Attenuating the mortality risk of high serum uric acid: 
the value of physical activity overlooked
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Abstract
Background: High serum uric (sUA) acid has been associated with increased mortality risks, but its clinical treatment varied with potential side effects. The role of physical activity has received limited attention.
Methods: A cohort, consisting of 467,976 adults, who went through a standard health screening program, with questionnaire and fasting blood samples, was successively recruited between 1996 and 2008. High sUA is defined as uric acid above 7.0 mg/dL. Leisure time physical activity level was self-reported with fully active defined as those with 30 minutes per day for at least 5 days a week. National death file identified 12,228 deaths with a median follow-up of 8.5 years. Cox proportional model was used to analyze hazard ratios (HRs), and 12 variables were controlled, including medical history, life style and risk factors.
Findings: High sUA constituted one quarter of the cohort (25.6%). Their all cause mortality was significantly increased [HR: 1.22 (1.15-1.29)], with much of the increase contributed to by the inactive [HR: 1.27 (1.17-1.37)], relative to the reference group with sUA level of 5-6 mg/dL. When they were fully active, mortality risks not only did not increase, but decreased by 11% [HR: 0.89 (0.82-0.97)], reflecting the benefits of being active was able to overcome the adverse effects of high sUA. Given the same high sUA, a 4-6 years difference in life expectancy was found between the active and the inactive. 
Conclusions: Physical activity is a valuable alternative, and in many ways equivalent to pharmacotherapy in its ability to reduce the increases in mortality risks from high sUA. By being fully active, exercise can extend life span by 4-6 years, a level greater than the 1-4 years of life shortening effect from high sUA.

