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Association of Serum Uric Acid Levels with Leg Ischemia in
Patients with Peripheral Arterial Disease after Treatment
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*Department of Environmental and Preventive Medicine, Hyogo College of Medicine, Hyogo, Japan

Aim: We investigated the relationships of serum uric acid levels with the progression of atherosclero-
sis in patients with peripheral arterial disease (PAD) after treatment.

Methods: Subjects were male patients diagnosed with PAD. Atherosclerosis at the common carotid
artery was evaluated based on its intima—media thickness (IMT). Leg arterial flow was evaluated by
measuring ankle—brachial index (ABI) and exercise-induced decrease in ABI.

Results: Among various risk factors including age, blood pressure, adiposity, estimated glomerular fil-
tration rate, and blood lipid, blood glucose, uric acid, fibrinogen and C-reactive protein levels, only
uric acid levels showed significant correlations with ABI [Pearson’s correlation coefficient, —0.292
(<0.01)] and leg exercise-induced decrease in ABI [Pearson’s correlation coefficient, 0.236 (p<
0.05)]. However, there was no significant correlation between uric acid levels and maximum or mean
IMT. Odds ratios of subjects with the 3rd tertile versus subjects with the 1st tertile for uric acid lev-
els were significantly higher than the reference level of 1.00 for low ABI [4.44 (95% confidence
interval, 1.45—-13.65, p<0.01)] and for high % decrease in ABI after exercise [4.31 (95% confidence
interval, 1.34—13.82, p<0.05)]. The associations of uric acid levels with the indicators of leg isch-
emia were also found after adjustment for age, history of revascularization therapy, diabetes, smok-
ing, alcohol consumption, body mass index, triglyceride levels, and renal function.

Conclusion: Uric acid levels are associated with the degree of leg ischemia in patients with PAD. Fur-
ther interventional studies are needed to determine whether the correction of uric acid levels is effec-
tive in preventing the progression of PAD.
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to have a high risk of cardiovascular events such as
myocardial infarction and stroke, which determine the
prognosis of patients®”. Thus, modifying risk factors

Introduction

The pathogenesis of peripheral arterial disease

(PAD) is based on atherosclerosis. Among various risk
factors for atherosclerotic disease, smoking and diabe-
tes are major risk factors for PAD" ?. In addition,
other atherosclerotic risk factors, including hyperten-
sion, dyslipidemia, hyperhomocysteinemia, elevated
inflammatory marker levels, and chronic kidney dis-
ease, have been reported to be associated with an
increased risk of PAD"?. Patients with PAD are known
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for PAD is important not only for preventing the pro-
gression of PAD but also for reducing mortality caused
by cardiovascular complications. Therefore, smoking
cessation and therapy for diabetes are strongly recom-
mended for patients with PAD. Lipid-lowering agents,
antihypertensive drugs, and anti-platelet drugs are
used for patients with PAD" > ®. However, limited
information is available on whether the modification
of other atherosclerotic risk factors including obesity,
hyperuricemia, and renal dysfunction is effective for
preventing the progression of PAD and other cardio-
vascular complications.

Hyperuricemia is a risk factor for atherosclerosis-
related diseases” and accelerates atherosclerotic pro-
gression through the induction of inflammation and
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increase in oxidative stress resulting from the accumu-
lation of uric acid and activation of xanthine oxidore-
ductase (XOR) in the arterial wall'® 'V, Uric acid lev-
els have been reported to be associated with the inci-
dence and prevalence of PAD in the general popula-
tion'> ¥ and in patients with diabetes'” and with
hypertension'”. However, the significance of uric acid
levels in patients with PAD is unknown. Therefore,
the purpose of this study was to investigate the rela-
tionship of uric acid levels with PAD exacerbation
after treatment.

In this study, the relationships of various athero-
sclerotic risk factors, including uric acid levels, with
the degrees of atherosclerosis in patients with PAD
were investigated. Intima—media thickness of com-
mon carotid arteries (IMT) and ankle—brachial index
(ABI) were used to evaluate the degrees of atheroscle-
rosis progression. Decrease in ABI induced by leg
exercise loading, which is thought to be a good marker
for asymptomatic PAD'® 7, was also used to evaluate
ischemia in the lower limbs.

