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Abstract

Hepatitis C virus (HCV) infection is a blood-borne infection associated with high rates of morbidity and mortality, posing a serious global and
Saudi Arabian public health concern. Globally, one million new infections occur each year, leading to severe consequences such as chronic
inflammatory illness, cirrhosis, end-stage liver failure, and hepatocellular carcinoma. Additionally, HCV infection is linked to altered lipid
and blood parameters, which are crucial in chronic hepatitis C (CHC) patients. This study aims to investigate the correlation of lipid and
blood parameter irregularities among CHC patients at the Ministry of National Guard Health Affairs-Western Region (MNGHA-WR). In our
case-control study, a total of 71 male and female patients diagnosed with CHC infection were enrolled from July 2014 to August 2021.
Additionally, 142 sex- and age-unmatched non-HCV individuals were selected from the MNGHA-WR database. Medical records of patients
and non-HCV individuals were analyzed to determine variations. Categorical variables were assessed using the Chi-square test, and numeric
variables were analyzed using a t-test. A significant P value was considered to be < 0.05.There was a statistically significant decrease in the
levels of total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), white blood cells (WBC), red blood cells (RBC),
hemoglobin (Hgb), hematocrit (HCT), platelets (PLT), mean corpuscular hemoglobin concentration (MCHC), mean corpuscular hemoglobin
(MCH), mean corpuscular volume (MCV), and mean platelet volume (MPV) in CHC patients compared to non-HCV individuals (P < 0.05).
This significant association persisted even after adjusting for age and gender, except for TC and TG, which showed a statistically insignificant
relationship (P > 0.05). However, variations in lipid and blood parameters were observed in patients with CHC infection compared to non-
HCV individuals. These findings underscore the intricate pathophysiologic relationships between the chronicity of the disease and these
Parameters.

Keywords: Hepatitis C Virus; Chronic hepatitis C; Viral infection; Lipid Abnormalities; Hematologic Abnormalities; Hepatocellular
Carcinoma.

1. Introduction
Hepatitis refers to the inflammation of the liver, which can be caused by toxic, metabolic, pharmacological, immune-
mediated liver assaults, or viral infections [1].

Viral hepatitis is an infectious liver condition caused by viruses that actively replicate in the liver [2]. It is a significant
public health concern and a leading cause of morbidity and mortality worldwide [3]. HCV is a major cause of chronic
hepatitis, first identified in 1989 as non-A, non-B Hepatitis [4].

This virus belongs to the Flaviviridae family and Hepacivirus genus, with a single positive-stranded RNA genome of 9.6
Kb containing a single long open reading frame (ORF). Upon cleavage by host and viral proteases, this ORF encodes a
polyprotein of approximately 3000 amino acids, giving rise to viral proteins [5].

In 15-45% of cases, HCV infection triggers both innate and adaptive immune responses that can clear the virus. However,
failure to eliminate the virus can lead to persistent infection, often resulting in chronic progressive liver damage [6,7]. Patients
with HCV may develop cirrhosis or hepatocellular carcinoma, even in the absence of symptoms for many years [8,9].
According to the World Health Organization (WHO), an estimated 50 million people worldwide are infected with chronic
HCV, with 242,000 deaths attributed to HCV-related complications in 2022.

Additionally, in the Eastern Mediterranean Region of the WHO, around 12 million individuals are chronically infected
[10]. Since 1990, HCV infection has been considered a reportable illness in Saudi Arabia. Regionally, the highest incidence of
HCV cases was found in Alshargiya, Taif, Jeddah, Makkah, and Riyadh [11, 12]. Additionally, up to 80% of HCV cases in
Saudi Arabia go undiagnosed. Interestingly, 15% of HCV cases are identified through mandatory premarital screening. Saudi
individuals diagnosed with HCV have a median age of 60 years [13, 14]. According to [15], blood transfusions, multiple
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medication injections, hemodialysis, and the reuse of unsanitary sterilized instruments are the primary reasons for the high
prevalence of HCV. The consequences of an HCV infection are more severe and have broader systemic implications
compared to other hepatitis virus infections [16].

