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Chronic Kidney Disease (CKD) is a significant global health concern
impacting various physiological systems. This study investigates the effects
of CKD on lipid profiles and complete blood count (CBC) in hemodialysis
patients. The aim was to evaluate the alterations in these parameters in CKD
patients undergoing dialysis and to understand their correlation with disease
severity. A case-control study was conducted at Imam Hussein Teaching
Hospital in Karbala Governorate, Iraq. The study included 80 patients (51
males and 29 females) aged between 21 and 62 years, who suffered from
CKD and were undergoing renal dialysis for periods ranging from three
months to 15 years. Patients were divided into two groups: those undergoing
dialysis for more than a year (40 samples) and those undergoing dialysis for
less than a year (40 samples). Blood samples were collected and analyzed
for RBC, WBC, Hb, PLT, Cholesterol, HDL, and Triglyceride levels. The
findings indicated a clear inverse relationship between CKD severity and
mean levels of RBC, Hb, and PLT, with these levels decreasing
significantly as the disease severity increased. While total cholesterol,
triglyceride levels, and white blood cell count were relatively elevated with
increasing disease severity, high-density lipoprotein (HDL) cholesterol
levels remained stable in this study and were not affected by disease
severity. The results of this study indicate that chronic kidney disease
affects blood parameters, lipid metabolism, and lipid dysregulation.
Therefore, it is essential to monitor lipid levels and blood parameters
periodically in dialysis patients due to the increased risk of cardiovascular
disease and other associated systemic risks.

1. INTRODUCTION with a gradual decline in kidney function over months or

years and in several stages, which is the last stage of kidney

Kidney failure is a major global public health problem that
affects millions of people worldwide and is associated with
high morbidity and mortality It is defined as the stage
where the kidneys lose many of their vital functions,
including their ability to filter and purify the blood, remove
waste products from the body's, and maintain the body s
water and fluid balance [1]. This condition can develop
rapidly, within days or even hours, Acute kidney injury
may develop rapidly within hours or days and is often
characterized by severe oliguria or anuria This condition is
referred to as acute kidney failure. The other type of kidney
failure is known as chronic kidney failure, which begins

failure, which leads to kidney damage and its Inability to
perform its vital functions [1—4]. Chronic kidney disease
(CKD) is a progressive disorder characterized by
irreversible loss of kidney function and is strongly
associated with diabetes mellitus, hypertension, and
cardiovascular disease [5]. Chronic kidney failure is
defined as the stage in which the glomerular filtration units
(nephrons) begin to lose their normal functions gradually
and irreversibly [6], resulting in damage and destruction of
more than 95% of kidney tissue, causing the accumulation
of nitrogenous (metabolic) wastes and an increase in urea,
fluids, and salts within the body., The kidneys also lose part
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of their physiological activity and this leads to the
accumulation of fluids and toxins in the body [7] A medical
procedure that aims to remove waste, toxic substances and
excess fluids from the body when the kidneys stop working
properly due, Dialysis is a medical procedure and surgical
intervention that helps the kidney to perform its vital
functions [8]. The patient resorts to it in the last stage of
kidney failure when the glomerular filtration rate reaches
less than 15 ml/minute and the kidney loses 90% of its vital
functions [9-10]. Patients with chronic kidney failure suffer
from qualitative and quantitative abnormalities in their
lipid profile [11]. The loss of vital kidney functions is a
major cause of elevated triglyceride levels and decreased
levels of HDL cholesterol, which plays an important role
in fighting inflammation and as an antioxidant [12-13]. The
decrease in HDL cholesterol activity may be due to
decreased paraoxon and glutamine peroxidase activity

[14], or it may be due to the negative effect of oxidative

stress on cholesterol function [15], leading to an increase

in lipoprotein concentration, which in turn causes a

decrease in the activity of lipoprotein lipase enzyme [16-

17], resulting in impaired triglyceride clearance [18].

