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AKTYAJIbHOCTD. NoBbileHHOe cofieprkaHre MmoUeBon Kucnotbl (MK) B CbIBOPOTKE KPOBU NpY CaxapHOM anabete 2 Tuna
accouMmMpOBaHO C BbICOKOM BEPOATHOCTbIO MAaKPOCOCYAUCTbIX OCIOXKHeHNA. OgHaKO 3aBUCUMMOCTb Mexady ypoBHem MK
B CbIBOPOTKE M PUCKOM Pa3BUTKA AMAbeTNYeCKon nepudpeprnyeckori HeMponaTnmm 4o CUX NMop NMOSTHOCTBIO HE N3YYeHa.

LIENb. Llenbto gaHHOro nccnefoBaHms 6bino n3yyeHre Koppenaumm Mexay noBblleHHOW KoHueHTpaumeln MK B cbiBopoTke
1 anabeTtnyeckom nepndepmryeckon HenponaTmei.

METO[DbI. B saHHOe uccnepoBaHue, CNiaHWPOBaHHOE MO TUMY «CTyYal-KOHTPOSIb», BKJTOUANKCh Noc/ieoBaTesbHble Naun-
€HTbl B COOTBETCTBUN C MPUHATLIMU KPUTEPUAMY BKITIOUEHWA/NCKNIOUeHUs. [JnarHoCcTuky arabetnyeckon nepudepuyeckon
HelponaTumn NPOBOAUIIY C MOMOLLbIO dNIeKTpoHepomuorpadum (SHMI). TakxKe BbINONHANM onpegesnieHre yposHs MK B cbi-
BOPOTKe KpoBW. [1nA oLeHKn Koppenayum ncnonb3osanu kputepun x2 MNupcoHa.

PE3YJIbTATbI. B nccnepgoBaHue 6binn BkntoyeHbl 30 NaumeHToB, 15 M3 KOTOPbIX BOLWW B 3KCMEPUMEHTaNbHYIO rpymnny,
a ocTanbHble 15 cocTaBUAM KOHTPOMbHYIO rpynny. [locTOBEPHOWN 3aBUCMMOCTM MeX Ay MOBbILEHHOWN KOHLUeHTpauvein MK
B CbIBOPOTKe U AnabeTnueckol nepudepmnyeckoi HeponaTren BbiABNEHO He 6b1n1o (oTHoweHue waHcos (OLL) = 3,143;95%
LoBepuTenbHbIn nHTepBan (4W) 0,681-14,503; p=0,136).

3AKJIIOMEHUE. Hamu He 6bifio yCTaHOBMIEHO KOppenaLmm Mexay BblCOKM ypoBHem MK B cbiBOpOTKe U AnabeTnyeckon
nepudepmryeckon HenponaTmen.
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CORRELATION BETWEEN HIGH SERUM URIC ACID LEVELS WITH OCCURRENCE OF DIABETIC
PERIPHERAL NEUROPATHY IN PATIENTS WITH TYPE 2 DIABETES MELLITUS IN SOETOMO
GENERAL HOSPITAL
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BACKGROUND: The increased serum uric acid (SUA) levels have been linked to macro vascular disease in Type 2 Diabetes
Melitus. The correlation between serum uric acid levels and diabetic peripheral neuropathy has not been addressed properly.

OBJECTIVE: The aim of this study was to determine the correlation between high serum uric acid levels and diabetic periph-
eral neuropathy.

METHODS: This was a case-control design study and the sampling was done consecutively by following the inclusion and
the exclusion criteria. The diabetic peripheral neuropathy was evaluated using Electroneuromyography (EMNG) and the
serum were taken for uric acid level examination. Chi square test was used for the correlation analysis.

RESULT: Thirty subjects were enrolled and divided into an experimental group of 15 subjects and a control group of 15 sub-
jects as well. We found that the diabetic peripheral neuropathy did not show a significant correlation with high serum uric
acid levels, p=0,136 and OR 3,143 (Cl 95% 0,681-14,503).

CONCLUSIONS: There was no correlation between high serum uric acid levels with diabetic peripheral neuropathy.

