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Abstract
BACKGROUND
Cholesterol is related to improvements in the rate of sustained virological
response and a robust immune response against the hepatitis C virus (HCV).
APOE gene polymorphisms regulate cholesterol levels modifying the course of
the HCV infection. The relationship between cholesterol, APOE alleles, and the
outcome of HCV infection has not been evaluated in the admixed population of
Mexico.

AIM
To investigate the role of APOE -ε2, -ε3, and -ε4 alleles and the metabolic profile
in the outcome of HCV infection.

METHODS
A total of 299 treatment-naïve HCV patients were included in this retrospective
study. Patients were stratified in chronic hepatitis C (CHC) (n = 206) and
spontaneous clearance (SC) (n = 93). A clinical record was registered. Biochemical
tests were assessed by dry chemistry assay. APOE genotypes were determined
using a Real-Time polymerase chain reaction assay.

RESULTS
Total cholesterol, low-density lipoprotein cholesterol (LDL-c), triglycerides, and
hypercholesterolemia were higher in SC than CHC patients as well as the
frequency of the APOE ε4 allele (12.4% vs 7.3%). SC patients were overweight
(54.8%). The ε4 allele was associated with SC (OR = 0.55, 95%CI: 0.31-0.98, P =
0.042) and mild fibrosis (F1-F2) in CHC patients (OR 0.091, 95%CI 0.01-0.75, P =
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0.020). LDL-c ≥ 101.5 mg/dL (OR = 0.20, 95%CI: 0.10-0.41, P < 0.001) and BMI ≥
26.6 kg/m2 (OR= 0.37, 95%CI: 0.18-0.76, P < 0.001) were associated with SC status;
while ALT ≥ 50.5 IU/L was negatively associated (OR = 5.67, 95%CI: 2.69-11.97, P
< 0.001).

CONCLUSION
In SC patients, the APOE ε4 allele and LDL-c conferred a protective effect in the
course of the HCV infection in the context of excess body weight.

Key words: Liver damage; Body mass index; Spontaneous hepatitis C virus clearance;
Low-density lipoprotein; Cholesterol
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Core tip: Cholesterol is a metabolic regulator of the hepatitis C virus (HCV) life cycle.
Genetic polymorphisms in the APOE gene can regulate cholesterol and modify the
outcome of the HCV infection. Our findings suggest that APOE ε4 allele and low-
density lipoprotein cholesterol (LDL-c) confer a protective effect in the course of the
HCV infection in the context of high body mass index (BMI). Levels of LDL-c, BMI,
and ALT may estimate the risk of chronicity in HCV-infected patients. An
individualized therapy accounting the host´s genetic, environmental, and metabolic
factors could aid in the clinical management of HCV infection, especially in populations
with a high prevalence of overweight and obesity.

Citation: Gonzalez-Aldaco K, Roman S, Torres-Valadez R, Ojeda-Granados C, Torres-Reyes
LA, Panduro A. Hepatitis C virus clearance and less liver damage in patients with high
cholesterol, low-density lipoprotein cholesterol and APOE ε4 allele. World J Gastroenterol
2019; 25(38): 5826-5837
URL: https://www.wjgnet.com/1007-9327/full/v25/i38/5826.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i38.5826

INTRODUCTION
Hepatitis C virus (HCV) is a significant health problem causing chronic liver diseases
worldwide. According to the World Health Organization (WHO), 71 million people
are chronically infected, and 399,000 deaths each year are related to HCV infection[1].
Estimates are that up to 90% of the infected individuals are unaware of their status of
infection[2]. In approximately 25-30 years, chronic HCV infection may progressively
lead to a broad spectrum of clinical outcomes such as fibrosis, cirrhosis, and in some
cases, hepatocellular carcinoma[3]. However, some patients (20%-40%) may resolve an
acute infection by self-spontaneous clearance of the virus, evidenced by positive anti-
HCV antibodies and negative viral RNA in the serum[4]. This rate is variable due to a
combination of the immunologic, metabolic, and genetic factors of the host[5].

