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Abstract

Studies have reported an increased risk of developing diabetes in subjects receiving statins versus 

placebo. Our purpose was to compare the effects of maximal doses of rosuvastatin and atorvastatin 

on plasma levels of the insulin, glycated albumin (GA), adiponectin (ADN), and C reactive protein 

(CRP) versus baseline in hyperlipidemic patients. We studied 252 hyperlipidemic men and women 

who were randomized to receive atorvastatin 80 mg/day or rosuvastatin 40 mg/day over a 6-week 

period. Atorvastatin and rosuvastatin were both highly effective in lowering low density 

lipoprotein cholesterol (LDL-C) and triglyceride (TG) levels, with rosuvastatin being more 

effective than atorvastatin in raising high density lipoprotein cholesterol (HDL-C). Atorvastatin 

and rosuvastatin at maximum dosage both significantly (p<0.05) raised median insulin levels by 

5.2% and 8.7% respectively from baseline. However, only atorvastatin increased GA levels from 

baseline (+0.8% for atorvastatin vs −0.7% for rosuvastatin, p=0.002). Both atorvastatin and 

rosuvastatin caused significant (p<0.001) and similar median reductions in CRP of −40% and 

−26% as compared to baseline values respectively. However, there was no statistical significant 

difference between the two groups in ADN changes from baseline (−1.5% vs −4.9%, p=0.15). In 

conclusion, our data indicated that maximum dosage of atorvastatin or rosuvastatin therapy 

significantly lower CRP levels, but also moderately increase insulin levels.
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Despite the beneficial effects of atorvastatin and rosuvastatin on lipoprotein cholesterol1–6 

and C reactive protein (CRP) levels, there are concerns regarding the effects of these statins 

on glucose homeostasis. In a substudy of the PROVE-IT (Pravastatin or Atorvastatin 

Evaluation in Myocardial infarction), patients with baseline HbA1c <6% who received 

atorvastatin (80 mg/day) had a higher risk of developing HbA1c >6% than patients who 

received pravastatin (40 mg/day).7 In the JUPITER study (Justification for the Use of Statins 

in Prevention: an Intervention Trial Evaluating Rosuvastatin) a 25% higher incidence of 

physician-reported diabetes was noted in subjects receiving rosuvastatin (20 mg/day) as 

compared to those on placebo. An increase in HbA1c was also observed in those on 

rosuvastatin.8 More recently a meta-analysis by Sattar and colleagues confirmed that statins 

do indeed increase the risk of developing type 2 diabetes.9 The current study compares the 

effects of maximal doses of atorvastatin and rosuvastatin on insulin, glycated albumin (GA), 

and adiponectin (ADN) levels, measures of glucose homeostasis, as well as CRP levels 

using serum samples from the STELLAR study. This study was carried out to determine 

whether maximal statin therapy has an effect on glucose homeostasis in light of data from 

large statin trials reporting an increased risk of developing diabetes mellitus in those placed 

on statins versus placebo.7–9

Methods

The details of the design and conduct of the STELLAR study and of the patient population 

have been published.1,2 It was an open-label; randomized, parallel group study in 

hypercholesterolemic patients conducted in 182 US centers. The primary objective was to 

compare the efficacy of rosuvastatin in the reduction of LDL-C with other statins across 

dose ranges. Secondary objectives included a comparison of the effects of the statins on 

other lipoprotein parameters such as HDL-C, apolipoprotein (apo) A-I and B, and lipid 

ratios.1 Men and non-pregnant women (adults aged 18 or more) with hypercholesterolemia 

were asked to follow a National Cholesterol Education Program step 1 diet for 6 weeks. 

Those who were compliant with the diet and had fasting calculated LDL-C levels ≥160 

mg/dl (4.1 mmol/l) and <250 mg/dl (6.5 mmol/l) and triglyceride (TG) <400 mg/dl (4.5 

mmol/l) were randomized to the different statin doses as described. Blood samples were 

collected on at least 3 occasions before randomization and after 4 and 6 weeks treatment and 

sent to a central lab (Medical Research International (MRI), Highland Heights, KY) for the 

measurement of lipid and lipoprotein parameters that included total cholesterol (TC), TG, 

calculated LDL-C, HDL-C, apo A-I and apo B measurements as described.1,2 Serum 

samples were stored at −80°C at MRI. All subjects provided informed consent to participate 

in the study and to have their blood samples used for analysis of lipoproteins and other 

cardiovascular risk markers. The protocol was approved at multiple human investigational 

review boards.

