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O ABSTRACT O

Persistent, low-grade inflammation with increased inflammatory markers, like C-reactive
protein (CRP), is now considered a hallmark feature of CKD, being involved in the
development of cardiovascular and all-cause mortality of these patients. In this study, we
aimed to investigate the possible anti-inflammatory effects of statins and their effect on
kidney function in predialysis (stage 3-4) and hemodialysis CKD patients.

Seventy-four CKD patients seen at the department of kidney disease and hemodialysis of
Tishreen Hospital in Lattakia, were assigned into two groups (a statin group (N=44), and a
control group (N=30)). Patients in statin group received either 40 mg of atorvastatin or 10
mg of rosuvastatin daily for 6 months. Serum levels of C-reactive protein (CRP) and
estimated glomerular filtration rate (eGFR) were measured in both groups at baseline and
at the end of the follow period. The levels of lipid profile parameters were also measured.
In statin group, mean serum CRP levels decreased significantly in predialysis (from
5.3+1.9 to 4.7£1.6 mg/l, P <0.001) and in hemodialysis patient (from 5.3+1.6 to 4.6+1.5
mg/l, P<0.001) after 6 months of treatment with statin. In control group, mean CRP values
were not significantly changed at the end of 6 months follow up. Statin therapy prevented
the regression of eGFR rate with non-significant change after 6 months follow up in both,
predialysis and hemodialysis patient CKD, while in control group eGFR declined
significantly, from 37.13+15.6 to 30.63+11.4 mL/min/1.73 m? P=0.046 in predialysed
patients and from 6.4+2.6 to 5.2+1.6 mL/min/1.73 m? P=0.039 in hemodialysis patients,
at the end of follow up period. The anti-inflammatory and renoprotective effects were
independent of lipid-lowering effect observed with statin therapy. In conclusion, in
addition to their beneficial effects on lipid levels, administration of statins could present an
anti- inflammatory effect, with a consequential renoprotective effect in CKD patients.
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Introduction:

Chronic kidney disease (CKD) is identified by the presence of abnormalities of the kidney
structure or function that persist for more than 3 months [1]. CKD remains a major public
health concern, affecting 10-15% of the population, and its prevalence is constantly
growing [2]. It is characterized by a progressive and irreversible loss of kidney function
[3], which leads to end-stage renal disease (ESRD), where there is a need for dialysis or
renal transplantation to maintain life [4].

CKD patients have higher rates of mortality and morbidity compared to general population
[5]. Cardiovascular disease (CVD) is considered the main cause of death in patients with
CKD [6]. Although the high prevalence of dyslipidemia in CKD patients (45.5% in CKD
stage 1 and increased to 67.8% in CKD stage 4) [7], dyslipidemia and other traditional risk
factors such as diabetes mellitus (DM), and hypertension (HT), cannot explain this high
rate of cardiovascular mortality in CKD patients.

Many trials have proposed that non-traditional risk factors, such as chronic inflammation,
anemia, endothelial dysfunction, are more important for the development of atherosclerosis
in these patients [8]. Among these, it seems that inflammatory processes play a crucial role
in development and progression of CKD and its cardiovascular complications [9].
Persistent inflammation has been recognized as a common and important comorbid
condition in patients with CKD, particularly in dialysis patients [10]. In addition, clinical
researches have proved that elevated inflammatory markers, C-reactive protein (CRP), and
interleukin-6 (IL-6), were associated with many complications of CKD, such as
atherosclerosis, heart disease, and enhanced CKD mortality [11].

CRP is the most common marker to reflect the inflammatory state. It is mainly synthesized
in the liver, stimulated by inflammatory cytokines such as (IL-6) [12]. With the
advancement of technology, a high sensitivity (hs)-CRP assessment method was
developed, enabling the measurement of CRP with high precision even at low
concentration, or mild elevation such as that seen in chronic inflammation [12].

A significantly higher serum level of CRP was seen in patients with CKD, and it was
correlated with serum creatinine level [13]. Moreover, CRP has been demonstrated to be
an independent risk factor of cardiovascular events in CKD [14]. It is implicated in
facilitating LDL deposition on the atrial wall and promotes atherosclerotic disease
progression [15]. Therefore, CRP presents an important target in management of CKD and
its complication.

