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Abstract: Background: The associations of serum uric acid (UA), atherogenic index of plasma (AIP) and albuminuria
with cardiovascular disease have been shown. Several studies focused on association of serum UA and dyslipid-
emia, serum UA and renal impairment, dyslipidemia and renal impairment. However, to date, in literature, there
have been no studies demonstrating the relationship between these parameters in diabetic patients together. Aims:
We aimed to investigate the association between serum UA, albuminuria and AIP in diabetic patients. Methods: This
was a retrospective study involving data of 645 diabetic patients. The patients were separated into groups accord-
ing to their serum uric acid and AIP levels. The quantitative urine albumin/creatinine ratio in morning spot urine
samples were used for standard albuminuria determination. Serum uric acid levels under 6 mg/dL were considered
as normal. AIP was calculated as the logarithmically transformed ratio of triglyceride to high density lipoprotein
cholesterol. Results: AIP and albuminuria levels were high in high serum UA group compared to normal UA group.
Uric acid and albuminuria tended to increase with increasing AIP. Correlation analysis showed that albuminuria,
AIP and UA were significantly correlated with each other. Additionally, in binary logistic regression analysis, AIP was
found to be independently associated with high UA levels. Conclusions: Present study reveals that serum UA, AIP
and albuminuria are closely related. Physicians should be aware that patients with concomitant hyperuricemia,
albuminuria and high AIP are at increased risk of developing cardiovascular disease. Our study confirms that there
is a need for larger prospective studies to determine the mechanisms underlying the association of serum UA, AIP
and albuminuria.
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Introduction plasma lipid and lipoprotein levels. However
defining dyslipidemia with these classical meth-
ods has several shortcomings such as the abil-
ity to estimate particle sizes and lipoprotein
subclasses. In the last two decades, studies
have demonstrated that a mathematical rela-
tionship between plasma triglyceride (TG) and
high density lipoprotein cholesterol (HDL-C) lev-
els can be successfully used as an additional
index for assessment of CVD risk [7]. Ath-
erogenic index of plasma (AIP) is calculated as
log (TG/HDL-C) and it has been designated as a

Uric acid (UA) is the final product of purine
catabolism. High serum UA levels are associat-
ed with obesity, dyslipidemia, hypertension and
impaired glucose metabolism [1-4], which con-
tributes to development of vascular diseases
as stroke, coronary artery diseases and hyper-
tension. During the last decade, there has been
renewed interest in association of uric acid and
cardiovascular disease (CVD), and high UA lev-
els are designated as a risk factor, except tra-

ditional risk factors [5, 6].

Dyslipidemia, a traditional risk factor for CVD,
simply can be determined by measurement of

predictor of atherosclerosis [8, 9] and surrogate
of small low-density lipoprotein particle size
[7-9].
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Diabetic nephropathy (DN), the leading cause
of end stage renal failure worldwide, contrib-
utes to patient morbidity, mortality and increas-
es nation’s health care costs [10]. Diabetic and
non-diabetic patients with albuminuria have
increased cardiovascular mortality [11, 12].

Accumulating data reveal that inflammation, en-
dothelial dysfunction and procoagulant imbal-
ance are associated with nephropathy, retinop-
athy, and cardiovascular disease in Diabetes
Mellitus (DM) [13-15]. The association of serum
UA levels and dyslipidemia with inflammation
and endothelial dysfunction are also shown
[16, 17]. However, the putative association
between serum UA levels, AIP and albuminuria
is not clear.

The aim of this study was to determine the
association between serum UA concentration,
AIP and albuminuria in diabetic patients. We
expect that the results of this study will help us
to figure out probable link with endothelial dys-
function, inflammation and these parameters
in diabetic patients.

