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Objective: The coexistence of refractory gout and metabolic syndrome may worsen patient prognosis, but the association and the
nonlinear relationships with clinical parameters have not been fully elucidated. This study aimed to explore this association and reveal
its potential nonlinear patterns in a Chinese cohort.

Methods: This retrospective study included clinical data from 4111 gout patients from a single center in Tianjin, China between 2014
and 20234. Based on international standards, patients were divided into the refractory gout group (n=1972) and the non-refractory gout
group (n=2139). Metabolic syndrome was defined according to the NCEP-ATP III criteria. Propensity score matching (1:1) was used
to control for confounding factors, and multivariable logistic regression and restricted cubic spline models were employed to assess the
associations and nonlinear relationships.

Results: After propensity score matching, the prevalence of metabolic syndrome was significantly higher in the refractory gout group
compared to the non-refractory gout group (52.5% vs 15.8%, P<0.001). Multivariable analysis showed that metabolic syndrome was
the strongest independent factor associated with refractory gout (adjusted OR=9.689, 95% CI: 5.727-16.392, P<0.001). Restricted
cubic spline analysis revealed nonlinear relationships between clinical parameters and disease risk: age showed a rising and then
falling trend with metabolic syndrome risk peaking around 58 years; ESR exhibited a bell-shaped relationship with both conditions;
CRP showed a positive nonlinear relationship with refractory gout; SBP had a U-shaped relationship with refractory gout. Blood
glucose levels were significantly associated with refractory gout, particularly in patients with tophi and longer disease duration.
Conclusion: Metabolic syndrome prevalence is significantly higher in refractory gout, and metabolic burden shows complex
nonlinear relationships with clinical parameters. Managing metabolic risk requires special attention in younger patients, those with
a long disease duration, and those with high uric acid levels, which are critical for improving patient outcomes.
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Introduction

Gout is an autoinflammatory metabolic disease characterized by hyperuricemia and monosodium urate crystal deposition.
It is the most common inflammatory arthritis, with a significant increase in prevalence in several countries, such as the
United States." Epidemiological data show that the global prevalence of gout ranges from 1% to 6.8% in different
regions, imposing a substantial burden on patient quality of life and healthcare systems.? Despite deeper understanding of
the pathogenesis, diagnosis, and treatment strategies for gout, the identification and management of refractory gout
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remain major challenges, with refractory gout often characterized by frequent flares, persistent hyperuricemia despite
standard therapy, and significant tophi burden.’

Refractory gout is increasingly recognized in clinical practice. These patients often present with frequent polyarticular
flare-ups, large tophi formation, joint damage, and musculoskeletal dysfunction, which significantly reduce their quality of
life.* Despite receiving standard treatment, these patients still face considerable difficulties in controlling the disease, whether
in achieving target uric acid levels or alleviating clinical symptoms. The management of refractory gout not only requires
attention to the disease itself but also to its common comorbidities, especially metabolic syndrome.” Metabolic syndrome,
a cluster of cardiovascular risk factors, including abdominal obesity, hypertension, dyslipidemia, and glucose metabolism
disorders, has become a major cause of morbidity and mortality in both developed and developing countries.® In China, the
prevalence of metabolic syndrome has been increasing rapidly (24.9% in urban areas, 19.2% in rural areas, reaching 39.0% in
some rural regions),’” significantly correlating with gout epidemic trends: over the past 30 years, the age-standardized
prevalence of gout has increased by an average of 0.9% annually, with adult prevalence rising to 1.23% in 2019.® Notably,
individuals with metabolic syndrome have a two-fold higher risk of developing gout compared to the general population.
Epidemiological studies have shown a close link between gout and metabolic syndrome, with the prevalence of metabolic
syndrome being significantly higher in gout patients compared to the general population.” The prevalence of metabolic
1'? reported that
gout patients with more severe metabolic syndrome have a significantly increased risk of death.Hyperuricemia is considered

syndrome among gout patients in different regions ranges from 30.1% to 34%.'®'" Notably, Schlesinger et a

a key factor linking gout and metabolic syndrome. Uric acid plays a dual role—functioning as an antioxidant while also
promoting inflammation and metabolic disturbances.'® At the vascular level, uric acid affects blood vessel function and
structure, contributing to hypertension and cardiovascular risk.'*'* There also exists a bidirectional relationship between uric
acid and insulin function. Insulin resistance can decrease uric acid excretion,'® while elevated uric acid levels may worsen
insulin sensitivity, creating a self-reinforcing cycle that impacts both conditions."’

However, there is limited research on the relationship between refractory gout and metabolic syndrome, particularly
in Asian populations. Although studies have explored the association between gout and metabolic syndrome,
a comprehensive analysis of the metabolic disorder characteristics in refractory gout patients has not been fully
conducted, particularly regarding the nonlinear relationship between metabolic parameters and clinical features in
refractory gout patients. The lack of evidence in this area limits clinicians’ ability to perform risk stratification and
make individualized treatment decisions for patients with refractory gout.

Therefore, this study aims to explore the association between refractory gout and metabolic syndrome, using
propensity score matching to control for confounding factors, and to analyze the nonlinear relationships between
metabolic abnormalities and clinical parameters in refractory gout patients. As an important effort to systematically
investigate this association in the Chinese population, we hypothesize that the prevalence of metabolic syndrome in
refractory gout patients is significantly higher than in non-refractory gout patients, and that the metabolic burden has
complex nonlinear relationships with clinical parameters. Clarifying these associations will help identify high-risk
subgroups with increased metabolic syndrome risk, provide evidence-based recommendations for the comprehensive
management of refractory gout patients, and ultimately improve patient prognosis and quality of life.

