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ABSTRACT
Background: Elevated oxidant levels and low antioxidant levels in patients with end-stage 
renal disease (ESRD) play a significant role in the development of endothelial dysfunction, 
atherogenesis and cardiovascular disease (CVD). A deficiency in vitamin D (Vit.D) is also 
suggested to be responsible for the generation of oxidative stress (OS) and CVD. Among 
dialysis patients, conflicting data exist concerning the relationship between hepatitis C virus 
(HCV) infection and OS. We studied the relationship between 25Vit.D level, HCV infection, and 
plasma 8 iso-prostaglandin F2 α (8-ISO-PGF2α) as an OS marker in an Egyptian hemodialysis 
(HD) cohort.
Methods: One hundred and twenty ESRD patients on HD were initially recruited to the study 
but only 88 patients have met the inclusion and none of the exclusion criteria. Midweek 
predialysis session blood samples were collected for the measurement of 25(OH) Vit.D, plasma 
8-ISO-PGF2α, high sensitivity C – reactive protein (hs-CRP), and intact parathyroid hormone 
(intact PTH). Patients were stratified into two groups according to the presence or absence of 
serum antibodies against HCV and their plasma 8-ISO-PGF2α were compared.
Results: Vit.D deficiency was noted in 93% of the participants; the median 8-ISO-PGF2α level 
was 382 pg/mL. No significant correlation between Vit.D and 8-ISO-PGF2α levels was found. 
Thirty-two participants (36%) were HCV+ and their 8-ISO-PGF2α levels were significantly lower 
relative to in the seronegative group (median 171 vs. 647 pg/mL; P < 0.006).
Conclusion: In this Egyptian HD cohort, Vit D deficiency was highly prevalent, yet failed to 
show any correlation with F2-isoprostanes. HCV+ HD patients might be shielded from OS.
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1. Introduction

Oxidative stress (OS) is described as an imbalance 
between the presence of oxidative products and the 
capacity of antioxidant defense mechanisms, with 
overpowering of the former. [1] OS is very prevalent 
in correlation with chronic kidney disease (CKD), 
increasing with greater reductions in renal function, 
and is further exacerbated by hemodialysis (HD) pro-
cedures. High levels of OS and reduced antioxidants 
levels in CKD and HD patients play a crucial role in 
the development of endothelial dysfunction, athero-
genesis, and cardiovascular diseases [2].

Factors affecting OS in patients on HD can be 
attributed to: both 1) dialysis-related factors such as 
type of the dialyzer, type and dosage of the anticoagu-
lant, administered drugs, HD solution, presence of 
a central venous catheter, and length of HD treatment 
and 2) nondialysis-related factors such as diet, fluid 
overload, uremia, and other comorbidities [2].

Vitamin D is an important antioxidant and many 
studies have suggested its antioxidant effect in the 

upregulation of some antioxidant enzymes [3]. In 
some studies, Vitamin D deficiency is prevalent in 
HD patients with a recorded prevalence reaching 
80% [4]. This may be the result of many factors such 
as decreased exposure to sunlight, reduced skin synth-
esis and greater dietary restrictions [5].

Vitamin D is an essential hormone that plays 
a central role in regulating mineral and bone metabo-
lism through its pleiotropic effects, and which acts 
favorably on the cardiovascular and immune systems 
[6]. Numerous studies have linked Vitamin 
D deficiency with increased arterial stiffness, vascular 
calcifications, stroke, left ventricular hypertrophy and 
mortality in CKD and HD cohorts [6,7].

Notably, some research also suggests that Vitamin 
D deficiency is involved in enhancing the OS in dia-
betic patients [8]. However, no strong evidence to date 
supports the idea that Vitamin D deficiency plays the 
same role in non diabetics or HD patients. Despite the 
abundant observational evidence supporting the use of 
nutritional Vitamin D in HD cohorts, a clear causal 

CONTACT Mahmoud S. AbdElHady drmahmoudabdelhady@hotmail.com Department of Internal Medicine and Nephrology Department, Kafr 
ELSheikh University, Egypt

ALEXANDRIA JOURNAL OF MEDICINE                
2021, VOL. 57, NO. 1, 260–266 
https://doi.org/10.1080/20905068.2021.1956831

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/20905068.2021.1956831&domain=pdf&date_stamp=2021-11-16


relationship with outcomes has not been estab-
lished [9].