Introduction
	The management of asymptomatic hyperuricemia has been baffling clinicians for decades [1]. The evidence has been mounting on the adverse mortality effect of high serum uric acid (sUA) [2-11]{Chen, 2009 #1}. Many studies showed the independent effect of sUA as a risk factor for both all cause and cardiovascular disease (CVD) [2-8]. When associated with gout or with renal stone, pharmaco-intervention is clinically indicated [12]. However, several reports argued that high sUA is not a primary target for treatment [1 13-16], and in most practices, high sUA did not receive treatment. First, most high sUA is asymptomatic but when pharmacotherapy is instituted, substantial side effects from medication could occur, including Steven-Johnson syndrome [17 18]. Thus, the potential harms may not justify its benefits. Secondly, high sUA, not considered as a major CVD risk factor, is often accompanied by co-morbidities such as hypertension or diabetes [1]. Treating these major CVD risk factors could be more important or more urgent than treating high sUA per se [12 19 20]. As a result, the field of managing high sUA is a mixed bag of different reactions from clinicians: Most ignored high sUA and left it unattended. Others offered treatment with medicines, with occasional side effects that could outweigh the benefits. Nevertheless, treating high sUA with medicines is popularly requested by patients. The reality is, however, other than the potential side effects of medication, such a treatment requires a long-term commitment, with the risk/benefit ratios uncertain.
	The benefits of physical activity are legion including the well-being sensation, extending life expectancy, and reducing mortalities [21 22]. In order to accomplish this, the prevailing thinking is it requires meeting the exercise recommendation by spending 150 minutes or more per week on activities of moderate intensity [23 24]. However, our recent study reported significant beneficial effect from less than the recommended amount [21]. A daily physical activity lasting 15 minutes or more could achieve a 14% mortality risk reduction and extend a 3-year life expectancy [21]. Such a short duration made less acceptable the excuses of “too busy” to exercise.
The objective of the study is to assess whether being physically active is associated with reduction of the excess mortality from high sUA. We compared within a large cohort study between those active and inactive individuals with high sUA, with or without comorbidities. Given the current uncertainty in treating high sUA, an important objective is to assess whether physical activity could be recommended as part of clinical routine for those with high sUA. 
Methods
Study population and follow-up
The detailed information of the study population has been reported elsewhere [21 25]. In short, we observed 467,976 participants, aged 20 years and older, recruited successively between 1996 and 2008 in a standardized medical screening program. The screening clinics were operated by a private firm (MJ Health Management Institution) which attracted paying individuals from all over Taiwan. Vital status was ascertained through linking the unique ID of the cohort with the National Death File. As of the end of 2008, 12,228 deaths were identified in a cumulative 13-year follow-up of mortality and 3.5 million person-years of observation. The causes of death were classified according to ICD-9.
An informed consent from each individual, authorizing the processing and analyzing the data, was obtained and ethical reviews were approved by the Institutional Review Boards at China Medical University Hospital, Taiwan. 
Questionnaire and Laboratory Procedures 
Each participant completed a detailed questionnaire containing medical history, lifestyle and demographic information, including education, smoking, drinking, and physical activity. Three multiple choice questions were asked to ascertain an individual’s leisure time physical activity level, with details reported earlier [21]. The duration and intensity of weekly physical activity were converted into MET-hour/week, which was based on Ainsworth’s compendium of physical activities [26]. Majority of those inactive individuals reported no leisure time physical activity, with a small group (12.5%) having limited exercise with less than one hour per week. Those classified as “fully active”, with ≧7.5 MET-hour/week, met the current exercise recommendation of ≧150 minutes/week, and “low active” exercised 90 minutes a week on the average or 15 minutes a day. MET (Metabolic Equivalent for Task) is a unit for exercise intensity with 1 MET = the energy (oxygen) used by the body at rest, while sitting quietly. Activity that burns 3 to 6 METs is moderate intensity, while activity > 6 METs is considered vigorous. 
	Fasting blood samples were collected and centrifuged and serum was assayed by using Hitachi 7150 auto-analyzers (Tokyo, Japan). Obesity was defined with body mass index (BMI) ≧30 kg/m2. Hypertension was identified by medical history or self-reported antihypertensive drugs use or positive screening results (systolic pressure≧140 mmHg). Diabetes was defined by medical history or self-reported hypoglycemic drugs use or positive screening results (fasting blood glucose concentration≧126 mg/dL). Hyperlipidemia was defined by medical self-reported lipid-lowering agents use or positive screening results (cholesterol ≧240 mg/dL). High triglycerides was defined as triglycerides≧200 mg/dL. Anti-hyperuricemic drugs information was accessed by self-reported. The definition of Metabolic syndrome was based on ATP III guideline [27], and the classification of Chronic kidney disease (CKD) was based on KDOQI [28] with CKD-EPI modification [29]. Abnormal liver function was defined as Alanine Aminotransferase (ALT) or Aspartate Aminotransferase (AST) ≧ 80 IU/L [30]. 
sUA was assayed by the colorimetric uricase-peroxidase system [31]. In both male and female, “high sUA” is defined as ≥ 7.0 mg/dL. Most medical test data were available except for a few specific elements: educational levels (4.3% missing), smoking (7.4% missing), or drinking (8.2% missing).
Statistical Analysis
The Cox proportional hazards assumption was fulfilled for all factors as shown by parallel lines of log [-log(mortality)] versus log of mortality times. Subjects with sUA at 5.0–5.9 mg/dL, was used as the reference group, as it had the lowest all-cause mortality in both men and women. 
Hazard ratios were adjusted for 14 variables in multivariate model with continuous variables whenever appropriate: sex, age (continuous), education levels, smoking (never, ex-smoker, and current smoker), drinking (never, occasional, and regular) with regular drinking at least three times a week and two drinks each time, systolic blood pressure, fasting glucose, total serum cholesterol, triglycerides, BMI, CKD, abnormal liver function, history of heart disease and current takers of uric acid medications. The time at entry was the date of recruitment and the time of exit was the end of follow-up (Dec 31, 2008) or date of death, whichever came earlier. We used the Chiang life-table method to calculate and compare life expectancy [32 33]. All statistical tests used p-value <0.05 (two-sided) to consider statistically significant. Analyses were done with SAS, version 9.2.
Results
Table 1 shows demographic characteristics of the cohort, by sUA levels. With a total of 467,976 (224,010 men and 243,966 women) participants, one quarter (25.6%) had sUA above 7.0 mg/dL. High sUA were associated with male gender, elderly, smokers, alcohol drinkers, physically active, hypertensive, high cholesterol, obese individuals (BMI≧30 kg/m2) and abnormal liver function (ALT or AST≧ 80 IU/L). High sUA had higher prevalence of metabolic syndrome, CKD, including reduced eGFR and proteinuria. Among the high sUA group (≧7.0 mg/dL), approximately half (49.7%) were inactive, and one quarter (28.1%) met the current recommendation for leisure time physical activity [21].
eFigure 1 showed the mean sUA levels, decreasing from 7.0 to 6.7mg/dL from age 20 to 80 for male, but, for female, increased after age 45, from 5.0 to 6.2 mg/dL. Mean levels in female remained lower than male throughout. High sUA (≧7.0 mg/dL) was more common for male than female, with 40.4%-48.5% for male and 5%-22.7% for female.
	All-cause mortality risks (HRs) increased among high sUA when compared against normal values of 5-5.9 mg/dL, with 22% increase for the entire cohort, by adjusting for 12 confounders. A 27% increased mortality was found among the inactive with high sUA when compared with 5-5.9 mg/dL (Table 2). Mortality risk for each of sUA level above 6 mg/dL of the inactive was significantly increased. Among those fully active, the 27% increases in mortality risks of inactive subjects disappeared, in addition to showing 11% significant reduction (HR=0.89), a swing of 38% by converting from inactive to active (Figure 1). With additional adjustment of non-conventional risk factors such as CKD, or abnormal liver function, the increased HRs were attenuated from 1.27 to 1.14 for high sUA among the inactive, but the benefits of exercise increased from 11% (0.89) to 19% (0.81). As all HRs remained significant, we chose the HRs adjusted with conventional risk factors for the rest of study. For the low active, except for the highest sUA, ≧10 mg/dL, all mortality increases also disappeared. 
The beneficial effect of physical activity on selected risk factors in high sUA subjects was shown in Figure 2 by Forest Plot and eTable 1. When risk factor was examined one at a time, the effect of physical activity in reducing mortality was significant for either with or without risk factors. When two risk factors co-existed, such as smoking and CKD or diabetes and hypertension, being fully active significantly reduced the mortality risks. The effect of physical activity persisted regardless of severity of co-morbidity, such as levels of fasting glucose or systolic blood pressure.
Inactivity shortened life by 4.3 years in male and 5.7 years in female, while high sUA shortened 1.4 and 3.8 years, respectively (Figure 3 and eTable 2). Life shortening effect of inactivity seemed more serious than that of high sUA.
The size of mortality reduction of the fully active could be translated and expressed in sUA equivalent by fitting a line through hazard ratios graph. Fully active reduced the risks of all-cause mortality by an amount equivalent to the mortality reduction from reducing sUA by 3.4 mg/dL, and the low active, equivalent to reducing 2.0 mg/dL (Figure 4 and eTable 3). 
Discussions
This study demonstrated the beneficial effect of physical activity to reduce or eliminate the 27% increase and to add additional 11% decrease in all-cause mortality risks by those fully active among high sUA subjects (≧7.0 mg/dL). By being fully active, those with high sUA extended their life expectancy by 4-6 years, a level far more than the 1-4 years of life shortening effect from high sUA. The experience of the high sUA but fully active group was noteworthy. First, all the adverse mortality risks of high sUA were modified and reduced among those fully active. Second, the beneficial effect of physical activity was consistently similar between those with co-morbidities and those without co-morbidities in high sUA subjects, reflecting its independent effect among 13 risk factors (Figure 2). Third, when compared to the inactive group with normal sUA (5.0–5.9 mg/dL), fully active ones showed much better mortality experience, including an advantage of up to 11% (HR=0.89, 95% C.I 0.82-0.97) over and above normal sUA group but physically inactive. In other words, being fully active potentially overcame the hazards of high sUA and more. Physical exercise was a valuable factor not only able to reverse the increases in mortality associated with high sUA but also to gain additional benefits and to extend life span. In the clinical management of high sUA, if physical activity were compared to pharmacotherapy, becoming fully active may be as effective as taking medication, if not more. In contrast to pharmacotherapy, exercise is inexpensive and free from known side effects. Benefits were seen for all-cause as well as CVD mortality from physical activity (eTable 1). 
The “fully active” individuals exercised, on the average, 150 minutes a week or 30 minutes a day for five or more days a week, at moderate intensity, a level currently recommended by numerous organizations [21 23 24]. While this is a desirable goal to pursue, we found that those exercised minimally, like 15 minutes a day instead of 30 minutes, in brisk walking instead of jogging, also had nearly all mortality increases from high sUA reduced, except for the highest sUA level. While many people had difficulty finding 30 minutes to exercise, finding 15 minutes a day is many times easier and more sustainable. Clinicians rarely give “exercise prescription” to patients with high sUA, as “exercise prescription” sounds complex and technical. However, counseling those with high sUA for a daily routine of 15 minutes of exercise, starting with brisk walking, is a task simple enough for physicians to perform. Once the “low exercise volume” becomes a daily routine, they may find themselves continue beyond the 15 minutes threshold.  Many physicians are reluctant to treat high sUA with medications, and leave patients with risks unattended. This may not be desirable. In this regard, counseling with physical activity can be an acceptable alternative and could be considered as part of the clinical practice guidelines.
In clinical trials, strenuous exercise was known to increase production of sUA, leading to slightly higher serum levels temporarily [34]. Uric acid, a water-soluble antioxidant, is said to increase during exercise and reflects enhancement of antioxidant defenses as a response to oxidative stress of exercise [35 36]. However, the amount of sUA produced is related to whether the exercise is strenuous or not. Light regular exercise would only produce minimal elevation of sUA levels compared to heavy exercise [37]. A recent cross-sectional study on Chinese elderly women found that daily exercise was inversely related to the prevalence of hyperuricemia, in a dose response manner, supporting the notion that exercise may have a direct effect on sUA levels in the long run [38].
 Whether exercise per se was able to reduce sUA may be a moot point, once we recognize the sustaining and highly beneficial effect of exercise on the outcome of long term mortality [21]. 
To facilitate counseling exercise in the high sUA patient, we developed “sUA equivalent” for physical activity (Figure 4 and eTable 3). Patients will pay more attention when exercise benefits were expressed in sUA equivalent. Fully active was equivalent to a mortality reduction of sUA by 3.4 mg/dL. This reduction of sUA equivalent can be achieved by exercise without medication. Furthermore, the benefits can be long-lasting, unlike the temporary nature of pharmacotherapy. In short, reducing sUA equivalent of 3.4 mg/dL by being fully active and 2.0 mg/dL by being low active, physicians can initiate a discussion on exercise benefits.
The prevalence of hyperuricemia defined as 7.0 mg/dL or more has been reported as high as one third in parts of Asia [39-42], but nearly one quarter in the US [43], similar to 25.6% in this study. On the other hand, gout was far rarer with 0.1%-0.6% in Taiwan [44 45]. Thus, high sUA associated with increased mortality is a global phenomenon, affecting one quarter to one third of the population, and our recommendation to use physical activity to attenuate such a risk has far-reaching implications, in saving lives as well as in improving quality of life. 
There had been concerns about the potential bias that active people were healthier to begin with, and the inactive were sicker with more co-morbidities and risk factors, so the observed benefits of physical activity could not be totally attributable to physical activity. Some explanations already appeared in the original Lancet article, but more elaborations are in order here. First, we controlled as many as 12 confounders in the Cox analysis, so the exercise effect should be independent of the co-morbidities. In addition, the large size of the resulting HR after adjustment, 0.89 or 11% benefits on top of reversing 1.27 or 27% hazards of high sUA, and the presence of strong dose response relationship strengthened our argument favoring the role of physical activity. Second, we addressed each risk factor or co-morbidity in Figure 2 and confirmed the significant benefits of being active for those high sUA individuals either with or without each of the 13 risk factors. All of the benefits of exercise among those high sUA with co-morbidities remained significant. Beyond these 13 risk factors, we also looked at two risks co-existing at the same time, such as smoking and CKD or diabetes and hypertension, and found the significant benefits remained. When levels of severity of some co-morbidity were individually examined, such as levels of fasting glucose or systolic blood pressure, effect of physical activity persisted (Figure 2). In this way, we looked at less healthy subjects with high sUA, regardless of whether they had one, two or multiple co-morbidities or regardless of severity of co-morbidity, physical activity was beneficial. Third, the effect of exercise is obviously not limited to high sUA but a systemic effect, by directly acting on those with co-morbidities as well as acting on high sUA. This is why the health benefits found on those with numerous co-morbidities were as large as those without co-morbidity. In summary, we have made attempts to address “confounding by indication” and produced data to support the direct relationship between exercise and health. Finally, there is a positive interactive vicious cycle, with incremental exercise leading to better health which in turn, led to more exercise, blurring the conventional cause and effect relationship.
There are important limitations in this study. First, physical activity information came from self-reported history and was not validated. As exercise is a socially desirable behavior, people may tend to over-report active exercise. For a prospective cohort study, any bias from exercise history should have no bearing on different sUA levels. If the results were diluted by those over-reporting, the exercise benefits we observed would have been under-estimated. Second, only the initial sUA was used for this study. While levels of sUA could vary by time, this study, by relying on one single measurement, was able to simplify the relationship and demonstrate the dose response effect between high sUA and mortality risks. Third, some members of the cohort were on different medications, including those for high sUA. These treated individuals may show lower sUA than they would otherwise be, and thus a possible misclassification of high sUA may have occurred. However, the beneficial effect of physical activity would have been underestimated under such misclassification. 
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	Table 1. Demographic characteristics and conventional and non-conventional risk factors for the cohort by sUA levels.