Methods
Study Design and Population

This study was a single-center retrospective cohort study that included gout patients who visited the Department of
Rheumatology and Immunology at the First Affiliated Hospital of Tianjin University of Traditional Chinese Medicine from
January 1, 2014, to December 31, 2024. All patients were diagnosed according to the 2015 American College of
Rheumatology/European League Against Rheumatism (ACR/EULAR) gout classification criteria.'® The inclusion criteria
were: (1) age >18 and <80 years; (2) meeting the ACR/EULAR gout classification criteria; (3) complete clinical data and
follow-up records. The exclusion criteria included: (1) secondary gout (eg, gout caused by conditions such as renal failure,
hematopoietic disorders like myeloproliferative neoplasms, or the use of specific medications like diuretics); (2) concomitant
autoimmune diseases; (3) severe liver or renal dysfunction; (4) malignancy; (5) incomplete data or lost to follow-up. All
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participants were of Asian ethnicity. This study was approved by the Ethics Committee of the First Affiliated Hospital of
Tianjin University of Traditional Chinese Medicine (approval number: TYLL2025[Zi]007). This study was conducted in
accordance with the principles of the Declaration of Helsinki. All patient data were anonymized to protect patient privacy and
data confidentiality. As this was a retrospective analysis, the ethics committee waived the requirement for informed consent
from patients. As a retrospective study, all patients who met the inclusion and exclusion criteria within the specified timeframe
were included, and no formal sample size calculation was performed beforehand. All data for this study were sourced from the
hospital’s Electronic Medical Record system, which served as the primary data collection instrument. To ensure the accuracy
and reliability (validity) of the data, a standardized data abstraction form was utilized. The data were independently extracted
by two trained researchers. Any discrepancies identified during this process were resolved by discussion and consensus with
a senior researcher. The collected data primarily represent the baseline characteristics at the time of the patient’s comprehen-
sive assessment at our center. For variables dependent on a time span, such as the frequency of gout flares, the calculation was
based on the 12-month period preceding the assessment, as documented in the EMR. If essential baseline information was
missing from the initial record, subsequent clinical encounter notes within the EMR were reviewed to the supplement data.
Comprehensive baseline clinical data were collected, including demographic characteristics (age, sex), clinical features (gout
duration, flare frequency, tophi), laboratory tests (uric acid, blood glucose, lipids, inflammatory markers, liver and kidney
function), and comorbidities.

Definition of Refractory Gout

According to the International Refractory Gout Working Group’s definition,'® refractory gout must meet at least two of
the following criteria: (1) despite receiving standard urate-lowering treatment (such as allopurinol or febuxostat at
maximum tolerated doses), serum uric acid remains >6.0 mg/dL (357 pmol/L) or cannot reach target levels; (2) >2 gout
attacks per year; (3) at least one clinically confirmed tophus; (4) chronic gouty arthritis, manifested as persistent joint
swelling or functional limitation; (5) symptoms (such as pain or joint function) remain poorly controlled despite standard
treatment (including urate-lowering and anti-inflammatory therapy). This definition follows the 2020 American College
of Rheumatology (ACR) gout guidelines to ensure specificity and improve clinical operability.

Definition of Metabolic Syndrome

Metabolic syndrome was defined according to the National Cholesterol Education Program (NCEP) Adult Treatment Panel IT1
(ATP III) criteria,”® requiring at least three of the following five criteria: (1) increased waist circumference (Asian standards:
males >90 cm, females >80 cm, based on the International Diabetes Federation [IDF] standards); (2) triglycerides >1.7 mmol/
L or on lipid-lowering treatment (such as statins); (3) low HDL cholesterol (males <1.03 mmol/L, females <1.30 mmol/L) or
receiving related treatment; (4) blood pressure >130/85 mmHg or on antihypertensive medication; (5) fasting blood glucose
>5.6 mmol/L, on antidiabetic treatment (such as oral hypoglycemic agents or insulin), or diagnosed with type 2 diabetes.

Propensity Score Matching

To control for confounding bias, propensity score matching (PSM) was used in this study. A logistic regression model was
applied to calculate the propensity score for each patient, with matching factors including baseline characteristics that might
influence the relationship between refractory gout and metabolic syndrome, such as sex, age, uric acid level, diabetes,
hypertension, and hyperlipidemia. Variables were selected based on previous literature and clinical relevance. A 1:1 nearest-
neighbor matching method was used, matching each refractory gout patient to a non-refractory gout patient with the closest
propensity score, allowing a maximum propensity score difference of 0.02 (caliper). The matching effect was assessed using
standardized mean differences (SMD), with SMD <0.1 considered a good match. After matching, the data were further
analyzed using logistic regression to evaluate the association between refractory gout and metabolic syndrome.

Nonlinear Relationship Analysis

To assess potential nonlinear relationships between clinical parameters and metabolic syndrome or refractory gout,
restricted cubic spline models were used. The relationships between age and ESR with metabolic syndrome, as well as
ESR, CRP, SBP, DBP, blood glucose, and TG with refractory gout, were modeled separately. The model included four
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knots located at the 5th, 35th, 65th, and 95th percentiles of the variable distribution. All nonlinear models were adjusted
for potential confounding factors, including age, sex, and baseline metabolic risk factors. Results were expressed as
adjusted odds ratios (ORs) with 95% confidence intervals (Cls), with a focus on identifying reference points for each
clinical parameter and plotting nonlinear relationship curves to show how the OR changes with the parameters.

