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Abstract
Objective  Rosuvastatin is a drug used for decreasing the risk of cardiovascular complications in type 2 diabetes mellitus 
(T2DM) patients. It is hypothesized that fetuin-A encourages lipid-induced insulin resistance and sortilin may increase the 
risk of atherosclerotic-related disorders. The aim of this study is to investigate the safety and efficacy of rosuvastatin co-
treatment in T2DM patients and its effect on levels of sortilin and fetuin-A.
Methods  Seventy T2DM patients treated with glimepiride and metformin were randomly assigned to either co-treated with 
rosuvastatin 10 mg tablets (rosuvastatin group, n = 40), or placebo (placebo group, n = 30) daily for 3 months in a parallel, 
double-blind randomized controlled trial. Blood was collected for biochemical analysis. Serum sortilin and fetuin-A levels, 
glycemic and lipid profiles were measured before and 3 months after intervention.
Results  Fasting blood glucose (FBG, mg/dl) significantly decreased in placebo and rousvastatin groups from (104 ± 7.24 
to 96.67 ± 7.14 vs 102.8 ± 6.43 to 93.0 ± 4.71), respectively, compared with baseline (p < 0.05). BMI and HbA1c decreased 
in placebo vs rosuvastatin group (29.20 ± 3.18 to 28.10 ± 3.08, p=0.08 vs 28.67 ± 3.56 to 27.66 ± 3.16, p = 0.27), and 
(6.59 ± 0.27 to 6.36 ± 0.27 vs 6.56 ± 0.26 to 6.29 ± 0.25), respectively, compared with baseline (p ≤ 0.001) with no signifi-
cance difference between both groups (p = 0.58 and p = 0.25, respectively). Sortilin and fetuin-A levels significantly decreased 
in rosuvastatin vs placebo group from (1.77 ± 0.41 to 0.64 ± 0.37 vs 1.70 ± 0.36 to 1.65 ± 0.36) and from (295.33 ± 52.04 
to 179.75 ± 60.22 vs 307.22 ± 50.11 to 288.94 ± 49.53), respectively, compared with baseline with significance difference 
between both groups (p < 0.001) compared with placebo. Significant positive correlation was found between sortilin with 
fetuin-A, low-density lipoprotein (LDL-C), and atherogenic index (p < 0.001). Significant positive correlation was observed 
between fetuin-A with FBG (p < 0.05) and atherogenic index (p < 0.001).
Conclusion  Rosuvastatin co-treatment in T2DM patients improves glycemic control and aids in decreasing the atherogenic 
biomarkers sortilin and fetuin-A levels, so it can be considered tolerable and efficient in improving lipid profile and athero-
genic index.
Trial registration  ClinicalTrials.gov identifier (NCT number): NCT03907423, (The registration date: April 9, 2019). 
https://​clini​caltr​ials.​gov/​ct2/​show/​NCT03​907423.
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Introduction

Diabetes mellitus is a metabolic disorder identified by per-
sistent hyperglycemia caused by defects in insulin secre-
tion, insulin action, or both. Diabetes mellitus accounts for 
approximately 5% of all mortalities worldwide annually [1], 
as chronic hyperglycemia is linked to long-term harm, dys-
function, and deteriorating of various systems, particularly 
the nerves, kidneys, heart, eyes, and blood vessels owing to 

cardiovascular disease (CVD). Cardiovascular mortality and 
morbidity are significant in most diabetic patients, compared 
to non-diabetic individuals by a two to fourfold increase [2].

