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Introduction: Atorvastatin hinders cardiovascular disease by reducing cholesterol levels. Proprotein 
convertase subtilisin/kexin type 9 (PCSK9) enhances the secretion of insulin by binding to LDL-
receptor. Sortilin is committed in the transfer of intracellular proteins through the plasma membrane. 
Objectives: The purpose of this research was to determine the effect of atorvastatin consumption 
on alterations in the levels of 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA-R), 
PCSK9 and sortilin in diabetic patients and pre-diabetics.
Patients and Methods: This study was carried out on 80 individuals including normal subjects, 
diabetic patients and pre-diabetics. The participated individuals were divided as control group (i) 
(healthy individuals without diabetes mellitus), diabetic group receiving statin (ii), diabetic group 
not receiving statin (iii), pre-diabetic group receiving statin (iv) and pre-diabetic group not receiving 
statin (v). Levels of HMG-COA-R, PCSK9 and sortilin were determined by ELISA method.
Results: In diabetics and pre-diabetics taking atorvastatin, the level of HMG-COA-R was not altered 
significantly compared to diabetics and pre-diabetics not taking atorvastatin, respectively (P > 0.05). 
The serum PCSK9 level in diabetics and pre-diabetics was significantly higher than the healthy 
individuals (P = 0.001). Additionally, the serum PCSK9 level in diabetics and pre-diabetics receiving 
atorvastatin was significantly higher than diabetics and pre-diabetics not receiving atorvastatin, 
respectively (P = 0.001). The serum sortilin level in diabetics and pre-diabetics was significantly 
higher than the healthy individuals (P = 0.001). In addition, the serum sortilin level in pre-diabetics 
receiving atorvastatin was significantly higher than pre-diabetics not receiving atorvastatin 
(P = 0.001).
Conclusion: Atorvastatin improved insulin secretion and sensitivity by increasing serum sortilin and 
PCSK9 levels. Thereby, it prevented the development of diabetes in diabetics and the progression of 
pre-diabetes to diabetes in pre-diabetics.

ABSTRACT

Implication for health policy/practice/research/medical education:
In a clinical study on 80 individuals including normal subjects, diabetic patients and pre-diabetics, atorvastatin improved insulin secretion 
and sensitivity by increasing serum sortilin and PCSK9 levels.
Please cite this paper as: Nosrati Andevari A, Moein S, Qujeq D, Moazezi Z, Hajian Tilaki K. Effects of atrovastatin on concentrations of 
3-hydroxy-3-methyl-glutaryl-coenzyme A- reductase (HMG-CoA-R), proprotein convertase subtilisin/kexin type 9 (PCSK9) and sortilin in 
patients with type 2 diabetes mellitus and pre-diabetics. J Nephropathol. 2021;10(1):e05. DOI: 10.34172/jnp.2021.05.
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Introduction 
Pre-diabetes is a condition of which blood glucose levels are 
higher than normal range. However, these levels are less than 
the threshold for incidence of diabetes (1). Pre-diabetes is 
a significant risk factor for developing type 2 diabetes (2). 
Type 2 diabetes occurs because of the incapability of the 
body to synthesis sufficient insulin or the incapability to 
use insulin effectively. In patients with type 2 diabetes, one 
of the complications is the development of cardiovascular 
disease (CVD) (3,4). Statins prevent CVD by reducing 
cholesterol levels (5). Statins bind to 3-hydroxy-3-methyl-
glutaryl-coenzyme A (HMG-COA) and retard reversibly 
the action of 3-hydroxy-3-methylglutaryl-coenzyme A 
reductase (HMG-CoA-R) (5). Proprotein convertases are 
recognized as serine proteases that are structurally similar 
to the subtilisin family of bacterial serine protease (6,7).

