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The association of uric acid
with leukoaraiosis
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Abstract

Objective: To explore the possible correlation between uric acid levels and leukoaraiosis (LA).

Methods: This cross-sectional study enrolled patients who presented with some neurological

discomfort (e.g. dizziness, headache, mild cognitive impairment). Potential demographic and clinical

risk factors associated with LA, including sex, age, hypertension, diabetes mellitus, smoking, alcohol

consumption, dyslipidaemia, plasma fibrinogen, D-dimer, uric acid, and homocysteine, were

investigated using univariate and multivariate logistic regression analyses.

Results: A total of 268 patients were enrolled in the study and divided into the LA group (n¼ 164)

and the non-LA group (n¼ 104). Compared with the non-LA group, uric acid was significantly

higher in the LA group (mean� SD: 356.49� 121.85 mmol/l versus 289.96� 102.98 mmol/l).

Multivariate logistic regression analyses showed that uric acid was an independent risk factor for

LA (odds ratio 1.285; 95% confidence interval 1.062, 1.556).

Conclusion: Hyperuricaemia was an independent risk factor for leukoaraiosis in Chinese patients.
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Introduction

Leukoaraiosis (LA), also known as white
matter hyperintensities, is a spot or patch of
white matter lesions around the ventricles
and subcortex (semioval centre).1 LA is not
only associated with affective disorder and
cognitive impairment in the elderly,2 it is
also associated with the incidence, recur-
rence and prognosis of stroke.2–4 A clearer
understanding of the risk factors associated
with the development of LA is required
so that treatment can be initiated as early
as possible in order to reduce clinical
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symptoms and subsequent serious compli-
cations. Uric acid is a metabolic end product
of endogenous and exogenous purine
metabolism.5 With an improvement in
living standards and a change in diet com-
position, the levels of uric acid and the
prevalence of hyperuricaemia can increase.6

According a survey undertaken in China,
10% of the total population has hyperur-
icaemia, which accounts for around 120
million people.7 The correlation between
uric acid and acute ischaemic stroke is still
disputed.8,9 Few studies exist that have
investigated the correlation between uric
acid and acute ischaemic stroke.6 The aim
of this present study was to investigate the
possible correlation between uric acid levels
and LA in a Chinese population.

Patients and methods

Study patients

This cross-sectional study consecutively
enrolled patients who presented with some
neurological discomfort (e.g. dizziness, head-
ache, mild cognitive impairment) at the fol-
lowing three hospitals between May 2013
and May 2014: Department of Neurology,
Quanzhou First Hospital, Quanzhou, Fujian
Province, China; Department of Neurology,
Hospital of Jinjiang City, Jinjiang, Fujian
Province, China; and Department of
Neurology, Second Affiliated Hospital of
Fujian Medical University, Quanzhou,
Fujian Province, China. The inclusion cri-
teria were as follows: (i) aged 40–80 years; (ii)
no cerebral haemorrhage, intracranial mass,
subarachnoid haemorrhage, epidural haema-
toma and subdural haematoma as confirmed
by computed tomography (CT) scans of the
head; (iii) able to undergo magnetic reson-
ance imaging (MRI) examination; and (iv)
no disorders of consciousness. The exclu-
sion criteria were as follows: (i) acute cere-
bral infarction; (ii) haemorrhagic stroke,
brain tumour, meningitis, and intracranial

aneurysm; (iii) cerebral trauma, atrial fibril-
lation, hepatic, kidney and cardiac failure,
severe infection, malignant disease, systemic
lupus erythematosus, multiple sclerosis
(MS) and genetic disease; (iv) a history of
carbon monoxide, food or drug poisoning;
(v) patients who cannot take care
themselves; (vi) a score on the Montreal
Cognitive Assessment scale< 26;10 (vii)
hypoattenuated substantia alba caused
by MS, intracranial infection, radiation
encephalopathy, carbon monoxide poison-
ing, Alzheimer’s disease, brain trauma,
normal hydrocephalus, connective tis-
sue disease, hypotension (blood
pressure< 90/60mmHg), postural hypoten-
sion, anaemia, demyelinating diseases and
adrenoleukodystrophy.