Further, there exist conflicting data regarding the 
correlation between hepatitis C virus (HCV) infection 
and OS in dialysis patients. Some have concluded that 
HCV infection increases OS in dialysis patients 
[10,11]. On the contrary, others have suggested it is 
protective against OS [12]. And some did not identify 
any role of HCV infection in the generation of OS in 
dialysis patients [13].

F2-isoprostanes are sensitive and accurate biomar-
kers in the assessment of lipid peroxidation and, thus, 
the assessment of OS [14]. Isoprostanes are 
a collection of prostaglandin-like compounds formed 
by the peroxidation of arachidonic acid via free-radical 
catalyzation, independent of prostaglandins derived 
from cyclooxygenase [15]. One member of this 
group is the 8-ISO-prostaglandin F2α (8-ISO- 
PGF2α) which can be easily measured in serum or 
urine [16].

In the HD population, both the OS and factors 
affecting it remain under debate and require more 
exploration. Hence, the current study was designed 
to explore the relationship between the 25(OH) 
Vitamin D level, HCV infection and plasma 8-ISO- 
PGF2α as an OS marker in an Egyptian HD cohort.

2. Methods

One hundred and twenty ESRD patients on mainte-
nance hemodialysis (MHD) were recruited from 
Alexandria University Hospital’s HD units, which is 
a tertiary care hospital. Only 88 of them have met the 
inclusion and none of the exclusion criteria. Then 
patients were divided into two groups according to 
the presence (HCV+) or absence (HCV−) of serum 
antibodies against HCV (Figure 1).

Inclusion and exclusion criteria:
Age ≥18 years and MHD (defined as being on 

regular HD three sessions per week for more than 6 
months with each session lasting three to 4 hours) 
were the inclusion criteria. While, patients on antiox-
idant therapy (e.g, vitamin E, vitamin C, statins, l-car-
nitine), smokers, diabetics, and patients who had 
active inflammatory diseases or active liver disease 
were excluded from this study.

2.1. Clinical data

All patients were subjected to the following: thorough 
medical history-taking including the cause of ESRD if 
known, duration of HD, modality of HD (e.g, low flux, 
high flux, online hemodiafiltration), vascular access (e. 

Figure 1. Flowchart of patient recruitment to the study.

ALEXANDRIA JOURNAL OF MEDICINE 261



g, arteriovenous fistula, catheter), clinical diagnoses 
(e.g. diabetes, hypertension), parathyroid surgery 
(total, subtotal), and drug history (e.g, calcium supple-
ments, natural, or active vitamin D, calcimimetics).

2.2. Laboratory studies

Blood samples were collected for the following labora-
tory tests at enrollment: serum urea, serum creatinine, 
complete blood count (Sysmex XE 2100), serum lipid 
profile, serum albumin, serum calcium, inorganic 
phosphorus, calcium X phosphorus product.

Serum 25(OH) Vitamin D was measured using 
enzyme-linked immunosorbent assay (ELISA) test 
kits (DRG Diagnostics GmbH, Marburg, Germany), 
serum hs-CRP was measured using nephlometry 
(Siemens bn prospect), and serum intact parathyroid 
hormone (PTH) was measured using ELISA kits 
(Immunotopics, San Clemante, USA) [17].

Blood samples for 8-ISO-PGF2α were drawn with 
ethylenediaminetetraacetic acid anticoagulant and cen-
trifuged within 10 to 20 minutes of collection for 20 min-
utes at the speed of 2,000 to 3,000 rpm. Plasma was 
snap-frozen in liquid nitrogen in plastic vials with tight- 
fitting caps and stored at −20°C until the measurement 
of isoprostane content. 8-ISO-PGF2α concentrations in 
plasma samples were determined using the Sandwich 
enzyme-linked immunosorbent assay commercial kit 
for 8-ISO-PGF2α (SinoGeneClon Biotech Co.,Ltd) [18].

