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ABSTRACT: 

Context: Hyperlipidemia is one of the major causes of cardiovascular problems in our population 

that may even cause mortality among most of the people. Atorvastatin, one of the commonly used 

statins for hyperlipidemia acts by lowering the total cholesterol and LDL levels in the body. It is 

metabolized by the enzyme CYP3A4 and CYP3A5 regulated by the POR gene. Presence of 

nonfunctional allele (POR*28) in POR gene may affect the hypolipidemic activity. Hence we 

planned our study to find the association of POR*28 genetic polymorphism with lipid lowering 

effect of atorvastatin in hyperlipidemic patients.  

 

Methods: 57 patients visiting the OPD of general medicine in MGMCRI coming under the 

inclusion criteria were included for the study. Baseline lipid profile was recorded after which 

patients were prescribed with 10mg of atorvastatin. Lipid profile was assessed after 4 weeks of 

treatment, during which 2ml blood was withdrawn for genotyping and patients were assessed for 

adherence by Morisky medication adherence scale. Medication adherent patients were categorized 

as responders based on the reduction of LDL by 10% or more and as nonresponders based on the 

reduction of LDL by less than 10% from the baseline. Genomic DNA was extracted by Qiagen 

DNA extraction kit and genotyping of POR*28 SNP is done by Realtime PCR using TaqMan 

genotyping.  

 

Results: The frequency of Extensive metabolizers (EM), Intermediate Metabolizers (IM) and Poor 

Metabolizers (PM) were 35.29%, 45.10% and 19.61% respectively and they were in Hardy 

Weinberg Equilibrium. The association between the genotype and clinical response was statistically 

analyzed using Fischer's exact test and was found to be statistically significant (0.0001). Carriers of 

POR*28 SNP were found to have lowered lipid lowering effect.  

 

Conclusion: Hence we conclude that the presence of mutant allele, POR*28 affects the 

antihyperlipidemic activity of statins. However, studies on larger samples are required to 

extrapolate it. 
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INTRODUCTION :  

Hyperlipidemia is a broader term that involves genetic or acquired impairment in the lipid 

metabolism and is characterized by high total cholesterol (TC), low density lipoprotein (LDL), very 

low density lipoprotein (VLDL), triglycerides (TG) and low high density lipoprotein (HDL) and 

poses as an important risk factor for coronary heart disease.
1
 The prevalence of hyperlipidemia is 

25-30% in urban and 15-20% in rural Indian population that requires greater attention to prevent the 

complications.
2
 Statins (HMG-CoA reductase inhibitors) lowers plasma cholesterol levels by 30–

50% and cardiovascular events to 20–40%, hence occupies the cornerstone in the treatment of 

Hyperlipidemia.
3
 Ralph et al identified that optimal lowering of LDL-C is not achieved within 24 

months in more than 50% of the population initiated on statin therapy, and they will experience 

significantly increased risk for future CVD.
4
 Biological and genetic variability and variation in 

adherence have been identified as a major cause for statin resistance.
5
 Cytochrome P450 

oxidoreductase (POR) gene donates electrons from NADPH to activate Cytochrome P450 drug 

metabolizing enzymes, especially CYP3A4 and CYP3A5 that are involved in statin metabolism.
6
 

Variation in POR gene affects the metabolism of steroid hormones, drugs and xenobiotics.
7
 The 

prevalence of POR*28 (A503V) in South Indian population is 34.7%.
8
 However studies on genetic 

variation affecting the clinical response yields conflicting results. Previous study performed by 

Euridiki et al on 123 children and adolescents with hypercholesterolemia on atorvastatin therapy 

reported that POR*28 allele is associated with lower reduction of Total Cholesterol and LDL 

(43.9% in *1/*1wild type, 40.9% in *1/*28 heterozygote and 30.8% in *28/*28 homozygous 

mutant individuals, p = 0.013).
9
 But a randomized controlled trial on 73 Chinese volunteers 

revealed that POR*28 mutants showed higher CYP3A4 that metabolizes statins and Georgia et al 

on 212 patients reported that POR*28 allele was not associated with the lipid-lowering effect of 

atorvastatin and were quite conflicting.
10

 Having high prevalence of this polymorphism in our 

population, the increased disease burden, and with very scarce information on this genetic variation 

affecting the clinical response, we initiated our study to identify the influence of POR*28 gene 

polymorphism on statin therapy. 