The study was approved by the Ethics
Committees of: Quanzhou First Hospital,
Quanzhou, Fujian Province, China;
Hospital of Jinjiang City, Jinjiang, Fujian
Province, China; and Second Affiliated
Hospital of Fujian Medical University,
Quanzhou, Fujian Province, China (regis-
tration numbers: QZSYLL382, JJSYY648,
FYDFSEY362). Patients or their family
members provided written informed
consent.

Magnetic resonance imaging

All patients underwent an MRI examin-
ation, including axial T1-weighted images,
T2-weighted images, fluid-attenuated inver-
sion recovery images and diffusion-weighted
images using a GYROSCAN ACS-NT
scanner (magnetic field intensity was 1.5T,
slice thickness 5mm, interslice gap 0.5mm;
Philips Healthcare, Best, the Netherlands).
All images were read by two neuroimaging
experts (Y.H.H. and R.W.C.).
Leukoaraiosis was diagnosed according to
previously published criteria.1 All patients
examined by MRI were subdivided into an
LA group and a non-LA group.

76 Journal of International Medical Research 45(1)



Clinical data collection

When the patients attended the hospital,
their complete medical history was taken.
The routine clinical data from all patients
enrolled in the study, including sex, age,
smoking status, alcohol consumption,
hypertension, diabetes mellitus, coronary
artery disease (CAD), fasting blood glucose,
globulin, albumin, cholesterol, low-density
lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C),
triglycerides, apolipoprotein-A, apolipopro-
tein-B, homocysteine, platelet count, haem-
atocrit, fibrinogen, D-dimer and uric acid
were collected from the hospital databases
using a unified questionnaire. The biochem-
ical and haematological parameters were
analysed using a Beckman AU680
Chemistry System and a Beckman LH 780
haematology analyser according to the
manufacturer’s instructions (Beckman
Coulter, Brea, CA, USA).

The presence of atherosclerotic risk fac-
tors was standardized as follows: (i) hyper-
tension was recorded when systolic blood
pressure� 140mmHg and/or diastolic
blood pressure� 90mmHg more than three
times during the 7 days after a stroke on
different days or a history of physician-
diagnosed hypertension and/or taking
antihypertensive medication; (ii) diabetes
mellitus was recorded when there were
symptoms (e.g. excessive thirst, frequent or
increased urination, especially at night;
excessive hunger; fatigue; blurred vision;
sores or cuts that won’t heal; and
weight loss) of diabetes plus a random
blood glucose �11.1mmol/l, or when there
were symptoms of diabetes plus a fasting
blood glucose �7.0mmol/l, or when there
were symptoms of diabetes plus a blood
glucose �11.1mmol/l at 2 h in an oral
glucose tolerance test, or a history of dia-
betes mellitus; (iii) CAD when there was a
history of CAD, or CT angiography or
digital subtraction angiography evidence of

coronary artery stenosis degree �50%,
or typical angina pectoris or myocardial
ischaemic changes proven by electrocardio-
gram; (iv) a history of smoking was con-
sidered if >10 cigarettes had been smoked
per day for >5 years; (v) a history of alcohol
consumption was considered if the patient
had been drinking >100 g per day for >5
years.

Statistical analyses

All statistical analyses were performed using
the SPSS� statistical package, version 17.0
(SPSS Inc., Chicago, IL, USA) for
Windows�. Data are presented as
mean� SD, mean� SE or n of patients
(%) as appropriate. Comparisons across
groups were examined using the �2-test for
categorical variables and Student’s t-test or
one-way analysis of variance followed by the
Tukey’s b test for multiple comparisons of
continuous variables. A multivariate logistic
regression analysis was performed to find
the independent predictor of LA. A P-value
< 0.05 was considered statistically
significant.

Results

Of the 268 patients who were enrolled in the
study, the 164 patients with LA (LA group)
had a mean� SD age of 65.43� 9.56 years
(range 45–80 years) and 98 were male. The
104 patients without LA (non-LA group)
had a mean� SD age of 52.77� 7.05 years
(range 40–65 years) and 32 were male.
Table 1 presents the demographic and clin-
ical characteristics of the two groups. A total
of 124 patients had hypertension, 36 had
diabetes mellitus, 24 had CAD, 50 had a
history of smoking, and 28 had a history of
alcohol consumption.

