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Abstract
The objective of this study is to determine whether the presence of tophi could predict an increase in arterial stiffness. 
Between June 2017 and June 2018, the augmentation index (AI) was measured using SphygmoCor® for patients with gout 
who visited the Jeju National University Hospital in South Korea. Patients were divided into the following groups: group 
with tophi and group without tophi. Medical records, laboratory data, and AI were retrospectively analyzed. One hundred and 
twenty patients with gout or participated in the study, with most (96.7%) of the patients being male. The mean duration of the 
disease was 7.0 years. At the time of the examination, 99 patients (82.5%) were treated with a uric acid-lowering agent. Of 
the total patients, 24 (19.7%) had tophi. Patients with tophi were significantly older (60.2 ± 11.6 years vs. 53.8 ± 13.0 years, 
p = 0.031), had longer disease duration (13.0 ± 6.5 years vs 5.5 ± 5.4 years, p < 0.001), and higher AI@75 (28.7 ± 7.8 vs 
20.9 ± 10.0, p = 0.001) than those without tophi. In the multiple linear regression analysis, tophi was shown to be a sig-
nificant predictor of high AI (p = 0.040). The presence of tophi is a predictor of increased arterial stiffness in patients with 
gout. Therefore, more strict control of cardiovascular disease risk factors is needed in the treatment of patients with tophi.
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Introduction

Gout is the most common form of inflammatory arthritis 
caused by the deposition of monosodium urate crystals in 
and around joints, and it is often associated with hyper-
uricemia [1]. The prevalence of gout has been reported 
to be 1–4% in North America and Western Europe, and is 
increasing in more affluent countries in recent decades [2]. 
Many studies have reported that gout and hyperuricemia are 
associated with increased all-cause mortality and cardiovas-
cular mortality [3–8]. Clarson et al. have shown through 
meta-analysis that there is a significant association between 
gout and mortality from cardiovascular disease (CVD) or 

coronary heart disease (CHD) [9]. Increased arterial stiff-
ness is an independent predictor of CVD [10–12]. Many 
studies have shown a significant correlation between uric 
acid levels and arterial stiffness [13–16]. Persistent hyper-
uricemia can cause increase in arterial stiffness which con-
sequently affects cardiovascular morbidity and mortality. 
Thus, we thought that tophi formed by long-lasting gout 
can be a predictor of increased arterial stiffness in patients 
with gout [17]. The central aortic pressure is composed of 
an initial incident pressure caused by contraction of left ven-
tricle and reflected pressure from the periphery (Fig. 1). As 
arterial stiffness increases, the velocity of incident waves and 
reflected waves increases. If the reflected wave arrives early 
to the central aorta, the central aortic systolic blood pressure 
(SBP) will rise. This increased pressure is called augment 
pressure [18]. AI is an indirect measure of arterial stiffness, 
and it represents the percentage of the augmentation pres-
sure (AP) for the pulse pressure (PP) [10]. Therefore, the 
present study aimed to determine whether the presence of 
tophi could predict arterial stiffness in patients with gout by 
measuring the AI.
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Materials and methods

This hospital-based observational study was approved by 
the ethical committee of the institutional review board of 
Jeju National University Hospital, and all participants pro-
vided informed and written consent.

Study design and patient selection

Patients with gout, who visited our center between June 
2017 and June 2018, were enrolled. Individuals who met 
the American College of Rheumatology gout criteria 
were considered to be patients with gout. Patients under-
went standardized medical history taking and examina-
tions, anthropometric measurements, and laboratory tests. 
Patients with abnormal heart rhythms and those who had 
an operator index of less than 80 were excluded from this 
study. The participants were divided into the following 
groups according to the presence of tophi: those with tophi 
and those without tophi.

Clinical evaluation

The patient clinical records were retrospectively reviewed, 
and additional history taking, physical examinations, and 
blood tests were performed to obtain the following data: 
age, sex, body mass index (BMI), previous treatment of 
gout, other comorbidities [diabetes mellitus (DM), hyper-
tension (HT), hyperlipidemia, chronic kidney disease 
(CKD), and CVD], and laboratory findings.

Treatment

All patients were prescribed allopurinol or febuxostat to 
lower uric acid levels. Colchicine, prednisolone (PD), and 

non-steroidal anti-inflammatory drugs (NSAIDs) were pre-
scribed for acute gout attack and prophylaxis.