The earlier strategies for CKD management concentrated on reducing cardiovascular risks
by hypertension control and dyslipidemia correction. However, the assessment and
treatment of all circumstances that provide a risk for cardiovascular disease are now
essential for a comprehensive approach. Therefore, inhibiting inflammation in CKD would
bring many benefits to these patients, and it is necessary to find an effective therapy for the
management of inflammation in CKD.

Statins are a class of lipid-lowing drugs [16], that are the mainstay treatment for
hyperlipidemia [17]. Studies have demonstrated that statins are effective in improving
dyslipidemia in CKD [18], and thereby reduced cardiovascular mortality in CKD patients
[19, 20]. However, it has been established that the benefits of statins in cardiovascular
disease can be explained not only by their lipid-lowering potential but also by non-lipid-
related mechanisms, the so-called “pleiotropic effects”. Some of these beneficial effects
are related to the anti-inflammatory properties [21, 22]. Statins exert an anti-inflammatory
effect that might be related to lower cholesterol because cholesterol strongly promotes
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inflammation [23]. In addition, statins are associated with reduced activation of immune
cells, such as T cells and monocyte [24]. In vivo studies, the results showed that statins
improved lung injury due to their anti-inflammatory actions [25]. In CKD patients,
although some studies have assessed the anti-inflammatory effects of statins [26, 27], there
is lacking conclusive evidence that statins have anti-inflammatory effects in this group of
patients. In this study, the possible CRP lowering effect of statins therapy in predialysis
(stages 3-4) and hemodialysis CKD patients, and their effect on renal function, were
investigated, to draw evidence whether statins could serve as potential drugs for
attenuating inflammation in CKD patients.

MATERIALS AND METHODS

Study population and treatment protocols

This study is a 6 month follow-up study that conducted at the department of kidney disease
and hemodialysis of Tishreen Hospital in Lattakia, Syria, between 2021 and 2023. All
participants provided their signed consent after receiving full information about the study.
Inclusion criteria were CKD patients (stage 3-4) with an estimated glomerular filtration
rate (eGFR) in the range less than 60 to 15 ml/min/1.73 m?, and patients on hemodialysis.
Exclusion criteria included patients under the age of 18, pregnant women, those who had a
life-threatening illness such as cancer, autoimmune diseases, thyroid dysfunction, chronic
liver disease and lung diseases, patients with only one kidney, recent surgery, myopathies,
or signs of active inflammation (CRP> 10); smokers; and those taking corticosteroid,
antioxidants, and any hypolipidemic drugs. Diabetic CKD patients were also excluded to
avoid the potential effect of hypoglycemic medications on studied parameters.

Participant’s data (age, sex), body mass index (BMI) (kg/m?), and comorbidities were
obtained. BMI was calculated using the equation: BMI= weight/ (height) 2. The eGFR was
calculated using Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula
[28]. In all, 87 patients were enrolled and divided into two main groups:

Statins group (47 patients): included patients who started statins treatment (rosuvastatin
10 mg or atorvastatin 40 mg at the time of inclusion in the study, as they were diagnosed
with dyslipidemia, and maintained the same statin regimen during the entire follow-up
period (6 months).

Control group (40 patients): included patients who did not take any lipid-lowering
medication during the study period.

All patients were suffering from CKD associated with hypertension, and most of them
were receiving anti-hypertensive agents including renin-angiotensin system blockers,
calcium channel blockers (CCB), or beta-blockers (B-blockers). They were controlled
hypertensives (BP < 140/90 mmHg), and their dosages were not changed during statins
therapy.

Of the 87 CKD patients, 13 passed away during the follow-up period, all of them were on
hemodialysis. Among them, three patients received treatment with statins while ten
patients in control group, (6.4 %, and 25 % respectively). In all, 74 patients with CKD (44
patients in statin group, and 30 patients in control group) were followed up and completed
the study.

Blood sampling and Laboratory data
From each participant, a peripheral venous blood samples were obtained twice, at the
beginning of the study and again 6 months later. Blood samples were taken in the morning
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after at least 10-hour fast in order to conduct biochemical test. Blood was drawn before
sessions of hemodialysis for CKD patients on hemodialysis. Serum creatinine
concentrations, total cholesterol (TC), HDL-C, LDL-C, and serum triglyceride (TG) levels
were determined using commercially available kits and the automated biochemical
analyzer (Mindray BS-380). The serum levels of CRP were measured with an
immunoturbidimetry assay kit (Biosystem®).

