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Abstract
Objective
The aim of this study was to investigate the predictive value of uric acid (UA) in prognosis of pulmonary artery
involvement (PAl) in patients with Takayasu’s arteritis (TAK).

Methods
A total of 166 TAK patients were enrolled in the study, including 76 with PAI and 90 without. Outcomes of 144 TAK
patients were followed up and recorded. The possible associations between serum UA levels and incidence of PAI in
TAK and PAl-related prognosis of TAK patients were examined using different statistical models.

Results
The serum UA levels were significantly higher in TAK patient with PAI than TAK patients without PAI. Multivariate
logistic regression analysis indicated that serum UA level =284.5 umol/L was associated with an increasing incidence
of PAl in TAK (OR: 2.108, 95% CI: 1.063 to 4.180; p=0.033). Kaplan-Meier survival analysis showed that TAK patients
with serum UA level =328.1 umol/L had a significantly higher cumulative incidence of PAl-related adverse events
compared to TAK patients with serum UA level <328.1 umol/L (p=0.008). Multivariate Cox proportional hazard
regression analysis revealed that serum UA level =328.1 umol/L (HR: 2.595, 95% CI: 1.198 to 5.622; p=0.016) was
a PAl-related prognostic risk factor for TAK.

Conclusion
Elevation of serum UA level was associated with an increasing risk of PAI and PAl-related adverse event in patients
with TAK, indicating its potential as a predictor for identification of PAI onset and worsening in TAK patients.
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Introduction

Takayasu arteritis (TAK) is a chronic,
large-vessel vasculitis that primarily af-
fects the aorta and its proximal branches
(1). It is an immune-mediated disease
(2) with a largely unknown aetiology.
Inflammation damages the artery wall,
leading to stenosis, occlusion and aneu-
rysm formation (1). TAK mostly affects
young people with an age onset peak at
20-30 years (3), is considerably more
common among females (3-6). In TAK,
pulmonary artery involvement (PAI) is
not uncommon with varying incidence
in different studies (7-11), ranging
from 6.3-66% (7-12), possibly due to
differences between study populations
and/or methods used for diagnosis (8).
Most patients of TAK with PAI were
diagnosed only when severe complica-
tions like pulmonary embolism, pulmo-
nary hypertension, or hypoxemia arise.
By this point, the pulmonary arterial
changes have progressed to severe nar-
rowing or occlusion, leading to a poor
prognosis. Thus, identifying a screen-
ing marker of PAI in TAK that also has
a prognostic value is desirable.
Epidemiological studies have com-
monly indicated a potential link be-
tween higher serum uric acid (UA)
levels and cardiovascular diseases
(CVDs), including coronary heart dis-
ease (CHD), stroke, congestive heart
failure, and arterial hypertension. In
recent years, studies have shown that
pulmonary artery hypertension (PAH)
affects the level of UA metabolism
(13). Elevated serum UA level is a bio-
marker of PAH (14) and is predictive
factor of PAH in systemic sclerosis
(SSc) (15) and systemic lupus erythe-
matosus (SLE) (16). But the relation-
ship between TAK-PAI and uric acid
is currently under-researched and re-
quires further investigation. Thus, the
aim of the present retrospective study
was to test the hypothesis that elevated
serum UA level could act as a biomark-
er of PAI in TAK and, if true, to exam-
ine its prognostic value.

Patients and methods

Patient population

All TAK patients enrolled in this study
fulfilled the criteria of the 1990 Ameri-
can College of Rheumatology (ACR)

for TAK (17). And we re-evaluated
all TAK patients using the new ACR/
EULAR 2022 classification criteria
(18, 19). The results showed that all
patients met the new criteria. PAI was
defined as the presence of thickening,
stenosis, occlusion, aneurysm, dilation
of pulmonary artery diagnosed by radi-
ologist based on computer tomography
pulmonary angiography (CTPA). Pa-
tients were enrolled from the inpatient
services at Beijing Anzhen Hospital,
Capital Medical University, Beijing,
China, covering the period from Au-
gust 2012 to February 2023.

