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Abstract 

Background: The use of atorvastatin in patients with stroke as a primary preventive therapy may be associated 

with an increased risk of elevated blood glucose levels. This study aimed to evaluate the effect of atorvastatin 

on changes in blood glucose levels in patients with ischemic stroke. Methods: An analytical observational 

study with a retrospective design was conducted among 28 hospitalized patients with ischemic stroke at 

Bhayangkara Hospital, Kediri City, from March to April 2024. Inclusion criteria comprised patients aged >15 

years, with a history of diabetes mellitus, receiving atorvastatin therapy, and having available blood glucose 

data before and three days after treatment initiation. Data were analyzed using the Shapiro–Wilk test to assess 

normality and the paired sample t-test to evaluate changes in blood glucose levels. Results: A total of 64,29% 

of patients experienced an increase in blood glucose levels; however, statistical analysis demonstrated no 

significant difference between blood glucose levels before and after atorvastatin administration (231.64 ± 

99.039 vs 231.50 ± 61.425 mg/dL; Δ = −0.14 mg/dL; p= 0.993). Conclusion: Atorvastatin therapy was not 

associated with statistically significant changes in random blood glucose levels. However, the high proportion 

of patients with increased blood glucose warrants further prospective investigation. 
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Abstrak 

Latar belakang: Penggunaan atorvastatin pada pasien stroke sebagai pencegahan primer dapat berisiko 

meningkatkan glukosa darah. Penelitian ini bertujuan menilai pengaruh atorvastatin terhadap perubahan 

kadar gula darah pada pasien stroke iskemik. Metode:Penelitian observasional analitik dengan desain 

retrospektif dilakukan pada 28 pasien stroke iskemik rawat inap di RS Bhayangkara Kota Kediri periode 

Maret–April 2024. Kriteria inklusi meliputi pasien berusia >15 tahun, memiliki riwayat diabetes melitus, 

menerima atorvastatin, serta memiliki data kadar gula darah sebelum dan 3 hari setelah terapi. Data dianalisis 

menggunakan uji Shapiro–Wilk untuk menilai normalitas dan uji paired sample t-test untuk menilai perubahan 

gula darah. Hasil: Sebanyak 64,29% pasien mengalami peningkatan gula darah, tetapi analisis statistik 

menunjukkan tidak terdapat perbedaan signifikan antara kadar gula darah sebelum dan sesudah pemberian 

atorvastatin (231,64 ± 99,039 vs 231,50 ± 61,425 mg/dL; Δ = –0,14 mg/dL; p = 0,993). Kesimpulan: Terapi 

atorvastatin tidak menunjukkan hubungan yang bermakna secara statistik terhadap perubahan kadar glukosa 

darah acak. Meskipun demikian, tingginya proporsi pasien yang mengalami peningkatan kadar glukosa 

darah mengindikasikan perlunya penelitian prospektif dengan jumlah sampel yang lebih besar untuk 

mengonfirmasi temuan ini. 
 

Kata kunci: Atorvastatin, diabetes melitus, efek samping, gula darah, stroke iskemik. 
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Introduction 

Ischemic stroke is a medical emergency characterized by the sudden onset of neurological deficits 

resulting from reduced cerebral blood flow, leading to brain tissue damage or infarction [1]. This condition 

represents serius global health problem and ranks as the second leading cause of death worldwide [2,3]. In 

2021, ischemic stroke was reported to cause approximately 3.6 million deaths globally [4,5]. Its prevalence 

varies across regions, with a global age-standardized prevalence rate (ASPR) reported at 1,240.263 per 100,000 

population in 2019, while lower rates reported in Europe [3]. These figures continue to increase, particularly 

in low- and middle-income countries, which account for approximately 87% of stroke-related deaths and 89% 

of global disability-adjusted life years (DALYs) [6]. In Indonesia, stroke contributes to 15.4% of all deaths 

among individuals aged over five years [7]. Beyond its clinical impact, stroke imposes a substantial economic 

burden, including direct medical costs, productivity loss, and long-term care needs [8,9]. These findings 

highlight the importance of secondary prevention and long-term management strategies to reduce recurrence 

rates and improve patient clinical outcomes. 