Statistical analysis

The data were analyzed using the Statistical Package for Social Sciences (SPSS) version
25.0 for Windows. All results were expressed as mean * standard deviation (SD) for
continuous variables and percentages for categorical variables. Student’s t-test was used to
compare means, and Chi-square test for comparing percentage. Person correlation test was
used to assess correlation between CRP and lipid parameters levels. Differences were
considered significant at P <0.05.

RESULTS

Demographic characteristics and biochemical results of study population

Table (1) presents the demographic and biochemical characteristics of study population at
the beginning of the study, in patients who completed the study.

The two groups, statin and control group, were comparable in term of age, sex, BMI,
percentage of patient on hemodialysis. According to eGFR, the 44 patients in statin group
distributed to 12 participants (27.3%) with stage 3 CKD; 14 (31.8 %) with stage 4 CKD,
and 18 patients (40.1%) were on hemodialysis. In control group, there were 8 (26.6%), 9
(30%), and 13 (43.3%) participants in stage 3, 4 CKD and on hemodialysis respectively.
No significant difference was observed in the distribution of patients according to CKD
stages between the two groups (P=0.79).

Baseline levels of inflammatory marker (CRP) also showed no statistically significant
difference between statin and control group, neither in predialysis CKD patients, (5.3+1.9
mg/l vs 5.5£1.8 mg/l, P=0.81, respectively), nor in patients on hemodialysis (5.5£1.6 vs
5.8+1.7, P=0.72, respectively).

The mean eGFR calculated by CKD-EPI formula was also comparable between the two
groups in CKD patients with stage (3-4) (35.7+17.7 mL/min/1.73 m? in statin group vs
37.13+15.6 mL/min/1.73 m? in control group, P=0.71), and in patients on hemodialysis
(6.3+ 2.2 vs 6.4+2.6 mL/min/1.73 m?, P=0.92 respectively).

Comparing the baseline lipid profile parameters, the statin group had a significantly
increased total as well as LDL cholesterol and triglycerides but similar HDL cholesterol
levels compared to control group.

By monitoring blood pressure in all individuals during 6-monthes follow-up, we found that
all patients had controlled hypertension in statins and control group, and the distribution of
antihypertensive drugs was comparable between the two groups.
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Table 1: Baseline demographic and biochemical characteristics study population.

Characteristic Statins group Control group P
N=44 N=30 value
Male, number (%) 24 (54.54) 17 (56.66) 0.88
Age (years) 58.12+13.14 49+15.17 0.51
BMI (kg/m?) 24.38+3.28 22.38+3.78 0.54
CKD stage at baseline (N, %)
Stage 3 12 (27.3%) 8 (26.6%)
Stage 4 14 (31.8%) 9 (30%) 0.79
Hemodialysis 18 (40.1%) 13 (43.3%)
CRP (mg/l) (mean £SD)
All CKD patients 5.3+ 1.7 5.6+1.6 0.71
Predialysis patients 53+1.9 5.5+1.8 0.81
Dialysis patients 5.5+1.6 5.8+1.7 0.72
eGFR (mL/min/1.73 m?) (mean +SD)
Predialysis patients 35.7£17.7 37.13+15.6 0.71
Dialysis patients 6.3+ 2.2 6.4+2.6 0.92
Lipid parameters ( mg/dl)
Total cholesterol 251.86+42.44 173.76+£34.32 <0.001
LDL cholesterol 154.36+26.3 83.44+13.50 <0.001
HDL cholesterol 46.91+13.24 47.23+12.86 0.54
Triglycerides 173.35+47.50 135.02+61.45 <0.001
24-hour Ambulatory BP, mmHg for 6 months follow-up
Systolic BP 132.8248.05 131.71+£12.59 0.92
Diastolic BP 83.51+5.26 79.27+9.05 0.81
Antihypertention medications (N)

ARBs 10 8
ACEI 9 7 0.83
CCBs 11 8
B-blockers 10 7
Data are presented as total (%), mean+SD. BMI, body mass index; BP,
blood pressure; HDL, high-density lipoprotein; LDL, low-density
lipoprotein. ARBs: Angiotensin Il receptor blockers, ACI: Angiotensin 11
converting enzyme inhibitors, CCBs: Calcium channel blockers,

Effects of statins therapy on lipid parameters and renal function in CKD patients
Table (2) shows the effect of statins treatments on lipid profile and eGFR among the study
population after 6-month follow-up.