The worldwide costs of diabetes and its outcomes are 
enormous and will become greater by 2030 [3]. Dyslipi-
demia is very common in type 2 diabetes mellitus [4]. Dia-
betic dyslipidemia is a significant risk factor for atheroscle-
rotic cardiovascular disease (ASCVD) [5]. Atherosclerosis is 
a persistent inflammatory condition of the blood vessels dis-
tinguished by intimal agglomeration with cholesterol accu-
mulation and macrophage foam cell percolation resulting in 
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plaque deposition at the affected vessel wall [6]. ASCVD 
events risk in T2DM can be assessed by LDL cholesterol 
level [5]. Marked evidence proposes that serum LDL-C is 
also a predictor of coronary artery disease (CAD) in the 
DM patients [7]. LDL-lowering treatment with statins is 
the principal remedy to decrease cardiovascular risk [8]. 
Rosuvastatin may be preferred in T2DM due to effective 
lipid profile change, reduced blood sugar variation, and their 
pleiotropic impacts, so current research will assess whether 
these rosuvastatin characteristics translated into favorable 
impacts on atherosclerosis and notable decreases in cardio-
vascular events [9]. Sortilin is related to a number of patho-
genesis-related factors for cardiovascular and metabolic 
diseases, including atherosclerosis, lipoprotein metabolism, 
vascular calcification, obesity, insulin resistance, and blood 
sugar regulation [10]. Sortilin, one of the human vacuolar 
proteins, actively encourages the ingestion of low‐density 
lipoprotein molecules into macrophages. After that, foam 
cells are formed irrespective of the low‐density lipoprotein 
receptor, and in this way, atherosclerotic plaque constitution 
is prompted and continues to progress [11]. Some of the 
clinical findings suggest that sortilin may be a biomarker for 
cardiovascular risks and also discuss sortilin as an expected 
drug target [12]. Bourebaba et al. demonstrated that fetuin-A 
levels are higher in case of metabolic syndrome, and type 2 
diabetes, and assumed that fetuin-A as a biomarker for ath-
erosclerosis due to its association with hepatic steatosis and 
cardiovascular diseases [13]. Serum fetuin-A was also found 
to be associated with congestive heart diseases (CHD) [14]. 
Increased fetuin-A plays an important role in the occurrence 
of insulin resistance [15]. Some studies have expected that 
it might also be a prognosticate of progressing cardiovascu-
lar diseases [16]. Fetuin-A is regarded as a multifunctional 
protein that is involved in important biological processes, 
including the control of bone and calcium metabolism and 
the insulin signaling cascade, according to numerous studies. 
Additionally, it functions as an inflammatory mediator, pro-
tease inhibitor, and atherogenic and adipogenic factor [17].

The aim of this study is to evaluate the safety and efficacy 
of rosuvastatin on the atherosclerotic biomarkers sortilin and 
fetuin-A in type 2 diabetes mellitus patients treated with 
glimepiride and metformin. Our primary outcome is the 
change in sortilin and fetuin-A levels and to assess toler-
ability of rosuvastatin in T2DM patients. The secondary out-
come is improvement of lipid profile and atherogenic index.

Methods and Materials

Study design

A prospective, parallel, double-blind (patients and investi-
gator) randomized placebo-controlled study was carried on 

70 type 2 diabetic patients recruited, between April 2019 
through January 2021 from outpatient clinics of Damanhour 
National Medical Institute, Damanhour, Egypt. The study 
protocol adhered to the Declaration of Helsinki’s ethical 
guidelines and was approved by the local Ethical Committee 
(Faculty of Pharmacy, Damanhour University, Egypt, Code 
No:219PP11). Also, this study registered on ClinicalTrials.
gov by its identifier number: NCT03907423. Subjects agreed 
to participate in this clinical study and provided informed 
consent at the beginning of the study. All subjects’ health 
status was assessed by a complete medical examination.

Patient Selection

Patients selected in the present study fulfilled the following 
inclusion criteria: type 2 diabetes mellitus on oral treatment, 
aged 21–65 years and life expectancy > 1 year. Exclusion 
criteria include active malignancy, chronic inflammation 
(such as inflammatory bowel disease, lupus, inflammatory 
arthritis, rheumatoid arthritis), chronic infection (such as 
chronic diabetic foot infection), documented CVD, planned 
surgical intervention, hypersensitivity to either of the study 
drug components, type I diabetes, insulin treatment, hepatic 
impairment or known hepatic failure, and pregnancy, lacta-
tion, or childbearing potential.

At baseline, 125 type II diabetic patients controlled on 
metformin-glimepiride combination who fulfilled inclu-
sion criteria were initially evaluated (Fig. 1). According to 
WHO criteria, diabetes was defined as fasting glucose ≥ 126 
mg/dL [18]. Based on exclusion criteria, out of 115, 77 
patients were considered eligible for the present study. Eli-
gible patients were randomly assigned using wrapped enve-
lopes method to either receive rosuvastatin 10 mg per day 
(rosuvastatin group, n = 40) according to the ACC/AHA 
recommendation [19] or placebo (placebo group, n = 30). 
All patients in both groups who are included in the study 
were maintained on oral antidiabetic agents (OAA): glime-
piride and metformin. Interventions were provided in closed, 
matched white containers by an independent person. Distinc-
tive constant diet regimen is applied to all the patients to 
prevent weight gain or changed diet style to affect the study 
as confounders or effect modifiers. Clinical and biochemical 
measurements were done at baseline and after 3 months of 
interventions.