Statistical Analysis

Statistical analysis was performed using SPSS 25.0 software and R 4.1.0. Normally distributed continuous variables were
expressed as mean + standard deviation, non-normally distributed continuous variables as median (interquartile range),
and categorical variables as frequency (percentage). ¢-tests or Mann—Whitney U-tests were used to compare continuous
variable differences between groups, and chi-square tests or Fisher’s exact test were used to compare categorical variable
differences. Multivariable logistic regression analysis was used to explore the independent association between refractory
gout and metabolic syndrome, with all potential confounders included in the model. Collinearity was assessed using the
variance inflation factor (VIF), with VIF >5 indicating collinearity. Subgroup analyses were performed to compare the
differences in the association between metabolic syndrome and refractory gout based on flare frequency (<3 times/year
vs >3 times/year), tophus presence, age (<60 vs >60), sex, uric acid level (<480 umol/L vs >480 umol/L), and disease
duration (<3 years vs >3 years), with interaction tests used to evaluate statistical significance. All tests were two-sided,
and P < 0.05 was considered statistically significant.

Results
Propensity Score Distribution Before and After Matching

Before propensity score matching, there was significant overlap between the refractory gout group and the non-refractory
gout group in the 0.25-0.6 range. After matching, the distributions of the two groups nearly completely overlapped,
indicating that matching effectively reduced baseline differences. A 1:1 nearest-neighbor matching with a caliper of 0.2
resulted in 1,353 matched pairs. After matching, the two groups achieved good balance in terms of gender (SMD = 0.011)
and diabetes (SMD = 0.011), while slight imbalance remained in age (SMD = 0.045), uric acid levels (SMD = 0.151), and
hyperlipidemia (SMD = 0.044), which were adjusted as covariates in subsequent analyses (Figure 1).

Baseline Characteristics

A total of 4111 gout patients were included in this study, comprising 1972 with refractory gout and 2139 with non-refractory
gout. Prior to propensity score matching, the two groups exhibited significant differences across multiple baseline characteristics
(Table 1). Specifically, patients in the refractory gout group were younger, had a higher proportion of males, and a significantly
higher prevalence of metabolic syndrome. Furthermore, this group demonstrated poorer metabolic profiles, including blood
lipids and glucose, elevated levels of inflammatory markers such as C-reactive protein (CRP) and erythrocyte sedimentation rate
(ESR), a greater burden of tophi, and a higher frequency of acute flares (all P < 0.05, detailed in Table 1).Following propensity

Density
Density

Non-refractory gout group Non-refractory gout group
Refractory gout group

Refractory gout group

0.50 0.75 1.00 0.0 2 050 075

Propensity Score Propensity Score

Figure | Distribution of propensity scores before and after matching. The left panel shows the density plot of propensity scores before matching, indicating a baseline
imbalance between the refractory gout group (blue-green) and the non-refractory gout group (pink). The right panel shows the distribution after I:1 nearest-neighbor
matching, demonstrating a significant improvement in balance as the distributions of the two groups nearly overlap.
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Table | Comparison of Baseline Characteristics Before Propensity Score Matching Between Refractory Gout and

Non-Refractory Gout Patients

Characteristics Total Refractory Gout | Non-Refractory Gout | P
Basic Information 4111 1972 (42.97) 2139 (52.03) -
Sex (Male), n (%) 3630 1774 (48.87) 1856 (51.13) 0.001
Age (years), Mean * Standard Deviation 57.36+14.82 54.52%15.21 59.99£13.95 0.001
Metabolic Syndrome, n (%) 1415 1054 (74.49) 361 (25.51) 0.001
SBP(mmHg), Mean + SD 140.05+28.52 141.13£19.69 139.07+£34.67 0.001
DBP (mmHg),Mean + SD 87.96+18.08 89.74+22.45 86.33+12.61 0.024
Hypertension, n (%) 2503 1215 (48.54) 1288 (51.46) 0.359
Diabetes, n (%) 795 490 (61.64) 305 (38.36) 0.001
Hyperlipidemia, n (%) 845 512 (60.59) 333 (39.41) 0.001
Fasting Blood Glucose (mmol/L), Mean = SD 6.14+2.20 6.55+2.49 5.72%1.76 0.001
CHO(mmol/L), Mean + SD 441£1.22 4.62+1.26 4.20£1.13 0.001
TG (mmol/L),Mean * SD 2.18+1.86 2.55+2.15 1.81£1.43 0.001
HDL(mmol/L), Mean + SD 0.95+0.25 0.93+0.24 0.99+0.27 0.001
LDL(mmol/L), Mean * SD 2.62+0.92 2.73+0.95 2.50+0.89 0.001
ALT (U/L), Mean % SD 29.49+29.99 31.36+31.48 27.62+28.32 0.001
AST (U/L), Mean * SD 23.18+24.01 23.44+25.47 22.92+22.45 0.505
UA (umol/L), Mean + SD 462.75+134.20 | 516.19£123.38 408.21+122.36 0.001
CR (umol/L), Mean * SD 108.16£102.47 | 116.87£114.94 99.46+87.87 0.001
Ur (mmol/L), Mean + SD 6.79+4.67 7.23+5.39 6.3413.76 0.001
CRP (mg/L), Mean * SD 30.05+47.11 34.96+50.25 20.89+39.06 0.001
ESR (mm/h), Mean + SD 35.78+30.87 41.46£30.91 21.10£27.82 0.001
Antistreptolysin O, Mean * SD 78.69+69.97 81.72+76.13 73.36%51.51 0314
Gout Duration (years), Mean + SD 5.39+3.01 5.30£2.98 5.47+3.02 0.064
Gout Duration Grouping
<I| year, n (%) 299 124 (41.47) 175 (58.53) 0.020
|5 years, n (%) 1562 805 (51.54) 757 (48.46) 0.001
> 5 years, n (%) 2250 1043 (46.36) 1207 (53.64) 0.023
Tophi (Number), n (%) 0.53+0.49 0.80+0.40 0.29+0.45 0.001
Acute Attack Frequency (times/year), Mean + SD | 1.41+1.54 1.69+0.36 1.13+1.42 0.001
Medication Use
Use of Lipid-Lowering Drugs, n (%) 576 356 (61.81) 220 (38.19) 0.001
Use of Antidiabetic Drugs, n (%) 743 474 (63.80) 269 (36.20) 0.001
Use of Antihypertensive Drugs, n (%) 1393 741 (53.19) 652 (46.81) 0.001