The comparison of mean serum lipid levels between the baseline and the 6 month endpoint
showed the expected effects in CKD patients received statin therapy. A significant
reduction was obtained in serum levels of total cholesterol, LDL cholesterol, triglycerides,
with a significant increase in HDL levels. In contrast, no significant variations in lipid
parameters levels were noticed in control patients.

In addition to lipid-profile improving effects of statins, renal protective effects appeared in
statins group. Statins treatment maintained eGFR over 6 months of treatment, in
predialysis patients and patients on hemodialysis, while a regression of renal function was

journal.tishreen.edu.sy Print ISSN: 2079-309X, Online ISSN: 2663-4287
60



G5 ool @I il e 53 (CRP) el (gl iliginse les i€l diglhgl e clislially dadlaal Ll

observed in control group, where eGFR decreased significantly in this group of patients at
the end of follow up period in both predialysis CKD patients and patients on hemodialysis.

Table 2: Lipid profile and eGFR changes over 6 months of treatment with statins in CKD patients

Statin group Control group
Parameter (MeanzSD) (MeanzSD)
. After 6 P . After 6 P
N | Baseline N | Baseline
months value months | value
TC (mg/dl) 44 | 251.86+42.44 | 184.52+27.03 | <0.001 | 30 | 173.76+34.32 | 176.65+32.12 | 0.79
LDL-C (mg/dl) 44 | 154.36+26.3 | 100.2+21.00 | <0.001 | 30 | 83.44+13.50 | 85.23+12.47 | 0.91
HDL-C (mg/dl) 44 | 42.91+13.24 | 55.06+12.45 | 0.042 | 30 | 47.23+12.86 | 45.33+16.83 | 0.83
Triglycerides (mg/dl) | 44 | 173.35+47.50 | 145.18+60.65 | 0.024 | 30 | 135.02+61.45 | 130.02+67.23 | 0.68
Predialysis | oo | 357,177 | 364+155 | 0812 | 17| 37.13+156 | 30.63:114 | 0.046
patients
eGFR Dialysis
y 18 6.3+ 2.2 6.4+1.8 0.923 | 13 6.4+2.6 5.2 +1.6 0.039
patients

Effects of statins therapy on CRP levels in CKD patients

In parallel with the lipid-lowering effects and eGFR maintenance, statin therapy showed a
significant reduction in CRP concentrations. Serum CRP levels decreased significantly
from 5.3+ 1.7 to 4.5+ 1.7 in all statin treated patients. This effected was always maintained
when patients were divided into the two subgroups, predialysis patients (from 5.3+1.9 to
4.5+1.5 mg/l, (P<0.001), and patients on hemodialysis (from 5.3£1.6 to 4.6+1.5 (P<0.001).
However, CRP levels remained stable in the control two subgroups, predialysis and
dialysis patients during the 6 months follow up period (Table 3).

Table3. Effect of statins on CRP levels in CKD patients

statins grou P control grou P
Parameter group value group value
. After 6 . After 6
N | Baseline N | Baseline
months months
AICKD | il 53117 | 45+17 | <0.001 |30 51419 | 52+1.2 |0.791
patients
CRP Predialysis
(mg/l) patienzs 26 | 53+19 | 4.7+1.6 |<0.001|17| 5.7+1.8 | 5.4+15 |0.891
(mean —
xsp) | DIalysis el 5oi16 | 46415 |<0.001|13| 58417 | 5.9+1.4 | 0874
patients

Correlation between CRP and lipid parameters levels in statin treated CKD patients
To clarify whether the reducing of CRP level achieved by statin therapy is related or no to
their lipid lowering effect, we assessed the correlation between CRP level and lipid
parameters levels in statin group. No correlation was found between the relative decrease
in CRP levels and the relative decrease in LDL cholesterol levels after 6 months of
treatment with statin, neither in predialysis patients (R”= 0.020, P = 0.492), nor in patients
on hemodialysis (R*= 0.086, P = 0.238), (Figure 1). Similarly, no correlation was found
between other changes in the lipid profile and CRP levels (data not presented).
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Fig 1: Correlation between relative change in CRP and LDL cholesterol levels in predialysis CKD
patients (A), N=26, and dialysis CKD patients (B), N=18, in statin group.

Discussion:

The present study aimed to assess the anti-inflammatory effects of statins, presented by
their effect on CRP level, in CKD patients with moderate to advanced stage including
patients on hemodialysis. To the best of our knowledge, this study is the first one to
explore this topic in Syrian predialysis and hemodialysis CKD patients.