Demography and anthropometric data collection

A structured data collection sheet was constructed to 
record all the values studied in our study. All participants 
underwent physical examination, demographic data 
collection (age, gender, height, weight), BMI, medication 
history, co-morbid factors, and lifestyle habits. Body 
mass index (BMI = weight (kg)/height (m2)) and blood 
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pressure (BP) were recorded. Serum urea and serum 
creatinine were the laboratory tests chosen for the 
assessment of renal functions to exclude renal disease 
patients. SGOT and SGPT were the diagnostic tests 
chosen to exclude liver problems.

Evaluation of patients’ adherence and medications 
tolerability

Rosuvastatin and placebo tablets were given out each month, 
and the subjects’ compliance was evaluated by counting the 
pills taken. If a patient took less than 90% of the prescribed 
medication during the research period, they were deemed 
non-adherent and were excluded from the study. Through-
out the study period, participants were also followed up via 
phone calls and in-person meetings to gauge their adherence 

and report any drug-related side effects via an adverse effect 
questionnaire. The patients’ laboratory results and patient 
sheets were also used to gather the negative impacts. We 
tracked the start of any cardiovascular outcomes or events, 
as well as liver toxicity, renal decline, rhabdomyolysis, and 
muscle soreness.

Blood sampling and biochemical investigation

Blood samples were obtained from subjects after a 
10–12-h period overnight fasting then were centrifuged 
at 4000 rpm for 10 min and immediately serum separated 
and stored at − 80 °C until assayed. Fasting blood glucose 
was measured using glucose oxidase method. Glycated 
hemoglobin (HbA1c %) was determined by ion exchange 
method. Total cholesterol (TC), triglycerides (TGs), and 

Fig. 1   Flow diagram of the progress through the parallel-randomized study
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high-density lipoprotein (HDL-C) were assessed by color-
imetry techniques. Low-density lipoprotein (LDL-C) was 
determined according to Friedewald formula as long as 
TG is lower than 400 mg/dl [20].

The atherogenic index was determined as (LDL-C/
HDL-C) and coronary risk index (CRI) also was esti-
mated as (TC/HDL-C). They are predictor markers of the 
risk of coronary heart disease and atherosclerosis [21]. 
Serum sortilin level was determined using human sortilin 
1 (SORT1) ELISA (enzyme-linked immunosorbent assay) 
kit (Sunred Company) and was detected at 0.08–22 ng/
mL with a coefficient of variability (CV) < 10% for intra-
assay precision and < 12% for inter-assay variation (sen-
sitivity was 0.074 ng/ml). Fetuin-A was determined by 
using Human FETU-A ELISA kit (Sunred Company) and 
detected at 8–2000 mg/L with a CV < 10% for intra-assay 
precision and < 12% for inter-assay variation (sensitivity 
was 7.115 mg/L).

Calculation of sample size

Sample size was assessed using G*Power software version 
3.1.0 (Institut für Experimentelle Psychologie, Heinrich 
Heine Universität, Dusseldorf, Germany). A total sample 
size of 64 patients was predicted to have a 95.2% power to 
detect a medium to large effect size of 0.92 in the outcome 
assessed.

Statistical analysis

Data were analyzed using software statistical com-
puter package SPSS version 26.0 (SPSS Inc, Chicago, 
IL, USA). Categorical data were expressed as numbers 
and percentages and investigated using Chi-square test. 
Alternatively, Fisher’s exact correction test was used 
when more than 20% of the cells have expected count 
less than 5. Normality for continuous data was assessed 
by the Shapiro–Wilk test. Quantitative data were rep-
resented as median, range (minimum and maximum), 
mean, ± standard deviation. Independent Student t test 
was used to compare two groups for normally distributed 
quantitative variable. Paired t test was used for normally 
distributed quantitative variables, to compare between 
before and after treatment in the same group. The sig-
nificance of the obtained results was judged at the 5% 
level. Pearson coefficient was used to correlate between 
two normally distributed quantitative variables.

The area under the ROC curve represents the diagnostic 
performance of the studied biomarkers. The area more than 
50% gives acceptable performance and area about 100% is 
the best performance for the test.