Notes: Data are presented as mean * SD, median (interquartile range), or counts (percentages) where applicable. P-values were calculated using
t-test or Mann—-Whitney U-test for continuous variables and Chi-square test for categorical variables. A P-value < 0.05 was considered statistically

significant.

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; CHO, Total Cholesterol; TG, Triglycerides; HDL, High-Density
Lipoprotein; LDL, Low-Density Lipoprotein; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; UA, Uric Acid; CR, Creatinine; Ur,

Urea; CRP, C-Reactive Protein; ESR, Erythrocyte Sedimentation Rate.

are presented in Table 2.

Univariate and Multivariate Analysis of Refractory Gout
Univariable logistic regression analysis showed that metabolic syndrome (OR=5.877, P<0.001), uric acid level (OR=1.001,
P<0.001), ESR (OR=1.042, P<0.001), and the presence of tophi (OR=9.025, P<0.001), among other factors, were sig-
nificantly associated with refractory gout.In the multivariable logistic regression analysis (Table 3), after adjusting for

score matching, balance was achieved between the groups in terms of sex (P=0.765), hypertension (P=0.906), diabetes
(P=0.767), and hyperlipidemia (P=0.253). However, the refractory gout group continued to show a significantly higher
prevalence of metabolic syndrome (52.5% vs 15.8%, P<0.001) and associated metabolic abnormalities. Detailed comparisons

potential confounders, metabolic syndrome remained the strongest independent factor associated with refractory gout
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Table 2 Comparison of Baseline Characteristics After Propensity Score Matching Between Refractory Gout and

Non-Refractory Gout Patients

Characteristics Total Refractory Gout | Non-Refractory Gout | P
Basic Information 2706 1353 (50) 1353 (50) -
Sex (Male), n (%) 2389 1197 (50.10) 1192 (49.90) 0.765
Age (years), Mean * Standard Deviation 57.29+14.31 56.07+14.73 57.61%13.88 0.241
Metabolic Syndrome, n (%) 924 710 (76.84) 214 (23.16) 0.001
SBP(mmHg), Mean + SD 140.04+31.82 141.37£19.48 138.71£40.50 0.033
DBP (mmHg),Mean + SD 88.17+20.22 89.43+25.49 86.91+12.87 0.001
Hypertension, n (%) 1639 821 (50.09) 818 (49.91) 0.906
Diabetes, n (%) 502 254 (50.60) 248 (49.40) 0.767
Hyperlipidemia, n (%) 554 289 (52.17) 265 (47.83) 0.253
Fasting Blood Glucose (mmol/L), Mean + SD 6.11+2.08 6.45+2.20 5.72+1.86 0.001
CHO(mmol/L), Mean * SD 4.42+1.21 4.53+1.26 4.28+1.14 0.001
TG (mmol/L),Mean * SD 2.17+1.87 2.36%2.06 1.97+1.61 0.001
HDL(mmol/L), Mean + SD 0.95+0.25 0.92+0.24 0.99+0.27 0.001
LDL(mmol/L), Mean * SD 2.63+0.92 2.71+0.94 2.55+0.89 0.001
ALT (U/L), Mean % SD 28.56+29.16 29.82+30.94 27.15+26.97 0.021
AST (U/L), Mean * SD 22.50+22.36 22.86+24.40 22.10+19.83 0.391
UA (umol/L), Mean + SD 470.94+110.50 | 479.28%111.92 462.61+108.46 0.001
CR (pumol/L), Mean * SD 110.13£104.12 | 116.58£116.30 102.91+£87.99 0.001
Ur (mmol/L), Mean + SD 6.82+4.68 7.11£5.16 6.50+£4.06 0.001
CRP (mg/L), Mean * SD 29.27+45.63 36.37+49.52 12.78+28.92 0.001
ESR (mm/h), Mean + SD 35.59+30.99 43.14£31.11 17.85+22.24 0.001
Antistreptolysin O, Mean * SD 82.53+78.22 83.16x81.85 80.85+78.22 0.853
Gout Duration (years), Mean * SD 5.38+3.01 5.24+2.94 5.51%3.07 0.019
Gout Duration Grouping
<| year, n (%) 196 77 (39.29) 119 (60.71) 0.002
|15 years, n (%) 1021 567 (55.53) 454 (44.47) 0.001
> 5 years, n (%) 1489 709 (47.62) 780 (52.38) 0.006
Tophi (Number), n (%) 0.53+0.49 0.80+0.40 0.29+0.45 0.001
Acute Attack Frequency (times/year), Mean + SD | 1.45+1.56 1.59£1.59 1.30£1.51 0.001
Medication Use
Use of Lipid-Lowering Drugs, n (%) 373 198 (53.08) 175 (46.92) 0.200
Use of Antidiabetic Drugs, n (%) 478 289 (60.46) 189 (39.54) 0.001
Use of Antihypertensive Drugs, n (%) 899 508 (56.51) 391 (43.49) 0.001

(adjusted OR=9.689, 95% CI: 5.727-16.392, P<0.001). Other significant factors included elevated uric acid levels (adjusted
OR=1.005, P<0.001), elevated ESR (adjusted OR=1.039, P<0.001), the presence of tophi (adjusted OR=7.164, P<0.001),
and decreased HDL levels (adjusted OR=0.272, P=0.009). Age was negatively associated with refractory gout (adjusted
OR=0.982, P=0.013), suggesting that younger patients may face a higher risk of developing the condition.

