

LDL 

(mmol/L), 

mean  

± SD 

Total 

cholesterol 

(mmol/L), 

mean ± SD 

Hypertension

N (%) 

BMI, 

mean  

± SD 

Age,  

mean  

± SD 

Male 

gender N (%) 

SCORE 10 

year CV 

mortality 

Risk

3.09 ± 0.715.05 ± 0.8417,416 (10.4)26.8 ± 5.146.4 ± 4.434.4%167,207 
(63.0)

≤ 1%

3.35 ± 0.715.38 ± 0.8528,333 (31.8)27.8 ± 4.857.7 ± 5.455.2%89,067 
(33.6)

1–5%

3.52 ± 0.775.59 ± 0.935042 (55.2)28.1 ± 4.764.6 ± 4.065.9%9140  
(3.4)

≥ 5%

3.2 ± 0.735.19 ± 0.8750,791 (19.1)27.2 ± 5.050.8 ± 7.642.5%265,414 
(100)

All

< 0.001< 0.001< 0.001< 0.001< 0.001< 0.001P value
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diovascular SCORE risk levels and by statin intensity regimen 
are shown in Figure 1A. In the low SCORE risk category, the 
incidence of DM in subjects with low statin and high adher-
ence was twice that of subjects not receiving statins, (5.2% vs. 
2.7%; RR 1.9, P < 0.001). This risk ratio was smaller for subjects 
at moderate cardiovascular SCORE risk, (8.2% vs. 6.2%; RR 
1.3, P < 0.001), and virtually disappeared in subjects with high 
cardiovascular SCORE risk. 

The percentage of subjects who were treated with moderate 
dose statin and high adherence who developed DM during the 
study was 4.8%, 8.1%, and 11.2% in the low, moderate, and high 
SCORE risk categories, respectively. 

The association of statin therapy with the incidence of CVD 
is shown in Figure 1B. Statin therapy was associated with a 
reduced incidence of CVD in patients at moderate and high 
cardiovascular SCORE risk. This association was more pro-
nounced in patients with high adherence. Increased statin dose 
in subjects with high adherence was associated with further 
decreasing CVD risk. Assuming causality, the NNT with low 
intensity regimens and high adherence for 5 years to prevent 
one case of CVD and the NNH to cause one case of DM, were 
calculated. For high and intermediate CVD risk subjects the 
NNT was 29 and 125, respectively, while for low CVD risk there 
was no cardiovascular benefit. For high, intermediate, and low 
CVD risk subjects the NNH was 200, 50, and 40, respectively. 
In subjects with low adherence the association of statin therapy 
was negligible with both CVD and DM.

The cardiovascular risk SCORE does not take BMI into 
account. Thus, we examined the relationship between obesity 
and the risk of developing DM [Table 2]. The lowest incidence 
of DM was observed among subjects who did not receive statins 
and had a normal BMI (≥ 18 kg/m2 and < 26 kg/m2) at the 
beginning of the study: 2.69 cases per 1000 person-years (those 
who had normal BMI both at the beginning and the end of the 
study had an even lower rate of 2.2 cases per 1000 person-years, 
these data are not shown in Table 2). The highest incidence was 
observed in those who were treated with low statins and had 
high adherence and were morbidly obese (BMI 35–60 kg/m2): 
43.92 cases per 1000 person-years. Statin therapy was associ-
ated with increased risk of DM at all BMI values. However, 
comparison of the incidence of DM in subjects not treated with 
statins to that of subjects treated with low intensity regimens and 
high adherence, shows that the excess risk of DM was highest in 
subjects with normal BMI throughout the 5 year study period 
(6.74 kg/m2 vs. 2.69 kg/m2 per 1000, RR 2.5) and lowest in obese 
individuals (43.92 kg/m2 vs. 32.35 kg/m2 per 1000, RR 1.4).

We used adjusted Kaplan–Meier curves to compare time to 
new-onset DM and CVD in low statin treatment group [Figure 2A, 
Figure 2B) and Cox regression analyses of variables effect size 
and significance on outcomes incidence.

