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METHOD
Study participants
[bookmark: OLE_LINK41][bookmark: OLE_LINK40]The Tianning Cohort is an on-going multi-center community-based prospective longitudinal study designed to identify new risk factors and potential therapeutic targets of CVD and related risk factors in Chinese adults. The protocols of this study were approved by the Ethics Committee of Soochow University (approval No. ECSU-201800051) and described in detail elsewhere.1 In brief, a total of 5,199 participants received a face-to-face interview, physical examination, urine and blood drawn at the baseline examination conducted in 2018, after giving a signed written informed consent. After excluding participants with missing data on either BMI or metabolic syndrome components (N=127), a total of 5,072 participants were included in the final analysis. All participants were free of diagnosed gout.
Measurement of serum UA and definition of hyperuricemia
Blood samples were obtained in the morning by venipuncture after a requested overnight fasting (at least 8 hours). Serum UA was measured by the Simens ADVIA Chemistry XPT system using commercial reagents (Siemens Healthcare Diagnostic Inc., Co Antrim, UK). Asymptomatic hyperuricemia was commonly diagnosed as serum UA above 420 μmol/L (7.0 mg/dl) for men and above 360 μmol/L (6.0 mg/dl) for women. This definition has been widely used in prior studies.2
Measurement of metabolic disorders
Typically, metabolic disorders included increased blood pressure, dyslipidemia, hyperglycemia, and central obesity, according to the Joint Interim Statement of the International Diabetes Federation Task Force on Epidemiology and Prevention.3 Blood pressure was measured 3 times by physicians using a standard mercury sphygmomanometer and a cuff of appropriate size, according to a standard protocol,4 after the participants had been resting for at least 5 minutes in a relaxed, sitting position. The first and fifth Korotkoff sounds were recorded as systolic blood pressure (SBP) and diastolic blood pressure (DBP), respectively. The mean of three measurements was used in the analyses. Waist circumference (WC) was measured at the level of 1 cm above the umbilicus. Lipids and fasting glucose were measured by the Simens ADVIA Chemistry XPT system using commercial reagents (Siemens Healthcare Diagnostic Inc., Co Antrim, UK). The definitions of each metabolic disorder were described in Supplementary Table S1.
Definition of metabolically healthy and unhealthy obesity
Body weight (kg) and height (cm) were measured when participants wore light clothes and no shoes by physicians. Body mass index (BMI) was calculated by dividing weight in kilograms by the square of height in meters (kg/m2). Obesity was diagnosed as BMI≥28 kg/m2.5 Obese participants with ≥3 of 5 metabolic disorders were defined as MUO and those with less than 3 metabolic disorders were treated as MHO.
Assessment of confounding factors
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Data on demographic information, social-economic statues, lifestyle risk factors, and personal medical history were gathered applying standard questionnaires in the Chinese language administered by trained staff. Cigarette smoking was classified as current smoking, past smoking, and never smoking. Current smoking was defined as having smoked cigarettes regularly and smoking currently. Past smoking was defined as having smoked cigarettes regularly in the past but not smoking currently. Never smoking was defined as never smoked cigarettes. Alcohol consumption was classified as current drinkers or not. Current drinkers were those who had consumed any alcohol during the past year. Education level was estimated as years of under education. CKD was defined as an estimated glomerular filtration rates (eGFR) <60 ml/min per 1.73 m2. eGFRMDRD:175 × (Scr)−1.154 × (Age)−0.203 × (0.742 if Female).6 CVD was defined by the participants who suffered a stroke or coronary heart disease. Physical activity was determined using the Global Physical Activity Questionnaire (GPAQ) which was developed by the WHO for physical activity surveillance in developing countries.7 It collects information on physical activity at work, commuting, and recreational activities as well as sedentary behavior. Metabolic equivalent (MET) values defined as the ratio of metabolic rate to resting metabolic rate.8 The measured data were processed according to the GPAQ Analysis Guide, and MET-minutes per week values were calculated and used in data analysis. Sleep was assessed by a total score of the Pittsburgh Sleep Quality Index (PSQI), a widely used and well-validated measure of sleep quality.9
Statistical analysis
[bookmark: OLE_LINK16][bookmark: OLE_LINK15]Characteristics were presented in participants with MUO, MHO, and a normal BMI, respectively. To examine the association between serum UA and obesity status, we constructed a linear regression model in which serum UA was the dependent variable and obesity status (MUO vs. MHO vs. normal) was the independent variable, adjusting for age, sex, education level, cigarette smoking, alcohol consumption, eGFR, physical activity, and sleep quality. To facilitate data interpretation, a logistic regression model was similarly constructed to examine the association between obesity status and prevalent hyperuricemia. To examine whether and to what extent metabolic states modify the association between BMI and hyperuricemia, we performed subgroup analysis by metabolic states and tested the heterogeneity by introducing an interaction term of BMI×metabolic states. To examine whether CKD and CVD influent our results, participants with prevalent CKD and CVD were excluded. All statistical analyses were conducted using SAS statistical software, version 9.4 (SAS Institute, Cary, NC). A two-tailed P-value less than 0.05 was considered statistically significant.