Univariate analysis demonstrated that
there were significant differences between
the LA and non-LA groups in terms of uric
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acid (P< 0.001), homocysteine (P< 0.001),
hypertension (P< 0.001), sex (P< 0.001),
diabetes mellitus (P< 0.001), smoking
(P¼ 0.012), alcohol consumption
(P¼ 0.003), age (P< 0.001), fibrinogen
(P< 0.001), albumin (P¼ 0.006), fasting
blood glucose (P¼ 0.026), HDL-C
(P¼ 0.049) and LDL-C (P¼ 0.006), but
other characteristics were not significantly
different (Table 1).

Multivariate logistic regression analysis
used LA as the dependent variable with the
significantly different characteristics from
the univariate analysis as the independent

variables in order to identify the risk factors
for LA. The multivariate logistic regression
analysis demonstrated that uric acid, homo-
cysteine, hypertension, age, diabetes mellitus
and albumin were independently associated
with the presence of LA (Table 2).

Discussion

It is widely acknowledged that LA is one
type of presentation of small cerebrovascu-
lar disease.11 The continuous development
and wide application of neuroimaging has
resulted in ever increasing rates of detection

Table 1. Baseline clinical and demographic characteristics of the patients with and without leukoaraiosis

(LA) who participated in this study to investigate that association between uric acid levels and LA.

Characteristic

LA group

n¼ 164

Non-LA group

n¼ 104

Statistical

significancea

Age, years 65.43� 9.56 52.77� 7.05 P< 0.001

Sex, male/female 98/66 32/72 P< 0.001

Hypertension, yes/no 108/56 16/88 P< 0.001

Diabetes mellitus, yes/no 36/128 0/104 P< 0.001

Alcohol consumption, yes/no 24/140 4/100 P¼ 0.003

Smoking, yes/no 38/126 12/92 P¼ 0.012

CAD, yes/no 16/148 8/96 NS

UA, mmol/l 356.49� 121.85 289.96� 102.98 P< 0.001

FIB, g/l 3.28� 0.84 2.86� 0.67 P< 0.001

HCY, mmol/l 15.57� 6.22 12.74� 4.93 P< 0.001

ALB, g/l 49.95� 5.06 43.52� 3.61 P¼ 0.006

FBG, mmol/l 5.79� 2.87 5.14� 0.64 P¼ 0.026

LDL-C, mmol/l 1.19� 0.41 1.34� 0.48 P¼ 0.006

HDL-C, mmol/l 2.95� 1.06 2.70� 0.96 P¼ 0.049

GLB, g/l 27.04� 4.22 26.34� 5.56 NS

CHO, mmol/l 4.79� 1.20 4.71� 0.99 NS

TG, mmol/l 1.45� 0.78 1.31� 0.88 NS

D-Dimer, mg/l 0.51� 0.67 0.43� 0.36 NS

PLT, �109/l 225.85� 57.54 232.96� 64.47 NS

HCT 0.41� 0.11 0.40� 0.05 NS

Apo-A, g/l 1.24� 0.30 1.28� 0.26 NS

Apo-B, g/l 0.93� 0.33 0.90� 0.25 NS

Data presented as mean� SD or n of patients.
a�2-test for categorical variables and Student’s t-test or one-way analysis of variance followed by the Tukey’s b test for

multiple comparisons of continuous variables.

CAD, coronary artery disease; UA, uric acid; FIB, fibrinogen; HCY, homocysteine; ALB, albumin; FBG, fasting blood glucose;

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; GLB, globulin; CHO, cholesterol;

TG, triglycerides; PLT, platelet count; HCT, haematocrit; Apo-A, apolipoprotein-A; Apo-B, apolipoprotein-B; NS, no

significant between-group difference (P� 0.05).
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of LA, which has drawn greater attention
from neurologists.2 Uric acid is the meta-
bolic end product of endogenous and
exogenous purine metabolism, which are
the major components of RNA and
DNA.5 The association between uric acid
and acute stroke is still disputed,8,9 while
studies of the relationship between uric acid
and LA are limited.6 A clearer understand-
ing of the risk factors associated with the
development of LA is required so that
treatment can be initiated as early as pos-
sible in order to reduce clinical symptoms
and subsequent serious complications.
Therefore, it is important to investigate the
possible association between uric acid levels
and the presence of LA.