Methods

Subjects

The subjects were 87 male outpatients with a
mean age of 75.2%8.0 (47—92) years who had been
diagnosed as having PAD defined as an ABI of <0.9
and/or a toe—brachial index (TBI) of <0.7" 1%, All
subjects were patients with PAD who had been diag-
nosed by the criteria of low ABI (<0.9) and/or low
TBI (<0.7). The subjects were patients who had
already received therapy for PAD, and 75.9% of the
subjects had received endovascular angioplasty and/or
surgical treatment. The associations of uric acid levels
with the incidence and prevalence of PAD in the gen-
eral population have already been previously
reported'> '¥. The purpose of this clinical study was
to investigate risk factors for the exacerbation of PAD
after treatment in patients. Therefore, patients with a
history of endovascular angioplasty and/or surgical
treatment as well as those with a history of drug ther-
apy (anti-platelet drugs) for PAD were included. This
is the reason why more than 50% of the subjects
showed an ABI of >20.9. The proportion of female
patients with PAD was much lower than that of male
patients (approximately 1:6), and the number of female
patients with PAD was too small to perform proper
statistical analysis of the data. Female patients were
therefore not included.

The protocol of this study was approved by the
Ethics Committee of Yamagata Saisei Hospital
(approval number of 199 at the ethics committee in
2013), and all subjects provided informed consent.
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Histories of illness, medication, cigarette smoking,
and alcohol consumption were surveyed by question-
naires. Subjects were divided into six groups by pack-
year, which was calculated by multiplying the number
of packs of cigarettes smoked per day by the number
of years the person smoked, of cigarette consumption
(nonsmokers, >0 and <10 pack-years, >10 and <20
pack-years, >20 and <40 pack-years, >40 and <60
pack-years, and >60 pack-years). Ex-smoker was not
used as a category of smoking for analysis and was
evaluated using pack-years. The frequency of habitual
alcohol consumption was asked in the questionnaire.
The frequency of weekly alcohol consumption was
categorized as “5 days or more” (regular drinkers), “4
days or less” (occasional drinkers), and “never” (non-
drinkers). In total, 77.0% and 54.0% of the subjects
had histories of medication therapy for hypertension
and dyslipidemia, respectively.

Measurements

Height and body weight were measured with
light clothes on at the health checkup. Body mass
index (BMI) was calculated as the weight in kilograms
divided by the square of the height in meters. Waist
circumference was measured at the navel level accord-
ing to the recommendation of the Japanese Commit-
tee for the Diagnostic Criteria of Metabolic Syn-
drome'.

Fasting blood was sampled from each subject in
the morning. Serum triglyceride, HDL cholesterol
and LDL cholesterol levels were measured by enzy-
matic methods using Determiner TG II, Metabolead
HDL-C, and Metabolead LDL-C (Kyowa Medex Co.,
Ltd, Tokyo, Japan), respectively. The coefficients of
variation for the reproducibility of measurement were
<3% for triglyceride levels and <5% for HDL and
LDL cholesterol levels. Hemoglobin Alc levels were
measured using an automatic glyco-hemoglobin ana-
lyzer based on high-performance liquid chromatogra-
phy (ADAMSTM Alc HA-8170, Sekisui Medical
Co., Ltd, Tokyo, Japan). As the standards of hemoglo-
bin Alc levels used for measurement are different in
the National Glycohemoglobin Standardization Pro-
gram (NGSP) and Japan Diabetes Society (JDS),
hemoglobin Alc levels were calibrated using a formula
proposed by the JDS?”: hemoglobin Alc (NGSP)
(%)=1.02 xhemoglobin Alc (JDS) (%) +0.25%.
Subjects with diabetes were defined as those receiving
drug therapy for diabetes and/or those showing high
hemoglobin Alc levels (26.5%), according to the cri-
teria for the diagnosis of diabetes by the American
Diabetes Association?. Blood glucose, uric acid, and
creatinine levels were measured by enzymatic methods

using L-Type Wako Glu2, L-Type Wako UA M, and
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Table 1. Characteristics of the subjects.