KEYWORDS: uric acid; diabetic peripheral neuropathy; diabetes mellitus type 2

© Russian Association of Endocrinologists, 2018 Received: 27.02.2018. Accepted: 19.07.2018.
CaxapHblin anabet. 2018;21(4):277-282 doi: 10.14341/DM9590 Diabetes Mellitus. 2018;21(4):277-282


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.14341/DM9590&domain=PDF&date_stamp=2018-10-10

Diabetes mellitus (DM) is a clinical syndrome character-
ized by hyperglycemia that occurs due to insulin secretion
abnormalities, insulin performance, or both.[1, 2] Type 2 Di-
betes Mellitus (T2DM) is an increasing health problem of in-
cidence and prevalence so it becomes a worldwide concern.
[1-4] Diabetic Peripheral Neuropathy (DPN) is one of the most
frequent chronic microvascular complications in T2DM.[3-5]
Finger or foot infections and amputations are common risks
faced by DPN. This causes an increase in morbidity and mor-
tality resulting in increased medical costs of patients with
DPN.[4-6] Prevalence of neuropathy in DM patients over 50%
for 25 years.[7] The overall prevalence of neuropathy was
estimated at 30%.[4, 8, 9] In the EURODIAB IDDM Compli-
cation Study, DPN is associated with blood glucose control
and DM duration. Microvascular complications still occur, de-
spite controlling of blood glucose levels was performed well
(HbA1c 5.4% to 7%), so it is suspected other factors involved
besides blood glucose control and duration of DM [10].

High serum uric acid (SUA) levels were associated with the
incidence of macrovascular and microvascular complications
in patients with DM.[11] Increased levels of SUA have been as-
sociated with endothelial dysfunction, ischemic heart disease,
stroke, peripheral artery disease and death from cardiovascu-
lar disease.[3, 12, 13] InT2DM, the increasing levels of SUA were
associated with metabolic syndrome and insulin resistance.
The association of high SUA levels with DM was reported in
several studies.[13-17] The association of hyperuricemia with
DPN is still controversial. The study by Ito et al (2011) showed
a significant difference between the proportion of DPN in hy-
peruricemia and normosemia (p=0.19).[11] But another study
showed that DPN had a moderate significance (p <0.001) with
a positive correlation (r=0.509) towards high SUA levels.[18]

Therefore, the purpose of this study was to determine
the correlation between high serum uric acid levels and dia-
betic peripheral neuropathy.

METHODS

This study used a case control design with the popula-
tion of all T2DM patients who visited to the endocrinology
outpatient unit of Soetomo General Hospital and fulfilled
the inclusion and the exclusion criteria during the period of
August to December 2016.

The inclusion criteria were 40-60 years old, EMNG results
supported the DPN and agreed to join the research.

While the exclusion criteria were chronic renal impair-
ment, chronic liver disorder, history of malignancy, history of
drug use and radiotherapy, history of alcohol consumption.

We used consecutive sampling as the sampling tech-
nique because it was the best non-probability sampling
and easy to do. The sample size was determined using the
formula of unpaired categorical analytic research. The value
of the effect proportion on the control (P2) was determined
based on the preliminary study and the calculation of the
required minimum sample size was 15 people in each group.

The samples were divided into two groups; 15 subjects
with EMNG results that did not support the diabetic neu-
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ropathy referred to as a control group and 15 subjects with
EMNG results that supported the diabetic neuropathy, here-
inafter referred to as case/experimental group. The sampling
conducted for 5 (five) months.

Additionally, the T2DM patients who fulfilled the inclu-
sion and the exclusion criteria will be performed anamnesis,
physical examination and then performed the blood tests
for serum uric acid levels and other confounding factors.

This study has been approved by the ethical committee
of Soetomo General Hospital with ID 658/Panke.KKE/X1/2016
on 17 November 2015.

Statistical analysis was performed using IBM SPSS Statis-
tics for Windows, version 20.0 (IBM Corp., Armonk, N.Y., USA).
Collected categorical data (hypertension, dyslipidemia, dis-
ease duration, DPN) were analyzed using Chi-Square test
while numerical data were analyzed by T-test. Because from
the analysis of normality was normal (p=0,20). We used P
value level < 0,05 as statistically significant.

RESULTS

The total subjects were 30 patients consisting of 15 sub-
jects with EMNG results that did not support the DPN that
referred to as a control group and 15 subjects with EMNG
results that supported the DPN, referred to as case/experi-
mental group. The basic characteristics of research subjects
consisting of demographic and clinical data were showed in
table 1.