Our study showed that, in addition to lipid profile improvement, statins treatment achieved
a significant decrease in CPR levels. This effect was associated with renal function
protection presented by the prevention of eGFR regression. This finding provides clear
evidence that statins therapy may have an important clinical significance in the
management of CKD by inhibiting inflammation.

Many factors contribute to the chronic inflammatory state in CKD, including the increased
production of pro-inflammatory cytokines, oxidative stress and acidosis, chronic and
recurrent infection [29, 30]. Our finding demonstrated that statins therapy inhibited
inflammatory state evidenced by reducing CRP levels which might be one of the
mechanisms that contribute to their beneficial effects in CKD. This effect was always
maintained when performing Subgroup analysis, in both predialysis and dialysis CKD
patients. Consistent with our results, in previous studies, that focused on CKD stages 3 and
4, statins therapy also proved the lipid-lowering and anti-inflammatory effect [31-33].
Panichi et al. found that simvastatin therapy with a daily dose of 40 mg in stages 3 and 4
CKD caused a significant decrease of serum inflammatory markers CRP after 6 months of
follow-up [34]. Similarly, in the study of Goicoechea et al., 6 months of atorvastatin
administration at the dose of 20 mg/day, less than in our study, led to a significant decrease
of CRP, and TNF-a level [31]. In contrast, some studies have failed to demonstrate a
decrease in CRP levels in CKD patients using statins. Zagajewska et al. showed only a
tendency of serum inflammatory markers such as CRP and IL-6 to decrease after statin
therapy, but this effect was not significant in comparison with changes of these parameters
after placebo therapy [35]. Furthermore, in hemodialysis CKD patients, controversial
results were also observed. In line with our results, the results of Hussein et al. study
revealed that atorvastatin therapy in hemodialysis CKD patients caused a statistically
significant decrease in levels of CRP after 6 months of therapy [36]. Similarly, The results
published by Vernaglione et al., despite the lower dose used, compared to our study, where
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10 mg of atorvastatin was administered to hemodialysis patients for 6 months, showed a
significant decrease in levels of CRP [37]. Our results also agree to those by Tian et al.,
where two groups of hemodialysis patients received either 20 mg of atorvastatin or 10 mg
of rosuvastatin daily for 12 weeks. Both drugs significantly reduced the concentrations of
CRP; however, this effect was more pronounced in the atorvastatin group [38]. In the study
by Kirmizis et al., a daily dose of 10 mg of simvastatin for 6 months caused a significant
decrease in levels of CRP along with a significant decrease in levels of IL-6 in
hemodialysis patients [39]. A higher dose of simvastatin was evaluated in the studies by
Chang et al. [40] and Shahbazian et al. [41]. In both trials, a daily dose of 20 mg of
simvastatin was given to a group of hemodialysis patients, for a period of 8 weeks and 12
weeks, respectively. In accordance with our results, in both studies, levels of CRP showed
a significant decrease at the end of the study period. These similarities in the effect on
levels of CRP come despite the shorter duration of statin administration in both studies
compared to our study (8 weeks and 12 weeks versus 24 weeks in our study). However, in
disagreement with our results, Tsirpanlis et al. evaluated the effect of a statin on levels of
inflammatory makers for shorter duration, where a daily dose of 40 mg of fluvastatin was
administered for a period of 4 weeks only. Levels of IL-6 decreased significantly at the end
of the study period, while CRP levels did not change [42]. Similarly, the results published
by Dornbrook-Lavender et al., where 10 mg of atorvastatin was administered to
hemodialysis patients for 5 months, showed an insignificant decrease in levels of CRP
[43].

The studies cited above suggest that the anti-inflammatory effect exerted by statins can be
affected by the duration of treatment but also by the dose or type of statin. In our study, we
did not conduct additional subgroup analysis based on dose or types of statins due to the
limited number of included patients. Therefore, more clinical studies are needed to explore
the potential factors affecting the anti-inflammatory effect of statins.

Regarding the effect of statins used in our study (Atorvastatin and rosuvastatin) on
different parameters of lipid profile, as expected our results revealed that the both drugs
caused a statistically significant decrease in levels of total cholesterol, LDL cholesterol,
and serum triglycerides with a significant increase in levels of HDL cholesterol. These
results fully agree with the results reported by previous studies in ckd patients with or
without hemodialysis [35, 36, 38, 42].