Studies conducted on many kidney failure patients have

shown that low HDL cholesterol levels are closely

associated with an increased risk of cardiovascular disease

[19-20] due to functional and structural abnormalities in

cholesterol levels, making patients more susceptible to

atherosclerosis [21-22]. In summary, patients with renal
failure develop certain functional and structural
abnormalities in HDL cholesterol which makes them prone
to develop atherosclerosis and thus contributing to their

CVD burden [23] chronic kidney disease (CKD) is a global

public health concern that significantly impacts various

physiological systems, including the hematological system

[24] The kidneys play a crucial role in maintaining fluid

balance, hormone production, and waste elimination, As

CKD progresses, the kidneys lose their ability to perform

these functions efficiently, leading to the accumulation of

toxins and disturbances in bone marrow activity, immune
function, and nutritional balance, these changes are directly
reflected in alterations in the Complete Blood Count (CBC)

[25] One of the most prominent hematological

manifestations of CKD is anemia, primarily caused by

reduced production of erythropoietin, a hormone essential
for stimulating red blood cell production in the bone
marrow [26] Additionally, CKD patients often experience
platelet dysfunction and abnormalities in white blood cell
counts due to uremic toxins and a compromised immune
system [27] Research highlights the importance of CBC as

a diagnostic tool in evaluating the severity and

complications of CKD, Understanding the relationship

between CKD and hematological parameters provides
valuable insights for developing effective management

strategies to improve patient outcomes [28]

Study Objectives

% To investigate the effects of chronic kidney disease
(CKD) on lipid profiles and complete blood count
(CBC) in hemodialysis patients.

% To identify significant alterations in lipid metabolism,
characterized by dyslipidemia, which may contribute to
an increased risk of cardiovascular complications in
these patients.

« To observe notable abnormalities in hematological
parameters, including anemia and variations in white
blood cell and platelet counts.

2. MATERIALS AND METHODS

This study was conducted in Karbala Governorate, at Imam
Hussein Teaching Hospital (Al-Husseini), Dialysis
Department (Artificial Kidney). The study included 80
patients whose ages ranged between (21-62) years, the
majority of whom were males (51 samples) and (29)
females. All patients were undergoing dialysis.. The
majority of patients were suffering from kidney stones,
diabetes and irregular blood pressure. The study was
divided into two phases... All dialysis patients underwent a
physical examination and a brief questionnaire, including
the patient s age, sex, disease severity, weight, height,
number of dialysis times per week, and other diseases.
(Chronic or hereditary), all patient information was stored
in computerized systems in the ANOVA test. In two study
stages, this was confirmed: Group first; 40 samples of
patients with chronic renal failure undergoing dialysis for
more than a year, Group second; 40 samples of patients
with chronic renal failure undergoing dialysis for less than
a year. Blood samples were taken from dialysis patients for
the purpose of conducting the required medical
examinations for patients. Five ml of blood was taken using
a Sml medical syringe and the blood was placed in gelatin
tubes (gel tube) free of anti-clotting material, as it contains
a gelatinous substance that helps to increase the separation
of serum formed with the centrifugation process. At room
temperature, the blood samples were left to coagulate for 15
minutes. They were then centrifuged at 2500 rpm for 5-10
minutes to separate the serum, which was kept at -20°C
until testing Exclusion Criteria Patients (blood-liver-heart).
Data Analysis The data were entered and statistically
processed using SPSS version 27. Qualitative variables
were expressed as frequencies and percentages, while
quantitative variables were expressed as mean and standard
deviation. The chi-square test and Fisher s exact test were
used to examine the correlation between qualitative
variables as needed, while Pearson s correlation coefficient
was used to assess the relationship between quantitative
variables. A statistical significance level of 0.05 was
adopted. Results The demographic information presented in
the Table (1), The mean age of the participants was 45.65
years and the mean of BMI was 25.55 Kg/m2. The samples
consisted of 29 females and 51 males. majority (70) of the
participants had a history of hypertension. About 45
participants had a history of DM, and 8 participants
reported a history of other diseases. Regarding the disease
severity, 20 participants had a disease severity of less than
1 year, 39 participants had a disease severity between 1 and
4 years and 21 participants had a disease severity of more
than 5 years. The total number of dialysis sessions ranged
from 16 to 2340 times.