Results

Figure 1 illustrates patient enrollment, randomization, and 
follow-up throughout the research. Seven patients were with-
drawn from the study: one was in the rosuvastatin group 
owing to non-willingness, on the other hand, in placebo 
group, two patients due to non-willingness, two patients 
because of insufficient collected samples, and two patients 
because of non-compliance. Table 1 shows the baseline 
characteristics of the studied patients. Seventy patients 
who completed the study were included in the final analysis 
using a per-protocol approach. The mean age of placebo 
and rosuvastatin group was (44.63 ± 9.47 and 45.88 ± 8.76, 
p = 0.577) years old, respectively, with no significance dif-
ference between both groups. At baseline, both groups were 
comparable in respect to age, associated disease, current 
medications, sCr, serum urea level, and liver enzymes as 
illustrated in Table 1. In addition, there was non-significant 
difference at baseline in BMI, FBG, HbA1c%, lipid pro-
file, CRI, AI, and biological markers (sortilin and fetuin-A) 
between the two studied groups as demonstrated in Table 2.

Effect on glycemic and lipid profile

The effect of co-administration of rosuvastatin with met-
formin-glimepiride combination for 3 months on glycemic 
and lipid profile is shown in Table 2. BMI and HbA1c% 
decreased to 28.10 ± 3.08 vs 27.66 ± 3.16 (p = 0.58) and 
6.36 ± 0.27 vs 6.29 ± 0.25 (p = 0.25), respectively, in pla-
cebo vs rosuvastatin group compared with baseline with 
no significance difference between both groups. Also, FBG 
decreased to 96.67 ± 7.14 vs 93.0 ± 4.71, respectively, in 
placebo vs rosuvastatin group compared with baseline with 
a significant difference between both groups (p = 0.018). It 
was found that rosuvastatin group showed more decrease in 
FBG level compared with placebo group after 3 months of 
intervention as shown in Table 2.

Regarding lipid profile, rosuvastatin co-treatment for 
3 months significantly decreased TG (p < 0.001), LDL-C 
(p = 0.002), TC (p < 0.001), CRI (p < 0.001), and athero-
genic index (p < 0.001) but increased HDL-C (p < 0.001), 
compared with baseline. While placebo group showed 
significantly decreased TG (p = 0.023), a non-significant 
decrease in HDL-C (p = 0.19), TC (p = 0.56), and a non-
significant increase in LDL-C (p = 0.45), CRI (p = 0.15), 
and AI (p = 0.12) after 3 months of intervention compared 
to the baseline. Rosuvastatin co-treatment significantly 
decreased TG (p < 0.001), LDL (p = 0.005), TC (p = 0.001) 
CRI (p < 0.001), and atherogenic index (p = 0.001) and 
increased HDL (p = 0.024) compared with placebo group 
after 3 months of intervention.
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Effect on atherosclerosis biomarkers

Compared to baseline, a significant reduction was found 
in placebo versus rosuvastatin group regarding sortilin and 
fetuin-A levels (p < 0.001), respectively. However, rosuvas-
tatin co-treatment showed a better efficacy on these biomark-
ers (p < 0.001) than placebo group as illustrated in Table 2.

Figure 2 shows a positive association between sortilin 
with fetuin-A (r = 0.595, p = 0.000). Table 3 shows cor-
relations between measured biomarkers after treatment 
with rosuvastatin. Significant positive correlation was 
found between sortilin with LDL-C (p = 0.002) and ath-
erogenic index (p < 0.001). Significant positive correla-
tion was found between fetuin-A with FBG and athero-
genic index (p = 0.029). Figure 3 shows the ROC-AUC of 
biomarkers in the studied groups. Sortilin was the most 
sensitive (AUC = 0.987, p < 0.001) followed by fetuin-A 
(AUC = 0.944, p < 0.001).

Tolerability and adverse events

Rosuvastatin tolerability in the studied patients is shown in 
Table 4. There were no significant differences in tolerabil-
ity and adverse events among both groups as muscle pain 
(weakness, tiredness, soreness, or discomfort) happened in 3 
patients, (7.5%) of the rosuvastatin group and in one patient 
(3.3%) of the placebo group. Abdominal pain and dizziness 
occurred in 5% of rosuvastatin group while occurred in 
6.7% and 3.3%, respectively, in placebo group. Cardiovas-
cular events and diabetic retinopathy occurred in one patient 
(3.3%) of the placebo group. Urticaria occurred in 2.5% 
patient in rosuvastatin group and 6.7% in placebo group. 
All adverse events resolved within 2 weeks of treatment. 
No incidences of rhabdomyolysis, increased liver function 
enzyme larger than three times the upper limit of normal, 
decreased renal function, or patient death were reported dur-
ing the study.