Methods
Study design, data collection and procedures

This study was performed retrospectively by
using Mengucek Gazi Training and Research
Hospital database. The data of patients with
diabetes admitted to endocrinology and inter-
nal medicine clinics in 2013-2014 were scree-
ned. Results of the simultaneously performed;
serum creatinine, urine creatinine, urine albu-
min, serum UA (Spectrophotometric analysis,
Beckman Coulter Inc. kits and LH 2000 ana-
lyzer, Lismeehan, O’Callaghan’s Mills, Ireland),
Hemoglobin Alc (HbAlc) (High-performance
liquid chromatography, Adams Alc HA-8160,
Arkray, Japan), total cholesterol (TC), HDL-C and
plasma TG concentrations (Oxidize-based tech-
nique, Beckman Coulter AU 2700 plus, Missi-
ma, Japan), thyroid stimulating hormone (TSH)
(Chemiluminescence assay, UniCel DXi 800
imunoassay system, Beckman Coulter, Fuller-
ton CA, USA) undertaken at least after ten hour
fasting in the morning were recorded.

Patients who are under 18, patients using med-
ications for hypertension, hyperuricemia, and
dyslipidemia were excluded from the evalua-
tion. In case the patients applied for more than
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once, only the initial tests were recorded. The
data of 645 patients who met the criteria were
included in the study.

AIP was calculated as the logarithmically trans-
formed ratio of TG to HDL-C [log (TG/HDL-C)]
measured in mmol/L. Consistent with previ-
ously published epidemiological data and
based on AIP, subjects were grouped into three
groups: the low (< 0.11), the intermediate (0.11-
0.21) and the increased (> 0.21) risk [18]. The
quantitative urine albumin/creatinine ratio in
morning spot urine samples were used for stan-
dard albuminuria determination. Low-density
lipoprotein cholesterol (LDL-C) was calculated
by Friedewald formula. Serum UA levels under 6
mg/dL were considered as normal.

Statistical analysis

Statistical analyses were carried out using the
Statistical Package for Social Sciences,
Windows version 15.0 (SPSS, Chicago, IL, USA).
Descriptive statistics for each variable were
determined. Normality of the data distribution
was assessed with the Kolmogorov-Smirnov
test. Results for continuous variables were
demonstrated as mean * standard deviation.
Results for continuous variables without nor-
mal distribution were demonstrated as median
[inter quartile range (IQR)]. Statistical signifi-
cant differences between the groups were
determined by chi-square test for categorical
variables. For continuous variables, nonpara-
metric statistics (Mann-Whitney or Kruskal-
Wallis), and parametric statistics (t test, ANOVA
analysis) were all used, as appropriate. Associ-
ations between the variables were explored
using the Spearman’s rho (for data that was not
normally distributed). Binary logistic regression
analysis was also performed to define variables
associated with serum UA. A P value less than
0.05 was considered significant.

Results

The data of 645 patients’ [300 female (46.5%)
and 345 male (53.5%)] were included in the
study. The mean age of the study patients was
59.49 + 12.63 years. The HbAlc of 279 (43.3%)
patients were below 7% and 366 (56.7%)
patients had uncontrolled diabetes. Albuminuria
values of 72.9% of the patients (n = 470) were
within normal limits while 27.1% of the patients
(n = 175) had albuminuria level above 30 mg/g
cr.
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Table 1. Demographic, clinic and laboratory features of the subjects according to uric acid levels
Diabetic patients with normal uric  Diabetic patients with high uric

Parameters acid values (Uric Acid < 6 mg/dL) acid values (Uric Acid > 6 mg/dL) P value
(n = 410) (n =235)

Female/Male (n/n)* 180/230 120/115 > 0.05

Age (years)** 59 (51-67) 60 (54-69) > 0.05

Creatinine (mg/dL)** 0.85 (0.77-0.94) 0.86 (0.75-1.03) > 0.05
Total cholesterol (mg/dL)*** 198.48 + 43.83 208.78 + 58.42 0.019
Triglyceride (mg/dL)** 155.0 (107.0-217.8) 171.0 (129.3-226.5) 0.001
LDL- cholesterol (mg/dL)** 117.0 (91.0-142.8) 115.0 (94.3-142.3) > 0.05
HDL- cholesterol (mg/dL)** 445 (38.0-53.0) 44.0 (39.0-52.0) > 0.05
AIP*** 0.18 + 0.30 0.25 +0.27 0.003
Uric Acid (mg/dL)** 4.8 (4.2-5.4) 6.8 (6.3-7.3) <0.001
Albuminuria (mg/gr Cr)** 8.77 (3.42-27.03) 10.02 (3.75-46.93) 0.027
HbAlc (%)** 7.5 (6.2-9.1) 7.1 (6.3-7.9) > 0.05
TSH (U/mL)** 1.33 (0.85-1.86) 1.29(0.81-2.4) > 0.05