Table 1: Distribution of the Samples According to
demographic information

45.65+

Age (Mean+ SD) 8.13
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Female 29

Gender (No./ %) Male 31

. . YES 70

History of Hypertension (o./ %) No 10

. YES 45

History of DM (No./ %) No 35

. . YES 8

History of Other disease (No./ %) No 7
+

BMI kg/m2(Mean= sD) 2232

<1 20

Severity of disease No./ %) 1-4Y 39

>5 21

TOTAL No. of dialysis (min-max) (16-2340)

B Female EMale

29; 36%

Figure 1: Gender distribution in the patients’ groups

The mean level of red blood cell (RBC) in patients with
chronic kidney disease (CKD) varied significantly across
different disease severity, as presented in Table (2) &
Figure (2). Patients with disease severity less than one year
exhibited a mean RBC level of 3.3 + 0.68x 10”6
cells/uL, with a median of 3.3 x 10”6 cells/uL (range:
2.0 — 4.8 x 1076 cells/uL). Those with a disease severity
of 1-4 years showed a mean RBC level of 3.1 +
0.85x 1076 cells/uL, with a median of 3.1 x 1076
cells/uL (range: 1.5 — 5.0 x 10”6 cells/uL). Patients with
a disease severity exceeding 5 years had the lowest mean
RBC level, at 2.7 + 0.61 x 10”6 cells/uL, with a median
of 2.8x1076 cells/uL (range: 1.6 — 3.4x 10”6
cells/uL). This data suggests a trend of decreasing RBC
levels with increasing severity of CKD.

Table 2: Mean levels of RBC among patients with chronic
kidney disease based on different disease severity.

RBC CKD Patients Group
Severity of Mean + Median(Min-Max) P value
Diseases SD
Acute 33+ 33(2.0- 43) 0.04
0.68
chronic 3.1+ 3.1(1.5- 5.0)
0.85
End stage 2.7+ 2.8(1.6- 3.4)
0.61

*P value < 0.05 was significant.
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Figure 2: The distribution of serum RBC among patients with
chronic kidney disease based on different disease severity.

Results were also shown that white blood cell (WBC) levels
in patients with chronic kidney disease (CKD)
demonstrated an increasing trend with longer disease
severity, as presented in Table (3) & Figure (3). Patients
with a disease severity of less than one year had a mean
WBC count of 5.2 + 1.9 x 10”3 cells/uL, with a median
of 53x10”3 cells/uL (range: 2.7 — 8.0x 10”3
cells/uL). In patients with a disease severity of 1-4 years,
the mean WBC level was 6.2 + 2.8 x 10”3 cells/uL, with
a median of 5.4x1073 cells/ul (range: 2.7 —
14 x 1073 cells/uL). The group with a disease severity
exceeding 5 years exhibited the highest mean WBC count,
at7.8 + 2.9 x 10”3 cells/uL, with a median of 6.4 x 10”3
cells/uL (range: 4.4 — 13 x 1073 cells/uL). These
findings indicate a potential association between increased
CKD severity and elevated WBC counts.

Table 3: Mean levels of WBC among patients with chronic
kidney disease based on different disease severity.

WBC CKD Patients Group
Severity of  Mean  Median(Min-Max) P
Diseases +SD value
Acute 52+£19 5.3 (2.7-8.0) 0.001
Chronic 6.2+2.8 5.4(2.7-14)
End stage 7.8+£2.9 6.4 (4.4-13)
*P value < 0.05 was significant.
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Figure 3: The distribution of WBC among patients with chronic kidney
disease based on different disease severity.

On the other hand, the mean hemoglobin (Hb) levels in
patients with chronic kidney disease (CKD) showed a trend
of decreasing values with increasing disease severity, as
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presented in Table (4) & Figure (4). Patients with a disease
severity of less than one year had a mean Hb level 0 9.7 +
2.1g/dL, with a median of 9.7 g/dL (range: 6.9 —
17 g/dL). In patients with a disease severity of 1-4 years,
the mean Hb level was 9.2 + 2.2 g/dL, with a median of
9.0 g/dL (range: 6.3 - 19.0 g/dL). The group with a disease
severity exceeding 5 years exhibited the lowest mean Hb
level, at 8.6 + 0.95 g/dL, with a median of 8.8 g/dL
(range: 6.1 — 9.8 g/dL). These findings suggest a
correlation between longer CKD severity and lower
hemoglobin concentrations.

Table 4: Mean levels of Hb among patients with chronic kidney
disease based on different disease severity.