Table 1   Baseline demographic 
characteristic of patients 
included in the study

Data are presented as Mean ± SD or frequency (percent) or median (Min. – Max.) and analyzed by Fisher 
Exact* test or independent t test as appropriate
SD standard deviation, HTN hypertension, ACE angiotensin-converting enzyme inhibitors, RBs Angioten-
sin II receptor blockers, sCr serum creatinine, SGOT serum guanyl oxidase transferase, SGPT serum gua-
nyl peroxidase transferase. Statistically significant at p ≤ 0.05

Rosuvastatin group
(n = 40)

Placebo group (n = 30) p

Age (years)
  Mean ± SD 45.88 ± 8.76 44.63 ± 9.47 0.577
  Median (Min.–Max.) 47.0 (29.0–59.0) 44.0 (29.0–59.0)
  Height (m) 1.69 ± 0.08 1.66 ± 0.08 0.147
  HTN 11 (27.5%) 3 (10.0%) 0.070*
  Smoker 5 (12.5%) 3 (10.0%) 1.000*

Current medications
  ACEI 6 (15.0%) 3 (10.0%) 0.723*
  ARB 4 (10.0%) 0 (0.0%) 0.130*
  B blocker 1 (2.5%) 0 (0.0%) 1.000*
  sCr (mg/dl)
  Mean ± SD 0.90 ± 0.09 0.93 ± 0.08 0.137
  Median (Min.–Max.) 0.90 (0.70–1.20) 0.93 (0.81–1.20)

Serum urea (mg/dl)
  Mean ± SD 28.80 ± 5.73 28.50 ± 5.28 0.821
  Median (Min.–Max.) 28.0 (19–39) 28.50 (20–39)
  SGPT (U/L)
  Mean ± SD 30.23 ± 5.09 31.10 ± 6.16 0.529
  Median (Min.–Max.) 30 (20–40) 34 (20–39)

SGOT (U/L)
  Mean ± SD 27.23 ± 5.78 27.57 ± 5.67 0.806
  Median (Min.–Max.) 27 (16–38) 27 (18–38)
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Discussion

This study reveals the effectiveness and tolerability of rosuv-
astatin co-treatment on biomarkers of atherosclerosis in type 
2 diabetic patients. Diabetes is considered a major cause 
contributing to dyslipidemia [22]. The present study showed 
that co-administration of rosuvastatin with glimepiride and 
metformin treatment for 3 months significantly decreased 
FBG, HbA1c%, and improved lipid profile compared with 

placebo group, so it can prevent any CVD complication in 
T2DM patients.

These results were in agreement with Celik and Acbay, 
study on polycystic ovary syndrome (PCOS) patients [23], 
that concluded that combination of metformin and rosuv-
astatin therapy can lead to improved lipid parameters and 
hyperandrogenism in addition to a better reduction on ath-
erosclerosis-related factors. Consistent with previous stud-
ies [24, 25], it is reported that rosuvastatin is effective in 

Table 2   Effect on blood 
glucose, lipid profile, and the 
studied biomarkers in both 
groups

Data presented as Mean ± SD and analyzed by t test
SD standard deviation, BMI body mass index, FBG fasting blood glucose, TG triglycerides, TC total cho-
lesterol, LDL-C low-density lipoprotein-cholesterol, HDL-C high-density lipoprotein-cholesterol, HbA1c% 
glycated hemoglobin, Atherogenic Index = LDL-C/HDL-C, CRI coronary risk index = (TC/HDL-C)
p, p value for unpaired t test comparing between the two studied groups; ap, p value for paired t test for 
comparing between baseline and after 3 months. Statistically significant at p ≤ 0.05

Rosuvastatin group (n = 40) Placebo group (n = 30) p

Mean ± SD ap Mean ± SD ap

BMI (kg/m2)
  Baseline 28.67 ± 3.56  0.027 29.20 ± 3.18 0.08 0.515
  After 3 months 27.66 ± 3.16 28.10 ± 3.08 0.576

FBG (mg/dl)
  Baseline 102.8 ± 6.43  < 0.001 104.8 ± 7.24  < 0.001* 0.249
  After 3 months 93.0 ± 4.71 96.67 ± 7.14 0.018