	
	
	
	
	sUA (mg/dL)

	
	
	
	
	<4.0
	4.0-5.9
	6.0-6.9
	7.0-8.9
	9.0-9.9
	≧10.0
	　
	≧7.0*

	　
	All
	　
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	　
	No.
	%

	　
	467,976
	　
	　
	41,222
	(8.8)
	209,095
	(44.7)
	97,674
	(20.9)
	98,292
	(21.0)
	13,919
	(3.0)
	7,774
	(1.7)
	　
	119,985
	(25.6)

	 Gender
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	　
	

	  Male
	224,010
	
	(47.9)
	3,057
	(7.4)
	56,542
	(27.0)
	64,385
	(65.9)
	80,889
	(82.3)
	12,245
	(88.0)
	6,892
	(88.7)
	　
	100,026
	(83.4)

	  Female
	243,966
	
	(52.1)
	38,165
	(92.6)
	152,553
	(73.0)
	33,289
	(34.1)
	17,403
	(17.7)
	1,674
	(12.0)
	882
	(11.3)
	　
	19,959
	(16.6)

	 Age
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	　
	

	 Mean
	40.7
	
	
	38.9
	
	40.2
	
	41.5
	
	41.4
	
	42.0 
	
	42.5
	
	　
	41.6
	

	  20-39
	261,308
	
	(55.8)
	25,000
	(60.6)
	119,057
	(56.9)
	52,191
	(53.4)
	53,522
	(54.5)
	7,426
	(53.4)
	4,112
	(52.9)
	　
	65,060
	(54.2)

	  40-64
	175,322
	
	(37.5)
	14,425
	(35.0)
	77,697
	(37.2)
	38,230
	(39.1)
	36,915
	(37.6)
	5,223
	(37.5)
	2,832
	(36.4)
	　
	44,970
	(37.5)

	  ≧65
	31,346
	
	(6.7)
	1,797
	(4.4)
	12,341
	(5.9)
	7,253
	(7.4)
	7,855
	(8.0)
	1,270
	(9.1)
	830
	(10.7)
	　
	9,955
	(8.3)

	 Education
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  ≦Middle school
	333,838
	
	(74.5)
	30,448
	(76.9)
	148,042
	(73.9)
	69,155
	(74.1)
	70,996
	(75.5)
	9,867
	(74.2)
	5,330
	(71.8)
	　
	86,193
	(75.1)

	  ≧High school
	114,036
	
	(25.5)
	9,149
	(23.1)
	52,159
	(26.1)
	24,209
	(25.9)
	23,005
	(24.5)
	3,422
	(25.8)
	2,092
	(28.2)
	　
	28,519
	(24.9)

	 Smoking status
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  Never 
	306,078
	
	(70.7)
	33,423
	(88.3)
	152,656
	(79.4)
	57,066
	(62.9)
	52,007
	(56.6)
	7,059
	(54.1)
	3,867
	(53.2)
	　
	62,933
	(56.1)

	  Ex-smoker
	26,591
	
	(6.1)
	856
	(2.3)
	7,810
	(4.1)
	6,843
	(7.5)
	8,777
	(9.5)
	1,445
	(11.1)
	860
	(11.8)
	　
	11,082
	(9.9)

	  Current smoker
	100,515
	
	(23.2)
	3,577
	(9.4)
	31,863
	(16.6)
	26,850
	(29.6)
	31,141
	(33.9)
	4,538
	(34.8)
	2,546
	(35.0)
	　
	38,225
	(34.1)

	 Drinking status a
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  Never or occasional
	335,727
	
	(78.2)
	33,612
	(89.9)
	160,385
	(84.2)
	66,156
	(73.5)
	62,426
	(68.3)
	8,481
	(65.3)
	4,667
	(64.7)
	　
	75,574
	(67.8)

	  Regular drinker
	93,679
	
	(21.8)
	3,788
	(10.1)
	30,070
	(15.8)
	23,858
	(26.5)
	28,916
	(31.7)
	4,499
	(34.7)
	2,548
	(35.3)
	　
	35,963
	(32.2)

	 Physical activity b
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  Inactive
	253,488
	
	(54.2)
	25,065
	(60.8)
	118,886
	(56.9)
	49,851
	(51.0)
	48,668
	(49.5)
	6,992
	(50.2)
	4,026
	(51.8)
	　
	59,686
	(49.7)

	  Low active
	102,970
	
	(22.0)
	9,033
	(21.9)
	45,853
	(21.9)
	21,516
	(22.0)
	21,872
	(22.3)
	3,068
	(22.0)
	1,628
	(20.9)
	　
	26,568
	(22.1)

	  Fully active
	111,518
	
	(23.8)
	7,124
	(17.3)
	44,356
	(21.2)
	26,307
	(26.9)
	27,752
	(28.2)
	3,859
	(27.7)
	2,120
	(27.3)
	　
	33,731
	(28.1)

	 Fasting glucose (mg/dL)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  <126
	443,808
	
	(94.8)
	39,201
	(95.1)
	199,000
	(95.2)
	92,320
	(94.5)
	93,027
	(94.6)
	13,073
	(93.9)
	7,187
	(92.4)
	　
	113,287
	(94.4)

	  ≧126 or medication or history
	24,168
	
	(5.2)
	2,021
	(4.9)
	10,095
	(4.8)
	5,354
	(5.5)
	5,265
	(5.4)
	846
	(6.1)
	587
	(7.6)
	　
	6,698
	(5.6)

	 Systolic BP (mm Hg)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  <140
	387,233
	
	(82.7)
	37,391
	(90.7)
	180,634
	(86.4)
	78,927
	(80.8)
	75,412
	(76.7)
	9,770
	(70.2)
	5,099
	(65.6)
	　
	90,281
	(75.2)

	  ≧140 or medication or history
	80,743
	
	(17.3)
	3,831
	(9.3)
	28,461
	(13.6)
	18,747
	(19.2)
	22,880
	(23.3)
	4,149
	(29.8)
	2,675
	(34.4)
	　
	29,704
	(24.8)

	 Total cholesterol (mg/dL)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  <240
	416,615
	
	(89.0)
	38,406
	(93.2)
	189,089
	(90.4)
	85,605
	(87.6)
	83,284
	(84.7)
	11,232
	(80.7)
	5,927
	(76.2)
	　
	100,443
	(83.7)