This present study found that hyperten-
sion, age, hyperhomocysteinaemia, diabetes
mellitus and hyperalbuminaemia were inde-
pendent risk factors for LA, findings that
were consistent with the results of previous
studies.12–16 These findings suggest that
patients with the risk factors described
above should be monitored carefully and
offered prophylactic treatment.

In this present study, hyperuricaemia was
a risk factor for LA in both the univariate
and multivariate logistic regression analyses.
Few studies have reported on the relation-
ship between uric acid and LA.6 Large
prospective studies have demonstrated
that hyperuricaemia was an independent
risk factor of cerebral-cardiovascular

diseases.17,18 Hyperuricaemia can also inter-
fere with the metabolism of lipids and
glucose.15,19 The pathogenesis of hyperur-
icaemia-promoting LA appears to be con-
sistent with stroke: (i) uric acid promotes
LDL-C oxidation and lipid peroxidation,
induces vascular endothelial cell dysfunc-
tion, and the oxygen free radicals that are
created cause an inflammatory reaction of
the vascular wall that promotes atheroscler-
osis; (ii) the inflammatory reaction caused
by uric acid crystals activates platelet func-
tion, which increases platelet adhesion and
starts the coagulation cascade, which ultim-
ately promotes thrombosis; (iii) uric acid
causes endothelial dysfunction, promotes
the formation of local oxidizing agents and
the reaction of inflammatory mediators such
as monocyte chemoattractant protein,
nuclear factor-kB, interleukin (IL)-1b,
IL-6, and tumour necrosis factor-a.20–23

In this present study, sex, fibrinogen,
HDL-C, LDL-C, fasting blood glucose,
smoking and alcohol consumption were
risk factors for LA in the univariate ana-
lyses, but were not significant in the multi-
variate logistic regression analyses. This
result might have been caused by the small
sample size and the cross-sectional nature of
the study. The results suggest that larger
prospective studies are needed to confirm
these preliminary findings.

This present study had several limita-
tions. First, it was a cross-sectional study.

Table 2. Multivariate logistic regression analyses for independent clinical and demo-

graphic risk factors for leukoaraiosis.

Characteristic B

Standard

error

�2-test

(Wald)

Statistical

significance OR (95% CI)

Hypertension 0.145 0.069 4.430 P¼ 0.035 1.156 (1.010, 1.324)

Homocysteine 0.112 0.055 4.170 P¼ 0.041 1.118 (1.004, 1.245)

Age 1.511 0.465 10.566 P¼ 0.001 4.533 (1.822, 11.275)

Uric acid 0.251 0.096 6.583 P¼ 0.012 1.285 (1.062, 1.556)

Albumin 0.222 0.093 5.631 P¼ 0.017 1.252 (1.041, 1.513)

Diabetes mellitus 1.217 0.411 8.759 P¼ 0.003 3.378 (1.509, 7.565)

OR, odds ratio; CI, confidence interval.
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Secondly, the data were obtained from a
limited geographical area with a small
sample size. Thirdly, other risk factors for
LA may exist that were not examined in this
present study.

In conclusion, this present study identi-
fied hyperuricaemia as a risk factor for LA
in Chinese patients.

Declaration of conflicting interests

The authors declare that there are no conflicts of

interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or not-

for-profit sectors.

References

1. Hachinski VC, Potter P and Merskey H.

Leuko-araiosis. Arch Neurol 1987; 44: 21–23.
2. Schmidt R, Petrovic K, Ropele S, et al.

Progression of leukoaraiosis and cognition.

Stroke 2007; 38: 2619–2625.