Laboratory parameters

and clinical data

Clinical data, laboratory parameters and
information on disease activity were
obtained from the medical records. De-
mographics (age and sex) and clinical
characteristics (disease duration, per-
sonal medical history and medications)
were collected by reviewing the medi-
cal records of the patients enrolled in
the study. The laboratory parameters
were obtained by checking the test re-
sults of the Beijing Anzhen hospital lab-
oratory. For assessing disease activity,
the National Institutes of Health (NIH)
criteria (20) and the Indian Takayasu
Clinical Activity Score (ITAS 2010 and
ITAS.A) (21) were used. The classifica-
tion of TAK vascular involvement was
carried out utilising Numano classifica-
tion criteria using imaging data (22).
The serum uric acid level was assessed
upon the patient’s initial admission to
our hospital, before the commencement
of regular treatment.

Imaging data

All patients had data of vascular com-
puted tomography angiography (CTA)
and/or magnetic resonance angiogra-
phy (MRA) of the aorta and of all of
its primary branches at presentation.
Vascular Doppler data were addition-
ally used to evaluate the involvement
of the peripheral arteries, which could
not always be visualised with CTA and
MRA. The vascular Doppler specialist
performed peripheral vascular Doppler
examinations. CTA and MRA were in-
terpreted in consensus by two radiolo-
gists. PAI was detected by CTPA.
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Outcome and follow-up

All enrolled patients were followed
up and the outcomes were recorded,
follow-up for a minimum of one year.
The outcomes were defined as a cu-
mulative event of exacerbation or new
occurrence of PAI or PAl-related ad-
verse events. Exacerbation of PAI was
defined as the progression of PAI as-
sessed by CTPA in patients with pre-
vious PAI. PAl-related adverse events
were defined as exacerbation or new
occurrence of PAH or hypoxemia or
oppression in chest, new pulmonary
infarction, or all-cause death. Exacer-
bation refers to the increased of pulmo-
nary arterial hypertension, worsening
hypoxemia, and heightened oppression
in chest resulting from the progression
of PAI.

Informed consent was obtained from
all participants and/or their legal guard-
ians. The study was conducted in ac-
cordance with the Declaration of Hel-
sinki and was approved by the Ethics
Committee of Beijing Anzhen Hos-
pital, Capital Medical University (no.
2023117X).

Statistical analysis

Statistical analyses were performed us-
ing the Statistical Package for Social
Sciences version 22.0 (SPSS, Chicago,
IL, USA) and R language version 4.2.3.
A P-value <0.05 was considered statis-
tically significant. Continuous data are
expressed as mean + standard deviation
(SD) (normally-distributed data) or me-
dian (interquartile range [IQR]) (not-
normally-distributed data). For normal-
ly-distributed data, the independent-
samples 7 test was used for comparing
differences between two groups. For
not-normally-distributed data, the rank-
sum test was used to compare differ-
ences between two groups. Categorical
variables were expressed as percent-
ages and analysed with the Chi-squared
test. Univariate and multivariate logis-
tic regression analyses were carried
out for the identification of the predic-
tors of TAK with PAI. The area under
the curve (AUC) of receiver operating
characteristic (ROC) curve was used
for identifying different cut-off values
for serum UA level for different sce-
narios. Associations between UA and
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Reviewing the records of TAK patients hospitalized
from August 2012 to February 2023(n=262)

Exclusion of TAK patients without complete CTPA results (n=94)

Identification of TAK patients with complete CTPA
results (n=168)

| Exclusion of TAK patients with PAH but without PAI (n=2) I

| Enrollment of TAK patients in the study (n=166) |

Using CTPA to identify PAI |

! !

| TAK with PAI (n=76) | | TAK without PAI (n=90) |

Fig. 1. Consort flow chart of the study.