In particular, plasmatic levels of total cholesterol (TC) and low-density lipoprotein
cholesterol (LDL-c) have been reported as predictors of the response to interferon
therapy  during  HCV  infection[6].  Likewise,  the  Apolipoprotein  E  (APOE)  gene
encoding the glycoprotein component of the low-density lipoprotein has also been
implicated in the outcome of HCV infection and associated comorbidities[7].  HCV
binds to the ApoE ligand entering the hepatocyte via the low-density lipoprotein
receptor (LDLR)[8]. Two functional polymorphisms rs429358 and rs7412 in the APOE
gene lead to three common alleles, ε2, ε3 and ε4, encoding the corresponding major
isoforms, ApoE -E2, -E3 and -E4[9].  ApoE3 is the wild-type isoform with a natural
affinity for the LDLR, while ApoE2 and ApoE4 present opposed binding abilities.
ApoE2 isoform has a significantly decreased attachment to the LDLR. Conversely, the
ApoE4 isoform confers increased binding to LDLR compared to ApoE2 and ApoE3[10].
These  relative  binding  properties  are  consistent  with  findings  that  suggest  a
protective  effect  of  APOE ε4  in  the  progression  of  liver  damage  as  revealed  by
histopathological  analysis[11],  whereas  APOE  ε3  has  been  associated  with  the
persistence of the infection[12].

There is  growing evidence of  the occurrence of  dyslipidemia in HCV-infected
patients[13]. Therefore, changes in body weight may have a meaningful impact on the
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management  of  these  patients.  Currently,  Mexico  and  the  United  States  are
experiencing a significant adult obesity health problem[14]. In Mexico, 72.5% of the
adult population present overweight or obesity[15]. This increase in body mass index
(BMI)  is  associated  with  the  development  of  several  metabolic  abnormalities
including dyslipidemias such as, hypercholesterolemia (HChol), which is one of the
eight  most  important  risk  factors  of  mortality  in  Mexico[16].  Both  obesity  and
dyslipidemia are associated with environmental risk factors such as diet. Recently, we
described that  the dietary pattern of  the general  Mexican population and HCV-
infected patients promote the development of lipid abnormalities[17].  On the other
hand,  the  APOE  ε4  allele  that  is  associated  with  HChol  has  a  heterogeneous
prevalence at the national level ranging from 0-20.3%[18]. However, the relationship
between APOE alleles and lipid metabolism, as well as its potential implication in
HCV infection among the Mexican population is currently unknown.

West Mexico is a region characterized by a genetically admixed population with
Amerindian,  European,  and  less  extensively  African  ancestries[19].  Given  the
variability of APOE alleles observed by ethnicity[20,21], it is plausible that differences in
the genetic and environmental factors of the Mexican population may influence the
relationship between APOE,  lipid  abnormalities  and outcome of  HCV infection.
Therefore, this study aimed to investigate the role of APOE ε2, - ε3, and - ε4 alleles and
the metabolic profile in the outcome of HCV-infected patients in West Mexico.

MATERIALS AND METHODS

Patients and study design
In this retrospective study, adult patients who were anti-HCV positive, un-related,
and  treatment-naive  were  enrolled  from  January  2014  to  December  2016  at  the
Department of Molecular Biology in Medicine, Civil Hospital of Guadalajara “Fray
Antonio Alcalde”. The exclusion criteria were chronic hepatitis B virus infection or
human immunodeficiency virus infection, autoimmune disease, Child-Pugh class B
and C, Wilson´s disease, hemochromatosis, drinkers, and use of hypolipidemic drugs.

A physician elaborated all medical records in which demographics, clinical data,
risk factors for the acquisition of viral  hepatitis,  and laboratory test  results were
registered.  Patients  were  serologically  tested  for  anti-HCV  antibodies  (Third-
generation ELISA, AxSYM®, Abbott Laboratories, IL, United States) and quantitative
assessment of serum RNA was performed by a standardized quantitative reverse PCR
assay (Roche COBAS® AmpliPrep and COBAS® TaqMan 48 HCV test, Pleasanton, CA,
United States).  After testing,  the study population was divided into two groups:
Spontaneous clearance (SC) patients (n = 93) who had at least two undetectable serum
HCV RNA results in the last 12 months with a six-month interval between each test.
Chronic hepatitis C infection (CHC) patients (n = 206) had two detectable serum HCV
RNA results during the preceding 12 months with a six-month interval between each
test.

Time of evolution was estimated as the elapsed time between the date of diagnosis
and first exposure to risk. Patients had not been previously diagnosed at the time of
the study.

Anthropometric assessment
Body mass index (kg/m2) was estimated using electrical bio-impedance (InBody3.0,
Analyzer Body Composition, Biospace, South Korea). Normal weight was > 18.5-24.99
kg/m2,  overweight  >  25-29.99  kg/m2  and obesity  >  30  kg/m2  as  defined by  the
WHO[22].

Liver stiffness measurement by transitional elastography
Liver stiffness measurement was assessed by a certified physician using transitional
elastography (TE) (FibroScan®, Echosens, Paris, France). Liver stiffness was calculated
as the median value of ten valid TE measurements expressed in kilopascals (kPa)
indicating liver fibrosis according to the following classification: F1, mild fibrosis (7.1-
8.7 kPa), F2, moderate fibrosis (8.8-9.4 kPa), F3, severe fibrosis (9.5-12.4 kPa) and F4,
cirrhosis (> 12.5 kPa)[23].