While the correlation between high serum uric acid lev-
els and the incidence of diabetic peripheral neuropathy was
shown in table 2. Subjects in case group who had high se-
rum uric acid levels as many as 8 people (53.3%) more than
subjects in the control group with high serum uric acid level
of 4 people (26.7%). However, there was no statistically sig-
nificant difference (P = 0.136).

In this study, the glycemic control and disease duration
analyzed as cofounding factors. There was no significant
difference in glycemic control (HbA, ) between two groups
with P = 0,682, while the duration of disease was significant
with P<0,001.

DISCUSSIONS

This was an observational analytic study to determine
the correlation between high serum uric acid levels and the
incidence of diabetic peripheral neuropathy in patients with
T2DM.

Case control was used in this study. This design was cho-
sen because it was considered in accordance with the pur-
pose of the research to assess the role of risk factors for high
serum uric acid levels in the occurrence of diabetic peripher-
al neuropathy (cause-effect relationship).[19, 20]

In this study, there were no significant differences in ba-
sic variables consisting of demographic data. In addition, we
obtained that there were no significant differences in clini-
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Table 1. The Basic Characteristics of Subjects

L. DPN Incidence OR
Characteristics Experimental Control Total P (C195%)
Sex
- Male 5(33.3 %) 5(333%) 10(33.3%) 1,000 1,000
- Female 10 (66.7 %) 10(66.7 %) 20 (66.7 %) (0.219-4.564)
Age 51.60+6,52 53.53+4.72 0.25
Body Mass Index (BMI)
- Normal 9 (60.0 %) 9(60.0%) 18(60.0 %) 1,000 1,000
- Obesity 6 (40.0 %) 6(40.0%) 12 (40.0%) (0.232-4.310)
Dyslipidemia
- Dyslipidemia 10 (66.7 %) 13(867 %) 23(76.7%) 0.270 0.213888889
- Normal 5(33.3 %) 2(133%) 7(23.3%) (0.049-1.928)
Hypertension
- Hypertension 4 (26.7 %) 6(40.0%) 10(33.3%) 0.305 0.378472222
- Normal 11(73.3 %) 9(60.0%) 20 (66.7 %) (0.117-2.549)
Smoking
- Yes 1 (6.7 %) 1 (6.7 %) 2 (6.7 %) 1,000 1,000
- No 14 (93.3 %) 14(933%) 28(93.3%) (0.057-17.621)
Duration of Disease
Type 2 Diabetes Mellitus
- > 5 years 12 (80.0 %) 2(1.3%) 14(46.7%)  0.001 0.038
- < 5years 3 (20.0 %) 13(86.7%) 16 (53.3 %) (0.005-0.271)
Serum HbA, Levels
- High 12 (80.0 %) 10(66.7 %) 22(73.3%) 0473 0.347222222
- Normal 3(20.0 %) 5(333%) 8(26.7%) (0.117-2.549)
Table 2. The Correlation between High Serum Uric Acid Levels and the Incidence of Diabetic Peripheral Neuropathy
DPN Cases OR
Experimental Control Total p*) (C195%)
Serum Uric Acid Levels
- High 8(53.3%) 4 (26.7%) 12 (40 %) 0.094 3,143
- Normal 7 (46.7%) 11(733%) 18(60 %) (0.681-14.503)
Total 15 (100%) 15(100%) 30 (100%)

cal data except the T2DM duration (P<0,001). Demographic
data included age and sex while clinical data included BMI,
dyslipidemia, hypertension, smoking, serum HbA1c levels
and T2DM duration.