Arterial stiffness evaluation

Brachial blood pressure (BP) measurements and the AI were 
assessed in the sitting position after 10 min of rest. Brachial 
BP was measured before the AI by using a digital sphyg-
momanometer (Omron® M6, Omron Corporation, Kyoto, 
Japan). We analyzed the waveforms of each patient’s central 
aortic pressure using SphygmoCor® (AtCor, Sydney, Aus-
tralia) after applanation of the left radial artery and recording 
the central aortic pressure estimate. The AI assessed using 
SphygmoCor® provided data for central systolic BP (SBP), 
diastolic BP (DBP), mean BP, and central pulse pressure, as 
well as AP, AI, and AIx@75 (expressed as the AI corrected 
for a heart rate of 75 beats/min). The SphygmoCor® uses 
an average method to obtain a representative central blood 
pressure. Therefore, 10–12 waves are analyzed. The opera-
tor index is an indicator of the accuracy and consistency of 
AI measurements. SphygmoCor®’s successful AI measure 
criteria are operator index of over 80.

Statistical analysis

Data are presented as mean ± standard deviation for continu-
ous variables or as frequency for categorical variables. The 
significance of differences among groups was determined 
using the t test and Chi-squared test. Linear regression analy-
sis was performed to evaluate whether the presence of tophi 
could predict vascular stiffness. Furthermore, a multivari-
ate linear regression analysis was performed to exclude the 
effects of age, total cholesterol, creatinine, BMI, disease 
duration, HT, hyperlipidemia, DM, NSAID frequency, gout 
attack frequency, and CV. All statistical analyses were per-
formed using SPSS 20 (version for Windows; SPSS Inc., 
Chicago, IL, USA). A p value < 0.05 was considered statisti-
cally significant.

Results

Baseline clinical characteristics

The study enrolled 124 patients. Of these patients, 2 with 
an operator index of less than 80 and 2 with arrhythmia 
were excluded. Thus, 120 patients were finally included 
in the study. The mean patient age was 55.1 ± 12.9 years, 
and 116 (96.7%) patients were male. The mean BMI was 
26.3 ± 2.9 kg/m2, indicating that most patients were over-
weight. The mean uric acid and creatinine levels were 5.9 

Fig. 1   The central pulse wave is formed by the addition of the late 
reflection wave from the periphery to the initial incident wave caused 
by the contraction of the left ventricle. a Central aortic pressure. b 
Reconstructed constituent forward and backward waves
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and 1.2 mg/dL. Concomitant diseases were HT (44.2%), 
DM (8.3%), CKD (19.2%), CVD (6.7%), and hyperlipi-
demia (33.3%). Histories of drinking alcohol and smok-
ing were noted in 38 (31.7%) and 74 (60.0%) patients, 
respectively. Uric acid-lowering drugs were used in 99 
(82.5%) patients. Febuxostat was used in 91 (75.8%) 
patients, and allopurinol was used in 5 (4.2%) patients. 
The mean disease duration was 7.0 years, and the mean 
treatment duration was 28.2 months. Thirty-six (30.0%) 
patients received treatment for less than 3 months. Twenty-
one patients (17.5%) were diagnosed with gout at the time 
of enrollment and had not received uric acid-lowering 
treatment. Of the total patients, 24 (19.7%) had tophi. On 
comparing patients with tophi and those without tophi, it 
was found that patients with tophi were older (60.2 years 
vs. 53.8 years, p = 0.031), had a longer uric acid-low-
ering treatment duration (44.7 months vs. 24.1 months, 
p = 0.041), and had a longer disease duration (13.0 years 
vs. 5.5 years, p < 0.001). There are significantly more 
patients who received uric acid-lowering treatment in the 
group with tophi than in the group without tophi (100% vs. 
78.1%, p = 0.007). The duration of uric acid-lowering treat-
ment (44.7 months vs. 24.1 months, p = 0.041) was signifi-
cantly longer in patients with tophi than in those without 
tophi. There were more CKD (33.3% vs. 15.3%, p = 0.049) 
patients and higher creatinine (1.3 mg/dL vs. 1.2 mg/dL, 
p = 0.048) levels in the group with Tophi. The sex ratio, 
BMI, smoking rate, and drinking rate were not different 
between the two groups. There were no significant differ-
ences in the liver function test results, lipid profile, and 
C-reactive protein level between the two groups (Table 1), 
but the uric acid (5.6 mg/dL vs. 5.9 mg/dL, p = 0.407) and 
total cholesterol (179.2 mg/dL vs. 182.8 mg/dL, p = 0.669) 
levels were lower in patients with tophi than in those with-
out tophi. There was no statistically significant difference 
in the proportion of patients who had gout attack between 
the groups (64.3% vs. 50.0%, p = 0.197). The frequency 
of gout attack that occurred during the last year was 1.43 
and 0.88 (p = 0.106) in the groups with and without tophi, 
respectively. The proportion of patients who received PD 
for gout attack was higher in patients with tophi (10.2% vs. 
20.8%, p = 0.172), and the proportion of patients receiving 
NSAIDs was significantly higher in patients without tophi 
(54.1% vs. 29.2%, p = 0.029). The frequency of taking PD 
(0.20 vs. 0.25, p = 0.761) and taking NSAIDs (1.22 vs. 
0.63, p = 0.082) for gout attack was not different between 
the patients with and without tophi.