*Chi-square test, **Mann-Whitney U test [Median (IQR)], ***Independent sample t test (Mean + SD). AIP: Atherogenic Index
of Plasma, HbA1c: Glycosylated Hemoglobin, TSH: Thyroid Stimulating Hormone.

Table 2. Demographic, clinic and laboratory features of the subjects according to AIP risk groups
Low Risk (AIP < 0.11) Intermediate Risk (AIP = 0.11-0.21) Increased Risk (AIP > 0.21)

Parameters (n = 229) (n = 88) (n=328) P value
Female/Male (n/n)* 127/102 48/40 125/203 <0.001
Age (years)** 60 (52-69) 61 (54-70) 59 (51-66) >0.05
Creatinine (mg/dL)** 0.83(0.76-0.92) 0.83 (0.76-0.92) 0.88 (0.79-1.02) <0.001
Uric Acid (mg/dL)*** 53+ 14 54+13 58+ 1.4 <0.001
Albuminuria (mg/gr Cr)** 7.05 (3.10-19.60) 8.21 (2.88-36.08) 12.65 (4.20-59.71) <0.001
HbALc (%)** 6.9 (5.9-8.2) 7.3 (6.1-8.9) 7.5 (5.7-9.3) <0.001
TSH (U/mL)** 1.25 (0.85-1.81) 1.42 (0.92-2.04) 1.36 (0.79-1.97) >0.05

* Chi-square test, **Kruskal Wallis Test [Median (IQR)], ***0Oneway ANOVA Test (Mean + SD). AIP: Atherogenic Index of Plasma, HbAlc: Glycosylated Hemoglobin, TSH:

Thyroid Stimulating Hormone.

Baseline characteristics and laboratory data of
patients according to serum UA levels are given
in Table 1. Briefly, while there were no signifi-
cant differences between groups according to
the sex distribution, age, serum creatinine, LDL-
C, HDL-C, HbAlc and TSH levels, there were
statistically significant differences with respect
to the following variables between groups, TC,
TG, AIP and albuminuria.

When patients were separated into three
groups according to AIP levels [group 1; the low
risk group (AIP < 0.11), group 2; the intermedi-
ate risk group (AIP = 0.11-0.21) and group 3;
the increased risk group (AIP > 0.21)]; while
there were no significant differences between
the groups according to the age and TSH, there
were statistically significant differences bet-
ween groups according to the following vari-
ables; serum UA, albuminuria, serum creatinine
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and HbA1c (Table 2). To our regret, sex distribu-
tion between these three groups could not be
statistically equalized to avoid the deterioration
of sex distribution between high and normal
serum UA groups.

The correlation between serum UA, albumin-
uria and AIP were tested using bivariate corre-
lation analysis. Positive correlation between
serum UA and AIP (rs =0.154,P<0.001), serum
UA and albuminuria (r, = 0.108, P = 0.006), AIP
and albuminuria (r, = 0.176, P < 0.001) were
determined.