Comprehensive management of ischemic stroke should begin with primary prevention focused on the 

control of modifiable cardiovascular risk factors, including dyslipidemia, hypertension, and diabetes mellitus 

[10]. Dyslipidemia plays a central role in the development of atherosclerosis, which contributes to  increased 

risk of ischemic stroke [11]. Statins are recommended as first-line pharmacological agents to reduce 

atherosclerotic cardiovascular disease (ASCVD) events due to their proven efficacy, safety, and cost-

effectiveness. By inhibiting β-hydroxy β-methylglutaryl–coenzyme A (HMG-CoA) reductase, statins reduce 

hepatic cholesterol synthesis, which subsequently increases the transcription of low-density lipoprotein 

receptor (LDLR) [12].  Among the various types of statins, atorvastatin is one of the most widely used due to 

its high effectiveness in reducing recurrent stroke events. The Stroke Prevention by Aggressive Reduction in 

Cholesterol Levels (SPARCL) trial demonstrated that high-dose atorvastatin (80 mg/day) significantly reduced 

the risk of recurrent stroke in patients with a history of stroke or transient ischemic attack (TIA) [13,14]. 

Patients receiving atorvastatin have also been reported to achieve better final values of total cholesterol (TC), 

HDL, and triglycerides (TG) compared with those receiving simvastatin [15]. Despite its proven benefits, long-

term statin therapy may be associated with potential adverse effects. 

Commonly reported adverse effects include myopathy [16], elevated liver enzymes [17,18],  and mild 

gastrointestinal complaints [19]. In recent years, attention has also been directed toward the metabolic effects 

of statins on glucose regulation. Several studies have reported that statin therapy, including atorvastatin, may 

increase the risk of new-onset diabetes mellitus (NODM) [20], increase diabetes risk [21], and affect insulin 

resistance and secretion [22]. The exact mechanisms underlying statin induced hyperglycemia remain unclear. 

Several hypotheses suggest mitochondrial dysfunction leading to reduced adenosine triphosphate (ATP) 

production and increased oxidative stress, which may affect glucose metabolism [16,23], inhibition of 

isoprenoid metabolite synthesis, which important for cellular function and may lead to insulin resistance 

[24,25], and the tissue inflammation and oxidative stress, which further contribute to insulin resistance [26]. 

The association between statin use and alterations in blood glucose levels remains controversial. Several 

studies report that statins have diabetogenic effects, potentially increasing the risk of type 2 diabetes mellitus. 

This effect is thought to be related to the potency and dosage of the statins used [27–30]. In individuals without 

a history of diabetes, fasting plasma glucose (FPG) increase from 98 mg/dL to 105 mg/dL after statin therapy, 

whereas in patients with diabetes, the increase occurred from 102 mg/dL to 141 mg/dL [31]. Approximately 

55.9% of statin users experienced diabetes progression compared with 48.0% in the comparator group, with 

an odds ratio of 1.37 (95% CI 1.35–1.40) [32]. A meta-analysis by Erqou et al. reported that statin users 
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experienced an increase in Hemoglobin A1c (HbA1c) of 0.12% compared with the control groups [33]. Another 

study demonstrated that hypertensive patients receiving statins had higher HbA1c levels compared with non-

users [34]. In addition, the intensity of statin therapy influences HbA1c levels, with moderate- and high-

intensity therapy showing greater increases compared with low-intensity therapy [35]. Another study among 

patients with diabetes mellitus also reported that simvastatin use was significantly associated with increased 

blood glucose levels, with an odds ratio (OR) of 3.3 [36]. Most previous studies have been conducted in general 

populations or in non-stroke cardiovascular patients, while data regarding the impact of statins on blood 

glucose levels in ischemic stroke patients remain limited. In fact, patients with ischemic stroke generally 

require statin therapy as part of secondary prevention, and glycemic changes in this population may 

potentially affect clinical outcomes and recovery processes. Therefore, this study aimed to analyze the effect 

of atorvastatin on blood glucose levels in patients with ischemic stroke at Bhayangkara Hospital. 
 

Method 

Study Design  

Data were obtained from the medical records of hospitalized patients with ischemic stroke at 

Bhayangkara Hospital, Kediri, Indonesia, between January and June 2024. A retrospective design was selected 

because the study aimed to evaluate changes in blood glucose levels using routinely collected clinical data 

from hospitalized patients without influencing treatment decisions or patient management. 

 

Population and Sample  

The study population consisted of all ischemic stroke patients hospitalized at Bhayangkara Hospital 

during the study period. A total of 305 patients with ischemic stroke were screened during the study period. 

Consecutive sampling was applied, and all patients who fulfilled the predefined inclusion and exclusion 

criteria were included. Of the 305 patients screened, 28 met the eligibility criteria and were included in the 

final analysis. 