Augmentation index

Peripheral SBP and DBP as well as pulse pressure were 
not different between patients with tophi and those without 

tophi, but central SBP was significantly higher in patients 
with tophi than in those without tophi. Patients with tophi 
had a significantly higher AP (13.8 mmHg vs. 9.3 mmHg, 
p = 0.006), AI (28.3% vs. 21.4%, p = 0.012), and AIx@75 
(28.7% vs. 20.9%, p = 0.001) when compared with the find-
ings in those without tophi (Table 2). Figure 2 shows the 
distribution of AIx@75 in patients with or without tophi. 
On analyzing AIx@75 according to tertiles, we found that 

Table 1   Baseline characteristics according to the study group

Data are expressed as mean ± standard deviation or number (percent-
age), p < 0.05 considered significant
BMI body mass index, HT hypertension, DM diabetes mellitus, CKD 
chronic kidney disease, CVD cardiovascular disease (including stroke 
and myocardial infarction), ULT uric acid-lowering treatment, PD 
prednisolone, NSAID non-steroidal anti-inflammatory drug, Cr creati-
nine, LDL low-density lipoprotein, HDL high-density lipoprotein, TG 
triglyceride, CRP C-reactive protein

No tophi (N = 96) Tophi (N = 24) p

Age 53.8 ± 13.0 60.2 ± 11.6 0.031
Sex, male 92 (95.8) 24 (100.0) 0.583
BMI 26.4 ± 3.0 25.6 ± 2.3 0.208
Comorbidities
 HT 39 (40.6) 14 (58.3) 0.118
 DM 8 (8.3) 2 (8.3) 1.000
 CKD 15 (15.3) 8 (33.3) 0.049
 CVD 6 (6.2) 2 (8.3) 0.660
 Hyperlipidemia 31 (32.3) 9 (37.5) 0.628

Alcohol 54 (56.8) 18 (75.0) 0.104
Smoking 30 (31.2) 8 (33.3) 0.844
Disease duration (year) 13.0 ± 6.5 5.5 ± 5.4 < 0.001
ULT 75 (78.1) 24 (100) 0.007
ULT duration (month) 24.1 ± 29.9 44.7 ± 44.9 0.041
Febuxostat 67 (69.8) 24 (100.0) 0.002
Allopurinol 5 (5.2) 0 (0.0) 0.582
Statin 31 (32.3) 9 (37.5) 0.628
Attack 62 (64.6) 12 (50.0) 0.189
Attack frequency 

(year)
1.45 ± 1.6 0.88 ± 1.1 0.096

Anti-inflammatory drug
 PD 10 (10.4) 5 (20.8) 0.168
 PD frequency 0.21 ± 0.69 0.25 ± 0.53 0.784
 NSAID 52 (54.2) 7 (29.2) 0.028
 NSAID frequency 1.24 ± 1.59 0.63 ± 1.13 0.077

Cr 1.2 ± 0.2 1.3 ± 0.4 0.048
Uric acid 5.9 ± 1.7 5.6 ± 2.3 0.407
Total cholesterol 182.8 ± 31.5 179.2 ± 40.5 0.669
LDL 108.2 ± 29.9 99.3 ± 33.7 0.268
HDL 46.3 ± 11.8 48.7 ± 13.4 0.428
TG 181.0 ± 153.3 153.3 ± 102.7 0.447
CRP 0.13 ± 0.10 0.14 ± 0.10 0.754
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the number of patients with tophi increased significantly as 
the AIx@75 increased (p = 0.004) (Fig. 3).

Univariate linear regression analysis found that the pres-
ence of tophi was a significant predictor of a high AIx@75 
(p = 0.001). In the multivariate linear regression analysis, 
which showed an increasing trend in the AIx@75, the pres-
ence of tophi remained a significant predictor of a high 
AIx@75 (p = 0.040) (Table 3).