Chronic HCV infection causes a complex systemic illness that extends beyond the liver, known as HCV extrahepatic
manifestations (HCV-EHMs). Predicting the type and progression of these manifestations is challenging, as they have been
reported in a significant number of cases. In some large cohort studies, up to 74% of patients experienced varying degrees of
HCV-EHMs, ranging from mild to severe [17, 18].

Host lipids are essential for HCV persistence. Viral factors that interact with the host's immunological and metabolic
systems influence the course of the disease. The relationship between HCV infection and hypobetalipoproteinemia, as well as
the binding of HCV to lipoproteins in plasma and serum, has been studied. Reduced serum triglyceride (TG) levels have been
previously reported in patients who tested positive for HCV antibody (anti-HCV). Lipids play a significant role in the HCV
life cycle. In a minority of patients, severe triglyceride accumulation in hepatocytes presents as fatty liver [19, 20-24].

Moreover, HCV infection can lead to liver dysfunction and abnormalities in various hematological markers [25]. Although
HCV primarily replicates in the liver, evidence suggests that it also replicates in peripheral blood cells leading to abnormal
blood counts in patients with HCV infection [26-28].

Additionally, complete blood count (CBC) parameters have provided novel inflammatory biomarkers that are actively
being investigated in many liver diseases [29, 30]. Due to persistent chronic inflammation, various hematological
abnormalities, such as thrombocytopenia and other platelet indices, have been observed in patients with CHC [31-33].
Understanding the impact of blood and lipid parameters on the human body is essential for managing the disease and its
consequences, especially since there is limited research on Saudi CHC patients, particularly in the western region.

Therefore, to investigate the association between specific lipid and blood parameter abnormalities in CHC patients at the
Ministry of National Guard Health Affairs - Western Region (MNGHA-WR), we conducted a case-control study involving 71
CHC-infected patients and 142 age- and sex-matched non-HCV individuals.

2. Results

2.1. Demographic characteristics of CHC patients and non- HCV individuals

We studied 71 patients with CHC and 142 non-HCV individuals, as shown in Table 1. It was observed that the age and gender
of CHC patients were significantly lower than those of the non-HCV individuals. The mean age of hepatitis C patients was
62.3 £+ 13.73 years, while the non-HCV individuals were 70.3 * 8.15 years (P < 0.05). Twenty-seven patients were males, and
seventy-eight were non-HCV individuals. Forty-four patients were females, and sixty-four were non-HCV individuals.
Consequently, there was a significant dominance of females in the CHC patients (61.97%), while there was a slight
dominance of males in the non-HCV individuals (54.93%).

Table 1: Demographic characteristic of CHC patients versus the non- HCV individuals at NGHA - WR (Univariate analysis).

Parameters CHC patients (N =71) Non-HCV individuals P-value
(N = 142)
n (%)* n (%)
Age (years)” 62.3+£13.73 70.3+8.15 <.0001
Gender
Male (%) 27 (38.03) 78 (54.93)
0.02
Female (%) 44 (61.97) 64 (45.07)

* mean + SD "Standard deviation
1 5

n” sample size, % percentage
2 Chi-square test for categorical variables, and t-test numeric variables
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2.2. Lipid parameters in CHC patients

According to the study design, the laboratory investigations for CHC patients and non-HCV individuals were compared as shown
in Table 2. The mean levels of TG, TC, and HDL were significantly lower among the CHC patients (1.24, 3.98, and 0.89,
respectively) compared to the non-HCV individuals (1.37, 4.54, and 1.07, respectively) with a p-value of <0.05.

Table 2: Lipid parameters characteristics of CHC patients and non- HCV individuals at NGHA-WR.