For this sub-study, available serum samples that had never been thawed and had been frozen 

at −80°C, corresponding to the baseline (week 0) and the 6-week time points of the 

atorvastatin 80 mg/day and rosuvastatin 40 mg/day arms of the main study were sent on dry 

ice to the Lipid Metabolism Laboratory, Tufts University, in Boston, MA. In the 

rosuvastatin 40 mg/day and atorvastatin 80 mg/day groups of the STELLAR study, 158 and 

167 patients, respectively were randomized and 152 and 160 patients had data recorded at 
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baseline and after 6 weeks treatment. Archived serum samples corresponding to the 

randomization and 6-week time points were available for this study in 135 (89%) and 137 

(86%) of these patients. These were serum samples that had been frozen at −80° C, and were 

obtained after an overnight fast at baseline of medication and after 6 weeks of therapy with 

either atorvastatin 80 mg/day or rosuvastatin 40 mg/day.

Direct LDL-C and HDL-C levels were measured using kits obtained from Roche 

Diagnostics (Indianapolis), and small dense LDL-C were measured using kits provided by 

Denka Seiken Corp. (Tokyo, Japan) as previously described.3,4,10–12 Our laboratory 

participates in the Centers for Disease Control National Heart Lung and Blood Institutes 

lipid standardization program (Atlanta, GA). Glycated albumin was measured using kits 

obtained from Asahi-Kasei Pharma Corporation, Tokyo Japan as previously described.13,14 

Adiponectin was measured using a latex particle-enhanced immunoturbidometric assay, and 

insulin was measured using a latex immunoassay (both assays were obtained from the 

Otsuka Pharmaceutical Corporation, Tokyo Japan). The characteristics of these assays have 

been previously described.15–17 CRP was measured using a high sensitivity immunoassay 

obtained from Wako Diagnostics Inc., Richmond, VA. All assays had between run and 

within run coefficients of variation of <5%.

The statistical analysis was done using SPSS for Windows software (SPSS, Cary, NC). All 

continuous variables were checked for their distributions. Results were expressed as means 

± SD if they were normally distributed or as medians and interquartile ranges if they were 

nonlinearly distributed. Changes of all parameters from baseline and by treatment were 

compared using Student t test, Wilcoxon Signed Ranks tests or Mann-Whitney U test 

according to their distributions. A p values of <0.05 were considered statistically significant. 

Thirteen patients (7 in rosuvastatin and 6 in atorvastatin) who had high glycated albumin 

level (GA>16.5%, consistent with diabetes) were excluded from the analysis of glucose 

homeostasis and inflammatory markers as shown in table 2 (change from baseline) because 

of possible interference in insulin level interpretation and higher prevalence of diabetic 

patients in rosuvastatin group at baseline. We calculated that 68 subjects/group would 

provide 80% power with α = 0.05 for detecting a 25% difference in insulin between the two 

treatment groups.18

Results

Subject characteristics and lipids and other biochemical levels at baseline are shown in 

Table 1. The two groups of patients were well-matched according to gender, age, and 

disease characteristics, except that those placed on rosuvastatin had a higher prevalence of 

diabetes. The two groups were also well-matched with regard to baseline levels of 

lipoproteins, except that subjects randomized to the rosuvastatin group had significantly 

higher levels of non HDL-C, calculated LDL-C, direct LDL-C, and small dense LDL-C, 

although these differences were not large between groups at baseline. The sample sizes 

presented in the tables represent the number of patients who both completed treatment and 

had serum samples available for the measurements (135 in atorvastatin and 137 in 

rosuvastatin group). However, 76 samples in both atorvastatin and rosuvastatin groups were 

available for insulin and ADN measurement. Samples not measured had insufficient serum 
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available for the analysis. There was no statistical difference between mean age and baseline 

median GA levels between those with missing data and those who had samples available for 

the measurements in both treatment groups (Table 1).

Table 2 shows that both statins significantly increased insulin levels from baseline. 

Rosuvastatin slightly decreased GA from baseline, with no significant change observed with 

atorvastatin treatment. ADN levels decreased from baseline with both treatments with a 

significant change in rosuvastatin group. Both drugs decreased CRP significantly from 

baseline. Analysis was also performed in all subjects including those with high GA level 

(GA>16.5%), but statistical remained significant in all parameters mentioned above.

In table 3 it is evident that both atorvastatin and rosuvastatin caused significant and similar 

decreases in TC and TG, but the rosuvastatin 40 mg/day group had greater reductions in the 

TC/HDL ratio, non HDL-C, LDL-C, and small dense LDL-C levels. In addition, 

rosuvastatin was also more effective in raising HDL-C. Both statins caused similar 

reductions in CRP. Although both statins raised insulin level significantly from baseline, 

there was no significant difference between the two groups. GA levels increased with 

atorvastatin treatment, but not with rosuvastatin treatment. There was no significant 

difference between the two groups in ADN changes from baseline. The variability in 

responses to the statins (% change from baseline) in terms of changes in insulin, ADN, GA, 

and CRP are shown in figure 1 (composite figure). As can clearly be seen, there was a very 

wide variability in response, especially for statin induced changes in insulin and CRP.