Subgroup Analysis of the Association Between Metabolic Syndrome and Its
Components with Refractory Gout Based on Different Factors

To explore how the effects of various factors differed across populations, we conducted a subgroup analysis (Table 4).
The results showed that when stratified by age, presence of tophi, flare frequency, uric acid level, and disease duration,
the strength of the association between metabolic syndrome and refractory gout did not exhibit a significant interaction
(all P-interaction > 0.05). This suggests that metabolic syndrome is likely a common and independent risk factor across
these subgroups.However, a significant interaction was observed in the association between blood glucose levels and

refractory gout (P-interaction < 0.001). Specifically, this association was more pronounced in patients with tophi
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Table 3 Univariate and Multivariate Logistic Regression Analysis of Factors Associated

with Refractory Gout

Characteristic Univariable Multivariable
OR(95% CI) P OR(95% CI) P

Age (years) 0.997 (0.992~1.002) 0.241 | 0.982(0.968~0.996) 0.013
Sex (Male, n (%)) 1.036 (0.820~1.310) 0.765 | 1.458(0.794~2.679) 0.224
Duration (years) 0.970 (0.946~0.995) 0.019 | 0.974(0.915~1.036) 0.397
Metabolic Syndrome 5.877 (4.905~7.042) 0.001 | 9.689(5.727~16.392) | 0.001
SBP(mmHg) 1.004 (1.000~1.008) 0.029 | 1.008(0.998~1.019) 0.124
DBP (mmHg) 1.012 (1.006~1.019) 0.001 | 0.995(0.986~1.003) 0.220
ALT (U/L) 1.003 (1.000~1.006) 0.024 | 1.002(0.994~1.009) 0.684
Ur (mmol/L) 1.030 (1.012~1.048) 0.001 | 1.033(0.963~1.108) 0.365
UA (umol/L) 1.001 (1.001~1.002) 0.001 | 1.005(1.003~1.006) 0.001
CR(umol/L) 1.001 (1.001~1.002) 0.002 | 1.000(0.996~1.003) 0.907
CHO(mmol/L) 1.190 (1.112~1.273) 0.001 | 1.283(0.730~2.255) 0.386
TG (mmol/L) 1.152 (1.090~1.218) 0.001 | 0.933(0.769~1.132) 0.481
HDL (mmol/L) 0.319 (0.230~0.441) 0.001 | 0.272(0.103~0.721) 0.009
LDL(mmol/L) 1.214 (1.112~1.325) 0.001 | 0.977(0.539~1.772) 0.939
Blood Glucose (mmol/L) 1.232 (1.173~1.294) 0.001 | 1.009(0.907~1.123) 0.870
ESR (mm/h) 1.042 (1.035~1.049) 0.001 | 1.039(1.028~1.050) 0.001
CRP (mg/L) 1.021 (1.016~1.026) 0.001 | 1.007(0.999~1.014) 0.071
Tophi (number of tophi) 9.025 (7.571~10.758) | 0.001 | 7.164(5.018~10.226) | 0.001
Attack Frequency (times/year) | 1.126 (1.072~1.183) 0.001 | 1.065(0.947~1.199) 0.293

Notes: Data are presented as odds ratios (OR) with 95% confidence intervals (Cl). The multivariate model was
adjusted for all variables listed in the table A P-value < 0.05 was considered statistically significant.
Abbreviations: OR, Odds Ratio; Cl, Confidence Interval; SBP, Systolic Blood Pressure; DBP, Diastolic Blood
Pressure; ALT, Alanine Aminotransferase; Ur, Urea; UA, Uric Acid; CR, Creatinine; CHO, Total Cholesterol; TG,
Triglycerides; HDL, High-Density Lipoprotein; LDL, Low-Density Lipoprotein; ESR, Erythrocyte Sedimentation
Rate; CRP, C-Reactive Protein.

(OR=2.52 vs 1.87) and in those with a disease duration of >3 years (OR=2.42 vs 2.00), suggesting that a state of long-
term hyperglycemia may play a more significant role in the progression to refractory gout.

Nonlinear Relationships Between Clinical Parameters and Metabolic Syndrome and

Refractory Gout

To investigate potential complex patterns between various clinical indicators and disease risk, we employed restricted cubic
spline models (Figure 2). The analysis revealed several significant nonlinear relationships.Regarding the risk of metabolic
syndrome, age exhibited an inverted U-shaped trend, with the risk peaking at approximately 58 years. Regarding the risk of
refractory gout, multiple indicators demonstrated nonlinear characteristics: ESR showed a bell-shaped relationship, with the
highest risk around 25 mm/h; CRP had a positive nonlinear association (reference point at 8 mg/L); and systolic blood
pressure (SBP) displayed a U-shaped relationship with risk, with a nadir around 138 mmHg, suggesting that both high and
low blood pressure may increase risk. These findings suggest that the clinical interpretation of these markers should extend
beyond assessing whether they fall within a “normal range” to considering their specific risk-associated intervals.