MATERIALS AND METHODS: 

The study was approved by the Institutional Human Ethics Committee and written informed 

consent was obtained from all the study participants. An Analytical Case Control Study  

focusing on measuring the frequency of responders and non-responders to atorvastatin based on the 

lipid profile and identifying the causal relationship with the POR*28 genetic polymorphism was 

performed on 87 patients  attending Out patient department of Mahatma Gandhi Medical college & 

Research Institute, Pondicherry and newly diagnosed with hyperlipidemia by the clinician in the age 

group of 20 –75 years of both sexes and  prescribed with Atorvastatin 10mg. Sample size was 

calculated using the formula ղ  = (Zα 2 pq) / d2 ,where Zα=1.96 @ 95% confidence interval, p = 

prevalence rate =29.3%, q = 1-p, d = 10% absolute precision. Pregnant & breast feeding women, 

Patients with renal and hepatic dysfunction, patient with history of any concomitant medication 

which may interfere with Atorvastatin metabolism namely clarithromycin, diltiazem, erythromycin, 

itraconazole, ketoconazole, ritonavir, verapamil, Patients prescribed with any other hypolipidemic 

drug, Medications non-adherent patients based on Morisky medication adherence scale at the time 

of follow up and patient with history of known hypersensitivity to the study drug atorvastatin were 

excluded from the study. Demographic details like name, age, sex, ethnicity, medical history and 

history of concomitant medications were recorded in a case proforma sheet. 5 ml EDTA venous 

blood samples were collected for determining the lipid profile for those fulfilling the inclusion 

criteria and participating in the study. Patient's lipid profile was determined first as a baseline 

assessment after which patients had received Tab. Atorvastatin 10mg OD. Patient’s lipid profile 
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was assessed again after 4 weeks when they appear for regular investigation and genotyping was 

done. They were categorized as responders or non-responders based on the following criteria
.26

 

 

Responders: Patients with reduction of LDL by ≥ 10 % from the baseline assessment. 

 

Non-responders: Patients with reduction of LDL by < 10 % from the baseline assessment or no 

reduction in lipid levels.  

 

The patients were advised about the treatment plan and about the side effects of the drugs like 

myopathy, rhabdomyolysis, muscle pain and to report to the hospital at any time if they are not 

subsiding. The importance of adherence to treatment was explained to each patient and checked 

during the follow up visit by Morisky medication adherence scale method (Total score >6).
32

 Major 

confounding variable like non adherence was eliminated by categorization of response in only 

medication adherent patients. Other confounding factors like diet and lifestyle were reduced by 

educating all study patients with diet and lifestyle modifications. Moreover assessment of statin 

effects were done within 4 weeks during which diet and lifestyle modification may not make 

significant change in lipid levels.  

 

Determination of genotype:  
2ml of EDTA blood was withdrawn from the patient. Genomic DNA was extracted from whole 

blood using QIAamp Blood Mini Kit (QIAGEN, Hombrechtikon, Switzerland). Extracted DNA 

was electrophoresed on 1% agarose gel and the product bands were visualized under UV light using 

gel documentation system. Genotyping of POR*28 SNP (SNP ID - rs1057868) was performed 

using Real Time Quantitative PCR using TaqMan SNP allelic discrimination assay
33,34

 (CFX96TM 

Real-Time System, Bio Rad,Corp, USA). The forward and reverse primers used were 

5’AACTGGCTGCGGGCCAAGGAGCCTG3’and5’ CGGGGAGAACGGCGGCCGTGCGCTG 3’ 

respectively. The assay ID and the context sequence used were C___8890131_30 and 

AACTGGCTGCGGGCCAAGGAGCCTG[C(VIC)/T(FAM)]CGGGGAGAACGGCGGCCGTGC

GCTG respectively. PCR reaction mixture of a total volume of 20 µl was prepared using 10µl 

master mix (20x), 1µl assay mixture (40x), genomic DNA (100 ng) and 5µl nuclease free water. 