Discussion

In this study, atorvastatin and rosuvastatin at maximal doses were very effective in 

improving lipid profiles, while rosuvastatin had additional benefits on raising HDL-C as 

well. A meta-analysis of all large prospective randomized placebo controlled statin trials 

indicated that regardless of baseline LDL-C levels, for every 1.0 mmol/L or 38.5 mg/dl of 

LDL-C reduction, statin treatments over 5 years significantly reduced all-cause mortality by 

12%, coronary heart disease (CHD) mortality by 19%, myocardial infarction and CHD death 

by 23%, coronary bypass surgery by 24%, fatal or non-fatal stroke by 17%, and combined 

endpoints by 21%.19 Moreover it has been reported in a meta-analysis that intensive statin 

therapy causes an additional 16% reduction in CHD risk as compared to standard therapy.20

Atorvastatin and rosuvastatin also have been shown to reduce circulating inflammatory 

markers along with triglyceride lowering effects, but the effects of these two drugs on 

glucose homeostasis remain controversial. Large scale clinical trials demonstrated 

worsening of insulin and glycated hemoglobin (HbA1c) with atorvastatin and rosuvastatin 

treatment.7,8 Data also suggested dose-dependent effects of atorvastatin and rosuvastatin on 

insulin levels.18,21 Meta-analysis of non-diabetic subjects from 16 randomized controlled 

trial showed that pravastatin improved insulin sensitivity while atorvastatin and rosuvastatin 

showed a trend toward worsening in insulin sensitivity.22 Moreover, the same investigators 

also showed that when atorvastatin, rosuvastatin and simvastatin were combined, there was 

a significant increased risk of developing diabetes.23 While data suggested differential 

effects of various statins on glucose homeostasis markers, head to head comparison trials 
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comparing different statin treatments are limited and most studies have small sample sizes. 

Our study is the first study that has compared atorvastatin and rosuvastatin at maximal doses 

on parameters of glucose homeostasis and inflammation. From our data, both drugs reduced 

CRP significantly from baseline with median reductions of 40% for atorvastatin 80 mg/day 

and 26% for rosuvastatin 40 mg/day, with no significant differences between the two drugs. 

Both drugs also caused significant and similar increases in insulin levels after treatments 

with median increases of 5.2% and 8.7%, respectively. Serum glycated albumin reflects 

glycemic control for the 2 – 3 week period preceding the assay. Recently, it was proposed to 

be an alternative marker for glycemic control in hemodialysis patients with diabetes and 

patients with hemoglobinopathy because it is not affected by erythrocyte survival time. We 

used GA as a marker of glucose control of subjects in this study because of its 6 week 

duration, and we found that these two drugs had differential effects on GA levels. While 

atorvastatin at maximal dose increased GA levels by 0.8% from baseline, rosuvastatin 

slightly decreased GA level by 0.7%. ADN levels decreased with both treatments although 

statistical difference was found only for the rosuvastatin group. Therefore, the difference in 

GA levels between both drugs cannot be explained by ADN. Her et al. compared the 8-week 

effects of 3 different statin regimens with comparable LDL lowering efficacy and found that 

atorvastatin 20 mg/day significantly increased mean percentage changes of HbA1c from 

baseline by 3%. However atorvastatin/ezetimibe 5 mg/5mg decreased HbA1c by 0.4% and 

rosuvastatin 10 mg/day increased HbA1c by 1.2% but the changes did not reach statistical 

significant difference. The authors stated that their findings might partly be explained by the 

dose-dependent effect of statins on glucose metabolism.24

The JUPITER study found that rosuvastatin 20 mg/day caused a small but significant 

increase in HbA1c in normolipidemic subjects with high CRP.8 However, our study found 

that maximal dose of rosuvastatin decreased GA level after 6 weeks treatment in 

hyperlipidemic subjects. The reasons for this discrepancy are unclear, but the difference in 

rosuvastatin dosage and patient characteristic may contribute to these differences. Moreover 

our sample size was much smaller.

The mechanisms by which statins have differential effects on glucose homeostasis remain 

unclear. Statins are known to decrease metabolites such as isoprenoids, 

faresylpyrophosphate, geranylgeranyl pyrophosphate and ubiquinone (CoQ10), which are 

produced via the cholesterol synthetic pathway. Such effects may cause worsening of 

glycemic control and increase insulin resistance. Isoprenoids upregulate glucose transporter 

4 (GLUT4) resulting in enhanced glucose uptake. CoQ10 depletion results in delayed ATP 

production, thereby impairing insulin secretion from beta cells. Lipophilic statins such as 

atorvastatin and simvastatin enter extra-hepatocytic cells more easily thereby inhibiting 

isoprenoids synthesis. Atorvastatin was found to attenuate the expression of GLUT4 in 

adipocytes and impair glucose tolerance.25 Differences in lipophilicity between the two 

statins may play a role in the different results on GA levels.