	  ≧240 or medication or history
	51,361
	
	(11.0)
	2,816
	(6.8)
	20,006
	(9.6)
	12,069
	(12.4)
	15,008
	(15.3)
	2,687
	(19.3)
	1,847
	(23.8)
	　
	19,542
	(16.3)

	 Triglycerides (mg/dL)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  <200
	418250
	
	(89.4)
	40186
	(97.5)
	198011
	(94.7)
	86178
	(88.2)
	79125
	(80.5)
	9905
	(71.2)
	4845
	(62.3)
	　
	93,875
	(78.2)

	  ≧200
	49726
	
	(10.6)
	1036
	(2.5)
	11084
	(5.3)
	11496
	(11.8)
	19167
	(19.5)
	4014
	(28.8)
	2929
	(37.7)
	　
	26,110
	(21.8)

	 BMI (kg/m2)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  <18.5
	39,950
	
	(8.5)
	7,915
	(19.2)
	24,628
	(11.8)
	4,706
	(4.8)
	2,430
	(2.5)
	176
	(1.3)
	95
	(1.2)
	　
	2,701
	(2.3)

	  18.5-24.9
	302,496
	
	(64.6)
	29,656
	(71.9)
	147,533
	(70.6)
	62,693
	(64.2)
	53,502
	(54.4)
	6,086
	(43.7)
	2,992
	(38.5)
	　
	62,580
	(52.2)

	  25.0-29.9
	107,426
	
	(23.0)
	3,304
	(8.0)
	32,616
	(15.6)
	26,318
	(26.9)
	35,529
	(36.1)
	6,135
	(44.1)
	3,553
	(45.7)
	　
	45,217
	(37.7)

	  ≧30
	18,104
	
	(3.9)
	347
	(0.8)
	4,318
	(2.1)
	3,957
	(4.1)
	6,831
	(6.9)
	1,522
	(10.9)
	1,134
	(14.6)
	　
	9,487
	(7.9)

	 History of heart disease 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  No
	454,598
	
	(97.1)
	40,309
	(97.8)
	203,811
	(97.5)
	94,673
	(96.9)
	95,026
	(96.7)
	13,366
	(96.0)
	7,413
	(95.4)
	　
	115,805
	(96.5)

	  Yes 
	13,378
	
	(2.9)
	913
	(2.2)
	5,284
	(2.5)
	3,001
	(3.1)
	3,266
	(3.3)
	553
	(4.0)
	361
	(4.6)
	　
	4,180
	(3.5)

	 Anit-hyperuricemic Drugs
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  No
	461,717
	
	(98.7)
	40,934
	(99.3)
	207,963
	(99.5)
	96,819
	(99.1)
	96,334
	(98.0)
	12,977
	(93.2)
	6,690
	(86.1)
	　
	116,001
	(96.7)

	  Yes 
	6,259
	
	(1.3)
	288
	(0.7)
	1,132
	(0.5)
	855
	(0.9)
	1,958
	(2.0)
	942
	(6.8)
	1,084
	(13.9)
	　
	3,984
	(3.3)

	 Metabolic syndrome c
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  No
	407,300
	
	(87.0)
	39,194
	(95.1)
	191,415
	(91.5)
	83,420
	(85.4)
	78,274
	(79.6)
	9,945
	(71.4)
	5,052
	(65.0)
	　
	93,271
	(77.7)

	  Yes 
	60,676
	
	(13.0)
	2,028
	(4.9)
	17,680
	(8.5)
	14,254
	(14.6)
	20,018
	(20.4)
	3,974
	(28.6)
	2,722
	(35.0)
	　
	26,714
	(22.3)

	 CKD d
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  No
	395,434
	
	(88.9)
	34,951
	(93.1)
	177,577
	(91.4)
	83,754
	(88.5)
	82,689
	(85.5)
	10,880
	(79.1)
	5,583
	(72.6)
	　
	99,152
	(83.9)

	  Yes 
	49,154
	
	(11.1)
	2,601
	(6.9)
	16,739
	(8.6)
	10,840
	(11.5)
	13,993
	(14.5)
	2,869
	(20.9)
	2,112
	(27.4)
	　
	18,974
	(16.1)

	 Proteinuria e
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  No
	414,168
	
	(92.7)
	35,555
	(94.3)
	182,674
	(93.6)
	87,965
	(92.5)
	88,951
	(91.5)
	12,303
	(89.0)
	6,720
	(86.9)
	　
	107,974
	(90.9)

	  Yes
	32,578
	
	(7.3)
	2,144
	(5.7)
	12,585
	(6.4)
	7,095
	(7.5)
	8,222
	(8.5)
	1,517
	(11.0)
	1,015
	(13.1)
	　
	10,754
	(9.1)

	 eGFR f (ml/min/1.73 m2)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  ≧60
	443,906
	
	(95.3)
	40,430
	(98.5)
	202,641
	(97.4)
	92,390
	(95.1)
	90,248
	(92.3)
	12,011
	(86.7)
	6,186
	(80.0)
	　
	108,445
	(90.8)

	  <60
	21,797
	
	(4.7)
	631
	(1.5)
	5,429
	(2.6)
	4,807
	(4.9)
	7,546
	(7.7)
	1,837
	(13.3)
	1,547
	(20.0)
	　
	10,930
	(9.2)

	 Abnotmal Liver function  
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	

	  No
	450,642
	
	(96.5)
	40,556
	(98.6)
	204,454
	(98.0)
	93,947
	(96.4)
	92,265
	(94.1)
	12,634
	(90.9)
	6,786
	(87.5)
	　
	338,957
	(97.6)

	  Yes (ALT or AST ≧80 IU/L)
	16,297
	　
	(3.5)
	571
	(1.4)
	4,163
	(2.0)
	3,507
	(3.6)
	5,824
	(5.9)
	1,259
	(9.1)
	973
	(12.5)
	　
	8,241
	(2.4)


 (
A
bbreviations: CVD, cardiovascular disease; BP, blood
 pressure; BMI, body mass index; CKD, chronic kidney disease; GFR, 
glomerular
 filtration rate.
*Statistical test 
were applied to high 
sUA
 
distributions 
≧
7.0 m
g/
dL
 and <7.0 mg/
dL
 within each
 risk factors and all tests were statistically significant (
p
< 0.05)
.
a
 
Regular drinker is defined as those who used alcohol 3 or more times weekly and 2 or more drinks each time, and occasional drinkers, those using alcohol less than the regular drinkers.
b 
Those classified as 
“
fully active
”
, with 
≧
7.5 MET-hour/week, met the current exercise recommendation of 
≧
150 minutes/week
.
c
 Metabolic syndrome definition was based on ATP III.
d
 
The classification of CKD was based on the KDOQI clinical practice guideline.
e
 
P
roteinuria
 was defined as any amount of 
proteinuria
 detected by dipsticks, including trace, 1+ and above.
f
 
eGFR
 was estimated by using CKD-EPI and 
reduced 
eGFR
 defined as 
eGFR
<60 
ml/min/1.73 m
2
.
)
	Table 2. All-cause mortality risks by sUA levels and by physical activity status

	sUA        (mg/dL)
	
	
	
	Total
	Inactive
	
	Low active
	
	Fully active
	

	
	N
	%
	　
	Deaths
	HR†
	95%CI
	　
	HR‡
	95%CI
	　
	Deaths
	HR†
	95%CI
	　
	HR‡
	95%CI
	　
	Deaths
	HR†
	　
	95%CI
	　
	HR‡
	95%CI
	　
	Deaths
	HR†
	95%CI
	　
	HR‡
	95%CI
	

	Male + Female
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	　
	
	
	
	

	<4.0
	41222
	(8.8)
	
	735
	1.08 
	(0.99
	,1.18)
	
	1.08 
	(0.99
	,1.19)
	
	403
	1.08 
	(0.96
	,1.23)
	
	1.09 
	(0.96
	,1.24)
	
	133
	0.90 
	
	(0.74
	,1.10)
	