HbA1c (%)
  Baseline 6.56 ± 0.26  < 0.001 6.59 ± 0.27  < 0.001* 0.613
  After 3 months 6.29 ± 0.25 6.36 ± 0.27 0.254

TG (mg/dl)
  Baseline 151.95 ± 7.54  < 0.001 152.00 ± 5.63 0.023* 0.975
  After 3 months 137.55 ± 4.41 151.1 ± 5.34  < 0.001

HDL (mg/dl)
  Baseline 54.70 ± 2.91  < 0.001 55.67 ± 1.94 0.19 0.100
  After 3 months 56.60 ± 2.85 55.00 ± 2.86 0.024

LDL (mg/dl)
  Baseline 97.50 ± 6.95 0.002 97.23 ± 4.95 0.445 0.852
  After 3 months 94.27 ± 4.27 97.66 ± 5.15 0.005

TC (mg/dl)
  Baseline 182.59 ± 7.67  < 0.001 183.30 ± 5.55 0.556 0.655
  After 3 months 178.40 ± 4.23 182.87 ± 6.18 0.001

CRI
  Baseline 3.45 ± 0.20  < 0.001 3.30 ± 0.13 0.153 0.207
  After 3 months 3.15 ± 0.16 3.33 ± 0.15  < 0.001

Atherogenic index
  Baseline 1.80 ± 0.17  < 0.001 1.75 ± 0.11 0.119 0.245
  After 3 months 1.67 ± 0.13 1.78 ± 0.13 0.001

Sortilin (ng/ml)
  Baseline 1.77 ± 0.411  < 0.001 1.70 ± 0.360  < 0.001* 0.441
  After 3 months 0.64 ± 0.367 1.65 ± 0.355  < 0.001

Fetuin A (mg/l)
  Baseline 295.33 ± 52.04  < 0.001 307.22 ± 50.11  < 0.001* 0.338
  After 3 months 179.75 ± 60.22 288.94 ± 49.53  < 0.001
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Fig. 2   Correlation between 
sortilin and fetuin-A after 3 
months of intervention (n = 70). 
r, Pearson coefficient; *, statisti-
cally significant at p ≤ 0.05

Table 3   Correlation between 
biomarker with FBG, HbA1c, 
LDL, and AI in total sample (n 
= 70)

r, Pearson coefficient; *, statistically significant at p ≤ 0.05

Sortilin (ng/ml) Fetuin A (mg/l)

Baseline After 3 months Baseline After 3 months

r p r p r p r p

FBG (mg/dl) –0.111 0.361 0.175 0.148 –0.132 0.274 0.262 0.029*
HbA1c (%) 0.203 0.091 0.089 0.464 0.137 0.259 0.133 0.273
LDL (mg/dl) 0.144 0.235 0.366 0.002* –0.120 0.323 0.167 0.168
Atherogenic Index 0.173 0.151 0.407 <0.001* –0.023 0.849 0.260 0.029*

Fig. 3   Area under ROC curve for sortilin and fetuin-A biomarkers in the studied groups after intervention
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modulation of inflammatory biomarkers and improving lipid 
profile and atherogenic index.

Several previous studies have illustrated a possible effect 
of statins on glucose metabolism [26–29]. Consonance with 
Salunkhe et al. [30], it was demonstrated that rosuvastatin 
decreases blood glucose via improved insulin sensitivity, 
consequently, has a positive impact on glucose homeostasis.

Her et al. [31]’s study found that HbA1c levels increased 
with rosuvastatin 10 mg, and its effect was not different 
from atorvastatin/ezetimibe 5 mg/5 mg and atorvastatin 20 
mg. Another study comparing atorvastatin and rosuvastatin 
stated that both regimens reduced LDL-C to a similar extent, 
while rosuvastatin had an HDL-C raising effect significantly 
greater than atorvastatin [32].

The present study found that rosuvastatin significantly 
decreases atherogenic index and CRI compared to placebo 
group after 3 months. These results were in concordant to 
Kazemi et al. who found a strong correlation between AI and 
CRI with LDL-C and TC [21].