In 2003, Seidah et al found a new element of the 
proprotein convertases family (7). It was discovered that 
the expression of gene encoding this enzyme had been 
enhanced during apoptosis of brain cells. Since, it was 
the ninth element of the proprotein convertases family, it 
was named as proprotein convertase subtilisin/kexin type 
9 (PCSK9), besides convertase neural apoptosis-regulated 
convertase 1 (NARC-1) (8). PCSK9 is mostly expressed in 
the liver and a little mount in the small intestine, kidney, 
brain, and smooth muscle cells. The main function of 
PCSK9 is decreasing cellular low-density lipoprotein 
receptor (LDL-R). Hence, PCSK9 is one of the main 
regulators of low-density lipoprotein cholesterol (LDL-c) 
level (9).

The accumulation of LDL-c in beta cells of the pancreas 
disrupts insulin secretion (9). PCSK9 prevents the entry of 
LDL-c into beta cells and consequence, improves insulin 
secretion by binding to LDLR in the surface of beta-cells 
(10). Besides, PCSK9 has a significant role in increasing 
serum LDL-c level and consequence increasing CVDs, and 
can prevent type 2 diabetes by improving insulin secretion 
(10). Sortilin, another factor determined in this study, is 
the primary member of the vacuolar protein sorting 10 
proteins (VPS10Ps) family. It is expressed in some cells 
like neurons, hepatocytes, skeletal muscle cells, adipocytes 
and heart (11). Sortilin-1 (SORT1) gene is significantly 
expressed in hepatocytes and has a significant function in 
lipoproteins metabolism. Sortilin can increase or decrease 
very low-density lipoprotein cholesterol (VLDL-c) and 
LDL-c levels (12). Moreover, sortilin has a significant role 
in the formation of GLUT4 storage vesicles (GSVs) or 
insulin-responsive vesicles (IRVs) that transports to the 
plasma membrane and enhances GLUT4 expression. 
Thus, sortilin can enhance the sensitivity of insulin (13).

Objectives 
The purpose of this research was to determine the effect of 

atorvastatin administration on alterations serum levels of 
3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
reductase, PCSK9 and sortilin in diabetic patients and 
pre-diabetics.

Patients and Methods
Study patients
Serum samples were gathered from the patients and 
individuals from May 2016 to September 2018. They 
included women and men enrolled for diabetes test. The 
study was performed on healthy individuals without 
diabetes mellitus referring to medical diagnostic laboratory 
(Babol, Iran) and patients with type 2 diabetes mellitus 
and pre-diabetics referring to endocrinology department. 
Healthy individuals were selected by an endocrinologist. 
This study was carried out on 80 individuals and classified 
into five groups: (i) healthy individuals without diabetes 
mellitus (control group), (ii) patients with type 2 diabetes 
mellitus receiving atorvastatin, (iii) patients with type 2 
diabetes mellitus not taking atorvastatin, (iv) pre-diabetics 
receiving atorvastatin, (v) pre-diabetics not receiving 
atorvastatin. The number of subjects in group (iv) was 12, 
while, the number of patients and subjects in other groups 
was 17. Groups (iii) and (v), included diabetic patients 
and pre-diabetic individuals who did not take atorvastatin. 
The consort template of this study was shown in Figure 1.

However, in groups (ii) and (iv), diabetic patients and 
pre-diabetics received atorvastatin 20 mg/d for three 
months. Following three months, the samples were 
obtained. The samples of blood from each subject were 
taken at a volume of 5 mL in a serum gathering tube 
and then the serum was separated for determination. 
The individuals in the control group were chosen among 
healthy individuals who were not diabetic. They did 
not even have specific diseases and diabetes. All patients 
provide  their singed informed consent and accepted to 
take part in the research.

The inclusion criteria included having type 2 diabetes 
mellitus (FBS 126> mg/dL), pre-diabetes (FBS 100-125 
mg/dL), diabetes for three years without administration of 
insulin. The exclusion criteria included pregnant or breast 
feeding women, individuals with active infections such 
as hepatitis B, hepatitis C, human immunodeficiency 
virus (HIV) and tuberculosis, history of cancer, heart 
attack in the last six months or peripheral coronary artery 
disease, steroid therapy such as the use of prednisone, 
smoking cigarettes and alcohol intake, women taking 
contraceptives, indigestion and chronic diarrhea, liver, 
lung, kidney, heart and brain disorders, anemia and 
diabetic nephropathy, avoiding to sign the informed 
consent form. The design of the study is a prospective 
observational cohort study (without intervention). In the 
current study, HMG-COA-R, PCSK9 and sortilin were 
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measured using ELISA kits at 450 nm.