Binary logistic regression analysis was also
performed to define the variables associated
with serum UA (Table 3). Age, sex, creatinine,
TC, LDL-C, HDL-C, TG, albuminuria, HbA1c, TSH
and AIP levels were included in this model. AIP
and HbA1c levels were found to be indepen-
dently associated with serum UA levels.
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Table 3. Binary logistic regression of high serum uric acid

decreased HDL-C reported in
population with high UA in the

0,

Parameters 0dds Ratio Lower%A) C.I.Upper P value Iiter.a’.[ure [20, 21, 2-97 301].
Age 1007 0.991 1022 > 0.05 Additionally some stydles pro-
Sex (male-1) 1.334 0.900 1.977 > 0.05 po.sed that hypertnglycgnde-

mia reduces renal excretion of
Creatinine (mg/dL) 1.410 0.683 2.913 > 0.05 UA and decrease in triglycer-
Total cholesterol (mg/dL) 0.978 0.910 1.051 >0.05 ide levels is accompanied with
HDL- cholesterol (mg/dL) 1.058 0.978 1.144 > 0.05 increased urinary UA level [29’
LDL- cholesterol (mg/dL) 1.022 0.952 1.098 > 0.05 31, 32]. Furthermore, the
Triglyceride (mg/dL) 0.997 0.981 1.013 >0.05 association of insulin resis-
Albuminuria (mg/gr Cr) 1.001 1.000 1.001 >0.05 tance with hypertriglyceride-
HbA1c (%) 0.893 0.805 0.990  0.031 mia and low HDL-C has been
TSH (U/mL) 0.996 0.939 1057 >005  Well defined [33]. These sce-
AP 53.433 2880 991475 0008  harios reveal that UA and AIP

AIP: Atherogenic Index of Plasma, HbA1c: Glycosylated Hemoglobin, TSH: Thyroid

Stimulating Hormone.

Discussion

There are four main findings of the present
study. First, AIP level was found to be higher in
high serum UA group compared to normal UA
group. Second, albuminuria level was found to
be higher in the high serum UA group compared
to the normal serum UA group. Third, although
sex distribution could not be equalized because
of the reason mentioned above, in low, interme-
diate and increased AIP risk groups; UA and
albuminuria levels were increased in parallel to
AIP increase. Finally, AIP was found to be inde-
pendent predictor of hyperuricemia in diabetic
patients.

Multiple studies have shown that serum UA lev-
els are associated with risk factors for CVD and
CVD [1-6]. The strong relation with serum UA
and dyslipidemia as the other components of
metabolic syndrome has been demonstrated
by several studies [1-4, 19-21]. To explain the
relationship between hyperuricemia and risk
factors for CVD, many reasons have been sug-
gested. Reduced renal clearance or increased
proximal tubular reabsorption of UA due to the
insulin resistance and increased insulin levels,
increased leptin levels and increased fructose
consumption which is closely associated with
obesity have been proposed as possible
causes [22-28].

Baliarsingh et al. reported serum UA is positive-
ly associated with AIP in healthy, middle aged
men [2]. Authors declare that the association of
AIP and serum UA which they determined can
be explained with hypertriglyceridemia and
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might be different compo-
nents of a same phenotype as
a result of insulin resistance.

Both diabetes and chronic kidney disease are
associated with varied aspects of dyslipidemia;
hypertriglyceridemia, lower high-density lipo-
protein, and higher small, dense low-density
lipoprotein [34-36]. Moreover, association of
dyslipidemia and albuminuria is determined
[17, 20, 34]. Dyslipidemia associated glomeru-
lar atherosclerosis, glomerulosclerosis and tu-
bulointerstitial fibrosis are the suggested fac-
tors that play role in development of albumin-
uria and DN [17]. On the other hand, the fact
that the high UA and albuminuria plays role in
the deterioration in renal function has been
also demonstrated [20, 37-41]. However, the
effects of improvement of the lipid profile or
reduction of UA levels on albuminuria is contro-
versial and beneficial results have not been
clearly demonstrated [17, 42-48]. In this per-
spective authors believe that the positive rela-
tionship between these three parameters can-
not be explained as a cause and effect
relationship and these three risk factors might
be different aspects of a high risk phenotype.
Additionally, the demonstration of high UA heri-
tability in twins and the proven association of
UA with metabolic syndrome also in children
who are less likely to be influenced by unfavor-
able factors such as atherosclerosis and age
related risks support that the underlying patho-
genic mechanisms are associated with the high
risk phenotype [4, 49, 50].