Discussion

This study systematically assessed the association between refractory gout and metabolic syndrome, along with their
clinical features, using propensity score matching analysis. Our results indicate that the prevalence of metabolic
syndrome in patients with refractory gout was significantly higher than in those with non-refractory gout (52.5% vs
15.8%, P < 0.001). Multivariate analysis showed that metabolic syndrome was the strongest independent factor
associated with refractory gout (adjusted OR = 9.689, 95% CI: 5.727-16.392, P < 0.001). Furthermore, this study is
the first to systematically explore the nonlinear relationships between clinical parameters and metabolic syndrome as well
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Table 4 Subgroup Analysis of the Association Between Metabolic Syndrome and Its Components with Refractory Gout Based on Different Factors

Variable OR (95% CI) OR (95% CI) P-inter OR (95% Cl) OR (95% CI) P-inter OR (95% CI) OR (95% CI) P-inter OR (95% CI) OR (95% CI) P-inter OR (95% CI) OR (95% CI) P-inter

Age Age > 60 action With Tophi Without Tophi action Attack Attack action Uric Acid Uric Acid action Disease Disease action

<60 (n=1411) (n=1295) (n=1474) (n=1232) Frequency >3 Frequency <3 > 480 (n=1137) < 480 (n=1569) Duration Duration
(n=623) (n=2083) >3 (n=1937) <3 (n=769)

Metabolic Syndrome 1.00 (0.99, 1.00) 1.00 (0.99, 1.00) 0.96 0.99 (0.98, 1.00) 1.01 (1.00, 1.03) 0971 1.00 (0.98, 1.02) 1.00 (0.99, 1.00) 0971 1.00 (0.98, 1.02) 1.00 (0.99, 1.00) 0971 1.00 (0.98, 1.00) 1.01 (0.99, 1.03) 0971
Hypertension 3.07 (2.37, 4.00) 3.07 (2.37, 4.00) 0.019 3.62 (260, 5.11) 247 (1.60, 3.89) 0.438 179 (1.09, 2.96) 374 (275, 5.13) 0.438 285 (1.93, 4.26) 299 (2.10, 4.28) 0438 262 (1.91, 3.63) 4.24 (2.70, 6.80) 0438
Diabetes 5.86 (4.44,7.78) 5.86 (4.44, 7.78) 0571 6.98 (4.69, 10.54) 6.44 (4.25, 9.84) 0.573 470 (2.59, 8.69) 6.21 (4.53, 8.58) 0573 2.88 (1.70, 4.91) 6.69 (4.74, 9.54) 0.573 7.96 (5.66, 11.31) 293 (1.77, 4.89) 0573
Hyperlipidemia 116 (0.88, 1.51) 116 (0.88, 1.51) 0.388 1.09 (0.77, 1.54) 130 (0.83, 2.02) 0.749 1.06 (0.60, 1.86) 1.18 (0.86, 1.60) 0.749 0.95 (0.61, 1.47) 123 (0.86, 1.74) 0.749 127 (0.92, 1.76) 0.94 (0.57, 1.54) 0.749
SBP(mmHg) 1.02 (1.02, 1.03) 1.02 (1.02, 1.03) 0.022 1.02 (1.01, 1.03) 1.02 (1.01, 1.03) 0.309 1.02 (1.01, 1.04) 1.02 (1.01, 1.03) 0309 1.02 (1.01, 1.03) 1.02 (1.01, 1.03) 0.309 1.02 (1.01, 1.03) 1.02 (1.01, 1.03) 0309
DBP (mmHg) 1.00 (0.99, 1.00) 1.00 (0.99, 1.00) 0.023 0.99 (0.98, 1.00) 1.01 (1.00, 1.03) 0.02 1.00 (0.98, 1.02) 1.00 (0.99, 1.00) 0.02 1.00 (0.98, 1.02) 1.00 (0.99, 1.00) 0.02 1.00 (0.98, 1.00) 1.01 (0.99, 1.03) 0.02
CHO(mmollL) 114 (0.82, 1.58) 114 (0.82, 1.58) 026 129 (0.83, 2.02) 0.79 (0.46, 1.33) 0.177 0.81 (0.40, 1.63) 125 (0.86, 1.81) 0.177 1.19 (0.74, 1.94) 1.12 (071, 1.75) 0.177 123 (0.85, 1.79) 0.92 (0.46, 1.85) 0.177
TG(mmol/L) 1.17 (1.03, 1.32) 1.17 (1.03, 1.32) <0.001 1.19 (1.00, 1.42) 1.17 (0.97, 1.42) 0.047 1.24 (0.97, 1.59) 1.15 (1.00, 1.34) 0.047 1.12 (0.94, 1.35) 1.30 (1.09, 1.58) 0.047 1.12 (0,97, 1.30) 1.27 (1.00, 1.64) 0.047
HDL (mmol/L) 0.07 (0.04, 0.12) 0.07 (0.04, 0.12) 0.12 0.07 (0.03, 0.16) 0.07 (0.03, 0.20) 0.193 0.15 (0.04, 0.49) 0.05 (0.03, 0.11) 0.193 0.08 (0.03, 0.21) 0.05 (0.02, 0.11) 0.193 0.05 (0.02, 0.11) 0.10 (0.03, 0.28) 0.193
LDL(mmol/L) 0.86 (0.60, 1.22) 0.86 (0.60, 1.22) 0.466 0.74 (0.46, 1.21) 1.22 (0.70, 2.23) 0.986 1.16 (0.55, 2.46) 0.80 (0.53, 1.19) 0.986 0.86 (0.50, 1.45) 0.89 (0.55, 1.45) 0.986 0.86 (0.57, 1.29) 0.88 (0.42, 1.86) 0.986
Blood Glucose 2.23 (2.04, 2.44) 223 (2.04, 2.44) 0.121 2.52 (2.22, 2.88) 1.87 (1.65, 2.14) <0.001 2.32(1.93, 2.82) 222 (201, 2.47) <0.001 2.28 (1.99, 2.63) 223 (1.98, 2.52) <0.001 242 (216, 2.73) 2.00 (1.75, 2.31) <0.001
(mmol/L)