Similar to our study, Khokhar et  al. study enrolled 
66 patients who were allocated consecutively for double-
blind treatment with 10 mg atorvastatin (n = 33) and 10 mg 
rosuvastatin (n = 33) for 1 month, illustrating that rosuvas-
tatin was significantly more effective than atorvastatin in its 
capability to decrease LDL-C [33]. Similarly, a study on 40 
subjects illustrated that rosuvastatin should be preferred over 
atorvastatin in obese T2DM patients [34].

In another study, enrolled T2DM patients found that 16 
weeks of rosuvastatin (10 and 20 mg) therapy safely and 
beneficially alter the entire spectrum of lipoproteins in 
Indian patients who require to control dyslipidemia [35].

Through the inhibition of HMG-CoA reductase, rosuv-
astatin appears to be able to lower triglyceride and apolipo-
protein B (the main protein in LDL-C) serum levels and to 
increase high-density lipoprotein cholesterol (HDL-C), most 
likely through enhancing the production of apolipoprotein 

A (the primary HDL-C protein), preventing its breakdown, 
and/or by reducing the activity of the cholesteryl ester trans-
fer protein [36, 37]. Sortilin level was significantly lowered 
in the current research after intervention with rosuvastatin 
than placebo. According to Oh et al. [38], individuals with 
hypercholesteremia or diabetes mellitus have higher sortilin 
levels than control subjects. Additionally, sortilin levels were 
shown by Goettsch et al. [39] to be favorably correlated with 
CVD and to be decreased by statin therapy.

Elevated sortilin levels are crucial risk factors of CAD 
in Egyptian patients [40]. Consistently a recent study stated 
that reducing sortilin levels, enhancing glycemic control, 
and improved insulin resistance in patients with T2DM [41].

Our study found a significant positive correlation between 
sortilin with LDL-C and AI in the recruited patients after 3 
months of intervention. Along with our results, Kjolby et al. 
found that sortilin-knockout mice have shown decreased 
level of total cholesterol and LDL-cholesterol along with 
a decrease in atherosclerotic plaques [42] and vascular cal-
cification [43]. These were in agreement with Simsek et al. 
who showed a significant positive correlation between serum 
sortilin with LDL-C and TC levels in subjects suffering from 
carotid artery disease [6].

It is hypothesized that sortilin may increase the risk of 
atherosclerotic-related disorders through the expression of 
proprotein convertase subtilisin/kexin type 9 (PCSK9) caus-
ing lower clearance of LDL-C within circulation [11]. In 
contrast to our findings, a study found that sortilin is associ-
ated with cardiovascular risk [44]. Likewise, macrophage 
sortilin-deficient animals showed a reduction in atheroscle-
rotic lesions as a result of a reduction in LDL uptake by 
macrophages [45]. In contrast, when sortilin is expressed 
excessively in the liver, serum LDL-cholesterol levels are 
reduced [46].

Contrary, Demir et  al. found a negative correlation 
between sortilin levels with TC, LDL-C, and TG while 

Table 4   Rosuvastatin 
tolerability in the studied 
patients

Data presented as number (percent) and analyzed by Chi-squared test
OR odds ratio, C.I. confidence interval
Statistically significant at p ≤ 0.05

Rosuvastatin 
group (n = 40)

Placebo group 
(n = 30)

p value Risk assessment 
OR (95% C.I.)

Muscle pain 3 (7.5) 1 (3.3) 0.46 0.43 (0.04–4.31)
Cardiovascular events 0 (0) 1 (3.3) 0.25 0.42 (0.32–0.55)
Rhabdomyolysis 0 0 - -
Abdominal pain 2(5) 2(6.7) 0.77 1.36 (0.18–10.23)
Urticaria 1 (2.5) 2 (6.7) 0.39 2.79 (0.24–32.25)
Dizziness 2 (5) 1 (3.3) 0.73 0.66 (0.06–7.58)
Diabetic retinopathy 0 (0) 1 (3.3) 0.25 0.42 (0.32–0.55)
Renal function deterioration 0 0 - -
Elevation of liver function enzymes 0 0 - -
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finding a positive correlation between sortilin levels and 
HDL-C in patients who had just been diagnosed with 
T2DM, indicating that sortilin may play a role in dyslipi-
demia in T2DM patients [47].

Our finding revealed that rosuvastatin treatment showed 
a greater efficacy in the reduction of fetuin-A level than pla-
cebo group. Also, we observed a significant positive correla-
tion was found between fetuin-A with FBG, and atherogenic 
index. To our knowledge, this is the first study evaluating 
the effect of rosuvastatin on fetuin-A level in type 2 dia-
betic patients. Though, fetuin-A might be considered as a 
novel biological marker for the diagnosis of dyslipidemia 
and other related metabolic disorders [48].