Our study has some limitations. First, our study
is limited by its retrospective nature. The pro-
cess of retrospective data collection may leave
out some variables. A prospective study with

Int J Clin Exp Med 2014;7(12):5737-5743
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more detailed data collection could bring more
accurate results. Second, since it involves one
single institution, it may not represent the gen-
eral population. Finally, we cannot determine a
cause and effect relationship due to the cross-
sectional nature of our study. Despite the diffi-
culties in using retrospective study results, the
strength of our study is relatively the large
cohort of diabetic patients. Additionally, our
study confirms that there is a need for larger
prospective studies to determine the mecha-
nisms underlying the association of serum UA,
AIP and albuminuria that contributes to the
occurrence of CVD.

In conclusion, present study showed that high-
er serum UA levels were associated with
increased AIP and increased albuminuria. From
a practical standpoint, physicians should be
aware that patients with concomitant hyperuri-
cemia, albuminuria and high AIP are at an
increased risk of developing CVD. These fac-
tors are the combination of independent risk
factors to contribute to the development of
CVD.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Emin Murat Akbas,
Department of Endocrinology, Mengucek Gazi
Training and Research Hospital, Erzincan University,
Erzincan, Turkey. Tel: + 90 5325079305; Fax: + 90
4462122211; E-mail: dremakbas@hotmail.com

References

[1] Lee J, Sparrow D, Vokonas PS, Landsberg L
and Weiss ST. Uric acid and coronary heart dis-
ease risk: evidence for a role of uric acid in the
obesity-insulin resistance syndrome. The Nor-
mative Aging Study. Am J Epidemiol 1995;
142: 288-294.

[2] Baliarsingh S, Sharma N and Mukherjee R. Se-
rum uric acid: marker for atherosclerosis as it
is positively associated with “atherogenic in-
dex of plasma”. Arch Physiol Biochem 2013;
119: 27-31.

[3] Dehghan A, van Hoek M, Sijbrands EJ, Hofman
A and Witteman JC. High serum uric acid as a
novel risk factor for type 2 diabetes. Diabetes
Care 2008; 31: 361-362.

[4] Ford ES, Li C, Cook S and Choi HK. Serum con-
centrations of uric acid and the metabolic syn-
drome among US children and adolescents.
Circulation 2007; 115: 2526-2532.

5741

(5]

(7]

(10]

(11]

(12]

(13]

(14]

(15]

Niskanen LK, Laaksonen DE, Nyyssonen K, Alf-
than G, Lakka HM, Lakka TA and Salonen JT.
Uric acid level as a risk factor for cardiovascu-
lar and all-cause mortality in middle-aged
men: a prospective cohort study. Arch Intern
Med 2004; 164: 1546-1551.

Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan
DF and Albert DA. Hyperuricemia and coronary
heart disease: a systematic review and meta-
analysis. Arthritis Care Res (Hoboken) 2010;
62: 170-180.

Dobiasova M and Frohlich J. The plasma pa-
rameter log (TG/HDL-C) as an atherogenic in-
dex: correlation with lipoprotein particle size
and esterification rate in apoB-lipoprotein-de-
pleted plasma (FER(HDL)). Clin Biochem 2001;
34: 583-588.

Dobiasova M. [AlP-atherogenic index of plas-
ma as a significant predictor of cardiovascular
risk: from research to practice]. Vnitr Lek
2006; 52: 64-71.

Dobiasova M, Frohlich J, Sedova M, Cheung
MC and Brown BG. Cholesterol esterification
and atherogenic index of plasma correlate with
lipoprotein size and findings on coronary angi-
ography. J Lipid Res 2011; 52: 566-571.
Packham DK, Alves TP, Dwyer JP, Atkins R, de
Zeeuw D, Cooper M, Shahinfar S, Lewis JB and
Lambers Heerspink HJ. Relative incidence of
ESRD versus cardiovascular mortality in pro-
teinuric type 2 diabetes and nephropathy: re-
sults from the DIAMETRIC (Diabetes Mellitus
Treatment for Renal Insufficiency Consortium)
database. Am J Kidney Dis 2012; 59: 75-83.
Wang Y, Yuan A and Yu C. Correlation between
microalbuminuria and cardiovascular events.
Int J Clin Exp Med 2013; 6: 973-978.