TAK: Takayasu’s arteritis; CTPA: computed tomography pulmonary angiogram; PAH: pulmonary ar-
tery hypertension; PAI: pulmonary artery involvement.

cumulative incidence of adverse events
were examined using Kaplan-Meier
and Cox proportional hazard regression
analyses. Analyses of the differences
in the predictive ability of different
prognosis models (based on multivari-
ate Cox proportional hazard regression
analysis) for TAK and TAK with PAI
were carried out utilising AUC of ROC
curves and method of integrated dis-
crimination improvement (IDI) and net
reclassification improvement (NRI).

Results

Patient characteristics

We reviewed the medical records of
262 patients with TAK from August
2012 to February 2023 from inpatient
services in Beijing Anzhen Hospital
Capital Medical University, Beijing,
China (Fig. 1). Among the 262 TAK pa-
tients, 168 had complete CTPA results.
Two patients with PAH, but without
PAI and ninety-four patients without
completing CTPA were excluded. Thus,
in total 166 patients with TAK were in-
cluded, including 76 TAK patients with
PAI (age 40+12 years; females 96.1%)
and 90 TAK patients without PAI (age
38+12 years; females 92.2%).

The demographics and the clinical
characteristics of the TAK patients
with and without PAI are presented
in Table I. No significant differences
were found with respect to demograph-
ics (age, sex and body mass index),
medical history, the Numano subtypes
(I, ITa, IIb, III, IV, and V subtypes), the
results of the ultrasound cardiogram

characteristics, medications affecting
serum uric acid at enrolment and drugs
used for the therapy. The following var-
iables were significantly higher in TAK
patients with PAI compared to those
in TAK patients without PAI: duration
of the disease [60 (12, 216) vs. 36 (6,
114), respectively; p=0.006], rate of
tuberculosis (13.2% vs. 4.44%, respec-
tively; p=0.041). The level of serum
UA was significantly higher in TAK
patients with PAI compared to that in
TAK patients without PAI [292 (246,
359) vs. 266 (212, 319), respectively;
p=0.006] (Table II). There were no sig-
nificant differences with respect to the
levels of other inflammatory markers
(including ESR, CRP,), disease activity
(including scores of NIH, ITAS2010,
and ITAS.A) and the blood biochemis-
try tests including alanine aminotrans-
ferase, serum creatinine, brain natriu-
retic peptide (BNP), white blood cell
(WBC). No correlation between uric
acid and disease activity as assessed
by NIH score, ITAS2010 score, and
ITAS A score. The difference between
the active disease group and the inac-
tive disease group was not statistical-
ly significant [277 (233,339) vs. 269
(242,295), respectively; p=0.904].

Outcomes of 144 TAK patients were re-
corded during a median follow-up time
of 45 (IQR: 23, 65) months. In the TAK
without PAI group 3 patient developed
new PAI, which in one patient was ac-
companied by hypoxemia. In TAK with
PAI group, 1 patient died of PAH due to
PAI, 8 patients had pulmonary vascular
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Table I. The demographic and clinical characteristics of patients with TAK.

TAK without PAI TAK with PAI p-value
(n=90) (n=76)