Parameters CHC patients (N =71) Non-HCV individuals P-value !
(N =142)
Mean (range) Mean (range)
TG Mean (mmol/L) 1.24 (1.01, 1.47) 1.37 (1.27,1.48) <.0001
TC Mean (mmol/L) 3.98 (3.11, 4.85) 4.54 (4.33, 4.75) <.0001
HDL Mean (mmol/L) 0.89 (0.78, 1.01) 1.07 (1.02, 1.11) <.0001

! Chi-square test for categorical variables, and t-test numeric variables
2.3. Blood parameters in CHC patients

Statistical analysis revealed that the average white blood cell (WBC) and red blood cell (RBC) counts were significantly lower (P
< 0.05) among CHC patients compared to non-HCV individuals (5.69 vs 7.39 and 4.04 vs 4.61, respectively). Furthermore, there
was a statistically significant decrease (P < 0.05) in the levels of hemoglobin (Hgb) (9.43 vs 13.88), mean corpuscular
hemoglobin concentration (MCHC) (26.92 vs 32.39), mean corpuscular hemoglobin (MCH) (23.40 vs 28.43), mean corpuscular
volume (MCV) (72.30 vs 86.65), hematocrit (HCT) (31.25 vs 39.01), and mean platelet volume (MPV) (6.85 vs 8.31) among
CHC patients compared to non-HCV individuals. Similarly, the platelet count was significantly lower (P < 0.05) in CHC patients
compared to non-HCV individuals (232.61 vs 257.69) as shown in Table 3.

Table 3: Blood parameters characteristics of CHC patients and non- HCV individuals at NGHA - WR (Univariate analysis)

Parameters CHC patients (N =71) Non-HCV individuals P-
(N = 142) value *
Mean(range) Mean(range)
WBC Mean (x10° /L) 5.69 (4.81, 6.58) 7.49 (6.74, 8.24) 0.02
RBC Mean (10™/L) 4.04(3.15, 4.95) 4.61(4.49, 4.73) 0.03
Hgb Mean (g/dL) 9.43 (8.10, 10.76) 13.88 (12.15, 15.61) <.0001
Hct Mean (%) 31.25 (27.42, 35.08) 39.01 (37.56, 40.47) <.0001
PLT Mean (x10° /L) 232.61(210.55, 254.68) 257.69(242.46, 272.93) 0.005
MCHC Mean (g/dL) 26.92 (24.02, 29.83) 32.39 (32.17, 32.63) <.0001
MCH Mean (Pg) 23.40 (20.81, 25.99) 28.43 (27.99, 28.87) <.0001
MCV Mean (fl) 72.30 (64.29, 80.31) 86.65 (84.85, 88.46) <.0001
MPV Mean (fl) 6.85(6.04, 7.66) 8.31(8.08, 8.54) <.0001

1 Chi-square test for categorical variables, and t-test numeric variables, fl=femtoliters
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2.4. Multivariate analysis findings

The regression analysis shows that significant differences in lipid HDL and blood parameters (WBC, RBC, Hgb, HCT, PLT,
MCHC, MCH, MCV, MPV) between CHC patients and non-HCV individuals, as identified in the bivariate analysis, remain
significant at P < 0.05 after adjusting for age and gender as covariates (Table 4). However, TG and TC levels do not show a
significant difference after adjusting for age and gender (P > 0.05) as shown in Figures 1 and

Table 4: Regression analysis for lipid and blood parameters comparison of CHC patients and non -HCV individuals at NGHA -
WR (adjusted for age, gender)

Parameters CHC patients vs non -HCV individuals P-value CHC patientsvs non -
HCV individuals *

Beta coefficient () Standard error (SE)
TG Mean 0.18 0.12 0.14
TC Mean 0.69 0.37 0.06
HDL Mean 0.19 0.05 0.001
WBC Mean 154 0.66 0.02
RBC Mean 0.76 0.35 0.03
Hgb Mean 5.19 141 0.0003
Hct Mean 8.89 1.82 <.0001
PLT Mean 40.04 14.11 0.005
MCHC Mean 6.37 1.10 <.0001
MCH Mean 5.63 1.03 <.0001
MCV Mean 15.78 3.33 <.0001
MPV Mean 1.58 0.35 <.0001

! ANCOVA used to estimate differences in covariances across patients with CHC and non -HCV individuals, adjusted for age and gender, and the
kruskal wallis test for non-normal numeric variables.