Ethical issue
The study was performed in agreement with the principles 
of Declaration of Helsinki, 1996 version and its later 
amendments and also Good Clinical Practice standards. 
The study proposal and written consent procedures 
were approved by the Ethics Committee at Hormozgan 
University of Medical Sciences (HUMS.REC.1395.127). 
This study was the result of M.S of Clinical Biochemistry at 
this university, conducted by the first author (ANA). This 
study was carried out in collaboration with Biochemistry 
Department of Babol University of Medical Sciences. 

Statistical analysis
Data obtained from the study were determined by 
descriptive statistics (middle, mean, standard deviation) 
and the correlation between variables and biochemical 
factors was calculated based on the Pearson’s correlation 
coefficient. The obtained results were analyzed using SPSS 
version 24. The analysis of variance (ANOVA) test was 
applied to calculate the mean of data and the box plot 
was applied to compare the middle of data. Then, the 
specificity and sensitivity of the variables was calculated 
using ROC test. P < 0.05 was statistically considered 
significant.

Results
In Table 1, the mean and standard deviation of the 
variables was compared among the five groups based on 
the ANOVA test. The serum levels of HMG-COA-R 
in diabetics and pre-diabetics taking statin was not 
significantly more than diabetics and pre-diabetics no 
taking statin, (P > 0.05; Table 1). The levels of PCSK9 in 
diabetics and pre-diabetics was significantly more than 
healthy subjects (P = 0.001; Table 1). Additionally, the 
serum PCSK9 levels in diabetics and pre-diabetics receiving 
statin were significantly higher than diabetics and pre-
diabetics not receiving statin, respectively (P = 0.001). The 
serum sortilin levels in diabetics and pre-diabetics were 
significantly higher than healthy individuals (P = 0.001). 
Furthermore, the serum sortilin level in pre-diabetics 
receiving statin was significantly higher than pre-diabetics 
not receiving statin (P = 0.001; Table 1). The correlation 
between measured variables in group (i) was shown based 
on Pearson’s test. According to this test, the serum PCSK9 
level had positive and significant relationships with the 
serum sortilin and HMG-COA-R levels (P = 0.001, R 
= 0.8 and P = 0.001, R= 0.79, respectively). Moreover, 
the serum sortilin level had a positive and significant 
correlation with serum HMG-COA-R level (P = 0.001, 
R= 0.87).

The correlation between measured variables in group 
(ii) was shown based on Pearson’s test. According to this 
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Enrolment Assessed for eligibility 
(n=80) 

 

The samples were divided 
into 5 groups  

Group v: pre-diabetics 
not receiving statin 

Group iv: pre-diabetics 
receiving statin 

Group iii: diabetic patients 
not taking statin 

Group ii: diabetic 
patients receiving statin 

Group i: healthy 
individuals 
without diabetes 
mellitus  

HMG-COA-R, PCSK9 and 
sortilin were determined in 
the serum of samples 

In group v, the levels of 
PCSK9 and sortilin were 
higher than control group  

In group iv, the levels of 
PCSK9 and sortilin were 
higher than iii and v groups 

In group iii, the levels 
of PCSK9 and sortilin 
were higher than 
control group  

In group ii, the level of 
PCSK9 was higher than 
iii and v groups  

In group i, the level of 
HMG-COA-R was not 
altered significantly  

Figure 1. Consort chart of the study included the results of alteration of the studied variables in 5 groups.