Biochemical measurements
Ten mL of blood samples were drawn after a 12-h fast. Biochemical measurements of
TC,  triglycerides  (TG),  high-density  lipoprotein  cholesterol  (HDL-c),  aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were performed using a
Vitros 250 Analyzer (Ortho-Clinical Diagnostic, Johnson & Johnson, Rochester, NY,
USA). Commercial control serum and human pooled serum were used to ensure the
accuracy of the biochemical measurements. LDL-c concentration was calculated using
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the Friedewald formula[24], and very-low-density lipoprotein cholesterol (VLDL-c)
concentration was calculated as TC-(LDL-c + HDL-c). Fasting insulin levels were
measured by an enzyme-linked immunosorbent assay (Monobind Inc, Texas, United
States).  The homeostatic model assessment of insulin resistance (HOMA-IR) was
calculated as  the  following formula:  (fasting  insulin  (μU/mL)  x  fasting  glucose
(mg/dL)/405[25].

Lipid abnormalities
Lipid abnormalities were defined according to the National Cholesterol Education
Program  ATP  III  criteria  and  the  Mexican  Official  Norm-037  (NOM-037)[26,27].
Hypertriglyceridemia  (HTG)  ≥  150  mg/dL,  HChol  ≥  200  mg/dL,  hypo-
alphalipoproteinemia (HALP) ≤ 40 mg/dL for men and ≤ 50 mg/dL for women, high
LDL ≥ 130 mg/dL. Insulin resistance was defined as HOMA-IR > 2.5.

APOE genotyping
Genomic DNA was extracted from peripheral  whole blood leukocytes using the
salting-out  method  and  stored  at  -80  °C  until  use.  The  APOE  genotype  was
determined using a 5’ allelic discrimination method[28]. The reactions were carried out
using two TaqMan®  SNP Genotyping Assays (rs429358 C_3084793_20 and rs7412
C_904973_10, Applied Biosystems, Foster, CA, USA). Cycle conditions were an initial
enzyme activation for 10 min at 95 °C followed by 40 cycles of denaturalization for 15
s at 95 °C and alignment/extension for 1 min at 60 °C in a StepOnePlus thermocycler
(Applied Biosystems, Foster, CA, USA). Genotypes were verified using positive and
negative controls. Twenty percent of the samples were genotyped in duplicate, and
100% of concordance was observed.

Statistical analysis
Quantitative variables are expressed as mean ± SD and were compared by student´s t-
test.  Categorical  variables  are  expressed  as  number  and  percentage  and  were
analyzed  by  Chi-square  or  Fisher´s  exact  test.  The  normal  distribution  of  the
quantitative variables was tested with Kolmogorov-Smirnov or Shapiro-Wilks test if
the  number  of  cases  was  more  or  less  than  30,  respectively.  The  APOE  allelic
frequencies  were  obtained  by  direct  counting  method.  The  Hardy-Weinberg
Equilibrium (HWE) expectation was assessed by the software Arlequin version 3.1[29].
The contribution of the APOE  alleles to lipid profile in SC and CHC patients was
analyzed as APOE genotype groups: E2: ε2ε2 + ε2ε3 + ε2ε4, E3: ε3ε3 and E4: ε3ε4 + ε4ε4.

The variables associated with HCV status were identified using univariate and
multivariate logistic regression analysis. The results were expressed as odds ratio
(OR) with a 95% confidence interval (CI). We also tested the goodness of fit of the
regression  model  using  the  Hosmer-Lemeshow  method[30].  The  area  under  the
receiver-operating characteristic (ROC) curve analysis was computed to select the
corresponding thresholds for variables associated with SC. The sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) were computed
for the selected cutoffs using viral load as a reference variable. Statistical analyses
were performed using Epi InfoTM 7.1.2.0 (CDC, Atlanta, USA) and IBM SPSS Statistics
version 21.0 for Windows (IBM Corp, Inc., Chicago, IL, United States). A P value <0.05
was considered statistically significant. An expert biostatistician revised the statistical
analysis.

Ethics
The study protocol complied with the ethical guidelines established in the Declaration
of Helsinki and was approved by the Institutional Review Board, Health Sciences
Center,  University of  Guadalajara,  Certificate #CI-00612.  All  participants signed
informed consent before participating in the study.

