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Factors associated with carotid 
intima‑media thickness progression 
in patients with asymptomatic 
hyperuricemia: insights 
from the PRIZE study
Yuichi Saito 1*, Atsushi Tanaka 2*, Tomoko Ishizu 3, Hisako Yoshida 4, Yoshiaki Kubota 5, 
Mamoru Nanasato 6, Munehide Matsuhisa 7, Yusuke Ohya 8, Yoshio Kobayashi 1, Koichi Node 2, 
the PRIZE Study Investigators *

Hyperuricemia is reportedly associated with the progression of carotid intima-media thickness (IMT), a 
surrogate of cardiovascular risks and events. However, factors associated with carotid IMT progression 
in patients with asymptomatic hyperuricemia are largely unknown. In this post-hoc analysis of the 
multicenter, randomized PRIZE study, we analyzed data from a total of 326 patients who underwent 
carotid ultrasonography in a blind manner at baseline and 24 months to evaluate carotid IMT. Mean 
and maximum IMT at the common carotid artery (CCA) were measured at a central core laboratory. 
Factors related to the absolute change in mean and maximum IMT from baseline to 24 months 
were explored. Overall, the adjusted mean [0.0032 (− 0.0214 to 0.0278) mm] and maximum [0.0011 
(− 0.0327 to 0.0351) mm] CCA-IMT increased numerically from baseline to 24 months. Multivariable 
analysis identified higher body mass index, history of atherosclerotic cardiovascular disease (ASCVD), 
and lower mean CCA-IMT at baseline as significant factors associated with the increase in mean 
CCA-IMT. In addition, older age and lower mean CCA-IMT at baseline were significant factors for an 
increased absolute change in the maximum CCA-IMT at 24 months. The present sub-analysis of the 
PRIZE study showed higher body mass index, history of ASCVD, and older age as significant factors 
associated with CCA-IMT progression in patients with asymptomatic hyperuricemia. These factors 
may be considered when identifying the possible risk of atherosclerotic progression in this specific 
patient population of hyperuricemia.

Trial registration: UMIN000012911 and UMIN000041322.
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ASCVD	� Atherosclerotic cardiovascular disease
BMI	� Body mass index
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Uric acid has significant roles in gout and kidney stone formation. Beyond crystalline arthropathy and uro-
lithiasis, an elevated serum uric acid (SUA) level may be associated with the development of cardiometabolic 
and cardiovascular diseases, such as hypertension, insulin resistance, chronic kidney disease, heart failure, and 
coronary artery disease1. Although a causal effect of hyperuricemia on atherosclerotic progression has long been 
a subject of investigation and debate, an elevated SUA level is at least considered an indicator of cardiovascular 
events1. In this context, elevated SUA levels are reportedly associated with carotid intima-media thickness (IMT) 
progression2–4, a surrogate marker of cardiovascular risk and events5,6, in healthy individuals and patients with 
several risk factors. In addition to conventional cardiovascular risk factors, including hypertension, hyper-
cholesteremia, diabetes, and smoking, hyperuricemia has been shown to be an independent predictor of IMT 
progression7–10. However, few previous investigations have focused on hyperuricemic patients without gout, and 
predictors of IMT progression in this specific population are largely unknown. In the present study, we aimed to 
evaluate factors associated with carotid IMT progression in patients with asymptomatic hyperuricemia.

Methods
Study design and participants.  This was a post-hoc analysis of the PRIZE (program of vascular evalu-
ation under uric acid control by xanthine oxidase inhibitor, febuxostat: multicenter, randomized controlled) 
study, a prospective, open-label, blinded-endpoint clinical trial (University Hospital Medical Information Net-
work Clinical Trial Registry; UMIN000012911 and UMIN000041322). The detailed study protocol and design 
are available in previous publications11–14. The study was conducted in accordance with the Declaration of Hel-
sinki, and the study protocol was approved by the Ethics Committee Saga University Hospital (2013-10-02 and 
2020-05-R01). Written informed consent for the PRIZE study was obtained from all participants.