Discussion

Tophi are deposits of urate crystals in joints and surround-
ing tissues, usually occurring after an average of more than 
10 years of acute gout attack [19]. The rate of formation 
of tophi and the occurrence of gout are proportional to the 
degree and duration of hyperuricemia [20]. This study dem-
onstrated that the presence of tophi could predict increased 
vascular stiffness in patients with gout. The mean AI for the 
average age of patients with tophi (60.2 years) and patients 
without tophi (53.8 years) calculated by the formula pro-
vided by SphygmoCor® manufacturer AtCor Medical are 
26.2% and 21.4%. In our study, AIx@75 (28.7% vs. 20.9%, 
p = 0.001) was significantly higher in the group with tophi 
than the group without tophi and higher than the average of 
predicted AI in the general population. The disease duration 
was significantly longer in those with tophi than in those 
without tophi. This is a predictable result, because longer 
durations of gout are associated with a greater chance of 
tophi occurrence. Age was significantly higher in patients 
with tophi and was a significant contributor to increased 
AIx@75, and it might have been associated with the higher 
AIx@75 in this patient group. However, the multivariate 
analysis showed that AIx@75 was significantly higher in 
patients with tophi than in those without tophi after adjust-
ing for age and other variables. An increase in AIx@75 was 
associated with an increase in the number of patients with 

Table 2   Analysis of 
augmentation index according 
to the study group

Data are expressed as mean ± standard deviation, p < 0.05 considered significant
BP blood pressure

No tophi (N = 98) Tophi (N = 24) p

Peripheral systolic BP (mmHg) 133.3 ± 15.6 137.0 ± 17.7 0.303
Peripheral diastolic BP (mmHg) 78.9 ± 11.3 82.3 ± 11.6 0.196
Peripheral pulse pressure (mmHg) 54.5 ± 11.6 54.3 ± 12.0 0.950
Central systolic BP (mmHg) 120.4 ± 14.9 132.0 ± 23.4 0.027
Central diastolic BP (mmHg) 80.2 ± 11.5 83.8 ± 11.8 0.172
Central pulse pressure (mmHg) 39.8 ± 10.7 48.2 ± 23.4 0.100
Augmentation pressure (mmHg) 9.3 ± 6.8 13.8 ± 8.2 0.006
Augmentation index (%) 21.4 ± 12.4 28.3 ± 9.5 0.012
Augmentation index@75 (%) 20.9 ± 10.0 28.7 ± 7.8 0.001

Fig. 2   Distribution of AIx@75 according to the presence of tophi 
(AIx@75: augmentation index 75). AIx@75 is significantly higher in 
the group with tophi (p = 0.001)

Fig. 3   AIx@75 and number of patients with tophi (p = 0.004) 
(AIx@75: augmentation index 75). AIx@75, − 10 to 19, 20–26, and 
27–49 in tertiles 1, 2, and 3, respectively
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tophi (Fig. 3). This result indicates that tophi and AIx@75 
are closely related. Thus, the presence of tophi is consid-
ered to be an independent predictor of increased vascular 
stiffness.

There was no significant difference in peripheral SBP 
between patients with tophi and those without tophi, and the 
difference between peripheral SBP and central SBP was sig-
nificantly smaller in patients with tophi than in those without 
tophi (9.2 mmHg vs. 12.9 mmHg, p = 0.030). This is because 
the central SBP of patients with tophi was higher than that 
of patients without tophi (132.0 vs. 120.4, p = 0.027). Sev-
eral studies have shown that an increase in central SBP is 
associated with the occurrence of CVD [21, 22]. Perez-Ruiz 
et al. showed that the presence of tophi was associated with 
a high CVD risk [23]. In our study, central SBP was higher 
in patients with tophi than in those without tophi, and this 
result supports the findings of the study by Perez-Ruiz et al.

Many studies have reported that arterial stiffness is 
increased by inflammation [23]. Inflammation also occurs 
during gout attacks, which may affect arterial stiffness. 

However, the frequency of gout attacks was not correlated 
with AIx@75 in this study. This may be due to the fact that 
inflammation caused by gout attack does not persist for 
a long time and is improved shortly by medication; thus, 
inflammation does not significantly affect arterial stiffness. 
There was no difference in CRP levels between patients with 
and without tophi in this study.