Clinical data
Disease duration, median (IQR) (months) 36 (6,114) 60 (12,216) 0.006
Female, n (%) 83 (92) 72 (95) 0.493
Age, mean+SD (years) 38+12 40+ 12 0.083
Age at disease onset, mean+SD (years) 30+ 11 31+12 0.815
Body Mass Index, mean+SD 218+28 228+ 39 0.165
hypertension, n (%) 32 (36) 24 (32) 0.631
Diabetes, n (%) 5 (6) 4 (5) 1.000
Hyperlipidaemia, n (%) 15 (17) 7 (9) 0.168
Coronary heart disease, n (%) 6 (7) 11 (14) 0.092
Stroke, n (%) 9 (10) 2 (3) 0.060
Tuberculosis, n (%) 4 4) 10 (13) 0.041
History of smoking, n (%) 8 (9) 4 (5) 0.381
Drinking history, n (%) 5 6) 1 (1) 0.305
Numano subtype
Type I, n (%) 11 (12) 5 () 0.220
Type Ila, n (%) 7 (8) 5 () 0.766
Type IIb, n (%) 18 (20) 15 (20) 0.966
Type 111, n (%) 5 (6) 1 (D) 0.298
Type IV, n (%) 5 (6) 0 (0) 0.103
Type V, n (%) 45 (50) 48 (63) 0.089
Ultrasound cardiogram
E/A<1, median (IQR) 0 (0,1) 0 (0,1) 0.505
Left ventricular ejection fraction, median (IQR) (%) 64 (60, 68) 64 (58,67) 0.177
Main pulmonary artery diameter, mean+SD 223+26 23.0+4.0 0.113
Interventricular septal thickness, median (IQR) 9 (8,10) 10 (8,11) 0.731
Medications affecting serum uric acid at enrolment
uretic, n (%) 2 (2) 6 (8) 0.085
Aspirin, n (%) 13 (14) 9 (12) 0.622
Drugs used for the therapy
Glucocorticoids, n (%) 70 (78) 58 (76) 0.823
Hydroxychloroquine, n (%) 7 (8) 8 (11) 0.538
Methotrexate, n (%) 32 (35) 37 (49) 0.087
Cyclophosphamide, n (%) 25 (28) 22 (29) 0.868
Leflunomide, n (%) 5 (6) 3 4) 0.906
Tacrolimus, n (%) 1 (1) 1 (D) 1.000
Mycophenolate mofetil, n (%) 23 (26) 13 (17) 0.188
Tumour necrosis factor-a inhibitors, n (%) 3 (3) 0 (0) 0.307
Tocilizumab, n (%) 22 (24) 24 (32) 0.306
Azathioprine, n (%) 1 (1) 2 (3) 0.882
Tofacitinib, n (%) 1 () 2 (3) 0.882

TAK: Takayasu’s arteritis; PAL: pulmonary artery involvement.

Table II. The levels of inflammatory markers, scores of disease

chemistry of patients with TAK.

activity and blood bio-

TAK without PAI TAK with PAI p-value
(90) (76)

Inflammatory markers, and disease activity

ESR, median (IQR) (mm/1h) 17 (8, 30) 14 (8, 34) 0.811
CRP, median (IQR) (mg/L) 3.64 (0.63,11.44) 4.11 (091,10.86) 0.526
NIH, median (IQR) 2 (2,3) 2(2,3) 0.727
ITAS2010, median (IQR) 6(3,9) 7 (3,10) 0.367
ITAS.A, median (IQR) 7 (4,11) 8 (6,11) 0.272
disease activity, n (%) 81 (90) 70 (92) 0.637
Blood biochemistry

white blood cell count, mean+SD (109/L) T11+24 7.08+242 0.926
Alanine aminotransferase, median (IQR) (U/L) 12 (8,16) 11 (8,17) 0.843
Serum creatinine, median (IQR) (umol/L) 53 (46,65) 53 (47,61) 0.799
Serum UA, median (IQR) (umol/L) 266 (212,319) 292 (246, 359) 0.006
BNP, median (IQR) 50 (30, 106) 132 (36,551) 0.124

TAK: Takayasu’s arteritis; PAL: pulmonary artery involvement; ESR: erythrocyte sedimentation rate;
CRP: C-reactive protein; NIH: National Institutes of Health; ITAS: Indian Takayasu Clinical Activity

score; BNP: brain natriuretic peptide.

Clinical and Experimental Rheumatology 2025

aggravation, 4 patients had pulmonary
arterial pressure aggravation, and 12
patients had hypoxemia aggravation,
two of which were accompanied by
chest pain aggravation.

