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Abstract

Background: Diabetic nephropathy is the most prevalent cause of end-stage kidney disease (ESRD).
Besides, factors such as; pro-fibrotic, cytokines, vascular endothelial growth factor, inflammatory factor,
and uric acid may play a role in creating and progressing diabetic nephropathy. Decreasing the serum
level of inflammatory factors can be useful in the treatment of diabetic nephropathy. Therefore, this study
aimed to evaluate allopurinol's anti-inflammatory effects in diabetic patients with chronic kidney disease.

Methods: In this clinical trial, 60 diabetic patients with chronic kidney disease and normal uric acid level
were enrolled into the study with certain inclusion and exclusion criteria. Patients received allopurinol at a
dose of 100 mg daily. Demographic parameters, laboratory results in blood urea nitrogen (BUN), serum
creatinine (sCr), glomerular filtration rate (GFR), 24-hour urine protein (PrUrine24h), uric acid, serum
albumin (Alb), systolic blood pressure (SBP), diastolic blood pressure (DBP), glycosylated hemoglobin
(HbA1C) and high sensitivity C reactive protein (HSCRP), as well as adverse reactions, were recorded at
baseline, ones and three months after.

Results: The results showed that patients were not different in point of demographic parameters at
baseline. Laboratory results such as; BUN, sCr, GFR, PrUrine24h, Alb, SBP, DBP, and HbA1C did not change
significantly over study duration (P>0.05), except uric acid and HSCRP, which were significantly decreased
in patients (P=0.024 and P=0.016, respectively). There was not any notable adverse reaction among
patients.

Conclusion: Low dose Allopurinol (100 mg/day) reduced uric acid and inflammatory biomarker (HSCRP)
after three administration months. According to the present study results, Allopurinol can be considered
an auxiliary, inexpensive, and low side-effect therapy in diabetic patients with chronic kidney disease.

Background

Diabetic nephropathy is one of the most important causes of chronic kidney disease (CKD) and end-stage
kidney disease (ESRD) worldwide in chronic type one and two diabetes mellitus (DM) patients [1, 2].
Approximately 15 years after the beginning of DM, diabetic nephropathy develops in 20% to 30% of
patients [3, 4]. In 2017, the international diabetes federation estimated that 425 million adults between 20
and 79 have diabetes, corresponding to an 8.8% prevalence of diabetes globally [5]. CKD is defined as
abnormalities of kidney function or structure or an estimated GFR <60 mL/min per 1.73 m2 present for >3
months [6]. The prognosis of CKD patients with lower GFR and higher albuminuria is poor, which
indicates a strong relationship with cardiovascular diseases and all-cause mortality [7, 8]. Globally, the
incidence of CKD increased by 87%, and the rate of death among CKD patients rose by 98% from 1990 to
2016 [9].

Researchers show that a chronic state of oxidative stress generally accompanies diabetes. Factors such
as pro-fibrotic, cytokines, vascular endothelial growth factor, uric acid, and inflammatory factor are
responsible for the progression of complications in macro-and microvascular involvement [10-12].
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Additionally, various risk factors, including metabolic abnormalities (e.g., hyperglycemia, obesity,
hypertension, and dyslipidemia), disease duration, and hemodynamic changes, affect the kidney's
structural and functional [13]. Hence, various studies have begun to focus on therapeutic approaches that
directly or indirectly target inflammation pathways by suppressing cytokine signaling with specific
inhibitors or novel pharmacological [14].

Xanthine oxidase appears to play a key role in vascular dysfunction after intermittent hypoxia exposure.
Allopurinol administration, a Xanthine oxidase inhibitor, could reduce the damage of diabetes via its
antioxidant effects by decreasing the free radicals and final serum /evels of uric acid [15]. However, the
impact of allopurinol in modulating the process of diabetic nephropathy has not been well documented.

Concerning the role of uric acid and inflammatory biomarker HSCRP in diabetic patients to cause
vascular and glomerular injuries, decreasing GFR, we evaluated the role of allopurinol in diabetic
nephropathy. This article aimed to study the anti-inflammatory effects of allopurinol in diabetic patients
with chronic kidney disease.