Individuals were eligible for the PRIZE study when their SUA level was > 7.0 mg/dl and the maximum IMT 
of the common carotid artery (CCA) was ≥ 1.1 mm at screening. Patients who received SUA-lowering agents 
within the 8-week period prior to assessment of eligibility and had gouty tophus or symptoms of gouty arthritis 
within one year were excluded. Patents with hyperuricemia and not receiving SUA-lowering agents or showing 
significant carotid plaques were randomly allocated in a 1:1 ratio to receive febuxostat, a xanthine oxidase inhibi-
tor, and appropriate lifestyle modification for hyperuricemia (febuxostat group) or lifestyle modification alone 
(control group). Randomization was stratified according to age (< 65 or ≥ 65 years), sex, diabetes, SUA level (< 8.0 
or ≥ 8.0 mg/dl), and maximum CCA-IMT (< 1.3 or ≥ 1.3 mm). Participants allocated to receive febuxostat were 
treated with an initial dose of 10 mg daily, followed by an increase to 20 mg daily at one month and an increase 
to 40 mg daily at two months, if tolerated. Although a dose of 40 mg daily was targeted as the maintenance dose, 
it could be increased up to 60 mg daily at three months or later. Major exclusion criteria for the present sub-
analysis were lack of carotid IMT measurement at baseline and/or 24 months and missing baseline data (Fig. 1). 
Thus, a total of 326 patients were included in this sub-analysis.

Carotid IMT measurement.  According to the standard protocol, the carotid IMT images were recorded 
by a dedicated sonographer using high-resolution carotid ultrasonography with a > 7.5-MHz liner transducer 

Figure 1.   Study flow. BMI body mass index, CRP C-reactive protein, eGFR estimated glomerular filtration rate, 
IMT intima-media thickness.
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at each study site and were read by an experienced analyzer at a central core laboratory in a blinded manner. 
IMT measurement was performed in accordance with the Japan Society of Ultrasonics in Medicine and the 
Japan Academy of Neurosonology using an automated IMT measurement software program (Vascular Research 
Tools 5, Medical Imaging Applications LLC, Coralville, USA)15. Longitudinal B-mode images of each CCA were 
obtained, and mean CCA-IMT was determined within a 10-mm region proximal to the origin of the bulb to 
obtain the averaged thickness of carotid plaque. Maximum CCA-IMT was also evaluated within the region. The 
mean and maximum IMT values on the left and right sides were averaged at baseline and at 24 months. The 
absolute change from baseline to 24 months was calculated.

Definitions.  In the present analysis, hypertension was defined as having a previous diagnosis of hyperten-
sion (office systolic blood pressure ≥ 140 mm Hg and/or diastolic blood pressure ≥ 90 mm Hg) or previous anti-
hypertensive medications, according to the guidelines16. Diabetes was defined as a previous diagnosis of diabetes 
(glycated hemoglobin ≥ 6.5%, fasting plasma glucose ≥ 126 mg/dl, or 2-h plasma glucose after 75-g oral glucose 
tolerance test ≥ 200 mg/dl, or a random plasma glucose ≥ 200 mg/dl) or previous glucose-lowering medications, 
based on the guidelines17. Dyslipidemia was defined as a previous diagnosis of dyslipidemia or previous lipid-
lowering medications. Atherosclerotic cardiovascular disease (ASCVD) included coronary artery disease (a 
composite of a previous diagnosis of angina pectoris and myocardial infarction or a history of percutaneous 
coronary intervention and coronary artery bypass grafting) and cerebrovascular disease (a previous diagnosis 
of ischemic stroke and transient ischemic attack). Patients were divided into two groups according to age (≥ 75 
vs. < 75 years), body mass index (BMI) (≥ 25 vs. < 25), and the presence or absence of ASCVD.

Study endpoint and statistical analysis.  The primary endpoint of this sub-analysis was the absolute 
change in mean CCA-IMT from baseline to 24 months. The absolute change in maximum CCA-IMT from base-
line to 24 months was also evaluated. Factors associated with IMT progression in patients with hyperuricemia 
were explored.

Statistical analysis was performed using R statistical software version 4.0.2 (R Foundation for Statistical 
Computing, Vienna, Austria). All continuous data are expressed as median [interquartile range], and categorical 
data are shown as frequency (%). Multivariable analysis was performed using a multiple linear regression model 
for identifying factors associated with the absolute change in mean and maximum CCA-IMT from baseline to 
24 months. Non-standardized and standardized regression coefficients were evaluated, and an adjusted change 
in CCA-IMT from baseline to 24 months with a 95% confidence interval was determined. Twelve factors report-
edly associated with IMT progression, including age, sex, BMI, hypertension, diabetes, dyslipidemia, smoking, a 
history of ASCVD, renal function (assessed with estimated glomerular filtration rate), SUA level, high-sensitivity 
C-reactive protein level, and baseline mean CCA-IMT were included into the multivariable model in addition 
to the study allocation3,4,18–27. Because the C-reactive protein level was not normally distributed, it was log-
transformed in the multivariable analysis. A p-value of < 0.05 was considered statistically significant.