Table 1. Comparison of mean and standard deviation of variables measured in 5 groups, according to ANOVA test

Variables
Control 
group

Diabetic group 
receiving statin

Diabetic group not 
receiving statin

Pre-diabetic group 
receiving statin

Pre-diabetic group 
not receiving statin

P value

Sortilin (mean± SD), ng/mL 8 ± 4 9 ± 5 9 ± 4 11 ± 7 9 ± 5 0.001

PCSK9 (mean± SD), ng/mL 159 ± 57 211±76 189 ± 72 210±70 192 ± 93 0.001

HMG-COA-R (mean± SD), ng/mL 42 ± 16 41±16 40 ± 14 43±15 41 ± 11 0.001
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test, the serum sortilin level had positive and significant 
correlations with serum PCSK9 and HMG-COA-R levels 
(P = 0.001, R = 0.78 and P = 0.001, R = 0.78, respectively). 
Moreover, the serum HMG-COA-R level had a positive 
and significant correlation with serum PCSK9 levels 
(P = 0.001, R = 0.89). 

The correlation between measured variables in group 
(iii) was shown based on Pearson’s test. According to 
this test, the serum HMG-COA-R level had a positive 
and significant correlation with the serum PCSK9 level 
(P = 0.001, R = 0.74). Furthermore, there were positive 
and significant correlations among HMG-COA-R, 
PCSK9 and sortilin.

The correlation between measured variables in group 
(iv) was shown based on Pearson’s test. According to 
this test, the serum HMG-COA-R level had positive 
and significant correlations with the serum sortilin and 
PCSK9 levels (P = 0.001, R = 0.92 and P = 0.001, R = 0.88, 
respectively). In addition, the serum sortilin level had a 
positive and significant correlation with the serum PCSK9 
level (P = 0.001, R = 0.87). The correlation between 
measured variables in group (v) was assessed based on 
Pearson’s test. According to this test, serum sortilin level 
had positive and significant correlations with the serum 
levels of PCSK9 and HMG-COA-R (P = 0.001, R = 0.81 

and P = 0.001, R = 0.92, respectively). Additionally, 
the serum PCSK9 level had a positive and significant 
correlation with serum HMG-COA-R level (P = 0.001, 
R = 0.82). 

In the present study, the middle of data was compared 
using the box plot. In box plot, control group (i), diabetic 
group receiving statin (ii), diabetic group not receiving 
statin (iii), pre-diabetic group receiving statin (iv) and 
pre-diabetic group not receiving statin (v) were shown. 
According to Figure 2A, HMG-COA-R level in diabetic 
group taking statin was more than the control group. The 
serum PCSK9 level in pre-diabetic group receiving statin 
was higher than the other groups (Figure 2B). Moreover, 
the serum level of sortilin in pre-diabetic group taking 
statin was more than the other groups (Figure 2C).

Figure 2D shows receiver operating characteristic curve 
(ROC curve) in assessing the specificity and sensitivity 
of determined factors between group (i) and group 
(v) for the forecast of the chance of progression from a 
healthy individual to a pre-diabetic. HMG-COA-R was 
significantly able to predict passing the healthy phase to 
the pre-diabetic phase.

ROC curve in assessing the sensitivity and specificity 
of measured variables between group (i) and group (v) 
predicted the probability of progression from a healthy 

Table 2. ROC test between group (i) and group (v)

Variable Sensitivity Specificity AUC Cut off P value 

HMG-COA-R  70%  61%  0.62 35.58 0.001 

AUC; area under curve.

Figure 2. (A) Serum HMG-COA-R level in five groups according to the box plot. (B) Serum PCSK9 level in five groups, according to the 
box plot. (C) Serum sortilin level in five groups, according to the box plot. (D) Roc curve between group (i) and group (v).
Control group: healthy individuals without diabetes mellitus, A: patients with type 2 diabetes mellitus receiving statin, B: patients with type 
2 diabetes mellitus not taking statin, C: pre-diabetics receiving statin, D: pre-diabetics not receiving statin.
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person to a pre-diabetic (Table 2). HMG-COA-R was 
significantly able to predict the passing of the healthy 
phase to the pre-diabetic phase with sensitivity of 70%, 
specificity of 61% and cut off of 35.58 ng/dL.