The PCR cycling conditions include denaturation at 95´C for 10 min, annealing at 95´C for 15 sec 

and extension at 60´C for 90sec for 50 cycles. The alleles were inferred from the allelic 

discrimination plot using the BIORAD Manager software. All assays were run with non-template 

controls (NTC). Ten samples were randomly re-run to confirm genotyping results. The frequency of 

responders and non-responders to atorvastatin was determined using the lipid profile analysis. The 

influence of POR*28 SNP with clinical response of statin was determined using appropriate 

statistical tests. Any side effects like myopathy, rhabdomyolysis, muscle pain occurring were noted 

and treated appropriately. All data were expressed as mean + SD. Hardy-Weinberg equilibrium was 

tested using the chi-square goodness of fit test. Fisher’s exact test was carried out to test 

significance of association between drug response and metabolizer status. p<0.05 was considered 

statistically significant. All statistical analyses were performed using Graphpad Prism Software 

 

RESULTS: 

Our study analyzed the influence of POR*28 genetic polymorphism on the efficacy of statin in 

hyperlipidemia. All the demographic characteristics like age, sex, BMI, were compared between the 

responders and non-responders using arithmetic mean, percentage, as and when appropriate and 

found to be statistically insignificant. The percentage of responders and non-responders to statin 

therapy in our study was found to be 52.94% and 47.06% respectively. The reduction of lipid levels 

before and after 4 weeks of statin therapy in the responders and non-responders have been 

summarized and presented in Table 1. The frequency of the wild type homozygous individuals 
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(CC), heterozygous individuals (CT), and the mutants (TT) were found to be 35.29%, 45.10% and 

19.61% respectively. The allele frequency was calculated by gene counting method and the minor 

allele frequency was found to be 42%. The observed frequency of the genotypes was assessed for 

reliability using Hardy Weinberg calculator and found to be in equilibrium. The association 

between the genotype and clinical response was statistically analyzed using Fischer's exact test 

found to be statistically significant(p<0.0001) and presented in Table 2. Odds ratio was calculated 

to be 16 (3.463 to 75.49) at 95% CI with p = 0.0001 and was considered statistically significant. 

Statistically significant association was found between genotypes and the clinical response to statin. 

 

Table 1: Lipid profile response before and after statin therapy between the responders and non-

responders 
CLINICAL          

RESPONSE 

   

  LIPID 

  PROFILE 

                      RESPONDERS                NON-RESPONDERS 

BASELINE 

ASSESSMENT 

AFTER 4 

WEEKS OF 

THERAPY 

PERCENTAGE 

DIFFERENCE 

BASELINE 

ASSESSMENT 

AFTER 4 

WEEKS OF 

THERAPY 

PERCENTAGE 

DIFFERENCE 

TC 231.8148 207.3333 12% 235.5417 254.75 8% 

TG 232.2593 213.7407 9% 207.125 219.9583 6% 

HDL 47.48148 49.03704 3% 46.58333 45.125 3% 

LDL 126.2222 111.2963 13% 139.2083 150.8333 8% 

 

Table 2: Association between POR*28 carriers and Statin response 

  POR*1/*1 

CC n (%)                                     

POR*1/*28 

    CT n (%) 

POR*28/*28 

     TT n (%) 

OR 

(95%CI) 

p 

value  

Responder     16 (31.37) 11 (21.57)       0 (00)   16  

(3.463    

to 75.49) 

 

0.0001 
Non-

responder 

  2 (3.92) 12 (23.53)      10 (19.61) 

Fischer's exact test was performed between CC and CT + TT (POR*28 carriers) 

 

DISCUSSION:  

Our study analyzed the clinical impact of POR*28 single nucleotide polymorphism on the efficacy 

of statins on 57 south Indian patients with hyperlipidemia. POR is a highly polymorphic gene with 

more than 200 SNP reported in different geographical populations.
 
The alleleic variants of POR 

could functionally affect POR leading to altered CYP enzyme activity eventually resulting in inter-

individual differences in drug metabolism.
  