	0.92 
	(0.76
	,1.13)
	
	199
	0.87 
	(0.74
	,1.02)
	　
	0.88 
	(0.75
	,1.04)
	

	4.0-4.9
	95910
	(20.5)
	
	1753
	1.01 
	(0.95
	,1.08)
	
	1.03 
	(0.97
	,1.10)
	
	915
	0.99 
	(0.90
	,1.09)
	
	1.00 
	(0.91
	,1.10)
	
	334
	0.94 
	
	(0.83
	,1.07)
	
	0.98 
	(0.86
	,1.11)
	
	504
	0.79 
	(0.71
	,0.88)
	*
	0.84 
	(0.75
	,0.94)
	*

	5.0-5.9
	113185
	(24.2)
	
	2720
	1.00 
	-
	
	1.00 
	-
	
	1409
	1.00 
	-
	
	1.00 
	-
	
	484
	0.89 
	
	(0.80
	,1.00)
	
	0.90 
	(0.80
	,1.00)
	
	827
	0.79 
	(0.72
	,0.87)
	*
	0.81 
	(0.74
	,0.89)
	*

	6.0-6.9
	97674
	(20.9)
	
	2748
	1.04 
	(0.98
	,1.10)
	
	1.00 
	(0.95
	,1.06)
	
	1436
	1.09 
	(1.00
	,1.19)
	*
	1.04 
	(0.96
	,1.13)
	
	458
	0.93 
	
	(0.83
	,1.04)
	
	0.90 
	(0.80
	,1.00)
	
	854
	0.79 
	(0.72
	,0.87)
	*
	0.77 
	(0.70
	,0.85)
	*

	7.0-7.9
	65257
	(13.9)
	
	1946
	1.05 
	(0.99
	,1.12)
	
	0.99 
	(0.93
	,1.06)
	
	1010
	1.11 
	(1.01
	,1.21)
	*
	1.03 
	(0.94
	,1.12)
	
	330
	0.96 
	
	(0.85
	,1.10)
	
	0.89 
	(0.79
	,1.02)
	
	606
	0.80 
	(0.72
	,0.89)
	*
	0.76 
	(0.68
	,0.84)
	*

	8.0-8.9
	33035
	(7.1)
	
	1198
	1.21 
	(1.12
	,1.30)
	*
	1.09 
	(1.01
	,1.18)
	*
	635
	1.29 
	(1.16
	,1.44)
	*
	1.16 
	(1.04
	,1.29)
	*
	206
	1.06 
	
	(0.91
	,1.24)
	
	0.95 
	(0.81
	,1.11)
	
	357
	0.91 
	(0.80
	,1.04)
	
	0.81 
	(0.71
	,0.92)
	*

	9.0-9.9
	13919
	(3.0)
	
	647
	1.48 
	(1.34
	,1.62)
	*
	1.29 
	(1.18
	,1.42)
	*
	351
	1.57 
	(1.38
	,1.79)
	*
	1.36 
	(1.20
	,1.55)
	*
	99
	1.16 
	
	(0.94
	,1.44)
	
	1.01 
	(0.81
	,1.26)
	
	197
	1.16 
	(0.99
	,1.36)
	
	1.01 
	(0.86
	,1.18)
	

	≧10.0
	7774
	(1.7)
	　
	481
	1.70 
	(1.53
	,1.89)
	*
	1.41 
	(1.27
	,1.57)
	*
	264
	1.85 
	(1.59
	,2.15)
	*
	1.51 
	(1.29
	,1.75)
	*
	88
	1.73 
	*
	(1.37
	,2.17)
	*
	1.43 
	(1.13
	,1.80)
	*
	129
	1.15 
	(0.94
	,1.39)
	
	0.95 
	(0.78
	,1.15)
	　

	≧7.0
	119985
	(25.6)
	　
	4272
	1.22 
	(1.15
	,1.29)
	*
	1.09 
	(1.03
	,1.15)
	*
	2260
	1.27 
	(1.17
	,1.37)
	*
	1.14 
	(1.06
	,1.23)
	*
	723
	1.07 
	　
	(0.97
	,1.18)
	　
	0.96 
	(0.87
	,1.06)
	　
	1289
	0.89 
	(0.82
	,0.97)
	*
	0.81 
	(0.75
	,0.89)
	*

	Male
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	<4.0
	3057
	(1.4)
	
	245
	1.40 
	(1.21
	,1.62)
	*
	1.37 
	(1.18
	,1.58)
	*
	130
	1.42 
	(1.15
	,1.74)
	*
	1.41 
	(1.15
	,1.73)
	*
	31
	1.11 
	
	(0.76
	,1.62)
	
	1.13 
	(0.78
	,1.66)
	
	84
	1.10 
	(0.86
	,1.40)
	
	1.08 
	(0.85
	,1.37)
	

	4.0-4.9
	13602
	(6.1)
	
	704
	1.13 
	(1.03
	,1.25)
	*
	1.16 
	(1.05
	,1.28)
	*
	361
	1.13 
	(0.99
	,1.30)
	
	1.15 
	(1.00
	,1.32)
	*
	114
	1.04 
	
	(0.85
	,1.28)
	
	1.10 
	(0.90
	,1.35)
	
	229
	0.84 
	(0.71
	,0.99)
	*
	0.89 
	(0.76
	,1.05)
	

	5.0-5.9
	42940
	(19.2)
	
	1431
	1.00 
	-
	
	1.00 
	-
	
	723
	1.00 
	-
	
	1.00 
	-
	
	235
	0.84 
	*
	(0.72
	,0.98)
	*
	0.85 
	(0.72
	,0.99)
	*
	473
	0.79 
	(0.70
	,0.90)
	*
	0.82 
	(0.73
	,0.93)
	*

	6.0-6.9
	64385
	(28.7)
	
	1839
	1.03 
	(0.96
	,1.11)
	
	1.01 
	(0.94
	,1.09)
	
	961
	1.11 
	(0.99
	,1.23)
	
	1.09 
	(0.98
	,1.21)
	
	292
	0.88 
	
	(0.76
	,1.01)
	
	0.86 
	(0.75
	,1.00)
	
	586
	0.74 
	(0.66
	,0.84)
	*
	0.75 
	(0.66
	,0.84)
	*

	7.0-7.9
	52566
	(23.5)
	
	1440
	1.03 
	(0.95
	,1.11)
	
	0.99 
	(0.91
	,1.07)
	
	724
	1.05 
	(0.93
	,1.17)
	
	1.01 
	(0.90
	,1.13)
	
	245
	0.93 
	
	(0.80
	,1.08)
	
	0.90 
	(0.77
	,1.05)
	
	471
	0.77 
	(0.68
	,0.87)
	*
	0.76 
	(0.67
	,0.86)
	*

	8.0-8.9
	28323
	(12.6)
	
	903
	1.16 
	(1.06
	,1.27)
	*
	1.07 
	(0.97
	,1.17)
	
	464
	1.19 
	(1.05
	,1.36)
	*
	1.12 
	(0.98
	,1.27)
	
	155
	1.00 
	
	(0.83
	,1.20)
	
	0.92 
	(0.77
	,1.11)
	
	284
	0.87 
	(0.75
	,1.01)
	
	0.81 
	(0.70
	,0.94)
	*

	9.0-9.9
	12245
	(5.5)
	
	507
	1.43 
	(1.28
	,1.59)
	*
	1.29 
	(1.15
	,1.44)
	*
	265
	1.46 
	(1.26
	,1.70)
	*
	1.33 
	(1.14
	,1.55)
	*
	80
	1.08 
	
	(0.85
	,1.38)
	
	1.01 
	(0.79
	,1.28)
	
	162
	1.11 
	(0.93
	,1.34)
	
	1.03 
	(0.86
	,1.23)
	

	≧10.0
	6892
	(3.1)
	　
	374
	1.65 
	(1.46
	,1.87)
	*
	1.43 
	(1.26
	,1.62)
	*
	207
	1.79 
	(1.51
	,2.12)
	*
	1.56 
	(1.32
	,1.86)
	*
	63
	1.45 
	*
	(1.10
	,1.90)
	*
	1.28 
	(0.97
	,1.68)
	　
	104
	1.11 
	(0.89
	,1.38)
	　
	0.98 
	(0.79
	,1.21)
	　