Variables

Means, medians or percentages

Age (years)

Smokers (%)

Cigarette consumption (pack-years)
Alcohol drinkers (%)

Diabetes (%)

Subjects receiving revascularization therapy (%)
Body mass index (kg/m?)

Waist circumference (cm)
Waist-to-height ratio

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Maximum IMT (mm)

Mean IMT (mm)

ABI

Decrease in ABI after leg exercise (%)
HDL cholesterol (mg/dl)

LDL cholesterol (mg/dl)
Triglycerides (mg/dl)

Uric acid (mg/dl)

Fasting blood glucose (mg/dl)
Hemoglobin Alc (%)

Fibrinogen (mg/dl)

C-reactive protein (mg/dl)

¢GFR (ml/min/1.73 m?)

75.2+8.0
current, 21.8%; ex, 74.7%
40.0 (27.5, 55.0)
non, 44.8; occasional, 16.1; regular 39.1
44.8
75.9
22.8+2.8
81.6+8.2
0.502%0.051
134.8+15.0
70.2%11.1
3.20x1.16
1.22%0.49
0.865%0.168
19.1+14.2
53.5%£17.6
109.0+32.5
102 (76, 140)
5.91+1.44
109.6+30.0
6.33+1.10
293.2+72.3
0.08 (0.04, 0.21)
61.5+19.5

Means * standard deviations, medians with 25 and 75 percentile values, or percentages of subjects are shown.
IMT, intima-media thickness; ABI, ankle-brachial index; HDL, high-density lipoprotein; LDL; low-density

lipoprotein; eGFR, estimated glomerular filtration rate.

L-Type Wako CRE M (Wako Pure Chemicals Indus-
tries, Osaka, Japan), respectively. Fibrinogen levels
were measured by the thrombin time method using
Thrombocheck-Fib (Sysmex, Kobe, Japan). C-reactive
protein levels were measured by the latex agglutination
method using LT Auto Wako CRP-HS (Wako Pure
Chemicals Industries). The coefficients of variation for
the reproducibility of measurements of hemoglobin
Alg, glucose, uric acid, creatinine, and fibrinogen lev-
els were 5% and that for the reproducibility of mea-
surements of C-reactive protein levels was <10%.
Estimated glomerular filtration rate (eGFR) was cal-
culated using the following equation developed by
the Japanese Society of Nephrology®”: eGFR=194 x
Cre” 0% x age™02%,

After each subject rested in the supine position,
ABI was measured by an oscillometric method using
an automatic ABI device (VaSera VS-1500, Fukuda
Denshi, Tokyo, Japan) at rest and after stress loading.
For load stress to the legs, fatigue in the gastrocnemius
and soleus muscles was induced by an isotonic ankle
plantar flexion exercise (100 pedals for each leg at 60

beats per minute on an alternate basis corresponding
to 5.3 joules of work) using a leg loader (VSL-100A,
Fukuda Denshi, Tokyo, Japan), a stress-loading device
developed by Toribatake and Komine?”. Lower and
higher values measured at the right or left legs were
used for the analysis of ABI and % decrease in ABI
after stress loading, respectively. The cut-off values
used for low ABI and high % decrease in ABI after
stress loading were 0.9 and 20%, respectively. The
exercise using the leg loader could not be performed
by two subjects because of the weak power of their leg
muscles. Arterial pressure of the right brachial artery
was also recorded using CAVI-Vasera VS-1500 (Fukuda
Denshi).

IMT was measured by ultrasonography in the
supine position. Well-trained sonographers scanned
high-resolution B-mode ultrasound images (Philips
CX50, PHILIPS Electronics Japan, Tokyo, Japan)
with an L12-3 MHz transducer. Three arterial wall
segments in each common carotid artery were imaged
from a fixed lateral transducer angle at the far wall.
The far wall IMTs of both common carotid arteries
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Table 2. Univariate linear regression analysis of relationships of each atherosclerotic risk factor with IMT and ABI.