 

 
Figure 1. Flowchart of patient selection 

 

This study was approved by the Health Research Ethics Committee of, Institut Ilmu Kesehatan Bhakti 

Wiyata (Approval No. 943/F/EP/II/2025). Because of the retrospective design and the use of anonymized 

medical records, the requirement for informed consent was waived by the Ethics Committee. 

 
Inclusion and Exclusion Criteria 

The inclusion criteria consisted of ischemic stroke patients aged >15 years, with or without 

complications, with a documented history of diabetes mellitus, who received statin therapy, and had available 

random blood glucose measurements before and three days after treatment initiation. Patients who died 

during hospitalization were also included, provided that at least two blood glucose measurements were 

available. Exclusion criteria were patients with incomplete medical records, unavailable paired blood glucose 

measurements, and patients receiving concomitant medications known to affect blood glucose levels, such as 

systemic corticosteroids, thiazide diuretics, atypical antipsychotics [21,37]. 
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Study Variables 

The independent variable in this study was atorvastatin therapy in patients with ischemic stroke and 

diabetes mellitus. The dependent variable was the change in random blood glucose levels during 

hospitalization. The change in blood glucose level was defined as the difference between the random blood 

glucose level (mg/dL) measured before atorvastatin therapy and the random blood glucose level (mg/dL) 

measured after atorvastatin therapy during hospitalization. Blood glucose levels were expressed in mg/dL 

and analyzed as a continuous variable. 

 
Data Collection 

Data were collected from patients' medical records using a secondary data extraction form. The 

extracted variables included patient characteristics, atorvastatin dose, comorbidities, medical history, blood 

pressure, antidiabetic therapy, and blood glucose measurements before and three days after atorvastatin 

administration. The primary outcome was the change in random blood glucose levels before and three days 

after initiation of atorvastatin therapy. Atorvastatin doses were categorized as moderate-intensity (10–20 

mg/day) or high-intensity (40 mg/day). 

 
Statistical Analysis 

Statistical analyses were performed using IBM SPSS Statistics version XXI. Data normality was assessed 

using the Shapiro–Wilk test. As the data were normally distributed, comparisons of random blood glucose 

levels before and after atorvastatin therapy were conducted using a paired-sample t-test. To adjust for 

potential confounding effects of baseline random blood glucose and antidiabetic therapy category, analysis of 

covariance (ANCOVA) was performed. A p-value < 0.05 was considered statistically significant. 

 

Results and Discussion 

Patient characteristics 

Table 1. Baseline characteristics of ischemic stroke patients receiving atorvastatin 

Variables n   % 

Sex   

   Male 16  57.14 

   Female 12  42.86 

 Mean ± SD 

Age (years)  58.04 ± 9.197 

Systolic blood pressure (mmHg) 151.75 ± 21.041 

Diastolic blood pressure (mmHg) 86.68 ± 9.911 

HbA1c (%) n=15 9.5±2.123 

 

Among the 28 patients included in the study, most were male (57.14%). Previous studies have shown 

that women are less likely than men to be prescribed statins following ischemic stroke. For example, one study 

reported that 58.0% of women received statin therapy compared with 71.8% of men [38]. A study conducted 

in South Korea similarly demonstrated a predominance of male patients [39]. Multiple studies have 

consistently reported that women are generally less likely than men to receive statins prescribed across various 

clinical conditions, including cardiovascular disease and diabetes mellitus [40–45]. Moreover, women are less 

likely to receive high-intensity statin therapy and are more prone to discontinuing statin treatment because of 

perceived adverse effects or statin intolerance [41,43,46]. All patients included in this study had a documented 

history of diabetes mellitus according to the inclusion criteria. The mean systolic and diastolic blood pressures 

were 151.75 ± 21.04 mmHg and 86.68 ± 9.91 mmHg, respectively (Table 1), indicating that many patients 

presented with elevated blood pressure during hospitalization. Diabetes mellitus and hypertension are well-

established risk factors for ischemic stroke and are associated with poorer neurological outcomes, increased 

disability, and delayed functional recovery, as reported in previous studies  [39,47–50]. These metabolic 

conditions may also contribute to the variability in glycemic responses observed during statin therapy.  