	Female
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	<4.0
	38165
	(15.6)
	
	490
	0.95 
	(0.85
	,1.07)
	
	0.97 
	(0.86
	,1.10)
	
	273
	0.96 
	(0.82
	,1.13)
	
	0.97 
	(0.82
	,1.15)
	
	102
	0.84 
	
	(0.67
	,1.06)
	
	0.87 
	(0.68
	,1.10)
	
	115
	0.76 
	(0.62
	,0.94)
	*
	0.80 
	(0.64
	,0.99)
	*

	4.0-4.9
	82308
	(33.7)
	
	1049
	0.94 
	(0.86
	,1.03)
	
	0.96 
	(0.87
	,1.05)
	
	554
	0.91 
	(0.80
	,1.03)
	
	0.92 
	(0.80
	,1.04)
	
	220
	0.90 
	
	(0.76
	,1.06)
	
	0.92 
	(0.78
	,1.08)
	
	275
	0.76 
	(0.65
	,0.89)
	*
	0.80 
	(0.69
	,0.94)
	*

	5.0-5.9
	70245
	(28.8)
	
	1289
	1.00 
	-
	
	1.00 
	-
	
	686
	1.00 
	-
	
	1.00 
	-
	
	249
	0.96 
	
	(0.82
	,1.13)
	
	0.96 
	(0.81
	,1.13)
	
	354
	0.78 
	(0.68
	,0.90)
	*
	0.79 
	(0.68
	,0.91)
	*

	6.0-6.9
	33289
	(13.6)
	
	909
	1.06 
	(0.96
	,1.16)
	
	0.98 
	(0.89
	,1.08)
	
	475
	1.02 
	(0.89
	,1.17)
	
	0.93 
	(0.81
	,1.07)
	
	166
	0.99 
	
	(0.83
	,1.20)
	
	0.95 
	(0.79
	,1.15)
	
	268
	0.88 
	(0.75
	,1.03)
	
	0.83 
	(0.71
	,0.98)
	*

	7.0-7.9
	12691
	(5.2)
	
	506
	1.13 
	(1.01
	,1.27)
	*
	1.02 
	(0.91
	,1.15)
	
	286
	1.21 
	(1.03
	,1.42)
	*
	1.08 
	(0.92
	,1.27)
	
	85
	0.98 
	
	(0.76
	,1.27)
	
	0.88 
	(0.68
	,1.13)
	
	135
	0.83 
	(0.68
	,1.02)
	
	0.78 
	(0.64
	,0.95)
	*

	8.0-8.9
	4712
	(1.9)
	
	295
	1.40 
	(1.21
	,1.62)
	*
	1.22 
	(1.05
	,1.41)
	*
	171
	1.52 
	(1.25
	,1.84)
	*
	1.32 
	(1.09
	,1.61)
	*
	51
	1.18 
	
	(0.86
	,1.62)
	
	1.07 
	(0.78
	,1.47)
	
	73
	0.97 
	(0.74
	,1.28)
	
	0.84 
	(0.64
	,1.11)
	

	9.0-9.9
	1674
	(0.7)
	
	140
	1.68 
	(1.38
	,2.04)
	*
	1.39 
	(1.14
	,1.70)
	*
	86
	1.84 
	(1.42
	,2.38)
	*
	1.58 
	(1.22
	,2.04)
	*
	19
	1.36 
	
	(0.84
	,2.21)
	
	1.09 
	(0.67
	,1.77)
	
	35
	1.16 
	(0.80
	,1.70)
	
	0.95 
	(0.65
	,1.39)
	

	≧10.0
	882
	(0.4)
	
	107
	1.94 
	(1.54
	,2.45)
	*
	1.47 
	(1.16
	,1.88)
	*
	57
	1.80 
	(1.29
	,2.50)
	*
	1.35 
	(0.96
	,1.91)
	　
	25
	2.92 
	*
	(1.90
	,4.49)
	*
	2.28 
	(1.47
	,3.54)
	*
	25
	1.16 
	(0.72
	,1.85)
	　
	0.89 
	(0.55
	,1.45)
	　

	†Hazard  ratios were adjusted by 12 factors: sex, age, education, SBP, fasting glucose, BMI, total cholesterol, triglycerides, smoking, drinking, history of heart disease and anti-hyperuricemic drugs.                                                                                                        

	‡Hazard  ratios were adjusted by 14 factors: sex, age, education, SBP, fasting glucose, BMI, total cholesterol, triglycerides, smoking, drinking, history of heart disease, anti-hyperuricemic drugs, CKD and abnormal liver function (ALT or AST≧80 IU/L).
	



Figure 1. Mortality risks by physical activity status among individuals with high sUA. 

See Table 2 for data

Figure 2. Beneficial effects of physical activity by risk factor/co-morbidity among high sUA subjects
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 (
Reference group was inactive
 subjects with high 
sUA
, 
Hazard ratios were
 adjusted by 14 confounders: 
sex, age, education, systolic blood pressure, fasting glucose, BMI, total cholesterol, triglycerides, CKD, abnormal liver function , smoking, drinking, history of heart disease, and anti-
hyperuricemic
 drugs 
for all-cause mortality among those fully active compared with those inactive in high 
sU
A
 
HR for the entire cohort 
was
 0.74
 (
0.68-0.80
)
.
a
Hyperlipodemia
 was 
defined
 as
 cholesterol 
≧
240 mg/
dL
, or use of lipid-lowering agents use
;
 
b 
High triglycerides 
was 
defined as triglycerid
es
≧
200 mg/
dL
;
 
c 
Obesity was defined as BMI
≧
30 kg/m
2
 
;
The definition of Metabolic syndrome 
d
 was based on ATP 
III
, and the classification of CKD 
e
 was based on the 
KDOQI
 
clinical practice 
guideline
;
 
f
 
Proteinuria
 was defined as any amount of 
proteinuria
 detected by dipsticks, including trace, 1+ and above
;
 
g 
eGFR
 was estimated by using CKD-EPI and 
reduced 
eGFR
 defined as 
eGFR
<60 
ml/min/1.73 m
2
 ; 
h 
Abnormal liver function 
defineded
 as ALT
≧
80 U/L or AST
≧
80 
I
U/L; 
i
 Diabetes was defined as fasting glucose 
≧
126 mg/
dL
, history of diabetes, or use of diabetes drugs;
 j
 Hypertension was defined as systolic BP
≧
140 mmHg, history of hypertension, or use of hypertension drugs. 
See 
eTable
 1 for data.
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Figure 3. Comparison of life shortening effect between high sUA and inactivity.
 (
High 
sUA
 was defined as serum uric acid 
≧
7.0 
ug
/
dL
.
†
 Difference of life expectancy between 
sUA
 4.0-6.9 
ug
/
dL
 and High 
sUA
 at age 40.
φ
Difference of life expectancy between fully active and inactive among High 
sUA
 at age 40.
 