The notable point in our study is the lack of correlation between CRP levels and lipid
parameters levels after 6 months of Statin therapy. This was in line with the results
demonstrated by Hussein et al. [36], and Vernaglione et al. [37], where CRP levels did not
correlate with levels of lipid parameters after 6 months of atorvastatin intake. In contrast,
this finding was partially in disagreement with the results by Kirmizis et al. [39], which
demonstrated a positive correlation between the decrease in levels of CRP and the relative
decrease in levels of total as well as LDL cholesterol. However, in the same study, no
similar correlation was found between changes in CRP and the levels of other lipid
parameters.

The lack of correlation observed in our study suggest that the decrease in serum CRP
levels would be attributed to an effect of statin on CRP, independent from the reduction in
serum lipid parameters levels, pointing to a different mechanism of action of statins on
inflammatory markers.

The mechanisms by which statins could exert their inhibition of CRP might be explained
by the following pathways. First, some evidence suggest that the pathogenesis of chronic
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inflammation in CKD is associated with NF-kB activation [44]. Activation of NF-xB
promotes the production of inflammatory cytokines in CKD like IL-6, where IL-6 gene
transcription is NF-xB dependent [45] . IL-6, in its turn, stimulates the production of CRP
[12]. Statins have been shown to inhibit the nuclear accumulation of NF-«B and further
block the activation of its downstream targets, including inflammatory cytokines [44, 45].
Preventing or slowing the progression of CKD by lipid-lowering agents could indirectly
lead to reduction in CVD in these patients. The hypolipidimic and anti-inflammatory effect
observed in our study was associated with protective effect on renal function, shown by
preserving eGFR in statin group compared with control group. We postulated that the
protective effect of statin on renal function might be mediated by its anti-inflammatory
properties. The effect of statins on the progression of CKD was discussed by previous
studies. Two reports indicated that rosuvastatin treatment tended to preserve GFR in
patients with CKD [46, 47]. In the study of Sawara et al., eGFR was significantly
increased in CKD (2-4 stages) patients treated with rosuvastatin for 12 months, while no
significant changes was observed in non-treated patients [32]. However, in the study of
Kendrick et al. lovastatin did not have any renoprotective effects in CKD patients, except
those with known CVD [48]. Furthermore, Anna Masajtis-Zagajewska et al. observed a
significant deterioration in eGFR during administration of atorvastatin but also during
administration of placebo in CKD stage 3-4 patients [35]. The effect may be however
dependent on the dose of statin. One metaanalysis showed that high-dose statin therapy
slightly slowed the decline in eGFR in patients with CKD compared with control, but
moderate and low dose statins, did not [49]. Additionally, the lack of efficacy may be
related to delay in initiating hypolipidimic therapy in patients who already have an
atypically severe form of atherosclerosis, as this protective effect on renal function was not
replicated in more advanced (stages 4-5) CKD patients [50].

Study Limitations:

Limitations of this study include the relatively small number of participants, and the short
duration of follow up. However, many other related studies included the same number of
patients or less, with a similar period of treatment [32-34]. A further limitation of this
study is that we didn’t conduct subgroup analysis depending on the type or dose of statin
because of the small number of study population, and didn’t investigate the safety of used
statins concerning the liver and muscle functions. However, none of the patient in statin
group suffered any clinical side effects that could be related to drug intake. Furthermore,
the statins used in our study (atorvastatin, rosuvastatin) are considered generally safe in
CKD since they have negligible renal elimination [51]. Finally, we were unable to
determine the duration of kidney disease, however the cause of CKD in all patients was
hypertension and the distribution of the used antihypertensive drugs was comparable
between the two groups which gave some homogeneity of the study groups and could
eliminate or at least minimize the interference of these co-medicaments on the results.

Conclusion:

In conclusion, this study demonstrates that, in addition to their favorable effect on lipid
profile parameters, statins therapy exert an anti-inflammatory effect in CKD patients with
moderate to advanced stages including patients on hemodialysis. This anti-inflammatory
effect is independent of lipid lowering effect and clinically important in slowing
progression of CKD. This pose the question to knew whether statins can reduce
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inflammation in CKD patients with normal serum lipid, and so whether stains could be
prescribed for aiming to inhibit inflammation in CKD patients without dyslipidemia. The
comprehension of the role of inflammation in the setting of CKD could permit the
development of therapeutic strategies in order to treat and even prevent the underlying
inflammation, thus improving CKD outcomes. This question is the topic of further
investigation.
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