Maximum IMT Mean IMT ABI Decrease in ABI
after exercise
Age 0.088 -0.030 -0.208 -0.051
Body mass index -0.038 -0.023 0.049 0.069
Waist-to-height ratio -0.032 -0.050 -0.164 0.118
Systolic blood pressure 0.102 0.235" 0.104 0.067
Diastolic blood pressure 0.021 0.108 0.069 0.169
HDL cholesterol -0.202 -0.186 0.142 -0.053
LDL cholesterol -0.070 0.015 -0.018 0.205
Log (triglycerides) 0.096 0.167 -0.171 0.292°
Uric acid 0.039 -0.111 -0.292° 0.236°
Fasting blood glucose 0.163 0.235% 0.098 -0.089
Hemoglobin Alc 0.197 0.256% 0.048 0.099
Fibrinogen 0.114 0.121 0.004 -0.108
Log (C-reactive protein) -0.005 0.044 -0.186 -0.007
eGFR -0.059 -0.105 0.189 -0.085

Pearsons correlation coefficients between each pair of variables are shown. Asterisks denote significant correlation coefficients (*, 2<.05;
b P<.01). IMT, intima-media thickness; ABI, ankle-brachial index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; eGFR,
est1mated glomerular filtration rate. One subject with a CRP level of 0.00 mg/dl was excluded for analysis because log-transformed value

could not be calculated.

were measured at three determinations (greatest thick-
ness point and 1-cm upstream and downstream points
from the greatest thickness point). The mean IMT
over the six segments of both common carotid arteries
was calculated. Higher values at the right or left
carotid arteries were used for the analysis of maximum
and mean IMTs. A mean IMT of less than 1.0 mm
was regarded as normal®”. The coefficients of varia-
tion for the inter-observer reproducibility of the maxi-
mum and mean IMT measurements were 7.4% and
4.8%, respectively, and the coefficients of variation for
the intra-observer reproducibility of the maximum
and mean IMT measurements were 7.7% and 8.4%,
respectively.

Statistical Analysis

Statistical analyses were performed using a com-
puter software program (SPSS version 16.0 ] for Win-
dows, Chicago IL, USA). Data are presented as
means +standard deviations or errors for variables
(except for cigarette consumption, triglycerides and
C-reactive protein) showing normal distributions and
medians with 25 and 75 percentile values for variables
(triglycerides and C-reactive protein) not showing
normal distributions. In the linear regression analysis,
Pearson’s correlation coefficients and standardized
regression coefficients were calculated. The uric acid
levels were arranged in ascending order; then, the sub-
jects were divided into three tertile groups of equal
sizes. The means of each variable were compared
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among the groups of the Ist, 2nd, and 3rd tertiles for
uric acid levels using ANOVA in the univariate analy-
sis and ANCOVA followed by Student’s z-test after
Bonferroni correction in the multivariate analysis. In
the logistic regression analysis, the odds ratios of sub-
jects of the 2nd or 3rd tertile versus the 1st tertile for
uric acid levels were estimated before and after adjust-
ment for other explanatory variables. In the multivari-
ate analyses, age, history of revascularization therapy,
diabetes, smoking, alcohol consumption, BMI, and
triglyceride levels were used as other explanatory vari-
ables in the regression analysis or covariates in
ANCOVA. In some analyses, eGFR was added to the
explanatory variables or covariates. As triglyceride and
C-reactive protein levels did not show normal distri-
butions, they were used for parametric analyses after
log transformation. Probability values less than 0.05
were considered to be significant.

Results

Characteristics of Subjects

Table 1 shows the characteristics of subjects. The
proportion of subjects aged 70 years or more was
77.0%. Three-fourths of the subjects received revascu-
larization therapy (endovascular angioplasty and/or
surgical treatment). The proportion of subjects with
diabetes and the proportion of subjects who smoked
(current or ex-smokers) were 44.8% and 96.6%,
respectively. The proportion of subjects showing high
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Table 3. Multivariate linear regression analysis of relationships of each variable with IMT and ABL

Maximum IMT Mean IMT ABI Decrease in ABI
after exercise
Uric acid -0.077 -0.215 -0.368" 0.311°
Age 0.087 -0.048 -0.226 —-0.009
History of revascularization therapy 0.206 0.081 0.121 -0.109
Diabetes 0.084 0.074 0.033 0.014
Smoking (pack-years) 0.087 0.042 -0.010 0.128
Alcohol drinking 0.167 -0.029 0.026 -0.129
Body mass index -0.029 -0.017 0.255% -0.166
Log (triglycerides) 0.088 0.177 -0.261*% 0.305%
eGFR -0.031 -0.170 0.008 0.040