POR*28 (rs1057868,c.1508C>T) that brings about 

Ala503Val change is the most common polymorphism reported across populations and found to be  

42% in our study population , similar to the frequency observed in chinese (37.5%).
29

 Highest 

frequency of POR*28 is found among Japanese (40%) and lowest among African-Americans 

(19%).
8
 The nonresponse to statin therapy was around 8% in our study population. Karlson et al 

performed a meta-analysis to identify the variability in reduction of LDL cholesterol and reported 

that 5.3 to 53.3 % of patients experienced a suboptimal response, wherein the reduction of 

cholesterol was less than 30%.
31

 Trompet et al in his PROSPER study (Prospective study of 

Pravastatin in the elderly at risk) stated that non responders to statins were more likely to be non-

adherers. Marianne et al reported in her systematic review stated that the non-adherence to statins 

was 49%.
26

 In our study the non-adherence to statin therapy was 10.5 %, probably due to the 

assessment of adherence on 4 weeks duration. In our study we also eliminated the non-adherers 

based on Morisky medication adherence scale
32

 and performed only on adherers to identify the role 

of POR*28 SNP in affecting the statin efficacy with the greater accuracy. In our study the 

percentage reduction of LDL cholesterol from the baseline and after 4 weeks of statin therapy was 

found to be 8% among the non-responders (mutant genotype) and 13% among the responders. 

Similar study by Kan Kan wei et al on the interaction between CYP3A5*3 and POR*28 

polymorphism and lipid lowering response in the atorvastatin, had found that the percentage 
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difference in LDL cholesterol levels between baseline and after 6 months treatment was found to be 

28.99±5.05 in the mutant group and found to be statistically significant when compared with the 

other genotypes.
16

 The frequency of the wild type homozygous individuals (CC) was 35.29%, 

heterozygous individuals (CT) was 45.10% and the mutants (TT) was found to be 19.61% 

respectively. Similar study by Euridiki et al reported the association of POR*28 SNP with lipid 

response to atorvastatin in children and adolescents with familial hypercholesterolemia and reported 

the frequency of the genotypes CC, CT, and TT as 39.5%, 35.3% and 25.2% respectively.
9
  

Euridiki et al analyzed the association of POR*28 with atorvastatin response at baseline and after 6 

months of treatment of familial hypercholesterolemia in children and adolescents and reported that 

POR*28 carriers had significantly lower mean reduction of total cholesterol and LDL, and 

suggested that POR*28 allele is associated with reduced effect of atorvastatin requiring higher 

atorvastatin dose to achieve full therapeutic benefit and warranted additional studies across different 

populations.
9
 Also Kan Kan Wei et al identified the association of POR*28 SNP on 20mg of 

atorvastatin daily dose for 4 weeks and reported that POR*28 is associated with poorer response to 

atorvastatin.
16

 However, Georgia et al performed a study to evaluate the association of POR*28 

SNP with lipid lowering effect of statins and found non-significant reduction in the lipid lowering 

effect based on total cholesterol and LDL levels and reported that this trend was not observed in the 

replication cohort of simvastatin treated patients. She concluded that the hypothesized effect of 

POR*28 allele on the lipid lowering response could be masked by other confound ding factors and 

advised further studies across different populations.
10

 Our study is the first study in the Indian 

population to identify the association of POR*28 SNP on the lipid lowering effect of statins, which 

is statistically significant, suggesting that the mutant genotype requires either higher dose or 

alternate therapy with Rosuvastatin. Moreover other confounding factors like disease comorbidities 

such as diabetes, obesity, hypertension, coronary artery disease have not been statistically analyzed. 

Also other factors like alcohol, cigarette smoking, sedentary lifestyle which can have an impact on 

the cholesterol response have also not been investigated. The limitations of our study include a 

small sample size and assessment of lipid profile for statin efficacy within a short period of 4 

weeks, both of which can hinder the generalizability of the results. 

CONCLUSION:  
There exists an statistically significant association between the POR*28 SNP and the clinical 

response to statin. However studies with larger sample size across different ethnic populations will 

help to generalize the results. 
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