3. Smith EE. Leukoaraiosis and stroke. Stroke

2010; 41(10 Suppl): S139–S143.
4. Ay H, Arsava EM, Rosand J, et al. Severity of

leukoaraiosis and susceptibility to infarct

growth in acute stroke. Stroke 2008; 39:

1409–1413.
5. Logallo N, Naess H, Idicula TT, et al. Serum

uri acid: neuroprotection in thrombolysis. The

Bergen NORSTROKE study. BMC Neurol

2011; 11: 114.
6. Zhou X, Wang L, Liu H, et al. Serum

antioxidant levels associated with subcortical

ischemic vascular disease. Can J Neurol Sci

2014; 41: 375–381.

7. Huang YH, Zhuo ST, Chen YF, et al. Factors

influencing clinical outcomes of acute ische-

mic stroke treated with intravenous recom-

binant tissue plasminogen activator. Chin

Med J (Engl) 2013; 126: 4685–4690.

8. Brouns R, Wauters A, Van De Vijver G, et al.

Decrease in uric acid in acute ischemic stroke

correlates with stroke severity, evolution and

outcome. Clin Chem Lab Med 2010; 48:

383–390.

9. Kim SY, Guevara JP, Kim KM, et al.

Hyperuricemia and risk of stroke: a system-

atic review and meta-analysis. Arthritis

Rheum 2009; 61: 885–892.
10. Lawton M, Kasten M, May MT, et al.

Validation of conversion between mini-

mental state examination and Montreal

Cognitive Assessment. Mov Disord 2016; 31:

593–596.
11. Khan U, Porteous L, Hassan A, et al. Risk

factor profile of cerebral small vessel disease

and its subtypes. J Neurol Neurosurg

Psychiatry 2007; 78: 702–706.
12. Feng C, Bai X, Xu Y, et al.

Hyperhomocysteinemia associates with

small vessel disease more closely than large

vessel disease. Int J Med Sci 2013; 10:

408–412.
13. Guo X, Pantoni L, Simoni M, et al. Blood

pressure components and changes in relation

to white matter lesions: a 32-year prospective

population study. Hypertension 2009; 54:

57–62.
14. Kovacic JC, Castellano JM, Farkouh ME,

et al. The relationships between cardiovas-

cular disease and diabetes: focus on patho-

genesis. Endocrinol Metab Clin North Am

2014; 43: 41–57.
15. Nan Hairong, Pang Zengchang, Wang

Shaojie, et al. Serum uric acid, plasma glu-

cose and diabetes.Diab Vasc Dis Res 2010; 7:

40–46.
16. Wardlaw JM, Sandercock PA, Dennis MS,

et al. Is breakdown of the blood-brain bar-

rier responsible for lacunar stroke, leukoar-

aiosis, and dementia? Stroke 2003; 34:

806–812.
17. Krishnan E, Baker JF, Furst DE, et al. Gout

and the risk of acute myocardial infarction.

Arthritis Rheum 2006; 54: 2688–2696.

18. Bos MJ, Koudstaal PJ, Hofman A, et al.

Uric acid is a risk factor for myocardial

infarction and stroke: the Rotterdam study.

Stroke 2006; 37: 1503–1507.
19. Conen D, Wietlisbach V, Bovet P, et al.

Prevalence of hyperuricemia and relation of

serum uric acid with cardiovascular risk

factors in a developing country. BMC Public

Health 2004; 4: 9.

80 Journal of International Medical Research 45(1)



20. Jin M, Yang F, Yang I, et al. Uric acid,
hyperuricemia and vascular diseases. Front
Biosci (Landmark Ed) 2012; 17: 656–669.

21. Cirillo P, Sato W, Reungjui S, et al. Uric
acid, the metabolic syndrome, and renal
disease. J Am Soc Nephrol 2006; 17(12 Suppl

3): S165–S168.
22. Kanellis J, Feig D and Johnson RJ. Does

asymptomatic hyperuricaemia contribute to

the development of renal and cardiovascular
disease? An old controversy renewed.
Nephrology (Carlton) 2004; 9: 394–399.

23. Kang DH, Han L, Ouyang X, et al. Uric acid
causes vascular smooth muscle cell prolifer-
ation by entering cells via a functional urate

transporter.Am JNephrol 2005; 25: 425–433.

Li et al. 81


	XPath error Undefined namespace prefix
	XPath error Undefined namespace prefix