Unlike previous studies, this study showed that the uric 
acid level and disease duration were not associated with 
increased vascular stiffness. This might be associated with 
the fact that most patients were treated with uric acid-low-
ering agents, and their uric acid levels remained low at the 
time of AI measurement.

Total cholesterol levels were lower in patients with tophi, 
probably because more patients received treatment for 
hyperlipidemia. AIx@75 was higher in patients with tophi, 
although total cholesterol levels were lower in this patient 
group. Therefore, it is thought that the condition associated 
with tophi formation has a greater influence on vascular 
stiffness than the effect of improving vascular stiffness with 

Table 3   Linear regression analysis of tophi and augmentation index for the prediction of increased vascular stiffness

Cr creatinine, BMI body mass index, HT hypertension, NSAID non-steroidal anti-inflammatory drug, CVD cardiovascular disease (including 
stroke and myocardial infarction), DM diabetes mellitus, CKD chronic kidney disease, PD prednisolone, CRP C-reactive protein, ULT uric acid-
lowering treatment

Unadjusted B-coefficient (95% CI) p value Adjusted B-coefficient (95% CI) p value

Age 0.346 (0.219–0.473) < 0.001 0.257 (0.083–0.431) 0.004
Tophi 7.688 (3.345–12.030) 0.001 5.256 (0.253–10.260) 0.040
Hyperlipidemia 4.550 (0.768–8.332) 0.019 1.143 (− 2.868 to 5.153) 0.573
Cr 7.431 (1.026–13.836) 0.023 4.140 (− 3.716 to 11.997) 0.298
Total cholesterol − 0.067 (− 0.127 to − 0.007) 0.030 − 0.061 (− 0.120–0.002) 0.042
BMI − 0.679 (− 1.298 to − 0.059) 0.032 − 0.520 (− 1.176 to 0.136) 0.119
Disease duration 0.256 (− 0.028 to 0.539) 0.077 0.146 (− 0.195 to 0.487) 0.398
Gout attack frequency − 1.059 (− 2.259 to 0.141) 0.083 − 1.339 (− 4.199 to 1.522) 0.355
HT 3.197 (− 0.431 to 6.826) 0.084 − 3.928 (− 8.410 to 0.553) 0.085
NSAIDs frequency − 1.039 (− 2.227 to 0.148) 0.086 0.573 (− 2.257 to 3.403) 0.688
CVD 6.277 (10.950–13.503) 0.088 3.041 (− 4.096 to 10.178) 0.399
DM 4.782 (− 1.764 to 11.328) 0.151 − 1.336 (− 8.660 to 5.989) 0.718
Smoking 2.209 (− 1.694 to 6.112) 0.265
CKD 2.481 (− 2.134 to 7.095) 0.289
PD 1.924 (− 3.584 to 7.431) 0.449
Allopurinol 2.800 (− 6.319 to 11.919) 0.544
CRP 5.434 (− 12.912 to 23.718) 0.559
Alcohol − 1.087 (− 4.847 to 2.673) 0.568
ULT − 1.221 (− 6.019 to 3.577) 0.615
Gender − 2.569 (− 12.726 to 7.588) 0.617
NSAID − 0.783 (− 4.431 to 2.865) 0.672
Febuxostat − 0.865 (− 5.125 to 3.396) 0.688
Uric acid − 0.047 (− 1.037 to 0.943) 0.925
ULT duration − 0.022 (− 0.055 to 0.052) 0.952
PD frequency 0.011 (− 2.752 to 2.774) 0.994
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hyperlipidemia treatment. The data regarding AIx@75 sug-
gested that patients with lower total cholesterol levels might 
have a higher AIx@75. This is probably associated with 
the fact that a higher proportion of patients received lipid-
lowering treatment among patients with a high AIx@75 than 
patients with a low AIx@75(42.6% vs. 23.7%, p = 0.028). 
Moreover, the total cholesterol level was actually lower 
in patients with a high AIx@75 than patients with a low 
AIx@75 (173.9 mg/dL vs. 190.4 mg/dL, p = 0.012).

Increased vascular stiffness is closely related to the occur-
rence of CVD. Therefore, if it can be predicted, the occur-
rence of CVD can be prevented. In this study, we confirmed 
that the presence of tophi was a predictor of increased vas-
cular stiffness in patients with gout. In patients with topha-
ceous gout, the risk of CVD is high; thus, very strict risk 
modification is needed. It might be helpful to start treatment 
a little earlier than the recommendation of current guidelines 
to prevent tophi formation in patients with gout.