In this study, among the total 30 subjects, there were 10
(33,3%) male and 20 (66,7%) women. This was consistent
with T2DM epidemiologic data suggesting that women
were more likely to have diabetes mellitus than men.Women
were at higher risk for T2DM because women have a great-
er chance of increasing body mass index than men.[21] The
prevalence of DPN by sex was in accordance with the other
developing countries such as Sri Lanka, India, North Africa,
and Iran.[22] Some studies also suggested that men were
fewer than women.[22-24] Bansal et al reported that wom-
en had a DPN risk of three times higher than men (OR 3.15,
95% Cl 1.57-6.31, p <0.001).[24] However, this study found
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that there were no statistically significant difference in sex
proportion between the experimental and control groups.
The mean age of the experimental group (51.60+6.52
years) was slightly younger than the control group
(53.53+4.72 years), but this difference was not statistically
significant with p=0.360. This result was in accordance with
a study by Guirrero et al that the mean age of samples that
has suffering from DPN was 56.9+9.6 years.[25] But the mean
age in this study was relatively young compared to the re-
search that conducted by Lu et al that the mean age of sam-
ples suffering DPN was 68.27+10.66 and the mean age that
did not suffer DPN was 62.26+10.05.[26] Multicenter studies
conducted in the United Kingdom reported that the preva-
lence of diabetic peripheral neuropathy increases with age,
from 5% (3.1-6.9%) in the 20-29 years age group to 44.2%
(41.1-47.3%) in the 70-79 years age group.[27] However, the
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samples over the age of 60 were not included in this study,
because the age affects other types of neuropathy such as
neuropathy due to vitamin deficiency, malnutrition, and
others.

Characteristics of the subjects based on body mass index
(BMI) in the experimental group were the subjects with nor-
mal BMI that was 9 patients (60.0%) meanwhile the subject
of obesity in 6 patients (40.0%). However, this difference was
not statistically significant with p=1,000. This was in accor-
dance with a study that conducted by Kiani et al., reported
that there was also no significant difference between BMI
and diabetic neuropathy (p=0.056) in 84 subjects[22]. Obe-
sity or combination with metabolic syndrome was a risk fac-
tor for neuropathy complications. Obesity and triglycerides
were associated with the loss of small axon nerves that were
unveiled myelin. Obesity was associated with edema that
precedes the occurrence of clamp phenomena that disrupt
the barrier so that nutritional deficiencies in susceptible
nerve tissue. Obesity along with other metabolic syndromes
leads to an increase in insulin resistance.[28, 29] T2DM and
obesity have a complex relationship. Obesity was a precur-
sor of T2DM via insulin resistance mechanism.[30, 31]

Characteristics of the subjects based on the risk factor of
dyslipidemia in the experimental group were found in 10 pa-
tients (66.7%) that less than the control group as many as 13
patients (86.7%). However, this difference was not statistical-
ly significant with p = 0.390. This was consistent with a study
conducted by Basal et al who found that dyslipidemia in
the diabetic neuropathy group was 8% while in the diabet-
ic neuropathy group was 44% with p=0.075 (p <0.001).[24]
The study of dyslipidemia as a risk factor for neuropathy was
still controversial. There was no significant difference be-
tween total cholesterol, HDL, LDL and triglyceride levels in
people with type 2 DM who had somatic neuropathy with or
without neuropathy.[32] Patients with type 2 DM who were
treated intensively with statins reduce the risk of autonom-
ic neuropathy, but not DPN.[33] The different studies found
that dyslipidemia was an independent risk factor for macro
vascular disease in type 2 diabetes mellitus patients. In the
preliminary study, decreased lipid levels with both fibrates
and statins within 5 years prevented the incidence of new
sensory neuropathy. The decrease in lipid levels was per-
formed using fibrate therapy (HR= 0.52; 95%; Cl 0.27-0.98)
and the use of statins therapy (HR = 0.65; 95% Cl 0.46-0.93; p
<0.042).[32] The results was consistent with the in vitro stud-
ies and animal studies that showed the levels of lipid-low-
ering therapy had the neuroprotective effects by improving
the Schwann cells, polyol pathway, and the repair of nerve
blood flow.[33]

The characteristics of subjects based on hypertension
in the experimental group found 4 patients (26.7%) with
hypertension, then fewer than the control group that was
10 patients (40.0%). But in this study there was no statisti-
cally significant difference between the experimental and
control group (p=0.439). This was consistent with a study
that conducted by Papanas et al., stated that there was also
no statistically significant difference between the case and
the control group in 130 subjects (p=0.999).[3] Kiani et al!s
study also found that there was no significant difference be-
tween the history of hypertension (p=0.124), systolic blood
pressure (p=0.373), and diastolic blood pressure (p=0.640)
with diabetic neuropathy.[22] Hypertension was an inde-
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pendent factor in macro vascular disease, retinopathy, and
nephropathy. Hypertension was a complication of blood
vessels due to hyperinsulinemia. Insulin resistance increas-
es sodium reabsorption in the proximal tubules of the kid-
ney.[28]