RESULTS

Characteristics of the study population
The demographic and clinical features of the study population were compared, as
shown in Table 1. No significant differences in age, gender, and BMI were found
between CHC and SC groups. Risk factors were essentially similar in both groups
except for body piercing in SC. Notably, CHC patients were more normal weight than
SC (36.4% vs 19.3%, P = 0.003), whereas a higher rate of overweight was observed in
SC compared to CHC patients (54.8% vs 42.2%, P = 0.042). HOMA-IR tended to be
comparatively  higher  in  CHC  than  in  SC  patients  (55.4%  vs  43.0%,  P  =  0.072).
According to the TE, 62.5% and 29.5% of the SC and CHC patients, respectively had
fibrosis stage F1 (P = 0.001). On the other hand, 12.5% and 38.5% of the SC and CHC
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patients, respectively presented fibrosis stage F4 (P = 0.002). The levels of LDL-c, TC,
and TG, as well as the rate of lipid abnormalities (HChol, abnormal LDL-c, and HTG),
were higher in SC patients compared to CHC patients (P < 0.001). Conversely, both
AST and ALT were significantly increased in CHC patients than SC patients.

Distribution of APOE alleles, association of APOE ε4 allele with SC and fibrosis
stage
Overall, APOE ε4  allele was present in 8.8% of the study population, as shown in
Table 2. The frequency of the APOE alleles was concordant with the HWE (P > 0.05).
A higher prevalence of the ε4 allele was found in SC (12.4%) compared to CHC (7.3%)
patients, and it was associated with an increased likelihood of SC (OR = 0.55, 95%CI:
0.31-0.98, P = 0.042). Also, the APOE ε4 allele was associated with mild fibrosis (F1-F2)
in CHC patients (OR = 0.091, 95%CI: 0.01-0.75, P = 0.020). In contrast, the APOE ε3
allele was associated with 2.99-fold risk (95%CI: 1.13-7.87, P = 0.021) for severe liver
damage (F3-F4). CHC patient carriers of APOE ε4 allele had lower serum levels of
AST and ALT than the APOE ε3 allele carriers (59.7 IU/L vs 79.1 IU/L, P = 0.041 and
53.2 IU/L vs 88.36 IU/L, P = 0.046, respectively) (data not shown).

Effect of APOE genotype groups on the lipid profile of CHC and SC patients
In SC patients, being a carrier of the E4 genotype increased the plasma levels of TC
and LDL-c (P < 0.05). Meanwhile, in the CHC patients, the E4 genotype increased the
levels of HDL-c and the prevalence of HChol (Table 3).

Effect of lipid profile on spontaneous HCV clearance status
Univariate  and  multivariate  analysis  of  TC,  LDL-c,  BMI,  and  other  relevant
biochemical variables were performed to clarify whether they were related to SC
status  (Table  4).  Multivariable  analysis  identified  LDL-c,  BMI,  TG,  and  ALT as
significantly  associated  with  SC  status  (P  <  0.05).  A  ROC  curve  analysis  was
performed to determine the optimal threshold values of LDL-c, BMI, TG, and ALT
and their association with SC status. For practical applications, sensitivity, specificity,
NPV, and PPV were also calculated (Table 5). Finally, the cutoffs were used to convert
these variables into dichotomous variables,  and a new multivariate analysis was
carried out. This final model identified that LDL-c ≥ 101.5 mg/dL and BMI ≥ 26.6
kg/m2  were  better  predictors  of  SC,  whereas  ALT  ≥  50.5  IU/L  was  negatively
associated with SC status (Figure 1).

DISCUSSION
The interplay between lipids/lipoproteins and HCV can modulate HCV infection. For
example, cholesterol improves the rate of sustained virological response and immune
response against HCV[6]. Also, cell entry is achieved by the virus in the form of lipo-
viro-particles associated with ApoE. On the other hand, the three APOE alleles (ε2, ε3,
and ε4) portray distinct biological properties that mediate lipid levels by interacting
with environmental factors such as diet.  These alleles also have a heterogeneous
distribution worldwide[20].  Currently, a high prevalence of lipid alterations in the
context of the obesity epidemic and an uneven distribution of the APOE  alleles is
notorious among the Mexican population. These factors prompted us to seek if the
differences in the APOE alleles and lipid profile were associated with the outcome of
HCV infection. To the best of our knowledge, this study is the first in reporting the
effect of APOE alleles in the course of HCV infection in a Native American-derived
population. Our results showed that the APOE  allele distribution in the admixed
population of West Mexico agrees with our previous work[31], and the overall high
frequency of the APOE ε4 allele was consistent with the Native Amerindian ancestry
of the study group[32]. However, on further analysis, the prevalence of APOE ε4 allele
was higher in SC patients compared to CHC patients and correlated with the lipid
profile and fibrosis stage.