Serum uric acid level as a predictor

of risk of PAI in TAK patients

ROC curve analysis showed that the
best cut-off value for serum UA level
for the incidence of TAK with PAI was
284.5 umol/L with sensitivity of 57.9%
and specificity of 63.3%, where the
AUC was 0.625 (Fig 2A). The cut-off
sensitivity of uric acid levels to assess
pulmonary artery involvement is the
maximum predictive capability. For
identifying the risk factors associated
with TAK with PAI, univariate and mul-
tivariate logistic regression analyses
were performed (Table III). In univari-
ate analysis, the following were found
to have significant associations with
PAI in TAK: disease duration [odds
ratio (OR): 1.004, 95% confidence in-
terval (CI): 1.001 to 1.006; p=0.014]
and serum UA level =284.5 umol/L
(OR: 2375, 95% CI: 1.271 to 4.439;
p=0.007). Multivariate analysis was
performed, which revealed that serum
UA level =284.5 umol/L. (OR: 2.108,
95% CI: 1.063 to 4.180; p=0.033) was
a predictor of TAK with PAI.

Serum uric acid level as a marker

of prognosis for PAI in TAK patients
Analysis of AUC of ROC curve
showed that the best cut-off value for
serum UA level for the incidence of ad-
verse events in TAK was 328.1 umol/L
with sensitivity of 48.4% and specific-
ity of 75.2% (Fig. 2B). Kaplan-Meier
survival analysis was performed for
analysing the cumulative incidence of
adverse events in TAK patients with
serum UA level =328.1 umol/L and se-
rum UA level <328.1 umol/L (Fig. 2C).
Thus, it was found that TAK patients
with serum UA level =328.1 umol/L
had a significantly higher cumulative
incidence of adverse events compared
to TAK patients with serum UA level
<328.1 umol/L (p=0.008).

In univariate Cox proportional haz-
ard regression analysis, serum UA
level =328.1 umol/L. [hazard ratio
(HR): 2.503, 95% CI: 1.234 to 5.078;
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Fig. 2. Prognostic value of serum uric acid levels in patients with TAK.
A: Receiver-operating characteristic (ROC) curve for the serum uric acid levels in TAK (incidence of PAI was the standard in this analysis). For the serum
uric acid levels, the area under the curve (AUC) was 0.625 (95% CI: 0.539 to 0.708, p=0.006). The best cut-off value was 284.5 umol/L, with sensitivity and

specificity of 57.9% and 63.3%, respectively.

B: Receiver-operating characteristic (ROC) curve for the serum uric acid levels in TAK (incidence of adverse events was the standard in this analysis).
For the serum uric acid levels, the area under the curve (AUC) was 0.642 (95% CI: 0.528 to 0.755, p=0.016). The best cut-off value was 328.1 umol/L, with
sensitivity and specificity of 48.4% and 75.2%, respectively.
C: Kaplan-Meier survival analysis for TAK patients with serum uric acid =328.1 umol/L showed significantly more cumulative incidence of adverse events
than TAK patients with serum uric acid <328.1 umol/L (p=0.008).

Table III. Results of logistic regression analyses for the identification of the predictors of PAI in patients with TAK.

Univariate analysis

Multivariate analysis

OR 95% CI p-value OR 95% CI1 p-value
Age (years) 1.025 0.998 — 1.052 0.710 1.003 0971 -1.036 0.846
Sex 2.052 0.512-8.228 0.310 2.501 0.553 - 11.301 0.234
Disease duration (months) 1.004 1.001 - 1.006 0014 1.003 0.999 - 1.006 0.129
Tuberculosis 3.308 0.993 -11.02 0.051 3.082 0.845-11.244 0.088
Serum UA level =284.5 umol/L 2375 1271 -4.439 0.007 2.108 1.063 —4.180 0.033
Uretic 3.771 0.738 — 19.264 0.111 3515 0.622 — 19.854 0.155
Aspirin 0.796 0.320-1.978 0.623 0.944 0.352-2.528 0.908
TAK: Takayasu’s arteritis; PAI: pulmonary artery involvement; UA: uric acid.
Table I'V. COX regression analysis for the cumulative incidence of PAI related adverse events in patients with TAK.

Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value
Age (years) 1.011 0.982 —1.040 0.468 1.000 0.965 - 1.037 0.989
Sex 0.764 0.231-2.522 0.658 0.937 0.270 - 3.251 0918
Disease duration (months) 1.002 0.999 - 1.004 0.197 1.001 0.998 — 1.005 0.494
Tuberculosis 1.775 0.674 - 4.675 0.246 2.196 0.771 - 6.253 0.141
Serum UA level =328.1 umol/L 2.503 1.234-5.078 0.011 2.595 1.198 - 5.622 0.016

TAK: Takayasu’s arteritis; UA: uric acid.

p=0.011] was found to be significantly
associated with cumulative incidence
of adverse events in TAK. Thus, multi-
variate Cox proportional hazard regres-
sion analysis showed that serum UA
level=328.1 umol/L. (HR: 2.595, 95%
CI: 1.198 t0 5.622; p=0.016) was a PAI-
related prognostic risk factor for TAK
(Table IV).

606

The prognostic ability of the model
based on the multivariate Cox pro-
portional hazard regression analysis
was evaluated using analyses of AUC
of ROC curves and IDI. For this pur-
pose, first a prognostic baseline risk
model based on multivariate Cox pro-
portional hazard regression analysis
was constructed using age, sex, disease

duration and tuberculosis. Afterwards,
serum UA level =328.1 umol/L was
added as a risk factor to the baseline
model and the change in the prognostic
ability of the revised prognostic model
was evaluated using analyses of AUC
of ROC curves and IDI. In analysis
of AUC of ROC curve, the AUC of
the baseline model was AUC = 0.608
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Fig. 3. Enhanced prognostic model for TAK with serum uric acid as a risk factor.

The prognostic ability of the model based on the multivariate Cox proportional hazard regression
analysis for TAK was evaluated using analysis of the area under the curve (AUC) of receiver-operating
characteristic (ROC) curves. The baseline risk model was constructed using age, sex, disease duration
and tuberculosis (AUC = 0.608, p=0.615). In the next step, serum UA level =328.1 umol/L was added
to the model as a risk factor (AUC = 0.729, p=0.032), which was accompanied with an increased AUC.

Table V. Results of analysis for evaluating the prognostic value of different risk factors.

Baseline / baseline + serum UA level =328.1 umol/L

Index 95% CI p-value
IDI 0.048 0.001 -0.220 0.033
NRI category 0.034 0.003 - 0.166 0.033
NRI continue 0.389 0.003 -0.715 0.047

IDI: integrated discrimination improvement; NRI: net reclassification improvement; CI: confidence
interval. Baseline model included sex, age, disease duration and tuberculosis.

(p=0.615) (Fig. 3). Inclusion of serum
UA level 2328.1 umol/L as a risk factor
to the baseline model enhanced the pre-
dictive ability of the baseline model by
increasing the value of AUC to 0.729
(p=0.032) (Fig. 3). Furthermore, IDI
analysis, NRI category, NRI continue
also indicated a significant improve-
ment in the prognostic ability of the
baseline model upon inclusion of se-
rum UA level =328.1 umol/L by show-
ing a significantly increased index (IDI
index = 0.048, p=0.033; NRI category
index = 0.034, p=0.033; NRI continue
=0.389, p =0.047) (Table V).

Discussion

To the best of our knowledge, this
study was the larger study that ex-
plored the relationship between PAI

Clinical and Experimental Rheumatology 2025

and serum uric acid levels in patients
with TAK. The main findings of this
study are: elevated serum UA level
has been identified as a risk factor for
the incidence of PAI in TAK (UA level
>284.5 umol/L) and the PAl-related
adverse event prognosis of TAK (UA
level =328.1 umol/L).