Hb CKD Patients Group
Severity of  Mean Median(Min- P value
Diseases + SD Max)
Acute 9.7+ 9.7(6.9- 17) 0.2
2.1
chronic 9.2+ 9.0 (6.3-
2.2 19.0)
End stage 8.6+ 8.8 (6.1-
0.95 9.8)

*P value > 0.05 was no significant.

__10.00
% 9.50 |
—  9.00
2 850
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Acute Chronic End stage
Seriesl 9.70 9.23 8.59

Figure 4: The distribution of Hb among patients with chronic
kidney disease based on different disease severity.

Furthermore, the mean platelet (PLT) levels in patients
with chronic kidney disease (CKD) demonstrated a
decreasing trend with increasing disease severity, as
presented in Table (5) & Figure (5). Patients with a disease
severity of less than one year had a mean PLT count of
220 £+ 80 x 10”3/uL, with a median of 216 x 10"3/uL
(range: 107 — 372 x 1073/uL). In patients with a disease
severity of 1-4 years, the mean PLT level was 188 +
81 x 1073 /pL, with a median of 170 x 1073/pL (range:
66 — 472 x 1073/uL). The group with a disease severity
exceeding 5 years exhibited the lowest mean PLT count, at
153 + 46 x 1073/pL, with a median of 167 x 1073/uL
(range: 78 — 233 x 10"3/uL). These findings suggest an
inverse relationship between CKD severity and platelet
count, indicating a potential decrease in platelet levels with
prolonged disease.

Table 5: Mean levels of serum PLT among patients with chronic
kidney disease based on different disease severity.

PLT CKD Patients Group
Severity of Mean  Median(Min- P value
Diseases +SD Max)
Acute 220+ 216 (107- 0.01
80 372)
chronic 188+ 170 (66-472)
81
End stage 153+ 167 (78-233)
46
*P value < 0.05 was significant.
250.00
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Figure 5: The distribution of PLT among patients with chronic kidney
disease based on different disease severity.

In this study, the mean serum cholesterol levels in patients
with chronic kidney disease (CKD) showed a clear
increasing trend with longer disease severity, as presented
in Table (6) & Figure (6). Patients with a disease severity
of less than one year had a mean cholesterol level of 202 +
72 mg/dL, with a median of 165 mg/dL (range: 135 —
361 mg/dL). In patients with a disease severity of 1-4
years, the mean cholesterol level was 275 + 121 mg/dL,
with a median of 252 mg/dL (range: 159 — 178 mg/dL).
The group with a disease severity exceeding 5 years
exhibited the highest mean cholesterol level, at 338 + 139
mg/dL, with a median of 331 mg/dL (range: 660 — 628
mg/dL). Notably, the range values for the > 5 year group
appear to have reversed minimum and maximum values.
Overall, these findings indicate a positive correlation
between CKD severity and serum cholesterol levels,
suggesting that cholesterol levels tend to increase with
prolonged disease.

Table 6: Mean levels of serum Cholesterol among patients with
chronic kidney disease based on different disease severity.

cholestrol CKD Patients Group
Severity of Mean + Median(Min- P value
Diseases SD Max)
Acute 202+ 72 165 (135-361) 0.001
Chronic 275+ 121 252 (159-178)
End stage 338+ 139 331 (660 -628)

*P value < 0.05 was significant.
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Figure 6: The distribution of serum Cholesterol among patients with
chronic kidney disease based on different disease severity.

While, the mean serum high-density lipoprotein (HDL)
levels in patients with chronic kidney disease (CKD)
showed relatively consistent values across different disease
severity, as presented in Table (7) & Figure (7). Patients
with a disease severity of less than one year had a mean
HDL level of 34 + 7.3 mg/dL, with a median of 31 mg/dL
(range: 23 — 54 mg/dL). In patients with a disease
severity of 1-4 years, the mean HDL level was 34 + 6.6
mg/dL, with a median of 34 mg/dL (range: 21 — 55
mg/dL). The group with a disease severity exceeding 5
years exhibited a mean HDL level of 35 + 8.4 mg/dL,
with a median of 34 mg/dL (range: 22 — 54 mg/dL). The
results of this study indicated that high-density lipoprotein
levels were relatively stable and were not affected by the
severity of the disease.

