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ABSTRACT: The current observational, prospective study enrolled 65 patients with gout, diagnosed according to
2015 ACR/EULAR criteria [17], evaluated in Rheumatology Clinic, Emergency County Hospital Craiova, and 40 healthy
subjects. This research aimed to determine the presence of subclinical carotid atherosclerosis, revealed by an
increased intima media thickness and carotid plaques in gout patients, by US examination. Secondary, we aimed to
search for the possible correlations displayed between the presence of subclinical carotid atherosclerosis and several
disease variables. CCAIMT over 0.9mm was identified for 19 patients (29.23%), percentage statistically significant
different compared to controls (7; 17.5%), p=0,0428. For 23 patients (35.38%) carotid plaques were present at US
examination, more prevalent compared to controls (19; 29.23%), p=0.002. Using multivariate logistic regression, we
pointed out that SUA (OR 2,103; p=0.0002), age (OR=1,051; p<0.001), disease duration (OR=1.740; p=0.0039) and
LDLc (OR=1,003; p=0.0029) were independently associated to an increased IMT in patients with gout, similar results
being obtained for carotid plaques. MSKUS was performed for all patients, with important results. The presence of
deposits associated with an increased risk of a thick IMT; similar results were obtained for double contour sign,
aggregates and tophi. A statistically significant risk was noticed for the presence of deposits (p=0.002). Regarding the
presence of carotid atheroma plaques, a higher risk was associated to deposits identification, double contour sign,
aggregates, tophi and PD signal. Our results sustain that carotid ultrasound is an easily accessible imagistic method
that offers important predictors of atherosclerotic status.
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Subclinical carotid atherosclerosis, and
notably atheroma plaques, associate an increased
cardiovascular risk with future development of

Introduction
Gout is a chronic articular pathology

consequent to the deposition of monosodium
urate crystals into and around the articular
structures [1].

Hyperuricaemia and gout are known to be
associated with a wide variety of severe
comorbidities, such as cardiovascular (CVD) and
renal disorders. Increased serum levels of uric
acid (SUA) have shown to contribute to
inflammation, oxidative stress and vascular
disease, with  subsequent atherosclerotic
microvascular changes, cardiovascular and
chronic kidney diseases [2,3].

Atherosclerosis is the major pathologic cause
that leads to cardiovascular disease (CVD),
mentioning myocardial infarction (MI) and
stroke, the main major cardiovascular events and
mortality factors in general population [4,5].

ischemic cerebral and coronary disease [6-9].

The prevalence of carotid atherosclerosis in
people with gout is reported between 29.1 to
48.9% [10-13], increased compared to the non-
gouty population.

Over the past years, the interplay between
CVD risk and gout, employed by epidemiological
and clinical studies, was stated to be etiologically
established, with a causative strong association
[11].

The relationship is multifaced and involves
multistep interactions between inflammation,
genetic input and oxidative stress, with
incompletely revealed act of cardiovascular and
renal components [11,14].

Urate has the initial role, by activation of
immune responses and gout flares. Regarding
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oxidative stress, urate seems to alter endothelial
function and rises future atherosclerotic risk
[14,15].

Several research studies showed the interplay
between hyperuricaemia and a several risk factors
associated to atherosclerotic process, as the
reduction in urate levels is proven to be related to
improvement these risk factors [16].

However, it is not completely described the
certain SUA level that can notably be considered
out of risk for cardiovascular events and future
researches involving newer urate-lowering agents
are being awaited to improve therapeutic
management for both gout and atherosclerosis.

The present study aimed to describe the type
and prevalence of subclinical carotid
atherosclerosis, revealed by an increased intima
media thickness and carotid plaques in gout
patients, by US examination. Secondary, we
aimed to search for correlations between the
presence of subclinical carotid atherosclerosis
and several disease variables. Thus, the results
can provide a possible multistep evaluation
pattern of gout patients, in order to optimize the
early detection of inherent cardiovascular risk
and improve the management of these patients.

Material and Methods

The current observational, prospective study
enrolled 65 patients diagnosed with gout
according to 2015 ACR/EULAR criteria [17],
evaluated in Rheumatology Clinic, Emergency
County Hospital Craiova, and 40 healthy
subjects, with no abnormalities in recent clinical
examination and no history of rheumatic
conditions,  with  similar ~ demographic
characteristics. We collected demographic data,
clinical and laboratory parameters from each
patient.