Ethics approval and consent to participate.  The study was conducted in accordance with the Declara-
tion of Helsinki, and the study protocol was approved by the local institutional review boards and independent 
ethic committees at all sites. Written informed consent for the PRIZE study was obtained from all participants.

Results
From May 2014 to June 2016, a total of 514 patients were enrolled in the PRIZE study and were randomized to 
either the febuxostat group (n = 257) or the control group (n = 257), among whom 326 (63.4%) were included 
in the present analysis. Baseline characteristics are shown in Table 1. Median age was 70 [63, 76] years, men 
accounted for more than 80% of the analysis population, and cardiovascular risk factors were prevalent. More 
than one-third of the population had a history of ASCVD, and patients were well treated with medications, 
including antiplatelet and lipid-lowering agents (Table 1). During the study period, 3 of 326 (0.9%) patients 
developed gout, all of whom were in the control group.

Overall, the mean [from 0.81 (0.73, 0.93) mm to 0.81 (0.72, 0.93) mm] and maximum [from 1.01 (0.91, 1.16) 
mm to 1.01 (0.89, 1.17) mm] CCA-IMT did not changed significantly from baseline to 24 months. Overall, the 
adjusted mean [0.0032 (− 0.0214 to 0.0278) mm] and maximum [0.0011 (− 0.0327 to 0.0351) mm] CCA-IMT 
increased numerically from baseline to 24 months.

Multivariable analysis identified higher BMI, a history of ASCVD, and a lower mean CCA-IMT at baseline as 
significant factors associated with an increased absolute change in mean CCA-IMT from baseline to 24 months 
(Table 2 and Table S1). In addition, older age and a lower mean CCA-IMT at baseline were significant risk factors 
for an increased absolute change in maximum CCA-IMT (Table 3 and Table S2). In the multivariable analysis for 
the increase in maximum CCA-IMT, higher BMI and a history of ASCVD were not significantly associated with 
IMT progression (Table 3 and Table S2). Figure 2 displays the correlations of mean and maximum CCA-IMT 
with age and BMI. The adjusted absolute difference of change in mean and maximum CCA-IMT in age, BMI, 
and ASCVD categories are shown in Table S3 and S4. Patients aged ≥ 75 years with BMI ≥ 25 and ASCVD (n = 23) 
had an increase in mean CCA-IMT at 24 months [0.053 (0.009 to 0.097) mm], while mean CCA-IMT was not 
significantly changed during the follow-up period in those aged < 75 years with BMI < 25 and no ASCVD (n = 86) 
[0.003 (− 0.032 to 0.038) mm], with a significant between-group difference [0.050 (0.013 to 0.087) mm, p = 0.008].
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Discussion
In the multicenter, prospective, randomized, controlled PRIZE study, mean and maximum CCA-IMT were ana-
lyzed in patients with asymptomatic hyperuricemia in a blinded manner at a central core laboratory at baseline 
and 24 months. In the present post-hoc analysis, higher BMI, a history of ASCVD, and older age were identified 
as factors related to IMT progression, confirming the importance of conventional risk markers in this specific 
population. To our knowledge, this is the first study to investigate factors associated with the development of 
carotid atherosclerosis in asymptomatic hyperuricemic patients.

Table 1.   Baseline characteristics. Values are expressed as median [interquartile range] or number (%). 
ACE-I angiotensin converting enzyme inhibitor, ARB angiotensin II receptor blocker, ASCVD atherosclerotic 
cardiovascular disease, hs-CRP high-sensitivity C-reactive protein, eGFR estimated glomerular filtration rate.