(A) Analysis of Covariance for HDL (B) Analysis of Covariance for TC C) Analysis of Covariance for TG

HDL
!
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Gender * type
Female control Female case —— Male control —— Male case

Figure 1: Comparison of Lipid Parameter Values Between CHC Patients and Non-HCV Individuals
The x-axis represents the age of the subjects, while the y-axis represents the lipid parameters. (A) Triglycerides (TG), (B) High-Density
Lipoprotein (HDL), and (C) Total Cholesterol (TC) are displayed for both CHC (Chronic Hepatitis C) patients and non-HCV individuals

Egypt. J. Chem. 68, No. 4 (2025)



ASSESSMENT OF LIPID AND BLOOD PARAMETERS AMONG PATIENTS INFECTED.. 289

[ Analysis of Covariance for WBC ] Analysis of Covariance for PLT 1e) Analysis of Covariance for MPY (0} Analysis of Covariance for RBC

PLT
MPY

WBCs
RECSs

‘ i s R B
i M it
s
Age Age Age Age
@ Analysis of Covariance for HCT A Analysis of Covariance for MCY ‘m Analysis of Covariance for MCH L Analysis of Covariance for MCHC
.
. THI: '----..;_._!jig,av. .
e IR E 5ot . = Pl
& 3 ¥ - g i . :

1l
5 ' 3" § 2
I z I 3]

i £
Age Ago Agn Age
Gender * type
+— Female control —— Femalecase —— Male control —— Male case

Figure 2: Comparison of Blood Parameter Values Between CHC Patients and Non-HCV Individuals

The x-axis represents the age of the subjects, while the y-axis represents the levels of various blood parameters. The figure displays the following
parameters for both CHC (Chronic Hepatitis C) patients and non-HCV individuals: (A) White blood cell (WBC) count, (B) Platelet (PLT) count,
(C) Mean platelet volume (MPV), (D) Red blood cell (RBC) count, (E) Hematocrit (HCT), (F) Mean corpuscular volume (MCV), (G) Mean
corpuscular hemoglobin (MCH), and (H) Mean corpuscular hemoglobin concentration (MCHC).

3. Discussion

Lipids are essential components of biological membranes and serve as free molecules and metabolic regulators that play a crucial
role in regulating cellular function and maintaining homeostasis in the body [34]. The liver is a key player in lipid metabolism,
participating in both endogenous and exogenous lipid metabolism cycles, as well as lipid transport through the plasma [35].
However, metabolic syndrome (MetS) is a common complication among patients with chronic hepatitis C (CHC) [36]. In a case-
control study, we found evidence that CHC infection was associated with lower levels of triglycerides (TG), total cholesterol
(TC), and high-density lipoprotein (HDL) in 71 CHC-infected patients. We also observed a significant association (P < 0.05)
between low HDL levels and disease chronicity. However, the low levels of TG and TC were not statistically significant among
CHC patients compared to non-HCV individuals (P > 0.05). Previous studies [20, 37] have also reported an association between
CHC infection and low TG, TC, and HDL levels. Additionally, a study by [38] demonstrated a lower TG level in HCV -infected
individuals, consistent with our findings. Furthermore, our results align with the findings of [39], showing lower percentages of
normal TC and HDL levels in CHC patients compared to non-HCV individuals. The TG levels in our study contradicted the
results reported by [39]. The study found that the TG normal percentage was equal in patients and non-HCV individuals. In
contrast, a study by [37] reported a higher level of HDL among CHC patients compared to non-HCV individuals, which
contradicts our findings. There has been speculation about potential links between HCV infection and lipid parameters. All
aspects of the HCV life cycle are closely connected to human lipid metabolism, as the virus relies on host cells to spread
efficiently. When the virus enters the hepatocyte through lipoprotein cell receptors, it circulates as a lipid-rich particle.
Additionally, it has been shown to enhance lipid biosynthesis and inhibit lipid breakdown, leading to a significant accumulation
of fats within the cells, known as steatosis, and a marked decrease in blood cholesterol levels, known as hypocholesterolemia
[40]. Research using heterologous expression systems has revealed that the HCV core protein interacts with a wide range of
cellular proteins and regulates various host cell functions, such as gene transcription, apoptosis inhibition or promotion, cell
signaling, and host immune suppression [41,42]. Furthermore, other HCV proteins, including nonstructural 2, nonstructural 4b,
and nonstructural 5A, can also impact lipid metabolism by influencing the expression of lipogenic genes [43,44]. Studies have
documented the binding of HCV to lipoproteins in plasma and established a connection between HCV infection and
hypobetalipoproteinemia, a condition characterized by low levels of plasma lipoproteins [22-24, 45]. Additionally, HCV
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infection has been linked to a unique lipid pattern with reduced serum cholesterol and TG levels in samples [46-48]. This
dynamic alters lipid metabolism, especially as the disease progresses over time [49, 50]. These intriguing associations between
CHC infection and lipid profile might be linked to the results of lipid parameters found in this study.