Table 7: Mean levels of serum HDL among patients with
chronic kidney disease based on different disease severity.

HDL CKD Patients Group
Severity of ~ Mean £ Median(Min- P value
Diseases SD Max)
Acute 34+7.3 31 (23-54) 0.3
Chronic 34+6.6 34 (21 -55)
End stage 35+84 34 (22- 54)
*P value = 0.05 was no significant.
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Figure 7: The distribution of serum HDL among patients with chronic
kidney disease based on different disease severity.

It is worth noting that triglyceride levels in this study were
associated with increased disease duration, with
triglyceride levels in patients with less than a year of illness
ranging between215 + 64 mg/dL, with a median of 191
mg/dL (range: 121 — 381 mg/dL). In those with the
disease who had it for 1-4 years, triglyceride levels ranged
between267 + 115 mg/dL, with a median of 261 mg/dL
(range: 116 — 613 mg/dL). However, for patients with
kidney failure for more than 5 years, triglyceride levels
were high, sometimes reaching, at 324 + 145 mg/dL,
with a median of 273 mg/dL (range: 140 — 685 mg/dL).
The results of this study show that with an increase in the
duration of the disease, the rates of elevated triglycerides
increase, as shown in Table (8) and Figure (8).

Table 8: Mean levels of serum Triglyceride among patients with
chronic kidney disease based on different disease severity.

Tri.g CKD Patients Group
Severity of Mean + Median(Min- P value
Diseases SD Max)
Acute 215+ 64 191 (121 - 381) 0.001
Chronic 267 £ 115 261 (116- 613)
End stage 324 £145 273 (140 - 685)
*P value < 0.05 was significant.
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Figure 8: The distribution of serum triglyceride among patients with
chronic kidney disease based on different disease severity.

3. DISCUSSION

There's a clear inverse relationship between the severity of
CKD and mean RBC levels. As the severity of CKD
increases, the mean RBC count decreases. The decrease in
RBC levels is notable, especially when comparing the acute
group (<1 year) to the end stage (>5 years) group. CKD
often leads to reduced production of EPO, a hormone
produced by the kidneys that stimulates red blood cell
production. As kidney function declines with increasing
disease severity, EPO deficiency becomes more
pronounced, resulting in lower RBC levels (27, 29). CKD
patients may also experience iron deficiency, which further
contributes to anemia, this could be due to reduced iron
absorption, blood loss, or inflammation. Chronic
inflammation, common in CKD, can suppress
erythropoiesis (RBC production) (25). The longer the
disease severity, the greater the potential for chronic
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inflammation to impact RBC levels. Uremic toxins, which
accumulate in the blood as kidney function deteriorates,
can suppress bone marrow function, further hindering RBC
production, The observed decrease in RBC levels indicates
the progressive development of anemia in CKD patients
[30] . Anemia can cause several complications in dialysis
patients, including  fatigue and cardiovascular
complications. The results of this study are consistent with
previous findings indicating that anemia is a common
complication in patients with renal failure, characterized by
low hemoglobin levels, low transferrin saturation, and high
or normal ferritin levels. Secondary hyperparathyroidism
with increased erythropoietin resistance is another cause of
anemia in these patients [31]. Finally, hepcidin, which is a
key regulator of circulating iron absorption, has been found
to be involved in the etiology of anemia in CKD [32]. Its
concentrations were demonstrated to be influenced by
inflammation [33]. The fact that anemia develops in spite
of elevated EPO levels in CKD suggests that peripheral
resistance or hypo responsiveness to EPO may be the
factual reason for its occurrence [34]. Results were also
shown a clear positive correlation between the severity of
CKD and mean WBC levels. As the severity of CKD
increases, the mean WBC count also increases. The
increase is substantial, notably from the <1 year group to
the >5 years group. CKD is associated with a state of
chronic inflammation. This inflammation can stimulate the
production and release of WBCs, leading to elevated
counts. The longer the disease severity, the greater the
potential for sustained and heightened inflammation. The
accumulation of uremic toxins in CKD can also contribute
to systemic inflammation and immune system activation,
resulting in increased WBC count [35]. CKD patients are
at increased risk of infections due to impaired immune
function, The elevated WBC counts may, in part, reflect the
body's response to underlying or subclinical infections,
other comorbidities, such as diabetes or cardiovascular
disease, which are common in CKD patients, can also
contribute to chronic inflammation and elevated WBC
counts, Elevated WBC counts in CKD patients may
indicate an increased risk of cardiovascular events,
infections, and overall morbidity [36]. It is important to
rule out infection as a cause of the elevated counts, Some
conflicting medical evidence suggests a link between
deteriorating kidney function and the level of white blood
cells in the body [37]. Some studies have also indicated that
an elevated white blood cell count may be an indicator of
future kidney function decline[38]. Hemoglobin (Hb)
levels in CKD patients based on disease severity
demonstrated a clear inverse correlation. As the severity of
CKD increases, mean Hb levels decrease, the decline in Hb
is progressive, with the lowest levels observed in patients
with the end stage (>5 years), the kidneys produce EPO,
which stimulates red blood cell production [39]. In CKD,
kidney function declines, leading to reduced EPO
production and consequently, lower Hb levels. The longer
the disease severity, the more pronounced the kidney
function decline and EPO deficiency [40], CKD patients
often experience iron deficiency due to reduced iron
absorption, blood loss (e.g., from dialysis), and
inflammation. Iron deficiency further contributes to anemia
and lower Hb levels [41]. Chronic inflammation, a