Standardized regression coefficients between each pair of variables are shown. Asterisks denote significant correlation coefficients (*, 2<.05;
b, P<.01). IMT, intima-media thickness; ABI, ankle-brachial index; eGFR, estimated glomerular filtration rate.

mean IMTs (21.0 mm) was 59.8%. The proportions
of subjects showing a low ABI (<0.9) and a high %
decrease in ABI after leg exercise (=20%) were 46.0%
and 41.4%, respectively. One-fourth of the subjects
(25.3%) had high uric acid levels in blood (>7.0 mg/
dl). The proportion of subjects taking uric acid-lower-
ing drugs was 12.6%.

Univariate Linear Regression Analysis for Relation-
ships of Atherosclerotic Risk Factors with Indica-
tors of Atherosclerosis

Table 2 shows the Pearson’s correlation coeffi-
cients of each atherosclerotic risk factor with maxi-
mum IMT, mean IMT, ABI, and exercise-induced
decrease in ABI. Systolic blood pressure and fasting
blood sugar and hemoglobin Alc levels showed signif-
icant correlations with mean IMT. Uric acid and log-
transformed triglyceride levels showed significant cor-
relations with exercise-induced decrease in ABI. There
was also an inverse significant correlation between uric
acid levels and ABI. However, uric acid levels showed
no significant correlations with mean and maximum

IMTs.

Multivariate Linear Regression Analysis for Rela-
tionships of Uric Acid Levels with Indicators of
Atherosclerosis

As shown in Table 3, uric acid levels showed sig-
nificant correlations with ABI and exercise-induced
decrease in ABI after adjustment for age, history of
revascularization therapy, diabetes, smoking, alcohol
consumption, BMI, triglyceride levels, and eGFR.
There was no significant correlation between uric acid
levels and maximum or mean IMTs in the multivari-
ate linear regression analysis. In the univariate linear
regression analysis, blood pressure and LDL or HDL
cholesterol levels showed no significant correlations

with ABI and decrease in ABI after exercise (Table 2).
Moreover, both blood pressure and HDL cholesterol
levels are known to be associated with triglyceride lev-
els, which showed significant associations with ABI
and decrease in ABI after exercise (Table 3). Thus,
blood pressure and cholesterol levels were not used as
explanatory variables in multivariate analyses,
although both are important risk factors for athero-
sclerosis. When LDL cholesterol-to-HDL cholesterol
level ratio and mean arterial pressure were added to
the explanatory variables in the multivariate linear
regression analysis, uric acid levels showed significant
correlations with ABI and decrease in ABI after exer-
cise but not with maximum and mean IMTs [stan-
dardized regression coefficients of uric acid levels: -
0.082 (with maximum IMT, p= 0.573), —0.198
(with mean IMT, »=0.180), —0.374 (with ABL
£=0.008), and 0.337 (with decrease in ABI after exer-
cise, p=0.019)].

Comparison of ABI and Exercise-Induced Decrease
in ABI in Subjects with Different Uric Acid Levels
Table 4 shows mean ABI and % decrease in ABI
after leg exercise in the subject groups of tertiles for
uric acid levels. In the univariate analysis, ABI was sig-
nificantly lower in the 3rd (highest) tertile group of
uric acid levels than in the 1st (lowest) and 2nd (mid-
dle) tertile groups. In the multivariate analysis using
age, history of revascularization therapy, diabetes,
smoking, alcohol consumption, BMI, and triglyceride
levels as covariates, there was still a significant differ-
ence in ABI of the 1st and 3rd tertile groups of uric
acid levels. When eGFR was further added to the
covariates, the difference in ABI of the 1st and 3rd
tertile groups of uric acid levels was marginally signifi-
cant (»p=0.076). In the univariate and multivariate
analyses, there were marginally significant differences
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Table 4. Comparison of ABI and decrease in ABI after leg exercise among the tertile groups of uric acid.