Currently, there are no predictive fac-
tors indicating the presence of pulmo-
nary artery involvement in patients
with TAK. There were no significant
differences in Numano subtypes, ESR,
CRP and other inflammatory factors be-
tween TAK patients with PAI and with-
out PAI. Thus, distinguishing patients
with PAI from those without PAI was
difficult unless CTPA was used. The
finding in this study that TAK with PAI
in Takayasu’s arteritis have a longer

disease duration. Tuberculosis was sig-
nificantly higher in TAK patients with
PAI compared to those in TAK patients
without PAI. These results are con-
sistent with previous studies (11, 23,
24). But these differences are of poor
specificity. In univariate analysis and
multivariate analysis, the disease dura-
tion and tuberculosis were not found to
have significant associations with PAI
in TAK. However, in the present study
it was found that there was a significant
difference in serum UA level between
TAK with PAI and TAK without PAI,
which has not been reported before.
This is the study showing that elevated
serum UA level has been identified as
a risk factor for the incidence of PAI
in TAK and the PAl-related adverse
event prognosis of TAK. This means
that clinicians should be vigilant when
serum UA level is elevated in female
TAK patients, because PAI worsens
the prognosis of TAK through induc-
ing PAH (7, 8, 25) and by showing in-
creased incidences of serious infection,
respiratory infection, and nontubercu-
lous mycobacteria infection (12) and
poor prognosis (26). Needless to say,
the effects of in TAK with PAI is not
limited to PAH. For example, in Figure
4 we present CTA images of a 24-year-
old female patient with PAI who had an
elevated serum UA level and showed
pulmonary artery occlusion and con-
current pulmonary infarction.

A previous study has shown that pa-
tients with idiopathic pulmonary hy-
pertension (IPAH) have elevated serum
UA level (27). Furthermore, other stud-
ies have investigated the role of UA in
the pathogenesis of PAH by examin-
ing cultured pulmonary artery smooth
muscle cells (PA-SMCs) derived from
IPAH patients (28) and human pulmo-
nary artery endothelial cells (PA-ECs)
(29) together with studying animal
models of severe PAH. The irreversible
remodelling of the pulmonary vascu-
lature in PAH is governed by elevated
proliferation, migration and survival
of pulmonary vascular cells within
the PA wall, including of PA-SMCs
and PA-ECs (30). Thus, in vitro tests
demonstrated that increased UA con-
centrations induced a mild increase in
the cell growth of cultured PA-SMCs
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Fig. 4. Imaging findings of pulmonary artery involvement in patients with TAK.
A: Computed tomography angiography (CTA) images of a 39-year-old female with TAK showed pulmonary artery occlusion (white arrows mark) and pul-
monary hypertension. Her serum uric acid level was 921 umol/L.
B: A 24-year-old female patient with TAK showed PAI. She had a history of hyperuricaemia for many years. The white arrows mark pulmonary artery oc-

clusion in the images.

S

C: The 24-year-old female with TAK had multiple pulmonary infarctions (white arrows mark) and her serum uric acid level was 387.1 umol/L

derived from IPAH patients (but not in
PA-SMCs derived from controls) (28).
UA production is accompanied by an
increase in the activity of the enzyme
xanthine oxidase (XO), which is one of
the key origins of oxygen free radicals
(31). Hence, examination of the lungs
of patients with IPAH and those of two
animal models with a severe form of
PAH revealed the upregulation of the
protein expression of XO and URATv1
(voltage-driven urate transporter 1; an
influx transporter of urate (32) in the
wall of remodelled PAs, thus showing
a disturbance in the production and
metabolism of UA (28). Also, chronic
treatment of PAH rats with benzbro-
marone (an inhibitor of URATV1) in-
duced a mild reduction in pulmonary
vascular remodelling (30). Consistent
with these results, the expression of
messenger RNA (mRNA) was identi-
fied for URATv1 and MCT9 (mono-
carboxylic acid transporter 9; an influx
transporter of urate (33)) in UA-cul-
tured human PA-ECs and for URATv1
in the lungs of a rat model with severe
PAH (29). Furthermore, upon inducing
hyperuricaemia in PAH rats by feeding
them with 2% oxonic acid (an inhibi-
tor of the hepatic enzyme uricase that
degrades UA in rodents), their lung
UA level was increased, which was ac-
companied with a higher elevation of
right ventricular systolic pressure with
exacerbation of occlusive neointimal
lesions in small PAs, compared with
non-hyperuricaemic PAH rats. More-
over, administering benzbromarone to
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hyperuriacemic PAH rats resulted in a
significant decrease in lung UA levels
and reducaed right ventricular systolic
pressure increase and occlusive lesion
development (29).