Regarding antidiabetic treatment (Table 2), insulin monotherapy was the most frequently used regimen 

(32%), followed by oral monotherapy (25%), oral–insulin combination therapy (25%), and oral combination 

therapy (18%). This pattern is consistent with current clinical practice in the acute management of ischemic 

stroke, where insulin is often preferred during hospitalization to achieve rapid glycemic control in patients 
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with unstable metabolic status. Insulin therapy is frequently administered to hospitalized patients with acute 

ischemic stroke because it provides rapid glycemic control and possesses anti-inflammatory and 

neuroprotective properties that may attenuate ischemic brain injury [51]. In contrast, oral antidiabetic agents 

are typically prescribed for patients with more stable clinical conditions. The predominance of insulin therapy 

observed in the present study therefore likely reflects the acute clinical condition of the study population 

rather than differences in long-term diabetes management. 
 

Antidiabetic Therapy 

Table 2. Characteristics of therapy 

Variables n   % 

Atorvastatin dose category   

Moderate-intensity statin  26  92.86 

High-intensity statin  2  7.14 

Antidiabetic therapy n   % 

Oral monotherapy 7  25 

Insulin monotherapy 9  32 

Oral-insulin combination 7 25 

Oral combination 5  18 

 
Changes in Blood Glucose Levels After Atorvastatin Therapy 

Table 3. Summary of Adverse Events Related to Blood Glucose Changes 

Category n % 

Increased blood glucose 18 64.29 

No increase in blood glucose 10 35.71 

Total 28 100 

 

 
Figure 2. Individual Changes in Random Blood Glucose 

 

Despite the absence of a statistically significant difference in mean blood glucose levels, approximately 

64% of patients showed an increase in random blood glucose after atorvastatin therapy. This finding suggests 

that the potential for statin-associated hyperglycemia remains clinically relevant in populations with 

comorbid conditions, particularly diabetes mellitus and hypertension, which predominated in the study 

sample. From a physiological perspective, statins have been reported to influence glucose metabolism through 

multiple mechanisms, including effects on insulin secretion, adipokine regulation, the gut microbiota, 

oxidative stress, and gene expression [30,52–57]. These effects may vary depending on the type of statin used 

and individual patient characteristics. Therefore, the relatively high proportion of patients exhibiting 

increased blood glucose levels in this study may be influenced by a combination of the pharmacological effects 

of atorvastatin and pre-existing metabolic vulnerability to dysglycemia. In addition, variability in statin dose 

[35,58–61], duration of therapy [31], and statin type [28,62–64] may further contribute to interindividual 

differences in glycemic responses. 
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Statistical Analysis of Blood Glucose Changes 

Table 4. Paired-Sample t-Test Results for Blood Glucose Levels Before and After Atorvastatin Therapy 

Blood glucose before (Mean ± SD) Blood glucose after (Mean ± SD) Δ Blood glucose (mg/dL) P-value 

231.64 ± 99.039 231.50 ± 61.425 -0.14 0.993 

 

In this study, an increase in blood glucose levels was defined as a rise in random plasma glucose values 

after atorvastatin administration compared with pre-treatment levels, based on patients’ medical records. This 

assessment was performed on an individual basis and, therefore was not necessarily reflected in changes in 

the population mean. Although most patients clinically (64,29%) experienced an increase in blood glucose 

levels following atorvastatin therapy, statistical analysis using a paired-sample t-test demonstrated no 

statistically significant difference in mean blood glucose levels before and after atorvastatin administration (Δ 

= −0.14 mg/dL, p = 0.993). A p-value of 0.993 indicates that no statistically significant difference was detected 

in the mean random blood glucose levels before and after atorvastatin therapy. However, the absence of 

statistical significance should not be interpreted as evidence that atorvastatin has no effect on glucose 

metabolism. Rather, the observed result may reflect substantial interindividual variability in glycemic 

response together with the relatively small sample size, which limited the statistical power to detect modest 

changes. This apparent discrepancy reflects substantial inter-individual variability in glycemic response, as 

illustrated in Figure 2. Although most patients experienced increases in random blood glucose following 

atorvastatin therapy, several individuals exhibited marked reductions in glucose levels, thereby offsetting the 

increases observed in others. Consequently, these opposing responses produced an overall mean change that 

was close to zero (Δ = −0.14 mg/dL). Such compensatory effects are commonly observed in heterogeneous 

clinical populations and may arise from differences in baseline glycemic status, adherence to antidiabetic 

therapy, dietary intake, concomitant medications, and individual metabolic susceptibility. This finding may 

be explained by substantial interindividual variability, as reflected by the wide standard deviation of baseline 

blood glucose levels (± 99 mg/dL). Such variability indicates marked metabolic heterogeneity and the presence 

of potential confounding factors, particularly the imbalance in atorvastatin dosing within the sample. The 

majority of patients (92.86%) received moderate-intensity statin therapy, whereas only 7.14% received high-

intensity statin therapy; consequently, glycemic effects reported to be more pronounced at higher doses may 

not have been statistically detectable. 