1st tertile of uric acid

(3.7-4.9 mg/dl, n=27)

3rd tertile of uric acid
(6.7—10.0 mg/dl, n=29)

2nd tertile of uric acid
(5.0-6.5 mg/dl, n=31)

ABI
Univariate 0.898+0.032%
0.915+0.035°

0.914+0.0359

Multivariate (Adjustment 1)
Multivariate (Adjustment 2)
Decrease in ABI after exercise

Univariate 14.0x1.8°¢
Multivariate (Adjustment 1) 13.7+ 3.0f
Multivariate (Adjustment 2) 13.6x3.0%

0.907 +£0.028* 0.790+0.031

0.892+0.030° 0.789%0.032

0.891+0.030 0.792+0.034
19.8+2.6 23.2%3.0
19.4%2.6 23.8+2.8
19.4%2.6 23.9%2.9

Means * standard errors of each variable are shown. Adjustment 1: for age, history of revascularization therapy, diabetes, smoking, alcohol drinking,
body mass index and log-transformed triglycerides; Adjustment 2: for estimated glomerular filtration rate in addition to the variables used in
Adjustment 1. Asterisks denote significant differences from the 3rd tertile (*, 2<.05). Marginally significant differences from the 3rd tertile: ¢,
P=.067;4, P=.076;¢, P=.052; f, P=.063; 8, P=.081. ABI, ankle-brachial index.

in exercise-induced decrease in ABI between the 1st
and 3rd tertile groups of uric acid levels. ABI and
exercise-induced % decrease in ABI tended to be
lower and higher, respectively, with an increase in ter-
tile in the multivariate analysis.

Logistic Regression Analysis for the Relationship
of Uric Acid Levels with Leg Ischemia

Table 5 shows odds ratios for leg ischemia of the
2nd or 3rd tertile versus the 1st tertile for the levels of
uric acid and prevalence of abnormal ABI in each ter-
tile. The prevalences of low ABI and high % decrease
in ABI after exercise were significantly higher in the
3rd tertile of uric acid levels than in the 1st tertile, and
the prevalence of high % decrease in ABI after exercise
was marginally significantly higher in the 2nd tertile
of uric acid levels than in the 1st tertile. The crude
odds ratios of the 3rd versus the st tertile groups of
uric acid levels for low ABI and high % decrease in
ABI after leg exercise were significantly higher than
the reference level of 1.00. The odds ratio of the 3rd
versus the 1st tertiles for low ABI was still significant
after adjustment for age, history of revascularization
therapy, diabetes, smoking, alcohol consumption,
BMI, and triglyceride levels but was not significant
after adjustment for eGFR in addition to the above
explanatory variables. In the multivariate analyses with
adjustment for the above explanatory variables includ-
ing or excluding eGFR, odds ratios of the 3rd versus
the 1st tertile groups of uric acid levels for high %
decrease in ABI after exercise were significantly higher
than the reference level. Crude and adjusted odds
ratios of the 2nd versus the Ist tertile groups of uric
acid levels for high % decrease in ABI after exercise
were marginally significantly higher than the reference

level. Odds ratios for low ABI and high % decrease in
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ABI after exercise tended to be higher with an increase
in tertile.

Discussion

In the linear regression analysis, among the vari-
ous atherosclerotic risk factors tested, only serum uric
acid levels showed significant correlations with both
ABI and leg exercise-induced % decrease in ABIL
These associations were confirmed by other analyses
including ANOVA, ANCOVA, and logistic regression
analysis and were found after adjustment for age, his-
tory of revascularization therapy, diabetes, smoking,
alcohol consumption, BMI, triglyceride levels, and
eGFR. Therefore, uric acid levels are related to leg
ischemia independently of these possible confounding
factors. To the best of our knowledge, this is the first
study showing an association of uric acid levels with
leg ischemia in patients with PAD. The findings of the
present study may be reasonable as there have been
some studies showing an association of the levels of
uric acid with the incidence or prevalence of PAD in
the general population'> ' and in patients with dia-
betes'” and with hypertension'?, although the signifi-
cance of uric acid levels in patients with PAD is
unknown. Thus, uric acid is thought to be a risk fac-
tor for both onset and progression of PAD. The prog-
nosis of PAD is determined by complicated coronary
heart disease and stroke®>. Therefore, the present
findings agree with the findings of recent studies that
high serum wuric acid levels are associated with
increased cardiovascular disease mortality in Japanese
men and women?® and with subclinical atherosclero-
sis evaluated based on IMT in Chinese men and
women?®. Moreover, a recent clinical study demon-
strated that serum uric acid levels are associated with
coronary lipid-rich plaques in Japanese men and
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Table 5. Logistic regression analysis for low ABI and high % decrease in ABI after leg exercise in the tertile subject groups for uric acid.