Fox CS, Matsushita K, Woodward M, Bilo HJ,
Chalmers J, Heerspink HJ, Lee BJ, Perkins RM,
Rossing P, Sairenchi T, Tonelli M, Vassalotti JA,
Yamagishi K, Coresh J, de Jong PE, Wen CP,
Nelson RG; Chronic Kidney Disease Prognosis
Consortium. Associations of kidney disease
measures with mortality and end-stage renal
disease in individuals with and without diabe-
tes: a meta-analysis. Lancet 2012; 380: 1662-
1673.

Goldberg RB. Cytokine and cytokine-like in-
flammation markers, endothelial dysfunction,
and imbalanced coagulation in development
of diabetes and its complications. J Clin Endo-
crinol Metab 2009; 94: 3171-3182.

Lim AK and Tesch GH. Inflammation in diabetic
nephropathy. Mediators Inflamm 2012; 2012:
146154.

Akbas EM, Demirtas L, Ozcicek A, Timuroglu A,
Bakirci EM, Hamur H, Ozcicek F and Turkmen
K. Association of epicardial adipose tissue,
neutrophil-to-lymphocyte ratio and platelet-to-

Int J Clin Exp Med 2014;7(12):5737-5743



(16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

5742

Atherogenic index of plasma predicts uric acid in diabetes

lymphocyte ratio with diabetic nephropathy. Int
J Clin Exp Med 2014; 7: 1794-1801.

Valle M, Martos R, Canete MD, Valle R, van
Donkelaar EL, Bermudo F and Canete R. Asso-
ciation of serum uric acid levels to inflamma-
tion biomarkers and endothelial dysfunction in
obese prepubertal children. Pediatr Diabetes
2014; [Epub ahead of print].

Hung CC, Tsai JC, Kuo HT, Chang JM, Hwang SJ
and Chen HC. Dyslipoproteinemia and impair-
ment of renal function in diabetic kidney dis-
ease: an analysis of animal studies, observa-
tional studies, and clinical trials. Rev Diabet
Stud 2013; 10: 110-120.

Raslova K, Dobiasova M, Hubacek JA, Bencova
D, Sivakova D, Dankova Z, Franekova J, Jabor
A, Gasparovic J and Vohnout B. Association of
metabolic and genetic factors with cholesterol
esterification rate in HDL plasma and athero-
genic index of plasma in a 40 years old Slovak
population. Physiol Res 2011; 60: 785-795.
Kackov S, Simundic AM, Nikolac N and Bilusic
M. The association of uric acid with glucose
and lipids in general population: Croatian
cross-sectional study. Coll Antropol 2011; 35:
1055-1059.

Bonakdaran S, Hami M and Shakeri MT. Hyper-
uricemia and albuminuria in patients with type
2 diabetes mellitus. Iran J Kidney Dis 2011; 5:
21-24.

Russo C, Olivieri O, Girelli D, Guarini P and Cor-
rocher R. Relationships between serum uric
acid and lipids in healthy subjects. Prev Med
1996; 25: 611-616.

Bedir A, Topbas M, Tanyeri F, Alvur M and Arik
N. Leptin might be a regulator of serum uric
acid concentrations in humans. Jpn Heart J
2003; 44: 527-536.

Choi HK, Mount DB, Reginato AM; American
College of Physicians; American Physiological
Society. Pathogenesis of gout. Ann Intern Med
2005; 143: 499-516.

Dessein PH, Shipton EA, Stanwix AE, Joffe Bl
and Ramokgadi J. Beneficial effects of weight
loss associated with moderate calorie/carbo-
hydrate restriction, and increased proportional
intake of protein and unsaturated fat on serum
urate and lipoprotein levels in gout: a pilot
study. Ann Rheum Dis 2000; 59: 539-543.
Facchini F, Chen YD, Hollenbeck CB and Reav-
en GM. Relationship between resistance to in-
sulin-mediated glucose uptake, urinary uric
acid clearance, and plasma uric acid concen-
tration. JAMA 1991; 266: 3008-3011.