2.3. Statistical analysis

Quantitative data are expressed as median and inter-
quartile ranges (IQR), while qualitative data were pre-
sented as frequencies and percentages. Comparisons 
between groups were undertaken with the Mann– 
Whitney U test or chi-squared test as appropriate. 
Spearman’s correlation analysis was used to compare 

the association between Vit.D levels and F2- 
isoprostanes levels. A P-value of less than 0.05 was 
considered to be statistically significant in all tests. All 
analyses were conducted using the Statistical Package 
for the Social Sciences version 23, (IBM Corporation, 
Armonk, NY, USA), licensed to Alexandria University.

2.4. Ethics approval

The study was conducted in accordance with the ethi-
cal guidelines of the 1975 Declaration of Helsinki and 
was approved by the Alexandria University ethical 
committee. The ethical approval number is 0201205, 
IRB NO: 00012098 (Expires 6–10-2022), FWA NO: 
00018699 (Expires January 21st, 2026).

3. Results

The median age of the patients was 52 (IQR: 40.5–60) 
years and 52% were men. The median HD duration 
was 14 (IQR: 8–16) years and all HD patients were 
submitted to standard bicarbonate dialysis three times 
per week with each session lasting 3–4 hours. The type 
of vascular access was arteriovenous fistula in all 
patients except for in two patients with permanently 
tunneled catheters, and the most common cause of 
ESRD was hypertension. Thirty-two (36%) patients 
cohort were HCV + and no patients with HCV were 
receiving antiviral treatment at enrollment.

Intact PTH was increased in all patients except for 
in five patients who had undergone parathyroidect-
omy with a median value of 505 pg/mL, the cause for 
parathyridectomy in the five patients was developing 
of tertiary hyperparathyroidism that was not respond-
ing to the medical therapy. The median value for hs- 
CRP was slightly elevated in our dialysis patients 
(3.9 mg/L) with a cutoff of normal value 3 mg/L.

Table 1. Characteristics of the entire HD cohort.
HD cohort (n = 88 patients)

Age, years 51.5 (40.5–60)
Gender (males), n (%) 46 (52%)
Duration of HD, years 14 [8–16]
HCV positive patientsa 32 (36%)
Urea (mg/dl) 139(116–152)
Creatinine (mg/dl) 9.8(8.3–11.3)
Calcium (mg/dl) 8.9 (8.4–9.7)
Phosphorus (mg/dl) 5.4 (4.1–6.7)
Ca*ph product 46.6 (35.5–64.8)
Parathyroid hormoneb (pg/dl) 505.7 (213.5–932.3)
Vitamin D (ng/ml) 7 [4–15]
Albumin (g/dl) 3.9 (3.7–4.1)
Triglyceride (mg/dl) 146.5 (102.5–199.5)
Cholesterol (mg/dl) 170 (139–199)
C-Reactive protein (mg/l) 3.9 (1.9–11)
F2 isoprostanes (pg/ml) 382.4 (136.4–1174.5)

athree patients were HBV positive and 53 patients were negative. 
bresults for only 83 patients were included as five patients had done parathyroidectomy. 
Qualitative variables are expressed as number (n) and percentage (%) and quantitative variables are expressed as median and interquartile range (IQR) 
Reference ranges: serum creatinine (0.7–1.2 mg/dl),serum urea (up to 45 mg/dl),serum calcium (8.4 − 10.2 mg/dl),serum phosphorus (3.4–4.5 mg/dl),PTH 

(10–65 pg/dl),serum 25(OH) Vitamin D (<20 ng/ml is considered deficient,20–30 ng/ml is considered insufficient,>30 ng/ml is considered sufficient), 
Serum albumin (3.5–4.2 gm/dl),Serum TG (<150 mg/dl),Serum cholesterol (up to 200 mg/dl), Hs-CRP(<3 mg/ml),F2 isoprostanes (33.5–235 pg/ml).
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The level of 25(OH) Vit. D was deficient in 93% of 
patients with a median value of 7 ng/dL. F2- isopros-
tanes levels were high in all ESRD patients, with 
a median value of 382 (IQR: 136.4–1174.5) pg/mL . 
The characteristics of the HD cohort and the labora-
tory investigations are presented in Table 1.

Meanwhile, no significant correlation was found 
between F2-isoprostane and Vit.D levels with 
r = −0.051; p = 0.639 (Figure 2).

In a subgroup analysis patients were divided 
according to HCV antibodies; in total, 32 patients 

had HCV antibodies (HCV+) and 53 did not 
(HCV−). Serum albumin and serum cholesterol find-
ings were significantly lower in the HCV+ group than 
in the HCV− group (P = 0.010 and P = 0.001).