The presence of MetS was established in
agreement to the National Cholesterol Education
Program (NCP) Adult Treatment Panel (ATP) IlI
by the presence of three or more of the following
conditions:  increased waist circumference
(>102cm in men or >88cm in women, modified
with cutoff points for Asian population, which are
the same cutting points used in the National
Health Surveys of our country),
hypertriglyceridemia (triglycerides >150mg/dL),
high-density lipoprotein cholesterol (HDL-C)
(<40mg/dL in men or <50mg/dL in women),
hypertension (blood pressure >130/85mmHg),
and hyperglycemia (fasting levels of serum
glucose >100mg/dL) [18].

Ultrasound examination was performed using
an Esaote MyLab machine with a high frequency

linear probe (10-18MHz). The two sonographers
who carried out the vascular and musculoskeletal
ultrasound examinations and were blinded of
patients' clinical data.

Common carotid arteries were symmetrically
evaluated for measurement of IMT and detection
of atheroma plaques, according to the Mannheim
consensus [19].

A value over 0.9mm defined an increased
IMT.

Musculoskeletal ~ ultrasound ~ (MSKUS)
examination was performed following the
domains of elementary lesions of gout, according
to OMERACT definitions [20].

Inflammatory changes were assessed by the
presence of a local PD signal and were graded in
a semiquantitative score as 0-3 [21].

We evaluated the wrists regions (radiocarpal
and midcarpal), second metacarpophalangeal
(MCPs) and first metatarsophalangeal (MTPs)
joints, and triceps and patellar tendons and their
entheses [22].

For statistical analysis we employed
GraphPad Prism 5.5. Descriptive statistics are
presented as frequencies (n) and percentages (%)
for qualitative variables and as mean (standard
deviation) for parametric or non-parametric
quantitative variables, respectively. In order to
compare groups, we used t-test. Logistic
regression models were established for factors
screening and a multivariate logistic regression
model was developed using a forward-stepwise
mode. The variables screened by a multivariate
logistic regression model were combined with
following determination of receiver operating
characteristic (ROC) curve and areas under curve
(AUC). p<0.005 was considered significant.

The research has received the approval of
local Ethics Committee and all patients signed an
informed consent, after receiving a standard form
in which was specified the exclusive use of the
results for research purposes.

Results

Demographic and clinical characteristics
of the study group

The study group included 65 patients,
8 (12.30%) female and 57 (87.70%) males, with
a mean age of 58.61+8.12 years. For controls, we
registered a mean age of 55.3+6.21 years; most of
the participants of the control group were men
(37; 92.5%).

The characteristics of the study groups are
described in Table 1.
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Table 1. General characteristics of the study groups.

Gout controls

(N=65) (N=40) P
Age (years) 58.61; 8.12 55,3; 6.21 0.686
mean; SD
Disease duration (years) .
mean: SD 5.21;7.32
Gender
Male (N; %) 57;87.70 37:92.5% 0.788
Female (N; %) 8; 12.30% 3;7.5%

2

BMI (Kg/m?sc) 26.2:3.9 25.9: 4.1 0.072
mean; SD
Smoking (N; %) 32; 49.23% 18; 45% 0.041
Hypertension (N; %) 25; 38.45% 11; 27.5% 0.521
Blood glucose (mg/dl) 123.75 101.65 0.432
Diabetes (N; %) 15; 23.07% 6;15% 0.031
Metabolic syndrome . 0 . 9EQ
(N: %) 32;49.23% 10; 25% 0.073
ALT (U/L) 35;10.23 31;8.75 0.854
mean; SD
AST (.U/L) 33;7.85 31;8.91 0.756
mean; SD
GGT (mg/dl) ] .
mean; SD 46.75; 71.23 41.32; 61.32 0.852
FAL (.mg/dl) 98.8; 56.21 91.23;32.21 0.853
mean; sd
Creatinine (mg/dl) 1.21;2.23 1.09; 1.01 0.041
mean; SD e e et :
SUA (mg/dl) ) ]
mean: SD 4.21; 3.22 4.41; 2.23 0.043
TC (mg/di) 264.0:4830  244.2;55.12 0.055
mean; SD
LDLC. (mgfd) 191.1; 43.10 172.1;55.99 0.053
mean; SD
HDLc (mg/di) 47.51; 47.51 43.21;39.21 0.076
mean; SD
TG (mg/di) 151.45: 4322  143.32; 45.32 0.071
mean; SD
ESR (.mm/h) 11.02;19.12 8.04; 11.23 0.044
mean; SD
CRP (mg/dl) 8.9: 11.27 3.6:3.21 0.021
mean; SD