Lipo-viro-particles bind to hepatic receptors such as LDLR and Scavenger Receptor
class B type 1[33]. In the case of the APOE ε4 allele, it indirectly regulates lipoprotein
levels by reducing the expression of LDLR in the hepatocyte surface[34].  Increased
LDL-c has been demonstrated in healthy carriers of this allele[35]. In this study, the SC
group had a higher ε4 allele prevalence than the CHC patients and was associated
with increased levels of TC and LDL-c. These high levels of LDL-c may compete with
the lipo-viro-particles for the binding to the LDLR, thus decreasing the entry of the
virus. Also, downregulation of the LDLR may hinder viral entry, thus preventing the
early stages of infection and diminishing the progression of liver damage.

In agreement with these biological mechanisms mentioned above, in this study, the
SC  and  CHC  patients  who  were  ε4  allele  carriers  also  had  less  liver  damage.
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Table 1  Demographic and clinical characteristics of hepatitis C virus patients, n (%)

Variable Chronic, n = 206 Clearance, n = 93 P value

Demographic and clinical data

   Age, yr (mean ± SD) (range) 51.0 ± 12.0 (20-78) 47.1 ± 13.0 (21-74) 0.100

   Female sex 123 (60) 48 (52) 0.236

   Time of evolution, yr 18.0 ± 14.5 20.2 ± 15.6 0.156

   BMI, kg/m2 (mean ± SD) 27.0 ± 6.0 28.0 ± 4.1 0.098

     Normal weight 76 (36.4) 19 (19.3) 0.003

     Overweight 87 (42.2) 51 (54.8) 0.042

     Obesity 43 (20.8) 23 (24.7) 0.456

   Glucose, mg/dL 105.6 ± 43.6 101.6 ± 33.0 0.46

   HOMA-IR > 2.5 114 (55.4) 40 (43.0) 0.072

   Type 2 diabetes 27 (13.1) 7 (7.5) 0.183

Biochemistry

   AST, IU/L 74.2 ± 53.4 30.9 ± 14.4 < 0.001

   ALT, IU/L 76.4 ± 66.7 31.5 ± 19.8 < 0.001

Lipid profile

   Total cholesterol, mg/dL 148.1 ± 43.3 184.1 ± 43.1 < 0.001

   LDL-c, mg/dL 83.7 ± 37.2 112.4 ± 35.4 < 0.001

Triglycerides, mg/dL 127.7 ± 61.3 168.2 ± 80.3 < 0.001

   VLDL-c, mg/dL 25.8 ± 14.3 33.3 ± 15.8 0.001

   HDL-c, mg/dL 39.7 ± 13.5 41.9 ± 17.7 0.766

Lipid abnormality

   Hypercholesterolemia 20 (9.8) 30 (32.2) < 0.001

   High LDL-c 20 (9.7) 24 (25.8) < 0.001

   Hypertriglyceridemia 60 (29.1) 45 (48.3) 0.001

   Hypoalphalipoproteinemia 85 (41.3) 44 (47.3) 0.328

Viral genotype

   HCV genotype 1 138 (66.9) Not determined -

   Non-genotype 1 68 (33.1)

Fibrosis stage1

   F1 26 (29.5) 30 (62.5) < 0.001

   F2 19 (21.8) 11 (22.9) 0.883

   F3 9 (10.3) 1 (2.1) 0.083

   F4 33 (38.5) 6 (12.5) 0.002

Risk factors for HCV infection

   Surgeries 144 (69.9) 62 (66.7) 0.164

   Blood transfusion 119 (58) 36 (38.7) 0.169

   Tattooing 49 (23.7) 19 (20.4) 0.375

   Dental procedure 49 (23.7) 18 (19.3) 0.28

   Sexual promiscuity 41 (19.9) 14 (15.0) 0.702

   Acupuncture 28 (13.5) 8 (8.6) 0.464

   Injection drug use 27 (13.1) 10 (10.7) 0.932

   Body piercing 4 (1.9) 8 (8.6) 0.002

1Liver damage was assessed in 87 chronic hepatitis C and 48 spontaneous clearance patients. BMI: Body mass
index; HOMA-IR: Homeostatic model assessment insulin resistance; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase.