3rd tertile of uric acid
(6.7-10.0 mg/dl, n=29)

2nd tertile of uric acid
(5.0-6.5 mg/dl, n=31)

1st tertile of uric acid
(3.7—4.9 mg/dl, n=27)

Low ABI
Number 9 11 20
Prevalence (%) 33.3 35.5 69.0*
OR (Crude) 1.00 1.10 (0.37-3.26) 4.44 (1.45-13.65)b
OR (Adjustment 1) 1.00 1.96 (0.44-8.63) 5.56 (1.24-24.90)%
OR (Adjustment 2) 1.00 2.07 (0.43-10.02) 3.69 (0.72-18.97)
High % decrease in ABI after exercise
Number 6 14 16
Prevalence (%) 22.2 45.2°¢ 55.2%
OR (Crude) 1.00 2.88 (0.91-9.11)¢ 431 (1.34-13.82)°
OR (Adjustment 1) 1.00 3.73 (0.78-17.76) ¢ 6.93 (1.40-34.27)%
OR (Adjustment 2) 1.00 3.73 (0.78-17.80)¢ 8.08 (1.38-47.44)*

Odds ratios (ORs) with their 95% confidence intervals are shown. Adjustment 1: for age, history of revascularization therapy, diabetes, smoking,
alcohol drinking, body mass index and log-transformed triglycerides; Adjustment 2: for estimated glomerular filtration rate (¢GFR) in addition to
the variables used in Adjustment 1. Asterisks denote 51gn1ﬁcant dlfferences from the 1st tertile or the reference level of 1.00 (?, P<.05; b, P<.01).

Marginally significant differences from the reference level: ¢, P=0. 097, , P=0.071; ¢, P=0.098. ABI, ankle-brachial arterial pressure index.

women?”.

To confirm no confounding by history of revasu-
larization therapy for the association of uric acid levels
with leg ischemia, multiple linear regression analysis
and logistic regression analysis were performed using
only subjects who underwent revascularization ther-
apy. Among subjects with a history of revasculariza-
tion therapy, serum uric acid levels showed a signifi-
cant correlation with ABI (»=-0.398, p<0.05) but
not with maximum IMT (r=-0.110, p=0.542) or
mean IMT (r=-0.107, p=0.538). These findings
agree with the findings for overall subjects (Table 3).
However, the correlation coefficient between uric acid
levels and % decrease in ABI after exercise in subjects
with a history of revascularization therapy did not
reach a significant level (=0.233, p=0.185). In the
logistic regression analysis using subjects with a his-
tory of revascularization therapy, crude odds ratios for
high % decrease in ABI after exercise of the 2nd and
3rd versus the 1st tertile groups for uric acid levels
were significantly higher (»<0.05) than the reference
level of 1.00 [2nd tertile, 6.23 (1.40—27.84); 3rd ter-
tile, 6.14 (1.43—26.35]). These odds ratios were sig-
nificantly or marginally significantly higher than the
reference level in the multivariate analysis using age,
history of diabetes, smoking, alcohol consumption,
BMI, log-transformed triglyceride levels, and eGFR
as other explanatory variables (data not shown). The
crude odds ratio for uric acid levels of the 3rd versus
the 1st tertile groups for low ABI was marginally sig-
nificantly higher (p=0.057) than the reference level of
1.00 [3.30 (0.97—11.29)), but the odds ratio was not

significantly different from the reference level in the
multivariate analysis (data not shown). The prevalence
of low ABI was significantly higher (»<0.05) in the
3rd tertile group for uric acid levels than in its 1st ter-
tile group (64.0% vs. 35.0%), and the prevalence of
high % decrease in ABI after exercise was significantly
higher (»<0.05) in the 2nd and 3rd tertile groups for
uric acid levels than in its 1st tertile group [15.0% (1st
tertile) vs. 52.4% (2nd tertile) vs. 52.0% (3rd tertile)].
Thus, trends for the relationships of uric acid levels
with ABI and decrease in ABI after exercise were simi-
lar in the analysis using overall subjects and the analy-
sis using only subjects with a history of revasculariza-
tion therapy. Therefore, it is unlikely that revascular-
ization therapy confounded the association of uric
acid levels with leg ischemia in this study.