BMI: body mass index; ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl-

transferase; ALP: alkaline phosphatase; TG: triglycerides; TC: total cholesterol; HDLC: high-density lipoprotein cholesterol;

Comparison of IMT and carotid plaque

between patients with gout and controls
CCAIMT over 0.9mm was

19 patients (29.23%), percentage statistically

significant
(7; 17.5%), p=0,0428 (Figure 1A).

Mean value registered for gout was 0,8663
mm  (limits 0.5-1.9mm) (Figure 1B) as for
controls 0,7763 mm (0.49-1.2mm).

identified for

different

compared

LDLC: low-density lipoprotein cholesterol; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.

to controls
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Figure 1. A. Comparison of mean IMT for gout and controls; B. IMT distribution in gout patients.

For 23 patients (35.38%) carotid plaques were

present at US examination, more prevalent
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compared to controls (19; 29.23%), p=0.002
(Figure 2A).
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(29.23%)
7
(17.5%)
Gout Controls

Figure 2. A. Carotid plaques distribution for gout and controls. B. IMT>0.9mm for gout and controls.

Factors related to an increased IMT and
carotid plaques in patients with gout

Analyzing the possible input of certain
variables on the presence of an increased IMT, we
reckoned an OR of 1.218 (CI 0,219-6,547) for
CRP, 1.050 for ESR (CI 0.319-5.217), 1.83 for
the presence of HTA (Cl 0.217-4.371) and 3.38
for metabolic syndrome (ClI 0.371-6.512),
p=0.0243). We didn't obtain any association
between SUA and augmented risk for an
increased IMT in our study group.

Multivariate logistic regression pointed out
that SUA (OR 2.103; p=0.0002), age (OR=1.051;
p<0.001), disease duration (OR=1.740;
p=0.0039) and LDLc (OR=1,003; p=0.0029)
were independently associated to an increased
IMT in patients with gout (Table 2).

The association of these independent factors
(age, disease duration, SUA and LDLc) was able
to perform the differentiation between gout
patients with an increased IMT from those with a
normal value (AUC 0.823; 95% CI 0.7068-
0.9410; p<0.0001) (Figure 3A).
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Figure 3. Multivariate logistic regression model for A. IMT>0.9mm; B. carotid plaques.

Table 2. Multivariate logistic regression for
IMT>0.9mm.

OR 95% Cl p
Age (vears) 1051 0,9582-1,157  <0.001
Disease duration 2,01 (39361342  0.0391
(years)
SUA (mg/dl) 2103 14243435  0.0002
LDLc(mg/dl)  1.003  0,9889-1,017 _ 0.0029

In regards to the presence of carotid plaques,
our statistical analysis indicated that hypertension
(OR 2.25), diabetes mellitus (OR 2.25), ESR (OR
1.21) and blood glucose (OR 1.71) were
associated to this finding. In contrast, SUA and
BMI showed an association with a lower risk for
the presence of carotid atheroma plaques.

Multivariate logistic regression showed that
SUA (OR 2.013; CI 1.424-3.435), age (or 1.051;
Cl 0.9582-1.157), TG (OR 1.003; 0.9889-1.017)
and the presence of tophi (OR 0.7401; CI 0.393-
1.342) were independently associated to the
presence of carotid plaques (Table 3).