hallmark of CKD, can suppress erythropoiesis (red blood
cell production) and contribute to anemia, low Hb levels
indicate anemia, a common and significant complication of
CKD [35] Anemia can lead to fatigue, weakness,
cardiovascular complications, and reduced quality of life.
Early detection of hemoglobin levels in kidney failure
patients plays an important role in helping to detect and
treat anemia in these patients[42]

This study found an inverse relationship between low
platelet levels and the severity of kidney failure.. As the
severity of CKD increases, the mean PLT count decreases,
the decrease in PLT count is progressive, with the lowest
levels observed in patients with the longest disease severity
(>5 years). Uremic toxins, which accumulate in CKD, can
suppress bone marrow function, including the production of
platelets. This suppression may become more pronounced
with longer disease duration. CKD can lead to increased
platelet destruction due to factors such as increased
oxidative stress, inflammation, and altered platelet
activation [43]. Although platelet counts are decreasing, it
is also important to know that CKD can result in
dysfunctional platelets. Meaning that even at higher counts,
they may not be functioning correctly. chronic
inflammation, common in CKD, can impact platelet
production and turnover [44]. On the other hand, positive
correlation between CKD severity and mean serum
cholesterol levels was found. The increase is progressive
and substantial, particularly between the acute (<1 year
group) and end stage (>5 years group). Chronic kidney
failure can cause problems with lipid levels, and these
problems worsen with the duration of the disease, leading
to elevated levels of both total cholesterol and triglycerides.
Increased total cholesterol levels in the blood can be a major
risk factor for cardiovascular disease in patients, and
consequently, an increased risk of death [15] The results of
this study showed that levels of good cholesterol were not
significantly affected by the increased duration of the
disease, unlike the levels of both triglycerides and total
cholesterol, which increased with the duration of the
disease. This is attributed to the protective role of good
cholesterol against cardiovascular diseases[45]

The results of this study showed that high triglyceride levels
are closely linked to increased disease duration, with the
highest triglyceride levels recorded in patients with kidney
failure lasting more than five years. This led to impaired
lipid clearance in the blood, causing reduced lipoprotein
(VLDL) activity[46].

4. CONCLUSIONS

1. This study demonstrated that chronic kidney disease is
one of the world s leading causes of blood dyscrasias
and lipid metabolism abnormalities, leading to an
increased risk of cardiovascular disease due to elevated
triglyceride and total cholesterol levels and
dyslipidemia in patients. It also increases the risk of
systemic inflammation and impaired bone marrow
function due to significant changes in white blood cell
and platelet counts, in addition to the risk of anemia.

2. The results of this study confirm the need for
regular monitoring of lipid levels and blood count
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parameters in dialysis patients to reduce
associated risks, in addition to emphasizing the
importance of research to develop therapeutic
interventions to control lipid levels and blood
counts in these patients.
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