Prolonged liver illnesses also frequently result in the production of abnormal red blood cells and impact the functioning of
membranes, which may have pathophysiologic implications. Many compounds and proteins necessary for the creation of blood
are produced and stored by the liver. Furthermore, it supports the preservation of hemostasis [34, 51]. Infection with HCV
produces liver dysfunction, which is associated with abnormalities in a variety of hematological markers [25]. Our findings
showed a significant decline in the levels of WBC, RBC, PLT, Hgb, MCHC, and MCH among CHC patients compared with non-
HCV individuals (P < 0.05). These results are in agreement with previous studies [25, 52-57].

The results of our study were contrary to some previous findings that reported high levels of WBC, RBC, Hgb, HCT, MCHC,
MCV, and MPV among HCV-infected patients compared to non-HCV individuals. Several studies mentioned a statistically
significant relationship (P < 0.05) [53, 55, 58-59]. Additionally, [30] observed an increase in MPV levels among CHC patients
compared to non-HCV individuals, especially those with HCC. However, in our study, the MPV levels among CHC patients
were lower than in non-HCV individuals. Furthermore, [60] analyzed hematological parameters, including total RBC count, Hgb,
HCT, MCV, and MCHC levels, which did not show any statistically significant differences between HCV-infected patients and
non-HCV individuals. In contrast, our study revealed significantly decreased levels of WBC, RBC, Hgh, HCT, MCHC, MCV,
and MPV among CHC patients compared to non-HCV individuals. The hematopoietic system is one of the systems impacted by
HCV infection. Therefore, the abnormalities in blood parameters were associated with extrahepatic manifestations, a common
side effect of this infection [61, 62]. Previous studies indicate that thrombocytopenia, defined as a PLT level of less than 50,000
per microliter and often associated with viral infections, is a consequence of chronic liver disease. Several pathways have been
proposed to explain thrombocytopenia, including: (1) transmission of intravascular coagulopathy [63], (2) virus-induced
megakaryocyte mutation impairing thrombocytopoiesis [64], (3) direct interactions between the virus and platelets in the
bloodstream leading to phagocytosis, platelet aggregation, release, and thrombocytosis, and (4) formation of an antigen-antibody
complex that damages platelets or antiplatelet antibodies targeting platelet-specific antigens [65]. Additionally, mean platelet
volume (MPV) is a commonly studied blood count measure in various liver diseases and has been associated with severe liver
fibrosis and metabolic syndrome [66].

There are some limitations to the present study. Firstly, the fact that our study is focused on a single-center experience naturally
restricts the broad applicability of the results. With only 71 CHC patients in the study population compared to 142 non-HCV
individuals, the conclusions may not fully represent the entire hepatitis C community. Secondly, additional parameters are
required to validate our findings. Lastly, grouping patients based on specific clinical characteristics could enhance our
understanding of the relationship between these parameter irregularities and clinical presentation, as well as the progression and
manifestation of the disease.