Variable All patients (n = 326)

Age, years 70 [63, 76]

Men 271 (83.1)

Body mass index, kg/m2 24.7 [22.6, 27.1]

Hypertension 292 (89.6)

Diabetes 126 (38.7)

Dyslipidemia 194 (59.5)

Current smoking 41 (12.6)

ASCVD 114 (35.0)

Coronary artery disease 97 (29.8)

Cerebrovascular disease 22 (6.7)

eGFR, ml/min/1.73 m2 55.0 [46.2, 66.7]

Serum uric acid, mg/dl 7.6 [7.1, 8.2]

hs-CRP, ng/ml 670.0 [340.8, 1630.0]

Medications at baseline

Antiplatelet agent 140 (42.9)

ACE-I or ARB 220 (67.5)

Calcium channel blocker 182 (55.8)

β-blocker 127 (39.0)

Diuretic 101 (31.0)

Statin 162 (49.7)

Ezetimibe 9 (2.8)

Oral hypoglycemic agent 102 (31.3)

Insulin 17 (5.2)

Table 2.   Multivariable analysis for the change in mean CCA-IMT. ASCVD atherosclerotic cardiovascular 
disease, CCA​ common carotid artery, eGFR estimated glomerular filtration rate, hs-CRP high-sensitivity 
C-reactive protein, IMT intima-media thickness.

Variable

Univariable Multivariable

Regression coefficient P value Regression coefficient P value

Age, per 10 years  − 0.001 0.82 0.010 0.11

Men 0.010 0.45 0.011 0.42

Body mass index, kg/m2 0.002 0.12 0.003 0.04

Hypertension  − 0.008 0.61  − 0.011 0.47

Diabetes  − 0.003 0.78 0.001 0.93

Dyslipidemia  − 0.008 0.40  − 0.008 0.45

Current smoking  − 0.024 0.11  − 0.022 0.14

ASCVD 0.008 0.46 0.023 0.04

eGFR, per 10 ml/min/1.73 m2 0.005 0.15 0.005 0.16

Serum uric acid, mg/dl  − 0.006 0.25  − 0.005 0.35

Log-hs-CRP, ng/ml  − 0.006 0.42  − 0.006 0.14

Baseline mean CCA-IMT, mm  − 0.010  < 0.001  − 0.012  < 0.001

Allocation to febuxostat group  − 0.005 0.61  − 0.003 0.79
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Carotid IMT, the thickness of the intimal and medial layer of the carotid artery wall, can be non-invasively 
measured by ultrasound imaging and has been used as a surrogate marker of early-stage atherosclerosis in daily 
practice and clinical studies5. In general, among numerous previous studies, mean CCA-IMT progression report-
edly ranges from 0 to 30 μm per year25,27. The European guidelines do not recommend systematic use of carotid 
IMT to improve risk assessment because of the lack of methodological standardization and the uncertainty of 

Table 3.   Multivariable analysis for the change in maximum CCA-IMT. ASCVD atherosclerotic cardiovascular 
disease, CCA​ common carotid artery, eGFR estimated glomerular filtration rate, hs-CRP high-sensitivity 
C-reactive protein, IMT intima-media thickness.

Variable

Univariable Multivariable

Regression coefficient P value Regression coefficient P value

Age, per 10 years 0.004 0.62 0.021 0.03

Men 0.009 0.69 0.013 0.56

Body mass index, kg/m2 0.004 0.11 0.004 0.06

Hypertension  − 0.033 0.21  − 0.040 0.13

Diabetes 0.016 0.34 0.020 0.25

Dyslipidemia  − 0.005 0.78  − 0.005 0.77

Current smoking  − 0.029 0.23  − 0.020 0.42

ASCVD 0.017 0.31 0.035 0.06

eGFR, per 10 ml/min/1.73 m2 0.005 0.38 0.010 0.15

Serum uric acid, mg/dl  − 0.009 0.27 0.009 0.15

Log-hs-CRP, ng/ml  − 0.001 0.88  − 0.006 0.37

Baseline mean CCA-IMT, mm  − 0.012  < 0.001  − 0.015  < 0.001

Allocation to febuxostat group  − 0.017 0.31  − 0.014 0.39

Figure 2.   Relation of age and BMI to change in mean and maximum CCA-IMT. BMI body mass index, CCA​ 
common carotid artery, IMT intima-media thickness.
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the added value of IMT in predicting future cardiovascular events28. However, a recent meta-analysis of 119 
randomized, controlled trials including 100,667 patients showed that carotid IMT progression was significantly 
associated with an increased risk of cardiovascular disease, and effects of interventions on carotid IMT regres-
sion or delayed progression improved outcomes5, supporting the usefulness of IMT on carotid ultrasonography 
as a surrogate marker in clinical trials, as in the PRIZE study. Previous studies have indicated that conventional 
cardiovascular risk factors, such as hypertension, diabetes, dyslipidemia, current smoking, and obesity, are 
related to carotid IMT progression in various populations5,27,29, and elevated SUA levels may be associated with 
the development of carotid atherosclerosis3,4,7–10. However, no studies have focused on patients with an elevated 
SUA level in investigating IMT progression.