Our study has some limitations. Our sample size was relatively small and not all subjects 

had samples available for adiponectin and insulin measurements, although baseline 

characteristics did not differ between the whole group and those with available sample. 

Further large clinical studies are essential to address this issue. In addition further basic 
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research is required to fully understand the mechanisms whereby statins may increase 

insulin resistance. In conclusion, our data indicate that maximal atorvastatin or rosuvastatin 

therapy significantly lower CRP levels, but also moderately increases insulin levels. Larger 

clinical study should be conducted to confirm the results.
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Figure 1. 
The individual responses and median percent changes from baseline after treatments of 

insulin (A), adiponectin (B), glycated albumin (C), and C reactive protein (D)
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Table 1

Patient characteristics at baseline and mean baseline levels of measured variables

Variable Atorvastatin 80 mg Rosuvastatin 40 mg

(n= 135)a (n=76)b (n= 137)a (n=76)b

Men/Women 67/68 38/38 71/66 39/37

Age (years) 58.6 ± 11.0 59.6 ± 10.1 55.9 ± 12.7 55.9 ± 13.5

Body mass index (kg/m2) 29.4 ± 6.2 - 29.5 ± 12.6 -

Coronary heart disease 20.4% - 19.6% -

Diabetes mellitus 5.4% 5.3% 9.5%* 5.3%

Total cholesterol (mg/dl) 278.3 ± 30.7 275.9 ± 32.2 283.2 ± 26.7 284.7 ± 26.8

Triglycerides (mg/dl) 178.1 ± 75.1 168.7 ± 76.2 183.2 ± 70.8 175.1 ± 69.7

HDL-C (mg/dl) 52.3 ± 14.1 53.1 ± 13.7 50.1 ± 12.6 52.9 ± 11.7

TC/HDL-C ratio 5.7 ± 1.5 5.5 ± 1.3 6.0 ± 1.4 6.0 ± 1.1

Non HDL-C (mg/dl) 226.0 ± 31.4 223.1 ± 31.0 233.2 ± 25.5* 231.8 ± 23.9*

Calculated LDL-C (mg/dl) 190.7 ± 25.7 189.4 ± 26.7 196.7 ± 24.0* 196.8 ± 25.4

Direct LDL-C (mg/dl) 197.8 ± 27.2 198.1 ± 27.5 204.4 ± 27.1* 206.1 ± 27.5

Small dense LDL-C (mg/dl) 63.2 ± 25.4 62.5 ± 23.4 71.6 ± 29.9* 72.9 ± 28.8*

C reactive protein (mg/l) 1.8 [0.2 to 23.8] 1.9 [0.2 to 23.8] 2.3 [0.2 to 60.6] 2.3 [0.2 to 10.4]

Glycated albumin (%) 13.4 [7.2 to 22.6] 13.4 [10.4 to 22.6] 13.3 [9.8 to 18.1] 13.2 [9.8 to 17.4]

Insulin (μIU/ml) 7.1 [0.9 to 22.3] 7.9 [2.3 to 32.0]

Adiponectin (μg/ml) 11.9 [3.9 to 40.4] 11.0 [2.5 to 64.8]

Values are expressed as mean ± SD, as median [Interquartile range] for non-normally distributed variables, or as percentages;

a
characteristics of all subjects in this study;

b
characteristics of subjects who had samples available for insulin and adiponectin analysis

*
significant difference between the two drugs (p<0.05);

- data not available; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol
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Table 2

Glucose homeostasis and inflammatory markers after treatments of subjects who had glycated albumin 

<16.5%

Variable Atorvastatin 80 mg/day Rosuvastatin 40 mg/day

6 weeks P values* 6 weeks P values*

Insulin (μIU/ml)a 7.5 [2.6 to 35.8] 0.007 8.6 [2.5 to 25.5] 0.026

Adiponectin (μg/ml)a 11.0 [4.0 to 35.9] 0.262 9.8 [2.4 to 60.2] 0.005

Glycated albumin (%)b 13.4 [10.6 to 18.7] 0.53 13.1 [10.1 to 16.4] 0.0017

C reactive protein (mg/l)b 1.1 [0.1 to 33.5] <0.001 1.6 [0.1 to 25.7] <0.001

Values are expressed as median [Interquartile range];

*
P values are based on an analysis comparing changes from baseline;

a
the numbers of subjects analyzed were 72 for both atorvastatin and rosuvastatin;

b
the numbers of subjects analyzed were 129 for atorvastatin and 130 for rosuvastatin
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