Few studies have reported that uric acid-lowering treat-
ment reduces vascular stiffness in CKD patients [24]. How-
ever, it is still unclear whether the decrease in vascular 
stiffness by uric acid-lowering treatment can reduce the inci-
dence of CVD and thereby reduce cardiovascular mortality. 
Therefore, it is necessary to investigate the initial treatment 
timing, the cut-off value of vascular stiffness, and the new 
target treatment level of uric acid to prevent an increase in 
vascular stiffness and prevent the occurrence of CVD.

The present study has several limitations. First, this study 
compared the AIx@75 values among patients with gout. 
Therefore, the AIx@75 values obtained in this study may 
not be the same for the normal healthy group. Second, the 
use of steroids is a risk factor for arterial stiffness. However, 
we could only provide data on the frequency with which 
steroids were used, and there were limited data on the dura-
tion and dosage of the steroids. However, most patients do 
not have prolonged use of steroids or NSAIDs when they 
have gout attacks, because they show rapid improvement. 
Therefore, the use of steroids in this study did not seem 
to have a significant effect on arterial stiffness. Third, we 
included patients who had already been treated with uric 
acid-lowering agents at the time of enrollment; thus, data on 
the disease duration and uric acid-lowering treatment dura-
tion might not have been accurate. Fourth, if we could have 
analyzed the differences between patients taking allopuri-
nol and those taking febuxostat, it would have been more 
beneficial in our data and analysis. However, most of the 
patients in our study were taking febuxostat and there was 
a limitation of the analysis. In Korea, febuxostat is mainly 
used to treat gout. Because many Koreans have the HLA-
B*5801 allele associated with allopurinol hypersensitivity 
[25]. Fifth, there was a difference in age between patients 
with tophi and those without tophi. However, the presence 
of tophi could predict an increase in vascular stiffness even 

after excluding the influence of age. In collinearity statistics, 
all variance inflation factors were less than 10, and multi-
collinearity was not observed. Finally, most patients were 
treated with febuxostat; thus, we could not compare the 
effects of different types of uric acid-lowering drugs.

Although the present study had limitations, the study 
might indicate that actual clinical data can be obtained by 
analyzing patients who have already been treated or who 
have been newly diagnosed with gout.

In conclusion, the presence of tophi is an independent 
predictor of increased vascular stiffness in patients with 
gout. Therefore, very strict control of CVD risk factors is 
needed in the treatment of patients with tophi. Moreover, 
efforts should be made to prevent the development of tophi 
in patients with gout. Thus, future studies investigating the 
target uric acid level are necessary to prevent the occurrence 
of CVD.

Author contributions  Conceptualization: WSJ and JHC. Data cura-
tion: WSJ. Formal analysis: WSJ, JHC, and JGL. Investigation: WSJ 
and JHC. Methodology: WSJ and JHC. Resources: JHC. Supervision: 
JHC, SJJ, and JSK. Writing—original draft: WSJ. Writing—review and 
editing: WSJ, JHC, SJJ, and JSK.

Funding  None.

Compliance with ethical standards 

Conflict of interest  WooSeong Jeong, Seung-Jae Joo, Jinsoek Kim, 
Jae-Geun Lee, and Joon Hyouk Choi declare that they have no conflict 
of interest.

Ethical standards  This hospital-based observational study was 
approved by the ethical committee of the institutional review board 
of Jeju National University Hospital, and all participants provided 
informed and written consent.

References

	 1.	 Choi HK, Mount DB, Reginato AM (2005) Pathogenesis of gout. 
Ann Intern Med 143(7):499–516

	 2.	 Kuo C-F, Grainge MJ, Zhang W, Doherty M (2015) Global epide-
miology of gout: prevalence, incidence and risk factors. Nat Rev 
Rheumatol 11:649. https​://doi.org/10.1038/nrrhe​um.2015.91

	 3.	 Krishnan E, Svendsen K, Neaton JD, Grandits G, Kuller LH 
(2008) Long-term cardiovascular mortality among middle-aged 
men with gout. Arch Intern Med 168(10):1104–1110. https​://doi.
org/10.1001/archi​nte.168.10.1104

	 4.	 Choi HK, Curhan G (2007) Independent impact of gout on mortal-
ity and risk for coronary heart disease. Circulation 116(8):894–
900. https​://doi.org/10.1161/circu​latio​naha.107.70338​9