The combination of the aforementioned
factors was an important discriminator for the
presence of atheroma carotid plaques (AUC

Table 3. Multivariate logistic regression for carotid

plaques.
OR 95% CI p
Age (years) 1.051  0.9582-1.157  <0.001
Tophi 0.7401  0.3936-1.342  0.0391
SUA (mg/dl)  2.103 1.424-3.435 0.0002
TG (mg/dl) 1.003  0.9889-1.017  0.0029

Musculoskeletal ultrasound (MSKUS)
characteristics

We performed ultrasound examination to all
patients, following OMERACT definitions. The
presence of crystal deposits was revealed for all
patients, with a mean sum of locations of 3.646
for deposits (limits 0-10), 1.477 for double
contour sign (limits 0-5), 2.8 for aggregates
(limits 0-10), 3.50 for tophi (limits 0-11) and
0.907 for PD signal (limits 0-5).

The presence of deposits related to an
increased risk of a thick IMT (calculated OR.
1.061; 95% CI 0.95-1.27); similar results were
obtained for double contour sign (OR 1.112; 95%
Cl 0.78-1.71), aggregates (OR 1.051; 95% CI
0.9-1.21) and tophi (OR 1.214; 95% CI 1.05-1.64.
A statistically significant risk was noticed for the
presence of deposits (p=0.002).

Regarding the presence of carotid atheroma
plaques, a higher risk was associated to deposits
identification (OR 2.112; 95% CI 0.91-2.78),
double contour sign (OR 1.1; 95% CI 0.59-1.61),
aggregates (OR 1.02; 95% CI 0.88-1.19), tophi
(OR 1.740; 95% CI 1.05-1.64) and PD signal (OR
1.57; 95% CI 1.09-2.41). Statistically significant
results must be mentioned for tophi (p=0.002)
and PD signal (p=0.001) (Table 4).

0.865; 95% CI 0.7780-0.9529; p<0.0001)
(Figure 3B).
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Table 4. Comparison of MSKUS characteristics for patients with IMT>0.9mm and carotid plagues.

IMT>0.9mm Atheroma plaques
(19 patients) (23 patients)
Mean Rande OR OR
(SD) 9 (95% cI) P (95% ClI) P
: 3,646 1.061 2,112
Deposits @786) "% esror) %92 (og1278 0723
. 1,477 1.112 1.1
Double contour sign (1511) 0-5 (0.78-1.71) 0.821 (0.59-1.61) 0.621
2,800 1.051 1.02
Aggregates @2.711) 0-10 (0.9-1.21) 0.071 (0.88-1.19) 0.021
. 3,508 1.214 1,740
Tophi oo8) M (099146 0082 (105164 0002
. 0,9077 0.756 1.57
PD signal >1 (L378) 05 04125 0281 (1ogpany 0001
. . 3.38 for MetS. The serum level of UA was not
Discussion related to a higher risk of an increased IMT in our
Gout represents a complex pathology, study group. Multivariate logistic regression

unraveled with each investigation, with potential
severity consequent not only from its continuous
destructive evolution, but also via its several
comorbidities that share a common pathogenesis
[23-25].

The complex orchestration between gout and
CVD has been extensively studied and researches
have focused on the synergic effect of both
disease related and demographic variables of
gout, with fundamental results that enable a
proper evaluation and prompt prevention of
future cardiovascular events [25-29].

Cutting edge studies revealed that the
percentage of an increased IMT varies from 18%
to 33% [30,31]. Our results showed a prevalence
of 29.23%, percentage statistically significant
different compared to controls, p=0,0428.
Statistical analysis also noticed the presence of
carotid plaques for 23 patients (35.38%) at US
examination, more prevalent compared to
controls (19; 29.23%), p=0.002.

In contrast to our findings, the study of
Calaburg et al. reported a higher percentage
(59.2%) [30], similar to Hammer et al. in 2021
(54.9%) [31]; similar results (34.6%) were
published in 2024 by Dang et al. [32] and in 2017
by Gancheva et al. [33].

Our data also pointed out a significant
difference between patients and controls,
underlining the effect of systemic inflammation
and associated comorbidities on atherosclerosis
pathways and the occurrence of both carotid
plaques and an increased IMT.

Analyzing the possible input of certain
variables on the presence of an increased IMT, we
reckoned an increased risk associated to high
levels of inflammatory markers, hypertension

pointed out that SUA, age, disease duration and
LDLc constitute independently factors associated
to an increased IMT in patients with gout. The
association of these independent factors (age,
disease duration, SUA and LDLc) was able to
perform the differentiation between gout patients
with an increased IMT from those with a normal
value.