The characteristics of subjects based on smoking were 1
person (6.7%) who smoked in the experiment group while in
the control group there were 14 people who did not (93.3%).
But in this study there was no statistically significant differ-
ence between the experiment and control group (p=1.000).
This was according to the research conducted by Kiani et al.,
who found that there was no significant difference between
smoking and diabetic neuropathy in 84 subjects.[22] The
study by Mitchel et al examined the association between
smoking and diabetic neuropathy that resulted in a strong
relationship between the number of cigarettes smoked
during their lifetime and the presence of neuropathy. Pa-
tients who smoked >30 pack/year had a 3.32 times increased
risk of neuropathy compared with those who smoked <30
pack/year.[34] In recent years, there was a potential role of
vascular factors in the pathogenesis of diabetic neuropathy.
It was speculated that smoking could lead to tissue hypoxia
which might further injure the microvascular.[34]

Additionally, the characteristics of subjects based on
long-term T2DM =5 years in the case group were 12 people
(80.0%) it was more than the control group that only 2 peo-
ple (13.3%). While the subjects who suffer from DM <5 years
in the case group was 5 people (20.0%), less than the control
group that was 13 people (86.7%). The correlation test re-
sults showed that there was a correlation between the dura-
tion of DMT2 and the incidence of diabetic peripheral neu-
ropathy (P<0,001; odds ratio 0.038; 95% Cl 0.005-0.271). This
was consistent with some studies obtained a correlation be-
tween the duration of DM and diabetic neuropathy.[24, 35]
Research conducted by Fatkhur et al stated that the longer
the patient suffering from DM, the risk of diabetic neuropa-
thy was 16.7787 times greater in DM =5 years (P<0,001).[35]
In addition to hyperglycemia, the duration of DM was a risk
factor for DPN in Diabetes Control and Complications Trial.
[10] DPN was a microangiopathic complication in patients
with type 2 DM which increases its prevalence in accordance
with the duration of DM.[24] DPN complications could occur
in patients with DM through various mechanisms. Hypergly-
cemia that has a long period, genetic and other mechanisms
such as immune will increase oxidative stress and stimulate
other pathways that caused damage of nerve, vascular en-
dothelial, glomerular, mesangial, and retinal cells.[36] Exam-
ination using electrophysiology can detect subclinical DPN
as indicated by the decrease in both sensory and motor neu-
ronal conductivity in patients with DM after 5-10 years.[37]

Moreover, characteristics of the subjects by high serum
levels of HbA, as many as 12 people in the experimental
group (80.0%) was more than the control group as many as
10 people (66.7%). However, this difference was not statis-
tically significant with p=0.682. This was consistent with re-
search conducted by Kiani et al. who stated that there was
no significant correlation between serum HbA, levels and
the incidence of diabetic neuropathy.[22] Research by Kam-
ran et al showed HbA, levels associated with neuropathy in
patients with DM. HbA, _levels greater than 10 mg/dL were
associated with neuropathy.[38] HbA1c levels were associat-
ed with micro vascular complications.[38, 39]
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Based on the risk factor of serum uric acid level in the
group of the incidence of peripheral diabetic neuropathy
was obtained 8 people (53.3%) with high serum uric acid
level, it was more than in the group without peripheral par-
alytic neuropathy that found 4 people with high serum uric
acid level (26.7%). However, there was no statistically signif-
icant difference with p=0.136 and odds ratio by 3.143 (95%
Cl 0.681-14.503) in this study. The result of odds ratio (OR)
was more than 1, so then it was concluded that high serum
uric acid levels had no correlation with the incidence of di-
abetic peripheral neuropathy in type 2 diabetes mellitus. It
was not in accordance with this research that conducted by
Rafie et al against 132 patients with T2DM aged 45-80 years
who suggested there was a correlation between high serum
uric acid and diabetic peripheral neuropathy in DM patients
(p <0.0001) [40].

Next, the difference could be caused by the age of re-
search. The subjects in this study was 40-60 years while the
subjects by Rafie et al up to 80 years. In general, the older
age also affects the incidence of peripheral diabetic neurop-
athy. The multicenter study conducted in the UK, the preva-
lence of diabetic peripheral neuropathy increased with age,
from 5% (3.1- 6.9%) in the 20-29 year age group to 44.2%
(41.1-47.3%) In the 70-79 age group [27].