	 5.	 Kuo CF, See LC, Luo SF, Ko YS, Lin YS, Hwang JS, Lin CM, 
Chen HW, Yu KH (2010) Gout: an independent risk factor for all-
cause and cardiovascular mortality. Rheumatol (Oxford, England) 
49(1):141–146. https​://doi.org/10.1093/rheum​atolo​gy/kep36​4

https://doi.org/10.1038/nrrheum.2015.91
https://doi.org/10.1001/archinte.168.10.1104
https://doi.org/10.1001/archinte.168.10.1104
https://doi.org/10.1161/circulationaha.107.703389
https://doi.org/10.1093/rheumatology/kep364


1255Rheumatology International (2019) 39:1249–1255	

1 3

	 6.	 Chien KL, Hsu HC, Sung FC, Su TC, Chen MF, Lee YT (2005) 
Hyperuricemia as a risk factor on cardiovascular events in Tai-
wan: the Chin-Shan Community Cardiovascular Cohort Study. 
Atherosclerosis 183(1):147–155. https​://doi.org/10.1016/j.ather​
oscle​rosis​.2005.01.018

	 7.	 Tsai WC, Huang YY, Lin CC, Li WT, Lee CH, Chen JY, Chen JH 
(2009) Uric acid is an independent predictor of arterial stiffness in 
hypertensive patients. Heart Vessels 24(5):371–375. https​://doi.
org/10.1007/s0038​0-008-1127-9

	 8.	 Chuang SY, Chen JH, Yeh WT, Wu CC, Pan WH (2012) Hyper-
uricemia and increased risk of ischemic heart disease in a large 
Chinese cohort. Int J Cardiol 154(3):316–321. https​://doi.
org/10.1016/j.ijcar​d.2011.06.055

	 9.	 Clarson LE, Chandratre P, Hider SL, Belcher J, Heneghan C, 
Roddy E, Mallen CD (2015) Increased cardiovascular mortality 
associated with gout: a systematic review and meta-analysis. Eur 
J Prevent Cardiol 22(3):335–343. https​://doi.org/10.1177/20474​
87313​51489​5

	10.	 Fantin F, Mattocks A, Bulpitt CJ, Banya W, Rajkumar C (2007) 
Is augmentation index a good measure of vascular stiffness in the 
elderly? Age Ageing 36(1):43–48. https​://doi.org/10.1093/agein​
g/afl11​5

	11.	 Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio 
C, Hayoz D, Pannier B, Vlachopoulos C, Wilkinson I, Struijker-
Boudier H (2006) Expert consensus document on arterial stiff-
ness: methodological issues and clinical applications. Eur Heart 
J 27(21):2588–2605. https​://doi.org/10.1093/eurhe​artj/ehl25​4

	12.	 Vlachopoulos C, Aznaouridis K, Stefanadis C (2010) Prediction 
of cardiovascular events and all-cause mortality with arterial stiff-
ness: a systematic review and meta-analysis. J Am Coll Cardiol 
55(13):1318–1327. https​://doi.org/10.1016/j.jacc.2009.10.061

	13.	 Mehta T, Nuccio E, McFann K, Madero M, Sarnak MJ, Jalal 
D (2015) Association of uric acid with vascular stiffness in the 
Framingham heart study. Am J Hypertens 28(7):877–883. https​
://doi.org/10.1093/ajh/hpu25​3

	14.	 Vlachopoulos C, Xaplanteris P, Vyssoulis G, Bratsas A, Baou 
K, Tzamou V, Aznaouridis K, Dima I, Lazaros G, Stefanadis 
C (2011) Association of serum uric acid level with aortic stiff-
ness and arterial wave reflections in newly diagnosed, never-
treated hypertension. Am J Hypertens 24(1):33–39. https​://doi.
org/10.1038/ajh.2010.111

	15.	 Ishizaka N, Ishizaka Y, Toda E, Hashimoto H, Nagai R, Yamakado 
M (2007) Higher serum uric acid is associated with increased arte-
rial stiffness in Japanese individuals. Atherosclerosis 192(1):131–
137. https​://doi.org/10.1016/j.ather​oscle​rosis​.2006.04.016

	16.	 Saijo Y, Utsugi M, Yoshioka E, Horikawa N, Sato T, Gong YY, 
Kishi R (2005) Relationships of C-reactive protein, uric acid, 
and glomerular filtration rate to arterial stiffness in Japanese sub-
jects. J Hum Hypertens 19(11):907–913. https​://doi.org/10.1038/
sj.jhh.10019​13