[39 17
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Notes: Data are presented as odds ratios (OR) with 95% confidence intervals (Cl). The P-interaction value was used to assess the differences in the strength of associations between subgroups. All models were adjusted for age, sex, uric
acid levels, and tophi. A P-value < 0.05 was considered statistically significant.

Abbreviations: OR, Odds Ratio; Cl, Confidence Interval; MetS, Metabolic Syndrome; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; CHO, Total Cholesterol; TG, Triglycerides; HDL, High-Density Lipoprotein; LDL, Low-
Density Lipoprotein.
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Figure 2 Nonlinear relationships between clinical parameters and the risk of metabolic syndrome or refractory gout. (A and B) show the relationship of age (A) and ESR
(B) with metabolic syndrome risk. (C-H) display the relationship of ESR (C), CRP (D), SBP (E), DBP (F), blood glucose (G), and TG (H) with refractory gout risk. Solid red
lines represent the adjusted odds ratios (ORs) and the shaded areas represent the 95% confidence intervals (Cls). The horizontal dashed line at OR=1.0 indicates the
reference for no increased risk. The vertical dashed line indicates the reference point for the corresponding clinical parameter. All models were adjusted for potential
confounders including age, sex, and baseline metabolic risk factors. A P for non-linearity < 0.05 was considered statistically significant.

Abbreviations: ESR, Erythrocyte Sedimentation Rate; CRP, C-Reactive Protein; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; TG, Triglycerides.

as refractory gout. We found that age showed a rising and then falling trend in relation to metabolic syndrome, with the
risk peaking around 58 years; ESR showed a bell-shaped relationship with the risk of metabolic syndrome. Subgroup
analysis revealed that the association between blood glucose and refractory gout was more significant in patients with
tophi (OR = 2.52 vs 1.87) and those with a disease duration >3 years (OR = 2.42 vs 2.00) (P-interaction < 0.001).

Unlike general gout, refractory gout has more unique pathophysiological mechanisms, which lead to a stronger
association with metabolic syndrome. Refractory gout patients often have persistent hyperuricemia, widespread urate
crystal deposition, and a chronic inflammatory state.'® This chronic inflammation leads to the sustained release of pro-
inflammatory cytokines, such as IL-1B, TNF-a, and IL-6, which not only participate in the inflammatory cascade of gout
attacks but also directly contribute to insulin resistance, endothelial dysfunction, and lipid metabolism disturbances.?!
Additionally, refractory gout patients typically experience more frequent arthritis flare-ups and greater tophi formation,
reflecting higher uric acid burden and more severe crystal deposition, which further exacerbates metabolic disturbances.
Vazquez-Mellado et al'' reported a prevalence of metabolic syndrome of 82% in Mexican male gout patients. Yoo et al'®
found a prevalence of 44% in Korean male gout patients, compared to 5% in the general Korean population, with an
association to the severity of refractory gout. Notably, our study is the first to systematically assess the association
between refractory gout and metabolic syndrome in a Chinese population, using a more rigorous study design. Compared
to the 54.6% prevalence reported by Doualla-Bija et al** in sub-Saharan African populations, the prevalence of metabolic
syndrome in our study (52.5%) in Chinese refractory gout patients was similar, which may reflect the universality of this
association, despite racial and regional differences.

The molecular mechanisms underlying the association between refractory gout and metabolic syndrome may involve
multiple complex pathways. First, persistent hyperuricemia itself may be an important driver of metabolic syndrome.
Research shows that uric acid is not only an antioxidant but also an active molecule that promotes inflammation and
metabolic disturbances.”® In vascular endothelial cells, uric acid can inhibit the production of nitric oxide, leading to
vascular remodeling.'* Uric acid also promotes the proliferation and migration of vascular smooth muscle cells, which
are important pathological bases for hypertension and cardiovascular diseases.'> Second, there is a bidirectional relation-
ship between refractory gout and insulin resistance. On the one hand, insulin resistance enhances renal tubular sodium
reabsorption, reducing uric acid excretion and leading to hyperuricemia;'® on the other hand, persistently high levels of
uric acid can suppress B-cell proliferation and promote insulin resistance, creating a vicious cycle. Our study found that
refractory gout patients had higher fasting blood glucose levels and lower HDL-C levels, supporting this mechanism.
Takir et al'” demonstrated in clinical trials that urate-lowering therapy can significantly improve insulin sensitivity and

systemic inflammatory markers, even in asymptomatic hyperuricemia patients.
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Our study is the first to reveal the nonlinear relationships between multiple clinical parameters and refractory gout as
well as metabolic syndrome. Age showed a rising and then falling trend in relation to metabolic syndrome, with the risk
peaking around 58 years, which may reflect the dynamic changes of risk factors over the disease’s natural history.
Younger and middle-aged patients face lifestyle-related factors (such as dietary habits, work stress, and reduced physical
activity), while older patients may show a decrease in risk due to “survivor effect” or pharmacological interventions. ESR
demonstrated a bell-shaped relationship with both metabolic syndrome and refractory gout, with a reference point at 25,
suggesting that a moderate inflammatory state might have the greatest impact on metabolic disturbances, whereas
excessively high ESR may reflect the presence of other serious diseases, masking the direct association with metabolic
disorders. CRP showed a positive nonlinear relationship with refractory gout (reference point = 8), which is consistent
with the findings of this study, highlighting the key role of chronic low-grade inflammation in metabolic disturbances.**