A meta-analysis of 15 cross-sectional studies including 11,382 participants showed that SUA levels corre-
lated positively with carotid IMT4, but the present analysis and the original PRIZE study did not demonstrate a 
significant relationship between baseline SUA level and SUA-lowering therapy with febuxostat and carotid IMT 
progression. In a previous prospective longitudinal study that included patients with multiple cardiovascular risk 
factors in which core laboratory analysis was performed on carotid ultrasonography, faster IMT progression was 
observed in the group with elevated SUA levels (> 4.8 mg/dl for women and > 5.7 mg/dl for men) compared to 
their counterparts3. Given that the present analysis included only patients with elevated SUA levels (i.e. > 7.0 mg/
dl), the results may be reasonable. In a previous single-center, cross-sectional study, the presence of hyperurice-
mia was significantly associated with the increase in carotid IMT in patients with essential hypertension, par-
ticularly in women30. A meta-analysis showed that there was a significant correlation between carotid-femoral 
pulse wave velocity and SUA levels in hypertensive women but not in men31. Because men accounted for more 
than 80%, and approximately 90% of patients had hypertension in the present study, the association between 
elevated levels of SUA and IMT progression may have been unclear. In addition, in a healthy population, the 
relation of SUA to cardiovascular organ damage including carotid plaque formation remains to be established32.

Nevertheless, because patients with hyperuricemia are at a high risk of cardiovascular events1, the identifi-
cation of factors associated with the development of atherosclerosis is essential. In the present analysis, higher 
BMI, a history of ASCVD, and older age were identified as factors associated with IMT progression, while 
cardiovascular risk factors such as hypertension, diabetes, and dyslipidemia were not. It is important that the 
present study indicated higher BMI as a predictor of IMT progression, because obesity and hyperuricemia are 
closely associated based on both genetic and environmental factors33. Given that obesity is a modifiable risk 
factor and weight loss ameliorates cardiovascular risk, lifestyle intervention should be considered in patients 
with hyperuricemia to delay atherosclerosis34,35. In contrast to BMI, a history of ASCVD and older age are not 
modifiable. However, the identification of patients at high risk for IMT progression and future cardiovascular 
events may lead to intensive therapy, presumably resulting in improved clinical outcomes36,37. Interestingly, in 
addition to those three predictors, lower IMT at baseline was counterintuitively associated with IMT progres-
sion in the present study38, which may be explained by the fact that our study cohort had a relatively thin carotid 
plaques. Further studies are needed to clarify the impact of higher BMI, a history of ASCVD, and older age on 
carotid IMT progression and cardiovascular events in this specific population of patients with hyperuricemia.

The present analysis has several limitations. The PRIZE study was a prospective, randomized, controlled study, 
but the present analysis was conducted in a post-hoc fashion. Because most of participants in this study were 
Japanese, caution is warranted to interpret the results given the possible racial difference in the progression of 
carotid IMT39. A certain proportion of patients did not have IMT data at 24 months, resulting in the relatively 
small sample size. Nonetheless, standardized analysis of carotid ultrasonography at a central core laboratory was 
a study strength. Despite the entry criterion of CCA-IMT ≥ 1.1 mm, which may have affected the results and 
was measured at each participating hospital, the median maximum CCA-IMT at baseline evaluated by a core 
laboratory was < 1.1 mm, reinforcing the importance of organized and standardized IMT measurement. Since 
all patients included in the present study were asymptomatically hyperuricemic and none of them had a normal 
level of SUA at baseline, whether our results can be applied to populations with a normal SUA level is uncertain.

Conclusions
The present sub-analysis of the PRIZE study identified higher BMI, a history of ASCVD, and older age as factors 
associated with carotid IMT progression in patients with asymptomatic hyperuricemia. These factors may be 
considered when identifying the possible risk of atherosclerotic progression in this specific patient population 
of hyperuricemia.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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