Discussion
The results of the present study demonstrated that the 
serum PCSK9 level in diabetic and pre-diabetic groups 
was significantly more than the control group. Given 
this finding, increased the serum LDL-c and cholesterol 
concentrations in diabetics and pre-diabetics may 
be attributed to a rise in the serum level of PCSK9. 
Additionally, atorvastatin increased the serum PCSK9 
level in diabetics and pre-diabetics. In agreement with 
this result, Mayne et al declared that taking atorvastatin 
10 mg/d for six weeks had significantly enhanced the 
serum level of PCSK9 (7.4%) (14). Statins can increase 
expression of the sterol regulatory element-binding 
protein 2 (SREBP-2) transcription factor by decreasing 
the cellular level of cholesterol. SREBP-2 binds to sterol 
regulatory element-1 in the PCSK9 gene promoter and as 
a result, enhances the PCSK9 expression (15). Therefore, 
the rise of the PCSK9 can limit the effect of statins on 
serum PCSK9 and LDL-c level, as the natural inhibitor 
of statins.

It has been shown that the use of PCSK9 inhibitors 
in combination with statin could enhance the effect of 
statins in decreasing LDL-c level (16). In another study, it 
was reported that statins may involve in enhancing insulin 
secretion and thereby reducing serum level of LDL-c (17).

The results of the ROC test  (Table 2) between group 
(i) and group (v) declared that if the serum level of HMG-
COA-R was less than 35.58 ng/dL, it shows pre-diabetic 
status. 

In the present study, the serum level of PCSK9 had a 
positive and significant correlation with serum levels of 
HMG-COA-R as shown in Table 1. The reasons for these 
positive and significant correlations are that SREBP-2 
(sterol regulatory element-binding protein 2) can also 
increase the expression of the HMG-COA-R gene. 
In addition to the PCSk9 gene, Wu et al declared that 
the activation of SREBP-2 had been  accompanied by 
enhancement in the HMG-COA-R mRNA expression 
(18).

In the present study, no relationship between the serum 
level of sortilin and the serum level of LDL-c was seen. 
This result may be attributed to the dual role of sortilin 
in rising or reducing LDL-c level. Furthermore, the serum 
level of sortilin in diabetic and pre-diabetic groups was 
substantially more than the control group.

This result showed that the raised lipoproteins in 
diabetics and pre-diabetics enhanced the expression of 

sortilin by a mechanism of positive feedback and statin 
appeared to influence the SORT1 expression. Thereby, 
the consumption of statin in the pre-diabetic group led to 
rise in level of sortilin.

The interesting point identified in the present study was 
the positive and important relationship between serum 
sortilin, PCSK9 levels and HMG-COA-R. Gustafsen et 
al showed a positive and significant correlation between 
serum sortilin level and serum PCSK9 level. They 
proposed a model in which sortilin had banded to PCSK9 
in Golgi apparatus and had facilitated its secretion (19). 
The correlation between serum sortilin level and serum 
level of HMG-COA-R has not been considered yet. Our 
study proved this correlation for the first time as well 
(Table 1). As mentioned previously, PCSK9 prevents the 
entry of LDL-c into beta cells and consequence enhances 
secretion of insulin by binding to LDLR in the surface of 
beta cells (10). 

Sortilin has significant roles in the arrangement of GSVs 
or IRVs, transfer of these vesicles to the plasma membrane, 
increases the GLUT4 expression and thereby improves 
insulin sensitivity (13). Additionally, there was a positive 
and significant relationship between serum level of sortilin 
and serum level of PCSK9. Therefore, statin improved the 
secretion of insulin and sensitivity by increasing the serum 
sortilin and PCSK9 levels. However, the use of inhibitors 
of PCSK9 along with atorvastatin therapy can increase 
atorvastatin effect on reducing LDL-c level while insulin 
secretion may be impaired.

Conclusion
Atorvastatin improved insulin secretion and sensitivity by 
increasing serum sortilin and PCSK9 levels. As a result, 
it prevented the development of diabetes in diabetics and 
progression of pre-diabetes to diabetes.
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