)
Figure 4. Translating the benefits of exercise into uric acid equivalent, based on reduction of mortality by being fully active
 (
Note: The all-cause mortality risks at all serum uric acid levels for the inactive, low active and, and fully active were plotted in Figure S1. We fit a quadratic regression line, R=
a
+
b
1
x
+
b
2
x
2
 based on the HRs for the active, where 
x
 is the serum uric acid value of the active group. The fitted line yielded HR=0.731650 - 0.03496*
sUA
 + 0.00717*sUA
2
 for the fully active (A), and HR=2.56015-0.52019*
sUA
 + 0.0.04052*sUA
2
 for the low active (B).
For any given mortality risk of the inactive with equivalent uric acid, the same mortality risk for a fully active individual but with uric acid could be identified. For example, as shown in the 
eTable
 
4
, when HR in the inactive was 1.00 with its uric acid being 5.4 mg/
dL
, we can find the corresponding uric acid with the same HR in the fully active group by solving the equation: 1.00 = 0.731650
 - 0.03496*
sUA
 + 0.00717*
sUA
 2
. This resulted in 
a uric acid of 9.0 mg/
dL
 for the fully active. 
This implied that, while this inactive individual had a 
uric acid
 at 5.4 mg/
dL
, his inactivity gave him an additional mortality risk equivalent to 9.0 mg/
dL
 when compared to the fully active, an increase in risk equivalent to 3.5 mg/
dL
. On average, by weighing the distribution across the 
uric acid
 range, inactivity as a whole was equivalent to an increase of 3.4 mg/
dL
 for the inactive individuals.
) (
A
)
 (
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Supplement
	eTable 1 . Beneficial effects of physical activity by risk factor/co-morbidity among high sUA subjects

	
	
	All-cause mortality
	　
	CVD mortality

	
	
	Inactive
	
	Fully active
	
	Inactive
	　
	Fully active

	　
	　
	N
	Deaths
	HR†
	　
	N
	Deaths
	HR†
	95%CI
	　
	　
	Deaths
	HR†
	　
	Deaths
	HR†
	95%CI
	　

	Total
	
	59,686
	2,260
	1.00 
	
	33,731
	1,289
	0.74 
	(0.68
	,0.80)
	*
	
	554
	1.00 
	
	293
	0.64 
	(0.54
	,0.75)
	*

	Male
	
	48,376
	1,660
	1.00 
	
	28,926
	1,021
	0.75 
	(0.68
	,0.82)
	*
	
	385
	1.00 
	
	229
	0.66 
	(0.55
	,0.80)
	*

	Female
	
	11,310
	600
	1.00 
	
	33,731
	1,289
	0.67 
	(0.57
	,0.80)
	*
	
	169
	1.00 
	
	293
	0.53 
	(0.38
	,0.74)
	*

	Age 20-39
	
	34,204
	227
	1.00 
	
	14,724
	56
	0.57 
	(0.38
	,0.87)
	*
	
	35
	1.00 
	
	8
	0.45 
	(0.15
	,1.33)
	

	      40-64
	
	21,427
	1,043
	1.00 
	
	14,638
	453
	0.78 
	(0.68
	,0.88)
	*
	
	234
	1.00 
	
	97
	0.74 
	(0.56
	,0.98)
	*

	     ≧65
	
	4,055
	990
	1.00 
	
	4,369
	780
	0.75 
	(0.67
	,0.83)
	*
	
	285
	1.00 
	
	188
	0.60 
	(0.49
	,0.74)
	*

	Smoking               
	(yes)
	20,452
	876
	1.00 
	
	9,418
	345
	0.74 
	(0.64
	,0.85)
	*
	
	193
	1.00 
	
	72
	0.65 
	(0.49
	,0.88)
	*

	
	(no)
	28,719
	831
	1.00 
	
	19,151
	589
	0.74 
	(0.66
	,0.83)
	*
	
	206
	1.00 
	
	139
	0.67 
	(0.53
	,0.84)
	*

	Drinking               
	(yes)
	16,669
	845
	1.00 
	
	11,186
	526
	0.70 
	(0.62
	,0.79)
	*
	
	182
	1.00 
	
	116
	0.61 
	(0.47
	,0.78)
	*

	
	(no)
	36,626
	1,115
	1.00 
	
	21,295
	687
	0.75 
	(0.68
	,0.83)
	*
	
	283
	1.00 
	
	158
	0.64 
	(0.52
	,0.79)
	*

	Diabetes a
	(yes)
	3,316
	434
	1.00 
	
	2,172
	274
	0.71 
	(0.60
	,0.85)
	*
	
	100
	1.00 
	
	71
	0.85 
	(0.59
	,1.23)
	

	
	(no)
	56,370
	1,826
	1.00 
	
	31,559
	1,015
	0.73 
	(0.67
	,0.80)
	*
	
	454
	1.00 
	
	222
	0.58 
	(0.48
	,0.70)
	*

	Hypertension b    
	(yes)
	13,780
	1,313
	1.00 
	
	10,040
	819
	0.73 
	(0.66
	,0.80)
	*
	
	396
	1.00 
	
	221
	0.63 
	(0.45
	,0.89)
	*

	
	(no)
	45,906
	947
	1.00 
	
	23,691
	470
	0.74 
	(0.65
	,0.84)
	*
	
	158
	1.00 
	
	72
	0.68 
	(0.52
	,0.90)
	*

	Hyperlipidemia c 
	(yes)
	9,841
	581
	1.00 
	
	5,640
	344
	0.76 
	(0.65
	,0.88)
	*
	
	181
	1.00 
	
	102
	0.60 
	(0.49
	,0.74)
	*

	
	(no)
	49,845
	1,679
	1.00 
	
	28,091
	945
	0.73 
	(0.66
	,0.80)
	*
	
	373
	1.00 
	
	191
	0.62 
	(0.51
	,0.75)
	*

	High triglycerides d
	(yes)
	13,949
	650
	1.00 
	
	6,543
	311
	0.79 
	(0.67
	,0.92)
	*
	
	166
	1.00 
	
	89
	0.80 
	(0.60
	,1.07)
	

	
	(no)
	45,697
	1,610
	1.00 
	
	27,186
	978
	0.72 
	(0.66
	,0.79)
	*
	
	388
	1.00 
	
	204
	0.58 
	(0.48
	,0.71)
	*

	Obesity e               
	(yes)
	5,252
	203
	1.00 
	
	2,179
	71
	0.71 
	(0.52
	,0.98)
	*
	
	50
	1.00 
	
	16
	0.57 
	(0.29
	,1.12)
	

	
	(no)
	30,213
	1,149
	1.00 
	
	18,184
	693
	0.73 
	(0.66
	,0.82)
	*
	
	266
	1.00 
	
	154
	0.66 
	(0.53
	,0.82)
	*

	Matabolic syndrome f
	(yes)
	13,862
	955
	1.00 
	
	7,448
	534
	0.76 
	(0.67
	,0.86)
	*
	
	271
	1.00 
	
	153
	0.76 
	(0.58
	,1.01)
	

	
	(no)
	45,824
	1,305
	1.00 
	
	26,283
	755
	0.74 
	(0.66
	,0.82)
	*
	
	283
	1.00 
	
	140
	0.59 
	(0.46
	,0.74)
	*

	Chronic kidney disease g
	(yes)
	9,278
	1,227
	1.00 
	
	6,138
	713
	0.71 
	(0.64
	,0.79)
	*
	
	319
	1.00 
	
	183
	0.70 
	(0.57
	,0.86)
	*

	
	(no)
	49,165
	1,016
	1.00 
	
	27,347
	569
	0.76 
	(0.67
	,0.86)
	*
	
	229
	1.00 
	
	110
	0.55 
	(0.42
	,0.71)
	*

	Proteinuria h
	(yes)
	5,794
	645
	1.00 
	
	2,839
	309
	0.73 
	(0.67
	,0.80)
	*
	
	163
	1.00 
	
	77
	0.72 
	(0.53
	,0.98)
	*

	
	(no)
	53,088
	1,599
	1.00 
	
	30,723
	974
	0.73 
	(0.67
	,0.80)
	*
	
	385
	1.00 
	
	216
	0.61 
	(0.50
	,0.74)
	*

	Reduced GFR i 
	(yes)
	4,896
	978
	1.00 
	
	4,144
	601
	0.69 
	(0.62
	,0.78)
	*
	
	263
	1.00 
	
	149
	0.65 
	(0.52
	,0.82)
	*

	
	(no)
	33,163
	1,036
	1.00 
	
	20,586
	616
	0.76 
	(0.68
	,0.85)
	*
	
	252
	1.00 
	
	135
	0.59 
	(0.47
	,0.75)
	*

	Abnormal Liver Function j
	(yes)
	4,614
	243
	1.00 
	
	1,678
	94
	0.76 
	(0.58
	,0.98)
	*
	
	33
	1.00 
	
	6
	0.43 
	(0.16
	,1.21)
	