In regards to the presence of carotid plaques,
our statistical analysis indicated  that
hypertension, diabetes mellitus, ESR and blood
glucose were associated to this finding. In
contrast, SUA and BMI showed an association
with a lower risk for the presence of carotid
atheroma  plaques.  Multivariate  logistic
regression showed that SUA (OR, age, disease
duration, TG were independent variables related
to the presence of -carotid plaques. The
combination of the aforementioned factors was
an important discriminator for the presence of
atheroma carotid plaques in gout. Similar
observations were reported in literature, by Dang
et al. in 2024 [32] or Friedlander et al. in 2017
[34].

MetS, a cluster of metabolic and
cardiovascular risk factors is found with variable
percentages among patients with gout, as well as
in autoimmune rheumatic diseases [36].

Metabolic alterations represent another start
point for systemic inflammation state, with an
altered pattern of adipokines secretion, that inputs
an additional risk of cardiovascular disease and
conducts the appearance of future morbidity and
mortality rates [36].

Pivotal research unfolded the connection
between cardiovascular diseases and gout, via its
both inflammatory and metabolic components,

10.12865/CHSJ.50.02.13

279



Cristina Dorina Parvanescu et al. - Subclinical Atherosclerosis in a Gout Cohort: Prevalence and Associations

with hyperuricemia as a promoter of a continuous
inflammatory status, hypertension and inherent
cardiovascular pathology, lipid and glucose
metabolism disorders [35].

As SUA was not proven to be directly related
to either an increased IMT or the presence of
atheroma carotid plaques in our cohort, the proper
therapeutic management of hyperuricemia is
certainly an indicator of this finding. Other
published reports are inconsistent regarding the
direct association of SUA with carotid
atherosclerosis, with registered results indicating
an association by Cicero et al. [37], or, in
contrast, no association reported in 2020 by
Drivelegka et al. [38] or Dang et al. [32].

However, as the studies enrolled patients
using hyperuricemia as a criterion, and not the
diagnosis of gout, the divergent results might be
biased by lack of certain metabolic comorbidities
and risk factors. Hyperuricemia is closely related
to CVD risk, without being completely elucidated
its only input on the traditional risk factors or a
causative role of itself.

MSKUS evaluation is at utmost importance
for clinical practice and offers the advantage of
being an easily reproducible cost-effective
method, with valuable findings both for
diagnostic purposes as for therapeutic response
follow up [39].

Ultrasound was performed for all of our
patients, revealing certain important data. A point
of our research focused on identifying the
MSKUS parameters associated to the presence of
subclinical carotid atherosclerosis. The presence
of deposits was related to an increased risk of a
thick IMT, with a noTable risk (p=0.002) and
similar results were obtained for double contour
sign, aggregates and tophi. Regarding the
presence of carotid atheroma plaque, a higher risk
was associated to deposits identification, double
contour sign, aggregates, tophi and PD signal.
Statistically significant results must be mentioned
for tophi (p=0.002) and PD signal (p=0.001),
findings that sustain the impact of disease burden
and inflammatory status on cardiovascular risk
and future outcome. Literature research showed
semblable reports [30,40].

The obtained results sustain a certain
relationship between the presence of crystals
revealed by US and subclinical carotid
atherosclerosis, findings advocated by current
state of art regarding atherosclerosis. It is difficult
to state a certain interdependence between the
variables, as larger cohorts and multiple follow-
up evaluations are required in order to validate
the results.

Conclusion

The interplay between inflammatory status
and metabolic disturbances found in gout patients
inputs a certain caution and early detection of
associated  pathologies, with  focus on
cardiovascular ones, associated with major
cardiovascular events.

Carotid ultrasound is an easily accessible
imagistic method that offers important predictors
of atherosclerotic status.

Ultrasonographic detection of urate crystals
along with inflammatory changes, indicated by
the presence of PD signal and their relationship to
carotid ultrasound features underline the
occurrence of subclinical atherosclerosis and
sustain the close connectiveness between gout
and future cardiovascular events.

Although a remarkable upturn has been made
in preventing and therapeutic approach of gout,
the early and prompt identification of
comorbidities, especially cardiovascular ones,
remains challenging and future research remains
imperative.
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