Moreover, F2-isoprostanes were significantly lower 
in the HCV+ group (median: 171 pg/mL, IQR: 118.4– 
521 pg/mL) than in the HCV−group (median: 647 pg/ 
mL, IQR: 170–1238 pg/mL) (P = 0.006) (Figure 3). 
There were no differences noted between the two 
groups concerning the other laboratory parameters 
(Table 2).

Figure 2. Correlation between serum Vit D level and F2-isoprostane level.

Figure 3. Comparison between serum F2-isoprostane levels in HCV positive and negative groups.
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4. Discussion

Despite the sunny, dry climate of Egypt, the preva-
lence of Vit D deficiency in the current study popula-
tion was recorded to be 93%, which exceeds findings 
reported in previous studies involving HD patients in 
that some research suggested a prevalence of 80%– 
90% [4,19]. This may be explained by the high percen-
tage of females (about 48%) in our study cohort, who 
may be more deprived of sun exposure due to their 
traditional fully covered way of dressing [20]. Al- 
Arbagy et al. [21] have found that the prevalence of 
vitamin D deficiency in a cohort of HD patients from 
Menoufia governorate in Egypt was 74.3%. The higher 
prevalence in our study may be due to the difference in 
the weather between both governorates as Alexandria 
with its position in the north of Egypt is less sunny 
than Menoufia.

Conversely, the elevated plasma levels of 8-ISO- 
PGF2α recorded in our HD patients agree with 
those of other previous studies [22–24]. This can 
be explained by two theories: first, renal failure 
itself causes impaired clearance of the esterified 
isoprostanes, while, second, HD patients are under 
continuous OS due to chronic inflammation, ure-
mic toxins, increased inflammatory factors, defi-
ciency of antioxidant such as vitamins and trace 
elements, and the dialysis procedure itself [25].

Meanwhile, the data presented here suggested no 
relation between Vit. D deficiency and the increase in 
F2 -isoprostanes in our HD cohort, in contrast with the 
study by Javanbakht et al. [8] who reported that serum 
concentrations of 25(OH) Vit.D were inversely corre-
lated with F2-isoprostane, low-density lipoprotein, and 
oxidized low-density lipoprotein levels. However, the 
patients in their study were mainly diabetic non-HD 
patients, while our patients were nondiabetic patients 
on HD, suggesting the diversity of factors implicated in 
cases of high F2-isoprostanes levels.

On the other hand, Makariou et al. [26] in a study 
assessing patients with metabolic syndrome, deter-
mined that the administration of 25(OH)Vit.D in 
these patients was not associated with more significant 
reductions in OS markers than the use of dietary 
intervention alone, which supports our finding that 
there is no relation between Vit.D deficiency and F2- 
isoprostanes level.

The large percentage of HCV positivity in our HD 
population is likely due to the high prevalence of HCV 
in Egypt, where about 20% of the population suffers 
from HCV infection. Moreover, up to 50% of HD 
patients in Egypt are HCV seropositive [27]. Kerollos 
et al. [28] have found that the repeated blood transfu-
sions and the number of inserted temporary hemodia-
lysis catheters were significant risk factors for 
seroconversion of HD patients.

The finding that the plasma levels of 8-ISO- 
PGF2α in our HCV+ group were lower than 
those in the HCV− group is similar to data 
reported by Sear et al. [12], who found signifi-
cantly less OS markers such as superoxide dismu-
tase (SOD), glutathione peroxidase and 
malondialdehyde existed in the HCV+ HD group 
(n = 26 patients) in a study involving 73 patients 
on HD [15].

On the other hand, several studies have indicated 
that HCV infection per se was incremented as one of 
the causes of increased OS in patients on HD besides 
other known factors; these studies suggested that HCV 
infection is associated with increased OS both in nor-
mal and HD populations [10,29,30]. Other research 
contends that HCV infection has no role in OS in HD 
subjects [13].

Ultimately, the nature of our data may be explained 
by several points. First, the other findings in our HCV+ 

group, such as low serum albumin and total cholesterol 
may be indicators of a loss of liver biosynthetic capacity 
even before reaching clinically advanced liver failure. 