The absence of statistically significant changes in random blood glucose levels in this study is consistent 

with several previous studies that have distributed atorvastatin therapy in patients with cardiovascular 

disease or diabetes mellitus. Al-Bayyari et al. reported that atorvastatin can improve fasting blood glucose and 

HbA1c in both diabetic and non-diabetic patients, but the difference was not statistically significant (p > 0.05) 

[65]. Another study also showed that atorvastatin at a dose of 20 mg/day does not induce significant changes 

in fasting blood glucose (FBG) or hemoglobin A1c (HbA1c) levels in patients with ischemic stroke, whereas 

atorvastatin at 40 mg/day is associated with significant increases in both FBG and HbA1c [66]. Other studies 

have also reported that atorvastatin use is associated with an increased risk of new-onset diabetes mellitus, 

particularly at higher doses [67]. Meanwhile, another study reported that higher adherence and intensity of 

statin use were significantly associated with increased fasting glucose in non-diabetic individuals [28]. 

Another study found that atorvastatin use caused significant increases in insulin and Hba1C levels. These 

findings indicate a tendency toward insulin resistance and increased glycemia in patients with 

hypercholesterolemia [68]. 

Table 5. ANCOVA results for the effect of atorvastatin intensity on changes in random blood glucose levels 

Source of variation df F P-value 

Atorvastatin intensity 1 0,296 0,591 

Baseline random blood glucose 1 41,880 0,00 

Antidiabetic therapy category 1 1,096 0,306 

 

Analysis of covariance (ANCOVA) demonstrated that, after adjustment for baseline random blood 

glucose and antidiabetic therapy category, atorvastatin intensity was not significantly associated with changes 

in random blood glucose levels (F = 0.296, p = 0.591). In contrast, baseline random blood glucose was identified 

as a significant covariate influencing changes in random blood glucose levels (F = 41.880, p < 0.001), whereas 

the category of antidiabetic therapy was not significantly associated with glycemic changes (F = 1.096, p = 
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0.306). These findings suggest that patients' baseline glycemic status had a greater influence on changes in 

blood glucose levels during hospitalization than atorvastatin intensity itself. Patients presenting with higher 

baseline blood glucose levels were more likely to experience greater glycemic variability during the acute 

phase of ischemic stroke, which may be attributable to physiological stress responses, inflammatory 

activation, and pre-existing metabolic disturbances. This interpretation is consistent with previous evidence 

highlighting the critical role of glycemic variability in acute ischemic stroke. Early glycemic variability has 

been associated with early neurological deterioration in patients with diabetes mellitus and acute ischemic 

stroke [69] and has also been identified as an independent predictor of mortality in patients with severe acute 

stroke [70]. Furthermore, another study demonstrated that high glycemic variability during the first 48 hours 

after stroke was independently associated with increased mortality, potentially through exacerbation of the 

inflammatory response characterized by elevated interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-

α) levels [71,72]. In addition, admission hyperglycemia has been recognized as an independent predictor of 

poor clinical outcomes in patients with acute ischemic stroke [73]. Collectively, these findings support the 

importance of considering baseline glycemic status when interpreting changes in blood glucose levels during 

atorvastatin therapy. 

Nevertheless, the absence of a significant association between atorvastatin intensity and changes in 

blood glucose levels in the present study should be interpreted with caution, as only two patients received 

high-intensity atorvastatin therapy. This marked imbalance in treatment groups may have reduced the 

statistical power to detect dose-related differences in glycemic response. Consequently, the findings of this 

study primarily reflect the short-term glycemic effects of moderate-intensity atorvastatin therapy rather than 

those of high-intensity treatment. Therefore, larger prospective studies with a more balanced distribution of 

atorvastatin intensity are warranted to further clarify the relationship between atorvastatin intensity and 

changes in blood glucose levels. 
 

Conclusions  

Atorvastatin therapy was not associated with a statistically significant changes in random blood glucose 

levels in this study. However, the relatively high proportion of patients who experienced increased blood 

glucose levels warrants further investigation in larger prospective studies. 
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