UA is the final product of exogenous
purines and endogenous purine me-
tabolisms (31) and is elevated in hy-
poxic states, e.g., in obstructive pul-
monary disease (34). Under hypoxia
and/or ischaemia, UA production via
degradation of adenine nucleotides in-
creases due to the depletion of adeno-
sine triphosphate (ATP) resultant from
the impairment in the cellular capabil-
ity of ATP synthesis (35). Hypoxia af-
fects inflammatory responses related to
the structure and function of PA (36).
Thus, elevated serum UA level has been
found to be a biomarker of PAH (14).
Elevated serum UA level has also been
identified in rheumatic diseases (37)
including lupus nephritis (38) and SSc
(39). In the present study we found that
elevated serum UA level was predictive
of adverse events due to PAI in TAK
and was a biomarker of poor progno-
sis. The adverse events considered were
exacerbation or new occurrence of PAI
(changes in PAs related to increased
wall thickening, stenosis, occlusion
and dilatation as assessed by CTPA)
and exacerbation or new occurrence
of PAI leading to disease progression
events (exacerbation or new occurrence
of PAH, exacerbation or new onset of
hypoxemia, new pulmonary infarction,
exacerbation or new onset of oppres-
sion in chest, and death). Zhao et al. re-

search serum UA levels in active TAK
patients were significantly higher than
in inactive TAK patients (40). In our
study the active disease group showed a
slight increase in serum uric acid levels
compared to the inactive disease group.
However, the results of this study re-
vealed no correlation between uric acid
and disease activity. This could be due
to the limited number of TAK patients
in the inactive disease group in our
study. Previous studies have shown that
elevated serum UA level is positively
associated with disease severity and/
or poor prognosis in patients suffering
from PAH of different aetiologies (41,
42), connective tissue disease (CTD)-
associated PAH (43, 44) [including
PAH in SLE (16) and PAH secondary
to SSc (45)], and IPAH (27). In particu-
lar, baseline elevated serum UA level
has been found to be associated with a
lower survival in patients with IPAH (a
2.6-fold increased risk of 5-year death)
(27) and PAH secondary to CTD (43,
44). Moreover, serum UA level is nega-
tively correlated with functional status
in patients with PAH due to SSc (46)
and is positively correlated with pulmo-
nary vascular resistance in patients with
PAH secondary to CTD (43). Further-
more, baseline serum UA level >357
umol/L was found to have significant
association with PAH (OR=9.7) in SLE
patients (16) and elevated baseline UA
was associated with significantly in-
creased odds of PAH diagnosis at right
heart catheterisation (OR=4.1) in SSc
patients (45).
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A first limitation is that this is a ret-
rospective study, and it is subject to
research bias due to the limitations in
research methods and the restricted
number of participants included. Sec-
ondly, a notable limitation of this study
lies in its small sample size, which may
impact the generalisability of the find-
ings. A prospective cohort study with
a larger number of TAK patients is re-
quired to confirm the usefulness of el-
evated serum UA level as a biomarker
of PAI in TAK and its prognostic value
for TAK with PAI.

Conclusion

In conclusion, our research underscores
the significant association between
elevated serum uric acid (UA) levels
(=284.5 umol/L) and an increased in-
cidence PAI in TAK patients. Notably,
TAK patients with serum UA levels
>328.1 umol/L exhibited twice the in-
cidence of adverse events related to
PAI compared to those with lower UA
levels. This underscores the prognos-
tic significance of elevated serum UA
levels as a risk factor for PAl-related
outcomes in TAK. Consequently, in-
dicating serum UA level potential as a
predictor for identification of PAI onset
and worsening in TAK patients.
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