Lastly, in this study, the risk factor that affected the DPN
was the duration of T2DM.. In the experimental group with
T2DM duration =5 years more than the control group and
statistically significant with P<0,001

7. In addition, the previous studies suggested that there
was an inadequate correlation between high serum uric acid
levels and diabetic peripheral neuropathy with r=0.509.[18]
This research strength was 30% statistically, in other word,
there was a 70% chance to not find a significant correlation be-
tween high serum uric acid levels with the incidence of DPN.

CONCLUSIONS

There was no correlation between the high serum uric
acid levels and the incidence of diabetic peripheral neurop-
athy in patients with T2DM.

ADDITIONAL INFORMATION

Conflict of interests. Authors declare no explicit and potential con-
flicts of interests associated with the publication of this article.

Authors involvement. DPS initiated, drafted the manuscript, and an-
alyzed the data; MB designed and revised the manuscript; MH, Fi and Fa
contributed to interpretation of data.

CMNCOK IUTEPATYPbI | REFERENCES

1. PERKENI. Konsensus Pengelolaan dan Pencegahan Diabetes Melitus Tipe
2 diIndonesia. Jakarta: Toko Teknologi; 2015.

2. PERKENI. Konsensus Pengelolaan dan Pencegahan Diabetes Mellitus
Tipe 2 di Indonesia 2006. 2nd ed. Jakarta: Aksara Buana; 2007.
Jakarta.

3. Papanas N, Katsiki N, Papatheodorou K, et al. Peripheral neu-
ropathy is associated with increased serum levels of uric acid
in type 2 diabetes mellitus. Angiology. 2011;62(4):291-295.
doi: 10.1177/0003319710394164

4. Mehravaran H, Makvandi M, Samarbaf Zade A, et al. Association of
Human Cytomegalovirus with Hodgkin's Disease and Non-Hod-
gkin's lymphomas. Asian Pac J Cancer Prev. 2017;18(3):593-597. doi:
10.22034/APJCP2017.18.3.593

5. Veves A, Caselli A. Micro- and Macrovascular Disease in Diabetic
Neuropathy. In: Veves A, Malik RA, editors. Diabetic Neuropathy: Clinical
Management. Totowa: Humana Press; 2007. p. 259-274.

6.  Tesfaye S, Selvarajah D. Advances in the epidemiology, pathogenesis
and management of diabetic peripheral neuropathy. Diabetes Metab
Res Rev. 2012;28 Suppl 1:8-14. doi: 10.1002/dmrr.2239

7. Feldman EL, Stevens MJ, Thomas PK, et al. A Practical Two-Step
Quantitative Clinical and Electrophysiological Assessment for the
Diagnosis and Staging of Diabetic Neuropathy. Diabetes Care.
1994;17(11):1281-1289. doi: 10.2337/diacare.17.11.1281

8. Callaghan BC, Cheng HT, Stables CL, et al. Diabetic neuropathy:
clinical manifestations and current treatments. Lancet Neurol.
2012;11(6):521-534. doi: 10.1016/51474-4422(12)70065-0

9. Kazamel M, Dyck PJ. Sensory manifestations of diabetic neurop-
athies: anatomical and clinical correlations. Prosthet Orthot Int.
2015;39(1):7-16. doi: 10.1177/0309364614536764

10. Tesfaye S. Epidemiology and etiology of diabetic peripheral neuropa-
thies. Adv Stud Med. 2004;4(10G):S1014-1021.

11.  Ito H, Abe M, Mifune M, et al. Hyperuricemia is independently
associated with coronary heart disease and renal dysfunction in
patients with type 2 diabetes mellitus. PLoS One. 2011;6(11):e27817.
doi: 10.1371/journal.pone.0027817

12. YuS, ChenY, Hou X, et al. Serum Uric Acid Levels and Diabetic
Peripheral Neuropathy in Type 2 Diabetes: a Systematic Re-
view and Meta-analysis. Mol Neurobiol. 2016;53(2):1045-1051.
doi: 10.1007/512035-014-9075-0

13.  Chien KL, Chen MF, Hsu HC, et al. Plasma uric acid and the risk of type
2 diabetes in a Chinese community. Clin Chem. 2008;54(2):310-316.
doi: 10.1373/clinchem.2007.095190