The Cox multi-regression analyses (on parameters listed in 
Table 1A) show that statin treatment was significantly associ-

Table 2. Incidence of diabetes mellitus in subjects treated with low dose statins and 
various adherence levels according to BMI 

All 

Low statin, 

adherence ≥ 50%

Low statin, 

adherence < 50%No Statin

Statin use

Events 

for 

1000 

PYs

N with 

diabetes

Events 

for 

1000 

PYs

N with 

diabetes

Events 

for 

1000 

PYs

N with 

diabetes

Events 

for 

1000 

PYs

N with 

diabetes

5.0511569.751996.01504.53907Missing BMI

1.8814002.0514BMI 12–18 

3.1915296.743364.48872.691106BMI 18–26 

9.81300814.125979.661739.082238BMI 26–30 

19.09329925.0563117.2819518.142473BMI 30–35 

33.35236043.9241123.9710732.351842BMI 35–60 

9.8410,21015.54197510.565628.957673All (for  
BMI 12–60)

BMI = body mass index, PYs = person-years

for subjects in the highest risk compared with the lowest risk 
cardiovascular SCORE risk group.

The percentage of subjects who were treated with low dose 
statin and developed DM during the study stratified by car-

*P values refer to the comparisons of no statins vs. low statins and high 
adherence (indicated by arrows)

Figure 1. Risk of developing [A] diabetes mellitus (DM) or [B] 
cardiovascular disease (CVD) by cardiovascular risk group, statin 
intensity and level of adherence
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risk factor for CVD. Other primary prevention RCTs also have 
shown that statin therapy reduces all-cause mortality [2,11-
13]. Thus, common practice for primary prevention has been 
to treat subjects with risk factors with statin therapy aimed at 
lowering LDL-C to below 2.59 mmol/L.

Several studies, two meta-analyses, and a task force of the 
National Lipid Association have tried to reconcile the benefits 
of statins with the risk of developing DM and concluded that 
the modest increased risk of DM is more than offset by a reduc-
tion in cardiovascular events [4,11-18]. One study reported a 
363% increased risk of DM after 15–20 years of statin expo-
sure [19]. These results have led the U.S. Food and Drug 
Administration to publish a safety warning that statins might 
elevate blood sugar and HbA1C [20], and a requirement that 
statin manufacturers study and disclose this risk. 

The mechanism of statin-induced DM and its effects on 
cardiovascular disease is complex and several mechanisms 
have been proposed [21], including decreased insulin secretion 
due to inhibition of glucose-induced Ca2+ signaling in β cells, 
decreased expression of glucose transporter type 4 possibly by 
reduction of insulin signal transduction via inhibition of nec-
essary phosphorylation events, as well as alteration of cellular 
distribution of small G proteins, inhibition of adipocyte differ-
entiation leading to a decrease in secretion of adiponectin and 
leptin, statin-induced decreased expression of mitochondrial 
uncoupling protein 3, and increased expression of microRNA. 

In Israel, statin treatment for the prevention of both primary 
and secondary CVD has been common practice since 2000. A 
previous retrospective, population-based study of 230,000 MHS 
members on the effect of statins for primary and secondary pre-
vention showed that statins were effective in decreasing cardio-
vascular mortality and that adherence and length of treatment 
were important in prevention of cardiovascular morbidity [22]. 

In the present study, we aimed to examine the risk of develop-
ing DM among patients who were treated with statins for pri-
mary prevention of CVD and to assess this risk in groups with 
a risk of developing CVD according to the SCORE modified for 
Israel. Half of the subjects had a low cardiovascular risk at base-
line and a quarter had a moderate risk. As expected, the SCORE 
risk increased according to age, BMI, hypertension, and total 
cholesterol. New cases of DM and CVD occurred in approxi-
mately 4% and 2%, respectively, of subjects during the 5 year 
follow-up period. Statin therapy was used by 17.9% of the study 
population. The incidence of both CVD and DM increased as the 
cardiovascular SCORE risk increased (RR 9 and 3.8, respectively, 
for the lowest and highest risk groups). Adherence to statins, as 
assessed by pharmacy purchase data, correlated with increased 
DM and decreased cardiovascular risk.