Methods

Study design

This study is a clinical trial conducted from May 2017 to December 2017 at Shahid Labbafi Nedjad
educational Hospital in Iran, Tehran. The Ethics Committee for Research at Shahid Beheshti University of
Medical Sciences, Tehran, Iran, approved the study design and procedures with Ethics code:
IR.SBMU.PHNM.1395.421

Data collection

There are, three-stage (baseline, one month, and three months after) in this clinical trial. The study
population consisted of adult patients with type 1 or 2 diabetes-induced chronic kidney disease who had
an active and fixed medical profile with monthly visits in this hospital. Patients screened for eligibility to
participate in the study. The patients on dialysis, known allergy to allopurinol, gout, thrombocytopenia,
and who received prednisolone, pioglitazone, vitamin E, and allopurinol used to lower levels of uric

acid were excluded. Included subjects had to fulfill the following inclusion criteria: (1) presence of chronic
kidney disease, defined as having an estimated GFR lower than 60 ml/min; (2) normal uric acid level; and
(3) All of the participants were included after signing informed consent forms. Patients received a dose of
100 mg of allopurinol tablet by mouth once a day for 90 days. The tablet form of allopurinol was
obtained from Jalinous Pharmaceutical Company (Iran). During the study, the patients who fulfill the
following criteria could not continue to participate in the study: (1) Incidence of allopurinol
hypersensitivity skin reaction; (2) Diarrhea; (3) Nausea; (4) Raise liver enzymes; (5) Elevated levels of
alkaline phosphatase; (6) Platelet count lower than 100,000 per microliter of blood. Finally, among sixty
patients, fifty-six of them satisfied these criteria and were screened; four patients developed skin
reactions or nausea during the study, so they were excluded. Patients were followed up monthly until
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three months later. Blood samples and urine from the study participants were collected on days 1, 30, and
90. Portions of the serum and urine were frozen immediately and saved at j70-C. At the end of the study,
all frozen samples were mailed to the collaborative laboratory, where biochemical and inflammatory
markers were measured.

Definitions of outcomes

The primary outcome was the evaluation of effect of allopurinol in modulating the process of diabetic
nephropathy based on other studies that observed the anti-inflammatory effect of allopurinol in
normouremic patients by decreasing oxidative stress [16-18]. The markers tested were as follows: BUN,
sCr, uric acid, Alb, HbA1C, HSCRP, and PrUrine24h. The assays carried out in this study are standard ones
used in many studies of nephropathy and inflammatory biomarkers. Blood sample and urine were also
tested locally (laboratory department in hospital) for kidney function tests and PrUrine24h. Data were
also collected from each participant regarding weight, GFR, SBRE, DBP, and concomitant medication use.

Statistical analysis

The results were summarized and analyzed using the SPSS v.23.0 software (IBM Corp., Armonk, NY,
USA). A P value of <0.05 was considered as the significance level. In the analytical statistics section, after
determining the pattern of data distribution with the Klomogorov-Smirnov statistical test's help,
appropriate statistical tests were selected. Repeat-measure ANOVA was used to examine the differences
between measurements. The least significant difference (LSD) test is used in the context of the analysis
of variance. For descriptive analysis, means and SDs are reported for continuous variables, and
frequencies and percentages are reported for categorical variables.

Results

In this study, among 60 eligible patients with diabetes-induced nephropathy, 56 were completed the study
successfully.

Table 1 presents the descriptive statistical analysis of the collected data from patients. Based on the
obtained results, 43 (71.7%) patients were male, and 17 (28.3%) were female. Participants had a mean
age of 60.2 + 10.1 years.

Table 2 demonstrates the mean levels of BUN, Scr, GFR, Proteinuria, uric acid, Alb, SBP, DBP, HgA1c, and
HSCRP at baseline, after the one-month and three-months of the study period.

As illustrated in Table 3, the one-sample Kolmogorov-Smirnov test is used to evaluate the data's
normality. According to these results (P<0.05), the distribution of data related to these samples in Table 3
is not normal. However, the Kruskal-Wallis statistical test is utilized, a nonparametric (distribution-free)
test for quantitative analytical analysis (Table 4).
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Furthermore, to compare these variables at baseline and one and three months after the intervention, the
analysis of variance (ANOVA) test is used to compare these variables at the different times two by two
LSD post hoc tests used. Table 5 shows no significant difference in the mean scores of all variables
except uric acid and HSCRP at baseline and immediately after one and 3-month of intervention (P >0.05).