CaxapHblin anabet. 2018;21(4):277-282

doi: 10.14341/DM9590

14. Yoo TW, Sung KC, Shin HS, et al. Relationship Between Se-
rum Uric Acid Concentration and Insulin Resistance and
Metabolic Syndrome. Circulation Journal. 2005;69(8):928-933.
doi: 10.1253/circj.69.928

15. Kramer CK, von Muhlen D, Jassal SK, Barrett-Connor E. Se-
rum uric acid levels improve prediction of incident type 2
diabetes in individuals with impaired fasting glucose: the
Rancho Bernardo Study. Diabetes Care. 2009;32(7):1272-1273.
doi: 10.2337/dc09-0275

16.  Nakanishi N, Okamoto M, Yoshida H, et al. Serum uric acid and risk
for development of hypertension and impaired fasting glucose or
Type Il diabetes in Japanese male office workers. Eur J Epidemiol.
2002;18(6):523-530. doi: 10.1023/a:1024600905574

17.  Kodama S, Saito K, Yachi Y, et al. Association between serum
uric acid and development of type 2 diabetes. Diabetes Care.
2009;32(9):1737-1742. doi: 10.2337/dc09-0288

18.  Darsana IN. Korelasi Positif Kadar Asam Urat Serum Tinggi Dengan Neu-
ropati Diabetik Perifer Penderita DM Tipe 2 di Rumah Sakit Umum Pusat
Sanglah Denpasar. Denpasar: Udayana University; 2014.

19.  Sastroasmoro S, Ismael S. Dasar-dasar Metodologi Penelitian Klinis. 5
ed. Jakarta: Sagung Seto; 2014.

20. Sastroasmoro S, Ismael S. Dasar-Dasar Metodologi Penelitian Klinis. 2
ed. Jakarta: Sagung Seto; 2002.

21.  Fatimah RN. Diabetes Melitus Tipe 2. J Majority 2015;4(5):93-101.

22.  Kiani J, Habibi Z, Tajziehchi A, et al. Association between serum uric
acid level and diabetic peripheral neuropathy (A case control study).
Caspian JIntern Med. 2014;5(1):17-21.

23.  Katulanda P, Ranasinghe P, Jayawardena R, et al. The prevalence,
patterns and predictors of diabetic peripheral neuropathy
in a developing country. Diabetol Metab Syndr. 2012;4(1):21.
doi: 10.1186/1758-5996-4-21

24.  Bansal D, Gudala K, Muthyala H, et al. Prevalence and risk fac-
tors of development of peripheral diabetic neuropathy in type
2 diabetes mellitus in a tertiary care setting. J Diabetes Investig.
2014;5(6):714-721. doi: 10.1111/jdi.12223

25. Millan-Guerrero R, Trujillo-Hernandez B, Isais-Millan S, et al. H-reflex
and clinical examination in the diagnosis of diabetic polyneuropathy.
JInt Med Res. 2012;40(2):694-700. doi: 10.1177/147323001204000233

26. LuB,Yang Z, Wang M, et al. High prevalence of diabetic neuropathy
in population-based patients diagnosed with type 2 diabetes in the
Shanghai downtown. Diabetes Res Clin Pract. 2010;88(3):289-294.
doi: 10.1016/j.diabres.2010.02.002

Diabetes Mellitus. 2018;21(4):277-282



OPUTMHAJIbHOE NCCNEAOBAHNE

27. Fedele D, Comi G, Coscelli C, et al. A Multicenter Study on 34, Mitchell BD, Hawthorne VM, Vinik Al. Cigarette Smoking and Neu-
the Prevalence of Diabetic Neuropathy in Italy. Diabetes Care. ropathy in Diabetic Patients. Diabetes Care. 1990;13(4):434-437. doi:
1997;20(5):836-843. doi: 10.2337/diacare.20.5.836 10.2337/diacare.13.4.434

28.  Yagihashi S, Mizukami H, Sugimoto K. Mechanism of diabetic 35.  Fatkhur N. Hubungan Antara Hiperglikemia, Usia Dan Lama Menderita
neuropathy: Where are we now and where to go? J Diabetes Investig. Pasien Diabetes Dengan Angka Kejadian Neuropati Diabetika. Yogya-
2011;2(1):18-32. doi: 10.1111/}.2040-1124.2010.00070.x karta: University of Muhammadiyah; 2012.