Furthermore, CHC patients who were carriers of the APOE ε4 allele had the lowest
levels of AST and ALT in comparison with the APOE ε3 allele carriers. The protective
effect  of  APOE  ε4  found  in  this  study  agrees  with  data  reported  from  other
populations with African and European ancestries[11,36,37]. Conversely, APOE ε3 allele
was associated with advanced fibrosis in CHC. This observation agrees with previous
data  reporting  that  specifically,  ApoE  ε3  mediates  the  HCV  immune  escape
mechanism  by  blocking  the  innate  immunity-activated  ficolin-2  protein,  thus
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Table 2  APOE allele distribution among the study population and stages of fibrosis in chronic hepatitis C patients, n (%)

HCV-patients Fibrosis stage in CHC patients4

Chronic (n = 206) Clearance (n = 93) P value F1-F2 (n = 49) F3-F4 (n = 38) P value

Genotypes

   ε2ε2 2 (1.0) 0 - 0 0 -

   ε2ε3 15 (7.4) 8 (8.6) 0.691 5 (10.5) 2 (5.3) 0.400

   ε2ε4 2 (1.0) 0 - 0 0 -

   ε3ε3 160 (77.5) 64 (68.8) 0.102 29 (59.2) 34 (89.5) 0.001

   ε3ε4 26 (12.7) 19 (20.4) 0.080 14 (28.6) 1 (2.6) 0.001

   ε4ε4 1 (0.5) 2 (2.2) 0.181 1 (2) 1 (2.6) 0.969

Alleles

   ε2 21 (5.1) 8 (4.3) 0.674 4 (5.1) 2 (2.6) 0.603

   ε3 361 (87.6) 155 (83.3) 0.158 78 (78.6) 70 (93.4) 0.0222

   ε4 30 (7.3) 23 (12.4) 0.0421 16 (16.3) 4 (4) 0.0233

HWE 0.438 0.892 - 0.910 0.286 -

1ε4 allele was associated with SC OR = 0.55, 95%CI: 0.31-0.98, P = 0.042.
2ε3 allele was associated with severe fibrosis (F3-F4) OR = 2.99, 95%CI: 1.13-7.87, P = 0.021.
3ε4 allele was associated with mild fibrosis (F1-F2) OR = 0.091, 95%CI: 0.01-0.75, P = 0.020.
4Liver damage was assessed in 87 chronic hepatitis C patients. CHC: Chronic hepatitis C; HWE: Hardy-Weinberg Equilibrium.

promoting the progression of the infection[38].  On the other hand, cholesterol and
cholesterol derivatives have an immunomodulatory effect against HCV[39,40]. In this
study, APOE ε4 increased the levels of total cholesterol and LDL-c in SC patients and
the prevalence of HChol in CHC, thus confirming its participation in the modulation
of cholesterol in the course of HCV infection as previously reported[37].

An interesting  observation  was  that  LDL-c  and BMI  were  the  main  variables
predicting  SC  status.  This  finding  is  concordant  with  the  higher  prevalence  of
overweight in SC than in CHC patients who were mainly normal weight. Overweight
and obesity are conditions that lead to lipid alterations of cholesterol and triglycerides
that in turn, evoke insulin resistance[41]. In this study, CHC patients tended to have a
better lipid profile but depicted a higher level of HOMA-IR than patients with SC.
This data is  consistent with the higher prevalence of type 2 diabetes in the CHC
patients,  in contrast with those who were SC. Moreover,  insulin resistance is the
hallmark of liver fibrosis. Notably, in this study, the CHC patients who were non-ε4
allele carriers had a higher stage of fibrosis than their peers with SC. Since the levels
of LDL-c, BMI, and ALT were the best predictors of SC, these determinants may be
used in the early detection of chronicity in HCV-infected patients.

Diet is another crucial interacting factor related to BMI and lipid alterations. Mexico
has  experienced a  nutrition transition in  the  past  three  decades,  shifting from a
traditional food pattern to a westernized diet, a known factor involved in the obesity
epidemic[42]. Current diets are hepatopatogenic containing high amounts of simple
sugars and saturated fats that result in HChol and hypertriglyceridemia[17,43,44]. Due to
this fact and the estimated time of evolution of the patients, we hypothesized that
high BMI and cholesterol  levels,  which are  key factors  for  SC,  might  have been
present at the time of the acute phase of HCV infection, and that some SC patients
remained overweight  years  after  clearing the virus.  Also,  in the context  of  HCV
infection, high levels of LDL-c correlate with interferon sensitivity which is detected
by the production of IFN-gamma-induced protein, a chemokine produced by T cells,
natural killer cells, and monocytes[45]. Furthermore, high levels of LDL-c are related to
interferon sensitivity in genotype 1[46], allowing an adequate innate immune response
against  HCV  that  facilitates  spontaneous  viral  clearance.  Nevertheless,  further
investigation is needed to clarify the mechanisms involved in this association as well
as designing prospective studies in patients with acute infection.