Discussion

Diabetic nephropathy (DN) is a chronic kidney disease, which has become one of the leading causes of
ESRD, morbidity, and mortality worldwide [19, 20].

Allopurinol is frequently used to improve the uric acid profile. It is also reported to reduce diabetic
nephropathy, cardiovascular events, and hospitalization via decreasing C-reactive protein and its
antioxidant effects [21, 22]. However, the efficacy of allopurinol in reducing the level of inflammatory
marker HSCRP in individuals with diabetic nephropathy is still controversial.

This study was conducted to answer this question and found that allopurinol could reduce the uric acid
and HSCRP during the survey. However, allopurinol has no beneficial effect on kidney function, blood
pressure, albumin, and HbA1C in diabetic nephropathy.

Although the results of this three-month study do not show any effect of allopurinol on kidney function of
these patients without hyperuricemia, several studies have described favorable effects of allopurinol to
prevent progression CKD in individuals without gout [23, 24]. So, maybe, the long-term use of allopurinol
could prevent more nephropathy development in a patient's diabetic kidney disease.

Our study demonstrates allopurinol does not affect on blood pressure of 56 patients. At the same time,
Yuan-Yuei Chen and et al. evaluated the role of uric acid in cardiovascular disorders on 46,561 eligible
participants older than 20 years, which showed that a higher uric acid level is significantly associated
with an increased risk of incident hypertension [25]. On the other hand, B. H. Santhosh Pai and colleagues
demonstrated the benefit of allopurinol on blood pressure control by decreasing blood uric acid level,
reducing kidney disease and mortality in patients with CKD. Using data from many participants with
diabetic nephropathy in the future study would determine any uric acid effect on blood pressure.

As our results show, Allopurinol effectively reduces uric acid level and marker of inflammation HSCRP in
patients with diabetic kidney disease.

In a study done on 6,403 subjects, high serum uric acid level is a risk factor to CKD progress [26].
However, some studies did not show a significant association between uric acid level and decline in
kidney function [27, 28]. This finding could be because these two studies included a majority of patients
with later stages of CKD. Therefore, it is most likely that increased serum uric acid level in the CKD's high
progressed stage is not associated with the rate of decline in kidney function.

As mention above, a significant association is found between allopurinol use and reduce inflammatory

marker, HSCRP. Likewise, several studies regarding the effect of allopurinol on decreasing HSCRP levels
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in CKD [29-31]. It would be related to reducing nitric oxide synthase through allopurinol use, by blocking
oxidative stress, preventing the induction of endothelial dysfunction [32]. Due to few studies on assessing
the effect of allopurinol on inflammatory markers in diabetic CKD, this study's strength focused on this
result, but further investigations are necessary.

As with any study, our study had some limitations. First, only 56 patients with confirmed diabetic
nephropathy were studies. Second, it was just a single-center study; it would be interesting that
multicenter studies were conducted in other hospitals to evaluate the efficacy of allopurinol in decreasing
inflammatory factors leading to improved kidney function in diabetic patients. Finally, more clinical
studies with larger sample sizes, higher quality, and strictly randomized control trial studies should be
considered in future studies.

Conclusions

Allopurinol reduces uric acid and HSCRP significantly. However, allopurinol has no benéeficial effect on
kidney function in type 1 and 2 diabetics patients with nephropathy. Though exciting, our findings still
need high-quality and larger studies to confirm allopurinol's benefit in patients with diabetic nephropathy.
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Table 1. Baseline characteristics of patients

Page 10/15



Variable

Age (year)

Sex

Male

Female

Mean = SD (range), n £

(%)

65.58 + 40.47, (44-96)

43 (71.7%)
17 (28.3%)

Table 2. The mean levels of biochemical indicators and blood pressure at baseline, and within a one and
three-month period

Variable

Blood urea nitrogen (mg/dL)

Serum Creatinine(mg/dL)

Glomerular filtration rate (ml/min)

24-hour urine protein (mg/L/day)

Uric acid (mg/dl)
Albumin (g/dl)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Glycated hemoglobin (%)

High-sensitivity C-reactive protein (mg/dL)

At baseline

21.63 +7.83
1.51+0.30
45.81 +7.45
645.45 +7.45
5.19+0.89
4.31+0.30
132.85+21.86
73.10 £ 9.02
7.60+1.70
3.63 +1.09