29. LiC Hsieh MC, Chang SJ. Metabolic syndrome, diabetes, and 36.  Vincent AM, Russell JW, Low P, Feldman EL. Oxidative Stress in
hyperuricemia. Curr Opin Rheumatol. 2013;25(2):210-216. the Pathogenesis of Diabetic Neuropathy. Endocrine Reviews.
doi: 10.1097/BOR.0b013e32835d951e 2004;25(4):612-628. doi: 10.1210/er.2003-0019

30. Hussain A, Hydrie MZI, Claussen B, Asghar S. Type 2 Diabetes and 37.  Nathan DM. Long-term complications of diabetes mellitus. N Engl J
obesity: A review. Journal of Diabetology 2010;2(1):1-7-4. Med. 1993;328(23):1676-1685. doi: 10.1056/NEJM199306103282306

31, Yaturu S. Obesity and type 2 diabetes. J Diabetes Mellitus. 38.  Aziz KMA. Association between high risk foot, retinopathy and
2011;1(4):79-95. doi: 10.4236/jdm.2011.14012 HbA1c in Saudi Diabetic population. Pak J Physiol 2010;6(2):21-28.

32, Subbalakshmi N, Rao S, Adhikari P, Sheila RP. Influence of dyslip- 39. Sabanayagam C, Liew G, Tai ES, et al. Relationship between gly-
idemia on somatic neuropathy in type 2 diabetes mellitus. Nitte cated haemoglobin and microvascular complications: is there a
University Journal of Health Science 2013;3(3):25-30. natural cut-off point for the diagnosis of diabetes? Diabetologia.

33, Davis TM, Yeap BB, Davis WA, Bruce DG. Lipid-lowering thera- 2009;52(7):1279-1289. doi: 10.1007/s00125-009-1360-5
py and peripheral sensory neuropathy in type 2 diabetes: the 40.  Rafie S, Mogaddam MM, Tarahomi S, et al. The Comparison of Serum Uric
Fremantle Diabetes Study. Diabetologia. 2008;51(4):562-566. Acid Level in Patients with Diabetic Neuropathy with Diabetics without
doi: 10.1007/s00125-007-0919-2 Neuropathy. Persian Journal of Medical Sciences. 2016;3(1):109-113.

MWHOOPMALINA Ob ABTOPAX [AUTHORS INFOI

*Mudjiani Basuki, MD, Neurologist, Staff of Department of Neurology; address: Mayjend Prof. Dr. Moestopo 6-8, Airlangga,
Gubeng, Surabaya, 60285 Indonesia; e-mail: mudjianibasuki038@outlook.com

Deasy Putri Sukarno, MD, Resident in Department of Neurology; e-mail: dputrisukarno@gmail.com
Muhammad Hamdan, MD, Neurologist; Staff of Department of Neurology; e-mail: lukihamdan@gmail.com
Fidiana, MD., Neurologist, Staff of Department of Neurology, Universitas Airlangga; e-mail: fidiana99@yahoo.fr
Fadil, MD., Neurologist, Staff of Department of Neurology; e-mail: fadil.neuro@gmail.com

LMNTUPOBATb:

Sukarno DP, Hamdan M, Fidiana, Fadil, Basuki M. /3yueHue BN1AHMA NOBbILIEHHOIO CoflepXKaHUA MOYEBOW KUCSIOTbI
B CbIBOPOTKE KPOBU Ha BEPOATHOCTb BO3HMKHOBEHWSA fnabeTndyeckol nepudepmnyeckor HemponaTim y nauneHTos
C caxapHbiM gnabetom 2 Tuna B rocnutane Soetomo // CaxapHsili ouabem. — 2018. — T. 21. — N°4. — C. 277-282.
doi: 10.14341/DM9590

TO CITE THIS ARTICLE:

Sukarno DP, Hamdan M, Fidiana, Fadil, Basuki M. Correlation between High Serum Uric Acid Levels with Occurrence of
Diabetic Peripheral Neuropathy in Patients with Type 2 Diabetes Mellitus in Soetomo General Hospital. Diabetes Mellitus.
2018;21(4):277-282. doi: 10.14341/DM9590

CaxapHblin anabet. 2018;21(4):277-282 doi: 10.14341/DM9590 Diabetes Mellitus. 2018;21(4):277-282