Heinig M and Johnson RJ. Role of uric acid in
hypertension, renal disease, and metabolic
syndrome. Cleve Clin J Med 2006; 73: 1059-
1064.

Muscelli E, Natali A, Bianchi S, Bigazzi R, Gal-
van AQ, Sironi AM, Frascerra S, Ciociaro D and

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

Ferrannini E. Effect of insulin on renal sodium
and uric acid handling in essential hyperten-
sion. Am J Hypertens 1996; 9: 746-752.

Ter Maaten JC, Voorburg A, Heine RJ, Ter Wee
PM, Donker AJ and Gans RO. Renal handling of
urate and sodium during acute physiological
hyperinsulinaemia in healthy subjects. Clin Sci
(Lond) 1997; 92: 51-58.

Conen D, Wietlisbach V, Bovet P, Shamlaye C,
Riesen W, Paccaud F and Burnier M. Preva-
lence of hyperuricemia and relation of serum
uric acid with cardiovascular risk factors in a
developing country. BMC Public Health 2004;
4:9.

Ishizaka N, Ishizaka Y, Toda E, Nagai R and Ya-
makado M. Association between serum uric
acid, metabolic syndrome, and carotid athero-
sclerosis in Japanese individuals. Arterioscler
Thromb Vasc Biol 2005; 25: 1038-1044.
Tinahones FJ, Soriguer FJ, Collantes E, Perez-
Lindon G, Sanchez Guijo P and Lillo JA. De-
creased triglyceride levels with low calorie diet
and increased renal excretion of uric acid in
hyperuricaemic-hyperlipidaemic patients. Ann
Rheum Dis 1995; 54: 609-610.

Li LJ, Chen H, Ren JY, Wang L and Luo Y. [Ef-
fects of micronized fenofibrate on lipid and uric
acid metabolism in patients with hyperlipid-
emia]. Beijing Da Xue Xue Bao 2009; 41: 541-
544.

Adiels M, Olofsson SO, Taskinen MR and Boren
J. Overproduction of very low-density lipopro-
teins is the hallmark of the dyslipidemia in the
metabolic syndrome. Arterioscler Thromb Vasc
Biol 2008; 28: 1225-1236.

Parikh NI, Hwang SJ, Larson MG, Meigs JB,
Levy D and Fox CS. Cardiovascular disease risk
factors in chronic kidney disease: overall bur-
den and rates of treatment and control. Arch
Intern Med 2006; 166: 1884-1891.

Siegel RD, Cupples A, Schaefer EJ and Wilson
PW. Lipoproteins, apolipoproteins, and low-
density lipoprotein size among diabetics in the
Framingham offspring study. Metabolism
1996; 45: 1267-1272.

Tonelli M, Keech A, Shepherd J, Sacks F, Tonkin
A, Packard C, Pfeffer M, Simes J, Isles C, Furb-
erg C, West M, Craven T and Curhan G. Effect
of pravastatin in people with diabetes and
chronic kidney disease. J Am Soc Nephrol
2005; 16: 3748-3754.

Fukui M, Tanaka M, Shiraishi E, Harusato |,
Hosoda H, Asano M, Kadono M, Hasegawa G,
Yoshikawa T and Nakamura N. Serum uric acid
is associated with microalbuminuria and sub-
clinical atherosclerosis in men with type 2 dia-
betes mellitus. Metabolism 2008; 57: 625-
629.