	17.	 Angalla R, Mounir A, Driouich S, Abourazzak FZ, Harzy 
T (2016) Chronic tophaceous gout. QJM Mon J Assoc Phys 
109(10):681–682. https​://doi.org/10.1093/qjmed​/hcw08​3

	18.	 Choi JH, Kim J (2017) Augmentation index in connective tissue 
diseases. J Rheum Dis 24(4):185–191

	19.	 Rott KT, Agudelo CA (2003) Gout. JAMA 289(21):2857–2860. 
https​://doi.org/10.1001/jama.289.21.2857

	20.	 Song JS (2010) Clinical manifestations and diagnosis of gout. J 
Korean Med Assoc 53(8):695–704

	21.	 Roman MJ, Devereux RB, Kizer JR, Lee ET, Galloway JM, Ali 
T, Umans JG, Howard BV (2007) Central pressure more strongly 
relates to vascular disease and outcome than does brachial 
pressure: the Strong Heart Study. Hypertension (Dallas, Tex : 
1979) 50(1):197–203. https​://doi.org/10.1161/hyper​tensi​onaha​
.107.08907​8

	22.	 Yang L, Qin B, Zhang X, Chen Y, Hou J (2017) Association of 
central blood pressure and cardiovascular diseases in diabetic 
patients with hypertension. Medicine 96(42):e8286–e8286. https​
://doi.org/10.1097/MD.00000​00000​00828​6

	23.	 Perez-Ruiz F, Martinez-Indart L, Carmona L, Herrero-Beites AM, 
Pijoan JI, Krishnan E (2014) Tophaceous gout and high level of 
hyperuricaemia are both associated with increased risk of mortal-
ity in patients with gout. Ann Rheum Dis 73(1):177–182. https​://
doi.org/10.1136/annrh​eumdi​s-2012-20242​1

	24.	 Headley S, Germain M, Wood R, Joubert J, Milch C, Evans E, 
Poindexter A, Cornelius A, Brewer B, Pescatello LS, Parker 
B (2014) Short-term aerobic exercise and vascular function in 
CKD stage 3: a randomized controlled trial. Am J Kidney Dis 
64(2):222–229. https​://doi.org/10.1053/j.ajkd.2014.02.022

	25.	 Quach C, Galen BT (2018) HLA-B*5801 testing to prevent 
allopurinol hypersensitivity syndrome: a teachable moment. 
JAMA Int Med 178(9):1260–1261. https​://doi.org/10.1001/jamai​
ntern​med.2018.3556

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.atherosclerosis.2005.01.018
https://doi.org/10.1016/j.atherosclerosis.2005.01.018
https://doi.org/10.1007/s00380-008-1127-9
https://doi.org/10.1007/s00380-008-1127-9
https://doi.org/10.1016/j.ijcard.2011.06.055
https://doi.org/10.1016/j.ijcard.2011.06.055
https://doi.org/10.1177/2047487313514895
https://doi.org/10.1177/2047487313514895
https://doi.org/10.1093/ageing/afl115
https://doi.org/10.1093/ageing/afl115
https://doi.org/10.1093/eurheartj/ehl254
https://doi.org/10.1016/j.jacc.2009.10.061
https://doi.org/10.1093/ajh/hpu253
https://doi.org/10.1093/ajh/hpu253
https://doi.org/10.1038/ajh.2010.111
https://doi.org/10.1038/ajh.2010.111
https://doi.org/10.1016/j.atherosclerosis.2006.04.016
https://doi.org/10.1038/sj.jhh.1001913
https://doi.org/10.1038/sj.jhh.1001913
https://doi.org/10.1093/qjmed/hcw083
https://doi.org/10.1001/jama.289.21.2857
https://doi.org/10.1161/hypertensionaha.107.089078
https://doi.org/10.1161/hypertensionaha.107.089078
https://doi.org/10.1097/MD.0000000000008286
https://doi.org/10.1097/MD.0000000000008286
https://doi.org/10.1136/annrheumdis-2012-202421
https://doi.org/10.1136/annrheumdis-2012-202421
https://doi.org/10.1053/j.ajkd.2014.02.022
https://doi.org/10.1001/jamainternmed.2018.3556
https://doi.org/10.1001/jamainternmed.2018.3556

	Presence of tophi is a predictive factor of arterial stiffness in patients with gout
	Abstract
	Introduction
	Materials and methods
	Study design and patient selection
	Clinical evaluation
	Treatment
	Arterial stiffness evaluation
	Statistical analysis

	Results
	Baseline clinical characteristics
	Augmentation index

	Discussion
	References