Normal weight individuals were at a higher risk of DM than 
overweight or obese patients at all treatment intensities and 
adherence levels. A possible explanation is that in high-risk 
overweight patients, the potential to develop DM had already 

ated with increased risk of DM when taken with low statin high 
adherence. As expected, male gender, increased age, and higher 
cardiovascular SCORE risk were also associated with increased 
risk of developing DM. Multi-regression analyses also showed 
that statin therapy at any adherence levels reduced the risk of 
CVD significantly. Again, as expected, male gender, increased 
age, higher BMI, raised cholesterol level, and high cardiovas-
cular SCORE risk score were also associated with increased 
CVD risk.

DISCUSSION

Primary prevention randomized controlled trials (RCTs) [1,3] 
have shown that statin therapy with a range of LDL-C lowering 
capabilities reduces all-cause mortality and stroke compared 
to placebo in adults ≥ 40 years of age who have at least one 

Figure 2. Kaplan Meir curves showing [A] time to onset of new 
diabetes mellitus (DM) and [B] cardiovascular disease (CVD)
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avoid differential recall bias, and systematic and comprehensive 
collection of personal data, medical history, and study outcomes. 

Several study limitations should be considered. First, our 
analysis was retrospective, allocation of therapy and dose 
was not randomized. Adherence was assessed by dispensing 
information, feasible for estimating medication use in large 
populations, yet does not ensure that the drug is actually con-
sumed, perhaps leading to a non-differential information bias. 
However, it is reasonable to assume that for economic consider-
ations, patients do not purchase medications consistently unless 
they use them. Second, adherence could be a surrogate for 
other unmeasured variables, reflecting higher quality of care. 
Third, long-term cardiovascular risk may require at least 8–10 
years to reach the level of a CVD risk equivalent, thus the 5 year 
follow-up in our study might have underestimated both long-
term benefit of statin risks as well as long-term effect of statin-
induced DM and its subsequent cardiovascular risk. Forth, as 
90% of the patients were prescribed low-dose statin regimens, 
we could not assess the effects of higher doses and explore a 
possible dose-response effect of statins on DM incidence. 
Furthermore, about two-thirds of the patients taking statins 
received simvastatin; therefore, we cannot speculate whether 
different statins convey different levels of DM-induced risk. 

CONCLUSIONS

This study shows that the initial cardiovascular SCORE risk 
level is important in determining both the potential benefit of 
reducing cardiovascular risk and the potential risk of statin-
induced DM. Our data supports use of statins in patients with 
high, but not low, cardiovascular SCORE risk. For patients with 
intermediate cardiovascular risk treatment, decision should be 
individualized based on family history and patient preferences. 
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The most powerful methods available for investigating the 
neural correlates of perceptual learning increasingly rely on 
rodents as animal models. The implicit assumption is that 
whenever rodents perform a task, they engage a similar neural 
circuitry as other species, such as primates. This is problematic 
for visual system studies because rodent vision is poor. 
Mustafar and colleagues examined the behavior of rats, long-
tailed macaques, and tree shrews as they learned an identical 
visual discrimination task. Rats learned more slowly and had 

a lower peak performance than the other species. They also 
learned in a different way. Throughout training, including 
after acquisition, rats used reward history to guide their 
performance, unlike long-tailed macaques and tree shrews. 
These results indicate the necessity of careful comparative 
studies in translational research.
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Roux-en-Y gastric bypass surgery (RYGB) is an effective 
treatment strategy for obesity. Whether RYGB-mediated 
weight loss is directly associated with the long-term metabolic 
benefits remains elusive. Ben-Zvi and colleagues studied the 
physiological adaptations of obese mice subjected to RYGB 
or calorie restriction and compared the results with data for 
post-RYGB patients. RYGB-operated mice displayed beiging 
of adipose tissue and short-term skeletal muscle adaptations 
not observed in calorie-restricted mice. Meanwhile, altered 

amino acid metabolism in the liver and intestinal immune and 
metabolic changes were conserved between RYGB-operated 
mice and humans. These integrated organ adaptations 
exhibited a time-dependent pattern of activation coordinated 
with the circadian clock network, providing evidence that 
metabolic changes associated with RYGB are not attributable 
to weight loss alone.
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