Kim ES, Kwon HS, Ahn CW, Lim DJ, Shin JA, Lee
SH, Cho JH, Yoon KH, Kang MI, Cha BY and Son

Int J Clin Exp Med 2014;7(12):5737-5743



[39]

[40]

[41]

[42]

[43]

[44]

5743

Atherogenic index of plasma predicts uric acid in diabetes

HY. Serum uric acid level is associated with
metabolic syndrome and microalbuminuria in
Korean patients with type 2 diabetes mellitus.
J Diabetes Complications 2011; 25: 309-313.
Soltani Z, Rasheed K, Kapusta DR and Reisin
E. Potential role of uric acid in metabolic syn-
drome, hypertension, kidney injury, and cardio-
vascular diseases: is it time for reappraisal?
Curr Hypertens Rep 2013; 15: 175-181.
Scheven L, Joosten MM, de Jong PE, Bakker
SJ, Gansevoort RT; PREVEND Study Group. The
association of albuminuria with tubular reab-
sorption of uric acid: results from a general
population cohort. J Am Heart Assoc 2014, 3:
e000613.

Chuengsamarn S, Rattanamongkolgul S and
Jirawatnotai S. Association between serum
uric acid level and microalbuminuria to chronic
vascular complications in Thai patients with
type 2 diabetes. J Diabetes Complications
2014; 28: 124-129.

Colhoun HM, Betteridge DJ, Durrington PN, Hit-
man GA, Neil HA, Livingstone SJ, Charlton-Me-
nys V, DeMicco DA, Fuller JH; CARDS Investiga-
tors. Effects of atorvastatin on kidney out-
comes and cardiovascular disease in patients
with diabetes: an analysis from the Collabora-
tive Atorvastatin Diabetes Study (CARDS). Am J
Kidney Dis 2009; 54: 810-819.

Collins R, Armitage J, Parish S, Sleigh P, Peto R;
Heart Protection Study Collaborative Group.
MRC/BHF Heart Protection Study of cholester-
ol-lowering with simvastatin in 5963 people
with diabetes: a randomised placebo-con-
trolled trial. Lancet 2003; 361: 2005-2016.
Jun M, Zhu B, Tonelli M, Jardine MJ, Patel A,
Neal B, Liyanage T, Keech A, Cass A and Per-
kovic V. Effects of fibrates in kidney disease: a
systematic review and meta-analysis. J Am Coll
Cardiol 2012; 60: 2061-2071.

[45]

[46]

[47]

(48]

[49]

(50]

Sandhu S, Wiebe N, Fried LF and Tonelli M.
Statins for improving renal outcomes: a meta-
analysis. J Am Soc Nephrol 2006; 17: 2006-
2016.

Slinin Y, Ishani A, Rector T, Fitzgerald P, Mac-
Donald R, Tacklind J, Rutks | and Wilt TJ. Man-
agement of hyperglycemia, dyslipidemia, and
albuminuria in patients with diabetes and
CKD: a systematic review for a KDOQI clinical
practice guideline. Am J Kidney Dis 2012; 60:
T47-769.

Goicoechea M, de Vinuesa SG, Verdalles U,
Ruiz-Caro C, Ampuero J, Rincon A, Arroyo D and
Luno J. Effect of allopurinol in chronic kidney
disease progression and cardiovascular risk.
Clin J Am Soc Nephrol 2010; 5: 1388-1393.
Sezai A, Soma M, Nakata K, Hata M, Yoshitake
I, Wakui S, Hata H and Shiono M. Comparison
of febuxostat and allopurinol for hyperuricemia
in cardiac surgery patients (NU-FLASH Trial).
Circ J 2013; 77: 2043-2049.

Cardoso AS, Gonzaga NC, Medeiros CC and
Carvalho DF. Association of uric acid levels
with components of metabolic syndrome and
non-alcoholic fatty liver disease in overweight
or obese children and adolescents. J Pediatr
(Rio J) 2013; 89: 412-418.

Ji F, Ning F, Duan H, Kaprio J, Zhang D, Zhang
D, Wang S, Qiao Q, Sun J, Liang J, Pang Z and
Silventoinen K. Genetic and environmental in-
fluences on cardiovascular disease risk fac-
tors: a study of Chinese twin children and ado-
lescents. Twin Res Hum Genet 2014; 17:
72-79.

Int J Clin Exp Med 2014;7(12):5737-5743