	
	(no)
	54,870
	2,015
	1.00 
	
	32,032
	1,194
	0.74 
	(0.69
	,0.81)
	*
	
	520
	1.00 
	
	287
	0.65 
	(0.55
	,0.76)
	*

	Anti_hyperuricemic drug
	(yes)
	1,868
	195
	1.00 
	
	1,298
	103
	0.59 
	(0.46
	,0.78)
	*
	
	57
	1.00 
	
	28
	0.54 
	(0.33
	,0.89)
	*

	
	(no)
	57,818
	2,065
	1.00 
	
	32,433
	1,186
	0.76 
	(0.70
	,0.82)
	*
	
	497
	1.00 
	
	265
	0.65 
	(0.55
	,0.77)
	*

	Diabetes a +Hypertension b
	(yes)
	1,893
	335
	1.00 
	
	1,390
	211
	0.73 
	(0.60
	,0.90)
	*
	
	83
	1.00 
	
	59
	0.91 
	(0.61
	,1.36)
	

	
	(no)
	44,483
	848
	1.00 
	
	22,909
	407
	0.75 
	(0.65
	,0.87)
	*
	
	141
	1.00 
	
	60
	0.63 
	(0.44
	,0.91)
	*

	Smoking+CKD g
	(yes)
	3,155
	411
	1.00 
	
	1,457
	171
	0.75 
	(0.62
	,0.90)
	*
	
	101
	1.00 
	
	38
	0.65 
	(0.44
	,0.96)
	*

	 (
Hazard ratios were adjusted 
by 14 confounders, including 
sex, age, education, systolic BP, fasting glucose, BMI, total cholesterol, triglycerides, smoking, drinking, history of heart disease, and anti-
hyperuricemic
 drugs
, CKD and abnormal liver function.
a 
Diabetes was defined as fasting glucose 
≧
126 mg/
dL
, history of diabetes, or use of diabetes drug
;
 
b 
Hypertension was defined as systolic blood pressure 
≧
140 mmHg, history of hypertension, or use of hypertension drugs
; 
c 
Hyperlipidemia
 was 
defined
 as
 cholesterol 
≧
240 mg/
dL
, or use of lipid-lowering agents use
;
 
d
High
 triglycerides 
was 
defined as triglycerid
es
≧
200 mg/
dL
;
 
e
Obesity
 was defined as BMI
≧
30 kg/m
2
 
;
The definition of Metabolic 
syndrome
f
 was based on ATP 
III
, and the classification of 
CKD
g
 was based on the 
KDOQI
 
clinical practice 
guideline
;
 
h
 
Proteinuria
 was defined as 
proteinuria
 with trace, 1+ and above
;
 
i
 
eGFR
 was estimated by using CKD-EPI and 
reduced 
eGFR
 defined as 
eGFR
<60 
ml/min/1.73 m
2
;
 
j
Abnormal
 liver function was 
defineded
 as ALT
≧
80 U/L or AST
≧
80 
I
U/L.
)　
	(no)
	23,872
	339
	1.00 
	　
	15,523
	251
	0.85 
	(0.71
	,1.01)
	*
	　
	88
	1.00 
	　
	46
	0.52 
	(0.36
	,0.76)
	*


eTable 2. Remaining years of life for difference between normal and high uric acid and those fully active and inactive subjects with high sUA (≧7.0 mg/dL) 
	
	Normal sUA
	High sUA
	Diff
	95% CI

	at age
	population
	Lx
	population
	Lx
	
	

	Male 
	
	
	
	
	
	
	

	30
	140508
	54.0
	127731
	52.6
	1.4 
	0.02 
	2.78 

	40
	155037
	44.3
	137021
	43.0
	1.4 
	0.22 
	2.50 

	50
	93132
	34.9
	76374
	33.6
	1.3 
	0.39 
	2.27 

	60
	75024
	26.2
	53402
	24.9
	1.4 
	0.67 
	2.05 

	Female 
	
	
	
	
	
	
	

	30
	242461
	57.7
	15250
	53.8
	3.9 
	2.49 
	5.35 

	40
	222995
	47.9
	15785
	44.2
	3.8 
	2.57 
	4.93 

	50
	159265
	38.3
	19059
	34.8
	3.5 
	2.54 
	4.44 

	60
	136025
	29.0
	28287
	26.0
	3.1 
	2.33 
	3.81 

	
	Active with high sUA
	Inactive with high sUA
	Diff
	95% CI

	at age
	population
	Lx
	population
	Lx
	
	

	Male 
	
	
	
	
	
	
	

	30
	26909
	56.0
	56042
	51.7
	4.4 
	1.74 
	6.96 

	40
	26213
	46.3
	57967
	42.1
	4.3 
	2.09 
	6.41 

	50
	19186
	36.7
	27115
	32.7
	4.0 
	2.14 
	5.82 

	60
	14689
	27.7
	19423
	24.1
	3.6 
	2.22 
	4.98 

	Female 
	
	
	
	
	
	
	

	30
	1222
	58.4
	8803
	52.8
	5.6 
	-0.54 
	11.80 

	40
	1502
	48.8
	7893
	43.1
	5.7 
	1.11 
	10.37 

	50
	3298
	39.5
	8855
	33.5
	5.9 
	2.86 
	9.00 

	60
	6772
	30.6
	10968
	24.6
	6.0 
	3.87 
	8.19 


 (
Note: 
Lx stands for life expectancy
) 

	eTable 3. Translating the benefits of exercise into uric acid equivalent, based on reduction of mortality by being fully active

	Full active
	
	
	
	
	
	
	
	

	uric acid
(mg/dL)
	N of inactive subjects
	Inactive subjects' hazard ratio*
	Fully active subjects' 
hazard ratio*
	Inactive 
subjects' sUA (mean) mg/dL
	Corresponding 
fully active subjects' sUA† (mg/dL)
	PA equivalence of sUA (mg/dL)
	Weighted average (mg/dL)
	Overall weighted average (mg/dL)

	5.0-5.9
	62,436
	1.00
	0.79
	5.4
	9.0
	3.5
	3.5 
	3.4 

	6.0-6.9
	49,851
	1.09
	0.79
	6.4
	9.9
	3.5
	
	

	7.0-7.9
	32,360
	1.11
	0.80
	7.4
	10.1
	2.7
	3.1 
	

	8.0-8.9
	16,308
	1.29
	0.91
	8.4
	11.6
	3.2
	
	

	9.0-9.9
	6,992
	1.57
	1.16
	9.4
	13.5
	4.2
	
	

	≧ 10.0
	4,026
	1.85
	1.15
	10.9
	15.2
	4.3
	
	

	
Low active
	
	
	
	
	
	
	
	

	uric acid
(mg/dL)
	N of low inactive subjects
	Inactive subjects' hazard ratio*
	Low active subjects' 
hazard ratio*
	Inactive 
subjects' sUA (mean) mg/dL
	Corresponding 
low active subjects' sUA† (mg/dL)
	PA equivalence of sUA (mg/dL)
	Weighted average (mg/dL)
	Overall weighted average (mg/dL)

	5.0-5.9
	62,436
	1.00
	0.89
	5.4
	8.1
	2.6
	2.4 
	2.0 

	6.0-6.9
	49,851
	1.09
	0.93
	6.4
	8.6
	2.2
	
	

	7.0-7.9
	32,360
	1.11
	0.96
	7.4
	8.8
	1.3
	1.2 
	

	8.0-8.9
	16,308
	1.29
	1.06
	8.4
	9.6
	1.2
	
	

	9.0-9.9
	6,992
	1.57
	1.16
	9.4
	10.5
	1.1
	
	

	≧ 10.0
	4,026
	1.85
	1.73
	10.9
	11.0
	0.1
	
	

	*Hazard ratios were obtained from Table 2.
†The corresponding active subjects’ UA was found by solving UA in the fitted active or low active subjects’ quadratic regression line.



 
eFigure 1. Mean sUA levels by age and gender, with prevalence of high sUA shown in the inset
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