After 1"month
22.37 £ 6.88
1.52+0.33
45.55+8.22
503.47 £ 795.55
5.02+0.84
4.25+0.36
131.45+16.95
74.88 + 8.56
746 £1.71
3.27 £0.89

After 3"month
23.26 £+ 7.37
1.54 £ 0.37
45.21 +£8.93
407.87 £ 619.61
4.83+0.86
424 +0.36
130.93+19.18
74.50 £ 10.31
7.32+1.62
3.22+0.78
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Table 3. One sample Kolmogorov-Smirnov test for testing distribution




Variable P-value
Blood urea nitrogen <0.001
Serum Creatinine <0.001
Glomerular filtration rate 0.034
24-hour urine protein <0.001
Uric acid <0.001
Albumin <0.001
Systolic blood pressure <0.001
Diastolic blood pressure <0.001
Glycated hemoglobin <0.001
High-sensitivity C-reactive protein  <0.001

Table 4. Assessment of the distribution of biochemical indicators and blood pressure during the whole
treatment period using the Kruskal-Wallis test
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Null Hypothesis Test Sig. Decision
The distribution of Blood urea nitrogen is the one-sample 0.329 Retain the
same across of study Kolmogorov-Smirnov null

test hypothesis
The distribution of serum creatinine is the same one-sample 0.997 Retain the
across of study Kolmogorov-Smirnov null

test hypothesis
The distribution of glomerular filtration rate is the one-sample 0.999 Retain the
same across of study Kolmogorov-Smirnov null

test hypothesis
The distribution of 24-hour urine protein is the one-sample 0.310 Retain the
same across of study Kolmogorov-Smirnov null

test hypothesis
The distribution of uric acid is the same across of one-sample 0.019 Reject the
study Kolmogorov-Smirnov null

test hypothesis
The distribution of albumin is the same across of one-sample 0.657 Retain the
study Kolmogorov-Smirnov null

test hypothesis
The distribution of systolic blood pressure is the one-sample 0.925 Retain the
same across of study Kolmogorov-Smirnov null

test hypothesis
The distribution of diastolic blood pressure is the one-sample 0.522  Retain the
same across of study Kolmogorov-Smirnov null

test hypothesis
The distribution of Glycated hemoglobin is the one-sample 0.617 Retain the
same across of study Kolmogorov-Smirnov null

test hypothesis
The distribution of High-sensitivity C-reactive one-sample 0.114 Retain the
protein is the same across of study Kolmogorov-Smirnov null

test hypothesis

Asymptotic significances are displayed. The significance level is 0.05

Table 5. Paired comparison of the mean levels of biochemical indicators and blood pressure at different
times
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Variable

Blood urea nitrogen (mg/dL)

Serum Creatinine (mg/dL)

Glomerular filtration rate (ml/min)

24-hour urine protein (mg/L/day)

Uric acid (mg/dI)

Albumin (g/dI)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Glycated hemoglobin (%)

High-sensitivity C-reactive protein (mg/dL)

Time

Baseline and immediately after one month
Baseline and immediately after three months
after one month and after three months
Baseline and immediately after one month
Baseline and immediately after three months
after one month and after three months
Baseline and immediately after one month
Baseline and immediately after three months
after one month and after three months
Baseline and immediately after one month
Baseline and immediately after three months
after one month and after three months
Baseline and immediately after one month
Baseline and immediately after three months
after one month and after three months
Baseline and immediately after one month
Baseline and immediately after three months
after one month and after three months
Baseline and immediately after one month
Baseline and immediately after three months
after one month and after three months
Baseline and immediately after one month
Baseline and immediately after three months
after one month and after three months
Baseline and immediately after one month
Baseline and immediately after three months
after one month and after three months

Baseline and immediately after one month
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P value
0.585
0.227
0.507
0.853
0.689
0.829
0.864
0.694
0.824
0.406
0.165
0.576
0.287
0.024
0.225
0.289
0.259
0.945
0.694
0.884
0.590
0.296
0.412
0.822
0.637
0.359
0.656
0.037




Baseline and immediately after three months  0.016 |

after one month and after three months 0.746 ‘

Every entry written in boldface in the aforementioned table is of statistical significance (p < 0.05)
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