Notably, we observed a U-shaped relationship between SBP and refractory gout (reference point = 138), which differs
from previous studies and may reflect unique blood pressure regulation mechanisms in gout patients. Both low and high SBP
may increase the risk of refractory gout through different pathways—hypotension may be associated with reduced renal
perfusion and impaired uric acid clearance, while hypertension exacerbates urate crystal deposition through vascular injury
and inflammatory responses.*> Blood glucose levels were significantly positively associated with refractory gout (reference
point = 5.5), particularly in patients with tophi and those with a disease duration >3 years, suggesting that long-term
hyperglycemia may promote the refractory progression of gout through multiple pathways, including exacerbating oxidative
stress, promoting crystal deposition, and affecting uric acid excretion.?® In contrast, we found that TG showed a negative
nonlinear relationship with refractory gout (reference point = 1.7), with a stronger association in patients with uric acid
<480 pumol/L. This unexpected finding may indicate the complex regulatory role of TG in gout depending on different uric
acid levels, possibly influenced by the use of TG-modulating drugs, which warrants further investigation.

In subgroup analysis, we observed a significant interaction in the association between blood glucose and refractory
gout, with stronger associations in patients with tophi and those with a disease duration >3 years. This finding suggests
that tophi formation may reflect a greater disease burden and longer disease exposure time, thereby enhancing the
association between metabolic disturbances and refractory gout.”” Additionally, we did not observe significant differ-
ences in the strength of the association between metabolic syndrome and refractory gout in different age, sex, and disease
characteristic subgroups, indicating that metabolic syndrome may be a relatively independent risk factor whose impact on
refractory gout is not significantly modulated by these basic characteristics.

Our study has several important implications for clinical practice. First, refractory gout patients should routinely be
screened for metabolic syndrome, especially early in the disease course (around 58 years). Reference points for clinical
assessment, such as ESR around 25, CRP around 8, SBP around 138, blood glucose around 5.5, and TG around 1.7, may
serve as important indicators. Second, particular attention should be paid to blood glucose control in patients with tophi
and a disease duration >3 years, as these patients may be more sensitive to the adverse effects of hyperglycemia. Third,
treatment strategies should take into account the nonlinear relationships between clinical parameters and disease risk,
avoiding the oversimplified approach of “the lower the better” or “within standard range” for treatment goals, and instead
determining optimal treatment targets based on nonlinear risk curves.*® Lastly, considering the increased cardiovascular
risk in these patients, comprehensive management strategies should be part of routine care.

The strengths of this study lie in its large sample size and rigorous study design. By using propensity score matching, we
effectively controlled for potential confounders. The application of restricted cubic spline models allowed us to explore the
nonlinear relationships between clinical parameters, refractory gout, and metabolic syndrome, providing more detailed risk
assessment. Additionally, systematic subgroup analysis helped identify high-risk populations, providing evidence for clinical
decision-making. This study has several limitations that should be acknowledged. First, as a retrospective cross-sectional
study, it cannot establish causality between metabolic syndrome and refractory gout. Second, the single-center design may
limit the external validity of our findings, particularly given the diversity of lifestyle and dietary habits across different regions
of China. Third, some potential confounders were not fully assessed, including detailed dietary patterns, physical activity
levels, medication adherence, and genetic factors. Furthermore, reliance on self-reported disease history may have introduced
recall bias. Finally, as this study spanned a decade, we could not account for potential minor variations in laboratory assay
standards or equipment over this period, which is a common limitation in long-term retrospective studies.Despite these
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limitations, our findings open several avenues for future research. Prospective cohort studies are needed to explore the
temporal relationship and causality between refractory gout and metabolic syndrome. Randomized controlled trials should
evaluate the impact of different urate-lowering therapy intensities and types on the components of metabolic syndrome.
Furthermore, exploring novel biomarkers, such as inflammatory cytokines, adiponectin, and microRNAs, is crucial for the
early identification of high-risk patients. Investigating the potential benefits of anti-inflammatory treatments, like IL-1
inhibitors, on metabolic parameters in this population is also a promising direction. Ultimately, these efforts should aim to
develop personalized treatment strategies that adjust clinical management based on the specific features and nonlinear risk
patterns identified in our study.

Conclusion

This study shows that the prevalence of metabolic syndrome is significantly higher in patients with refractory gout, and
the metabolic burden has complex nonlinear relationships with clinical parameters. The nonlinear associations between
blood glucose levels, ESR, CRP, SBP, and TG with refractory gout provide new perspectives for clinical risk assessment
and management. As an autoinflammatory metabolic disease, refractory gout should not be simply viewed as arthritis but
recognized as a systemic disease. Multidisciplinary collaborative management is crucial to reduce the risk of metabolic
complications in these patients. Future research needs to further clarify the causal relationship between hyperuricemia
and metabolic abnormalities, as well as the long-term impact of urate-lowering therapy on improving metabolic markers,
providing stronger evidence for the comprehensive management of refractory gout patients.
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