The relationship between lipid alterations and the dynamics of HCV infection are
also  influenced  by  other  genetic  polymorphisms.  In  this  sense,  IFNL4  has  been
associated with SC by modulating LDL-c levels[47]. CD36 rs1761667 polymorphism
was associated with fat perception and advanced fibrosis in Mexican patients with
CHC[48]. On the other hand, it may be interesting to investigate if changes in lifestyle
such as nutritional interventions could cause cholesterol metabolism disturbances that
modify HCV life cycle[44]. In perspective, genetic and environmental factors affecting
cholesterol levels may vary significantly worldwide; therefore, we advocate that these
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Table 3  Effect of APOE alleles on lipid profile and lipid abnormalities of hepatitis C virus patients

Chronic Clearance

E2 (n = 19) E3 (n = 160) E4 (n = 27) E2 (n = 8) E3 (n = 64) E4 (n = 21)

Lipid profile

   TC, mg/dL 140.6 ± 34.1 150.9 ± 45.7 158.3 ± 45.5 142.7 ± 40.3 184.3 ± 41.43 188.9 ± 424

   TG, mg/dL 134.4 ± 78.4 130.2 ± 59.6 114.2 ± 53.4 151.2 ± 81.6 169.1 ± 81.1 165.8 ± 79.4

   HDL-c, mg/dL 36.9 ± 7.7 38.8 ± 12.9 45.9 ± 17.61 34.7 ± 6.5 42.6 ± 21.1 42.0 ± 9.7

   VLDL-c, mg/dL 24.3 ± 11.4 26.7 ± 15.3 22.1 ± 10.0 30.1 ± 16.7 33.2 ± 15.7 33.1 ± 15.9

   LDL-c, mg/dL 82.6 ± 29.2 85.6 ± 38.2 98.7 ± 43.5 77.7 ± 29.0 110.1 ± 33.15 121.6 ± 34.76

Lipid abnormalities, n (%)

Hypercholesterolemia 1 (5.3) 13 (8.1) 6 (22.2)2 0 19 (29.6) 8 (38.1)

Hypertriglyceridemia 7 (36.8) 43 (26.9) 6 (22.2) 3 (37.5) 26 (40.6) 9 (42.8)

Hypoalphalipoproteinemia 10 (52.6) 75 (46.9) 9 (33.3) 7 (87.5) 30 (46.9) 10 (47.6)

High LDL-c 1 (5.3) 14 (8.7) 5 (18.5) 0 12 (18.7) 7 (33.3)

1E4 vs E3, P = 0.033;
2E4 vs E3, P = 0.024;
3E3 vs E2, P = 0.018;
4E4 vs E2, P = 0.014;
5E3 vs E2, P = 0.012;
6E4 vs  E2,  P  = 0.005.  E2:  ε2ε2  + ε2ε3  + ε2ε4;  E3:  ε3ε3;  E4:  ε3ε4  + ε4ε4.  TC:  Total  cholesterol;  TG: Triglycerides;  Hchol:  Hypercholesterolemia;  HTG:
Hypertriglyceridemia; HALP: Hypoalphalipoproteinemia.

factors  be  considered  by  population  for  the  management  of  HCV  infection.
Furthermore, understanding the molecular mechanisms by which LDL-c is implicated
in the course of HCV infection could provide valuable information for controlling
HCV infection and limiting its expansion.

In conclusion, APOE ε4 allele and LDL-c confer a protective effect in the course of
the HCV infection in the context of high BMI. An individualized therapy accounting
the host´s genetic, environmental, and metabolic factors is required to achieve better
control  of  HCV  infection,  especially  in  populations  with  a  high  prevalence  of
overweight and obesity.
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Table 4  Logistic regression analysis of variables associated with spontaneous hepatitis C virus clearance

Variable
Univariate Multivariate

OR 95%CI P value OR 95%CI P value

AST, IU/L 1.058 1.040-1.076 < 0.001

ALT, IU/L 1.04 1.026-1.054 < 0.001 1.037 1.019-1.056 < 0.001

LDL-c, mg/dL 0.981 0.973-0.988 < 0.001 0.977 0.963-0.992 0.002

Total cholesterol, mg/dL 0.983 0.977-0.989 < 0.001

Triglycerides, mg/dL 0.993 0.989-0.996 < 0.001 0.992 0.986-0.999 0.027

VLDL-c, mg/dL 0.97 0.953-0.987 0.001

Age, (yr) 1.024 1.003-1.045 0.023

BMI, kg/m2 0.962 0.913-1.013 0.138 0.874 0.790-0.966 0.008

Female, sex 1.358 0.833-2.213 0.22

HDL-c, mg/dL 0.994 0.977-1.011 0.481

Hosmer and Lemeshow test: Chi-square = 4.53, P = 0.806. Only significant variables (P < 0.2) in the univariate analysis were introduced in the multivariate
analysis when P < 0.05 was significant. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDL-c: Low-density lipoprotein cholesterol;
VLDL-c: Very low-density lipoprotein cholesterol; BMI: Body mass index; HDL-c: High density-lipoprotein cholesterol; OR: Odds ratio; CI: Confidence
interval.