Table 2. Comparison between HCV positive and negative patients.
HCV positive patients (n = 32) HCV negative patients (n = 53) p-Value

Age, years 50 (41–59.5) 52 (40–60) 0.95
Gender (males), n (%) 19 (44.2%) 24 (55.8%) 0.21
Duration of HD, years 15 (11.5–18) 12 [6–15] 0.003*
Urea (mg/dl) 142.5(125.5–150.5) 130(113–151) 0.25
Creatinine (mg/dl) 9.7(7.9–12.8) 9.9(8.6–10.8) 0.73
Calcium (mg/dl) 8.9 (8.6–9.6) 9 (8.3–9.7) 0.76
Phosphorus (mg/dl) 4.9 (3.4–6.6) 5.5 (4.3–7.5) 0.09
Ca*ph product 40 (30.8–61.3) 48.8 (36.3–66.3) 0.16
Parathyroid hormonea (pg/ml) 403.5 (105.8–904.6) 578.7 (250.4–936) 0.37
Vitamine D (ng/ml) 6.9 (3.6–13.4) 7 [4–15] 0.86
Albumin (g/dl) 3.8 (3.5–4) 4 (3.8–4.2) 0.010*
Triglyceride (mg/dl) 135.5 (92–170.5) 152 (104–208) 0.15
Cholesterol (mg/dl) 150 (112–170.5) 180 (150–210) 0.001*
C-Reactive protein (mg/l) 3.7 (1.8–11) 4.8 (2–10.7) 0.99
F2 isoprostanes (pg/ml) 171 (118.4–521) 647 (170–1238) 0.006*

Qualitative variables are expressed as number (n) and percentage (%) and p-value Chi-Square test 
Quantitative variables are expressed as median and interquartile range (IQR) and p-value by Man-Whtiney U test 
aresults for 50 HCV positive patients and 30 negative patients as remaining five patients had done parathyroidectomy 
*P value is significant if less than 0.05
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Depending on these findings, other biosynthetic activ-
ities of the liver (including proinflammatory cytokine 
synthesis) may also be impaired, which may lead to the 
decreased OS activity [12,31].

Several studies have reported that hypercholester-
olemia increased the production of plasma F2- 
isoprostanes [32,33] as F2-isoprostanes are the end- 
metabolites of lipid peroxidation, which explains our 
results showing decreased levels of cholesterol in the 
HCV+ group and, hence, decreased levels of plasma 
F2-isoprostanes. Second, various genotypes of HCV 
pair with different OS-induction capabilities; in fact, 
a sharp decrease in an already-reduced GSH antiox-
idant level has been observed in patients chronically 
infected with genotype 1a/b HCV (which found more 
frequently in Europe where most earlier studies were 
performed) as compared with other genotypes, indi-
cating that aggressive disease is associated with this 
genotype, thus increasing the OS [34].

Finally, Da Silva et al. [35] and Fabrizi F et al. [36] 
have suggested that HCV is less aggressive in dialysis 
patients, which has been attributed to the protective 
effect of dialysis treatment on HCV infection via the 
clearance of HCV RNA by the dialyzate and the 
entrapment of HCV RNA particles on the membrane 
surface of the dialyzer.

4.1. Study limitation

The main limitation of this study is the absence of the 
quantitative PCR for HCV at the time of patients` 
recruitment. According to our hospital protocol, all 
patients do PCR for HCV once at the start of dialysis 
and thereafter they do antibodies every 3 months. At 
time of recruitment for the study none of our patients 
was treated from HCV or was receiving HCV treat-
ment so we have measured the PCR to limit the 
study`s costs. It would be better if we correlated the 
viral load of HCV infection with the oxidative stress 
markers.

4.2. Conclusion

Vitamin D deficiency was highly prevalent in this 
Egyptian HD population, yet failed to show any cor-
relation with F2-isoprostanes. On the contrary, HCV+ 

HD patients seem to be protected against Oxidative 
stress. Measuring the HCV load and demonstrating if 
it correlates with the level of the oxidative stress mar-
kers is needed to be performed in the future studies.

“Consent to participate”

All of the included patients signed an informed consent 
form after receiving full information about the study.

“Data availability”

The datasets generated during and/or analysed during the 
current study are available from the corresponding author 
on reasonable request.
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