	[bookmark: _Hlk65419386]Supplementary Table S1. Definitions of metabolic syndrome components

	Components
	
	Definition

	Central obesity
	
	WC≥85 cm for men or WC≥80 cm for women

	Elevated triglyceride
	
	≥1.70 mmol/L or under treatment

	Reduced HDL-C
	
	<1.00 mmol/L for men and <1.30 mmol/L for women or under treatment

	Elevated blood pressure
	
	≥130/85 mmHg or under treatment

	Elevated fasting glucose
	
	≥5.6 mmol/L or under treatment












	[bookmark: _Hlk65420260]Supplementary Table S2. Multivariate * adjusted associations between obesity-metabolic phenotypes and hyperuricemia in different genders

	obesity status
	Serum UA
	
	Hyperuricemia

	
	β(SE)
	P value
	
	OR(95%CI)
	P value

	Male
	
	
	
	
	

	MHNO
	ref
	
	
	1.00(ref)
	

	MUNO
	27.03(4.06)
	<0.001
	
	2.10(1.66-2.66)
	<0.001

	MHO
	41.10(8.32)
	<0.001
	
	3.01(1.92-4.73)
	<0.001

	MUO
	54.46(5.93)
	<0.001
	
	3.03(2.19-4.20)
	<0.001

	Female
	
	
	
	
	

	MHNO
	ref
	
	
	1.00(ref)
	

	MUNO
	39.71(3.00)
	<0.001
	
	3.32(2.59-4.26)
	<0.001

	MHO
	38.23(6.72)
	<0.001
	
	3.65(2.22-5.99) *
	<0.001

	MUO
	66.44(4.79)
	<0.001
	
	6.71(4.75-9.48)
	<0.001

	[bookmark: _Hlk65420278]*adjusting for sex, age, smoke, drink, education level, eGFR, physical activity and sleep quality.
Hyperuricemia was defined as serum UA ≥7 mg/dl (420 mmol/L) in men or ≥6 mg/dl (360 mmol/L) in women. 
MHNO: metabolically healthy non-obesity; MUNO: metabolically unhealthy non-obesity; MHO: metabolically healthy obesity; MUO: metabolically unhealthy obesity. 






	[bookmark: _Hlk65420329]Supplementary Table S3. Multivariate * adjusted associations between obesity-metabolic phenotypes and hyperuricemia after excluding participants with prevalent CVD and CKD

	obesity status
	Serum UA
	
	Hyperuricemia

	
	β(SE)
	P value
	
	OR(95%CI)
	P value

	Excluding CKD
	
	
	
	
	

	MHNO
	ref
	
	
	1.00(ref)
	

	MUNO
	36.44(2.51)
	<0.001
	
	2.75(2.31-3.26)
	<0.001

	MHO
	42.02(5.34)
	<0.001
	
	3.40(2.46-4.71)
	<0.001

	MUO
	61.81(3.84)
	<0.001
	
	4.73(3.72-6.00)
	<0.001

	Excluding CVD
	
	
	
	
	

	MHNO
	ref
	
	
	1.00(ref)
	

	MUNO
	36.29(2.45)
	<0.001
	
	2.76(2.31-3.29)
	<0.001

	MHO
	43.09(5.28)
	<0.001
	
	3.28(2.35-4.58)
	<0.001

	MUO
	64.19(3.79)
	<0.001
	
	4.59(3.53-5.75)
	<0.001

	Excluding CVD and CKD
	
	
	
	
	

	MHNO
	ref
	
	
	1.00(ref)
	

	MUNO
	36.46(2.51)
	<0.001
	
	2.77(2.32-3.32)
	<0.001

	MHO
	43.09(5.34)
	<0.001
	
	3.35(2.40-4.68)
	<0.001

	MUO
	62.49(3.86)
	<0.001
	
	4.62(3.61-5.92)
	<0.001

	[bookmark: _Hlk65420371]*adjusting for sex, age, smoke, drink, education level, eGFR, physical activity and sleep quality.
Hyperuricemia was defined as serum UA ≥7 mg/dl (420 mmol/L) in men or ≥6 mg/dl (360 mmol/L) in women. 
MHNO: metabolically healthy non-obesity; MUNO: metabolically unhealthy non-obesity; MHO: metabolically healthy obesity; MUO: metabolically unhealthy obesity.
CKD: chronic kidney disease, eGFR <60 ml/min per 1.73 m2 ; CVD: cardiovascular disease.
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