Table 5  Receiver operating characteristic analysis of variables associated with spontaneous hepatitis C virus clearance

Variable Cutoff AUC P value Sensitivity, % Specificity, % PPV NPV

ALT, IU/L 50.5 .79 < 0.001 62% 83% 88% 52%

LDL-c, mg/dL 101.5 .72 < 0.001 60.7% 78% 79% 58%

Triglycerides, mg/dL 117.5 .64 < 0.001 69% 55% 78% 42%

BMI, kg/m2 26.6 .59 0.018 63% 54% 76% 38.7%

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the curve; ALT: Alanine transaminase; LDL-c: Low-density lipoprotein
cholesterol; BMI: Body mass index.

Figure 1

Figure 1  Odds Ratio of the multivariate analysis of dichotomous variables associated with spontaneous clearance (95% confidence interval). BMI: Body
mass index; LDL-c: Low-density lipoprotein cholesterol; ALT: Alanine aminotransferase.

ARTICLE HIGHLIGHTS
Research background
The interplay between lipids and hepatitis C virus (HCV) can modulate the course of HCV
infection. Cholesterol improves the rate of sustained virological response and immune response
against HCV. On the other hand, the three APOE alleles mediate lipid levels by interacting with
environmental factors such as diet. Currently, a high prevalence of lipid alterations, obesity, and
an uneven distribution of the APOE alleles is notorious among the Mexican population. Herein,
we investigate the effect of APOE polymorphisms and the lipid profile on the outcome of the
HCV infection in patients from Mexico. To the best of our knowledge, this study is the first in
reporting  the  effect  of  APOE  alleles  in  the  course  of  HCV  infection  in  a  Latin  American
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population.

Research motivation
HCV is  a  leading cause  of  chronic  liver  disease  worldwide.  Although it  is  expected to  be
eliminated by 2030, HCV infection still represents an unsolvable problem in many developing
countries. At present, the factors impacting on the clinical outcome of HCV infection in Latin
American countries are not fully known. Understanding the role of metabolic abnormalities and
the participation of cholesterol and APOE polymorphisms in the outcome HCV infection could
favor the implementation of earlier strategies of detection and treatment in these populations.

Research objectives
This study aimed to investigate the effect of APOE polymorphisms and the lipid profile on the
outcome of the HCV infection in patients with an admixture genetic background living in West
Mexico.

Research methods
A total of 299 positive anti-HCV positive patients were enrolled from January 2014 to December
2016. Clinical records were elaborated by a physician. Quantitative assessment of serum RNA
was performed by a standardized quantitative reverse PCR assay.  After  testing,  the study
population was divided into two groups: Spontaneous clearance (SC) and chronic hepatitis C
infection (CHC) patients. Biochemical determinations were tested through a Vitros 250 analyzer,
and liver stiffness was assessed by a certified physician using transitional elastography. The
APOE genotype was determined using a 5’ allelic discrimination method. Data analysis was
performed using IBM SPSS Statistics version 21.0 for windows.

Research results
Patients who presented SC were mainly overweight, had higher levels of total cholesterol, LDL-
c, and triglycerides than CHC patients. The APOE ε4 allele was significantly associated with
spontaneous HCV clearance status and with less fibrosis than non- ε4 alleles carriers among
chronic patients. Levels of LDL-c ≥ 101.5 mg/dL and BMI ≥ 26.6 kg/m2 were associated with SC
status; while ALT ≥ 50.5 IU/L was negatively associated.

Research conclusions
The present study suggests that APOE ε4 allele and LDL-c confer a protective effect in the course
of the HCV infection in the context of high BMI. Levels of LDL-c, BMI, and ALT may help in the
estimation of the risk of chronicity in HCV-infected patients.

Research perspectives
In  our  view,  an individualized therapy accounting the host´s  genetic,  environmental,  and
metabolic  factors  could  aid  in  the  clinical  management  of  HCV  infection,  especially  in
populations with a high prevalence of overweight and obesity.
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