The purpose of this cross-sectional study was to
investigate the relationship of the uricemic status with
ischemia of the lower extremities. The current urice-
mic status depends on whether medication therapy is
being received. Therefore, we did not add medication
use for hyperuricemia as a covariate or an explanatory
variable in the multivariate analyses. When medica-
tion use for hyperuricemia was added as an explana-
tory variable in the multivariate linear regression anal-
ysis, uric acid levels showed significant negative and
positive correlations with ABI (8=-0.350, »<0.05)
and decrease in ABI after exercise (8=0.299, p<0.05),
respectively, although absolute values of the correla-
tion coefficients became smaller by the inclusion of
medication use for hyperuricemia to the explanatory
variables. Thus, the significant associations of uric acid
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levels with ABI and % decrease in ABI after exercise
were found even after adjustment for therapy for
hyperuricemia.

It remains to be clarified whether anti-hyperuri-
cemic therapy retards the progression of PAD. A pre-
vious randomized controlled trial showed that treat-
ment with allopurinol did not prolong the exercise
duration in patients with PAD?®. Although this study
is cross-sectional in its design and thus no causality
can be discussed by the findings of this study, there is
a possibility that the symptoms and prognosis of PAD
are improved by therapy for hyperuricemia. Future
randomized controlled studies are needed to prove this
hypothesis.

Hyperuricemia is a risk factor for atherosclerosis-
related diseases”. However, there was no significant
association of uric acid levels with maximum or mean
IMT in patients with PAD. Serum uric acid levels also
showed no association with cardio—ankle vascular
index, a good indicator of arterial stiffness of the
aorta? (data not shown). Thus, uric acid levels were
related not to the degree of atherosclerosis in carotid
arteries and the aorta but to that in the lower limb
arteries in patients with PAD. The reason for this dis-
sociation of the results by the locus of the artery is
unknown. One possible explanation for the dissocia-
tion is a stronger effect of hyperuricemia on the lower
limb arteries than on arteries at other loci, which
could be examined in future basic experiments. The
expression and activity of XOR, a rate-limiting
enzyme in uric acid synthesis, are increased under
hypoxia by tissue ischemia following ischemic heart
disease and heart failure!® ' 3932 Therefore, in
patients with PAD, XOR expression and activity are
expected to be increased in the ischemic lower limb
muscles, and this might explain the higher susceptibil-
ity of the lower limb arteries to hyperuricemia than
that of other arteries.

There are limitations in this study. The popula-
tion size was small, and the present findings should be
confirmed by further studies using larger populations.
Data for only male subjects were analyzed, and the
possibility of a gender-related difference in the associa-
tion of uric acid levels with leg ischemia needs to be
investigated in the future. Three-fourths of the sub-
jects received revascularization therapy, and approxi-
mately half of the subjects showed normal ABIs,
which were 0.9 or higher. Thus, therapy for PAD is a
possible confounder for the uric acid level —ABI asso-
ciation, although the association was also found when
the history of therapy for revascularization was used as
an explanatory variable or a covariate in the multivari-
ate analyses. The design of this study was cross-sec-
tional, and further interventional studies are therefore
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needed to determine whether the correction of uric
acid levels in the blood is useful for improving leg
arterial flow in patients with diabetes.

In conclusion, serum uric acid levels were associ-
ated with leg ischemia in patients with PAD indepen-
dently of other atherosclerotic risk factors including
age, history of revascularization therapy, diabetes,
smoking, alcohol consumption, obesity, triglyceride
levels, and renal function. Further studies are required
to determine the usefulness of the correction of uric
acid levels for an improvement in the prognosis of

PAD.
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