ROC-AUC of biomarkers in our studied patients showed 
that sortilin was the most sensitive followed by fetuin-A. 
Moreover, a significant positive correlation was found 
between fetuin-A and sortilin in the recruited subjects after 
the 3 months period of treatment with rosuvastatin. In the 
same context, Liu et al. reported a significant positive cor-
relation between fetuin-A with each of BMI, HOMAIR, TG, 
TC, and LDL-C [49].

Preclinical and clinical evidence have demonstrated that 
a high fetuin-A is considered an outstanding early predictor 
for the diagnosis of various liver-related metabolic disor-
ders like obesity, T2DM, nonalcoholic fatty liver disease 
(NAFLD), non-alcoholic steatohepatitis (NASH), and insu-
lin resistance (IR) [48].

Moreover, a previous study by Demirbaş et al. considered 
fetuin-A as a new risk factor for cardiovascular diseases and 
also proposed the association between high level of fetuin-
A and atherosclerosis. These studies justified its proathero-
genic effect by increasing insulin resistance [50].

Fetuin-A is an early predictive biomarker for the detec-
tion of IR-associated metabolic diseases by inhibiting the 
glucose transporter type 4 (GLUT-4) and the insulin receptor 
substrate (IRS) [51, 52]. Similarly, a recent clinical study 
showed that elevated serum fetuin-A levels were linked to 
the development of NAFLD and T2DM because nuclear fac-
tor kappa B cells were activated, inhibiting IRS [53].

Consistence with our results, Trepanowski et al. found a 
clear correlation between high hemoglobin A1c levels and 
high serum fetuin-A levels, which are linked to high serum 
glucose levels and the risk of diabetes-related liver disorders 
[54]. According to Priya et al., T2DM patients who have 
diabetic retinopathy have greater blood level of fetuin-A than 
T2DM patients who do not have this complication [55].

Neves et al. study illustrated that elevated serum fetuin-
A levels activate toll-like receptor 4 (TLR-4) and Nox1/4 
to induce vascular dysfunction, which is a risk factor for 
metabolic diseases [56].

According to Kadoglou et al., [57] simvastatin treat-
ment for 6 months significantly decreased serum fetuin-A, 
in patients with CAD compared with healthy controls. Our 

study outcomes can be explained as rosuvastatin works by 
inhibiting the enzyme 3-hydroxy-3-methylglutaryl coen-
zyme A (HMG-CoA) reductase leading to slow down the 
formation of mevalonic acid, which is the rate-limiting step 
in the synthesis of cholesterol. In addition, this increases the 
low-density lipoprotein receptors on hepatocyte membranes 
and stimulates the breakdown of low-density lipoprotein.

Fetuin-A interacts with a wide range of receptors, such 
as insulin, growth hormones, TGF-β, and toll-like receptors 
(TLR), to produce these varied effects. Fetuin-A can be a 
target for the diagnosis and treatment of clinical disorders 
linked to it as well as a biomarker when taken together [17].

By acting as an endogenous ligand of toll-like receptor 
4, fetuin-A encourages lipid-induced insulin resistance. 
Recently, it is revealed that dysfunctional beta cells release 
fetuin-A in response to palmitate stimulation [58].

The clinical relevance of this may require further inves-
tigation to confirm their findings.

Study limitations

Compared to earlier trials, our study was short duration and 
had a smaller patient cohort with no healthy control. Thus, 
larger sample size studies with longer duration are needed.

Conclusions

In summary, our study showed that the co-administration of 
rosuvastatin with glimepiride and metformin treatment for 
3 months in T2DM patients improves lipid profile, athero-
genic index (LDL-C/HDL-C), and coronary risk index (TC/
HDL-C) which may be attributed due to its synergistic abil-
ity to decrease serum sortilin and fetuin-A levels, in addition 
to its non-cholesterol-lowering effects (anti-inflammatory, 
antioxidant, and antithrombotic properties). Also, our result 
could elucidate association between sortilin and fetuin-A 
with atherogenic and coronary index which may highlight 
new treatment target in type 2 diabetic patients. Rosuvastatin 
may be considered as an essential aid for both primary and 
secondary CV prevention in type 2 diabetic patients. Further 
larger and longer studies are warranted.
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