4. Experimental

4.1. Study design

The present retrospective study was conducted using a case-control study design at King Abdulaziz Medical City, Jeddah
(KAMC-J), MNGHA, Saudi Arabia. The Medical Research and Ethics Committee of King Abdullah International Medical
Research Center (KAIMRC) approved the study protocol under No. (SP19/498/J).

4.2. Study population
4.2.1. CHC infected patients

A total of 71 patients diagnosed with chronic hepatitis C (CHC) infection were regularly followed at the gastroenterology and
infectious disease clinics from July 2014 to August 2021. The case-control study included adult males and females (>18 years of
age) who tested positive for anti-HCV serology and had detectable HCV RNA. Inclusion criteria required patients to be
treatment-naive, have complete data, and not have co-infection with human immunodeficiency virus (HIV) or hepatitis B virus
(HBV). Exclusion criteria comprised patients with incomplete data, co-infection with HBV or HIV, those who had received prior
treatment, and patients outside the MNGHA.

4.2.2. Non-HCV individuals

A total of 142 individuals who were not infected with HCV and were unmatched in terms of sex and age were chosen from the
MNGHA database. Subjects who tested positive for hepatitis B surface antigen (HBsAg), anti-HCV, or anti-HIV were excluded.
To avoid duplication, a random selection method without replacement was employed to assign each non-HCV individual only
once.

4.3. Demographic characteristics and clinical measurements

Based on the hospital's electronic system accessibility, we collected information on sex, age, triglyceride levels (TG < 1.70
mmol/L), total cholesterol (TC < 5.18 mmol/L), high-density lipoprotein-cholesterol (HDL > 1.55 mmol/L), white blood cell
count (WBC 4-11x109 /L), red blood cell count (RBC 3.8~5.8x1012 /L), hemoglobin levels (Hgb 11.5~16.5 g/dL), platelet count
(PLT 150-450 x 109 /L), mean corpuscular hemoglobin (MCH 27-32 Pg), mean corpuscular hemoglobin concentration (MCHC
32-36 g/dL), hematocrit (HCT 40~54%), mean corpuscular volume (MCV 76-96 FL), and mean platelet volume (MPV 8-12fl).
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4.4. Sample size calculation

CHC cases were grouped with a control group consisting of individuals from the source population who do not have the outcome
of interest (Hepatitis C infection). We conducted an unmatched case-control study with a case-control ratio of 1:2. Therefore, the
minimum sample size required to detect a statistically significant effect is 71 CHC patients and 142 non-HCV individuals.

4.5. Statistical analysis

In univariate analysis, associations between demographics and lipid-blood irregularities characteristics were assessed among
CHC patients and non-HCV individuals using the chi-square test for categorical data and t-test for numeric variables.
Multivariate analyses, adjusted for age and gender, were conducted to compare differences between CHC patients and non-HCV
individuals. Models were evaluated using analysis of covariance based on the nature of the outcome. Assumptions of a linear
relationship between the dependent variable and the covariate, as well as homogeneity of regression slopes, were checked, and all
models met the assumptions. P values were two-sided, and all confidence intervals were set at 95%. The analyses were performed
using SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC). All tests were two-sided, and a P-value < 0.05 was
considered statistically significant.

5. Conclusions

Our results indicate variations in lipid and blood parameters among CHC patients compared to non-HCV individuals. In CHC
patients, we observed low levels of total cholesterol, triglycerides, high-density lipoprotein, white blood cells, red blood cells,
hemoglobin, hematocrit, platelet count, mean corpuscular hemoglobin concentration, mean corpuscular volume, and mean
platelet volume. The statistically significant association persists even after adjusting for age and gender, while the total
cholesterol and triglycerides show a statistically insignificant relationship. These findings highlight the complex pathophysiologic
relationships between HCV infection and these parameters. Further investigation into blood and lipid parameters is warranted to
identify at-risk populations, estimate the risk of comorbidities, and assess the efficacy of these parameters as potential biomarkers
for predicting disease severity and stage. This is essential for a comprehensive understanding of how hepatitis C infection
influences lipid and blood profiles and vice versa.
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