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We evaluated the effect of accumulation of intraabdominal visceral fat on the metabolism of uric acid in 50 healthy male 
subjects to elucidate any relationship between such obesity and hyperuricemia. The area of abdominal fat (visceral fat and 
subcutaneous fat) was measured at the level of the umbilicus by abdominal computed tomographic scanning. Serum and 
urinary concentrations of uric acid and creatinine were determined with an autoanalyzer. Uric acid clearance and the ratio of 
urinary uric acid to creatinine excreted in urine were calculated. Univariate and multivariate analyses were used to evaluate 
the relationship between uric acid metabolism and body fat. The size of the area of visceral fat was significantly correlated with 
the serum concentration of uric acid (r = .37, P < .01), uric acid clearance (r = - .34 ,  P < .05), and the urinary uric acid to 
creatinine ratio (r = .65, P < .0001). The size of the area of subcutaneous fat was significantly correlated only with the urinary 
uric acid to creatinine ratio (r = .38, P < .01). Multivariate analyses, including body mass index (BMI), showed that the size of 
the visceral fat area was the strongest contributor to an elevated serum concentration of uric acid, a decrease in uric acid 
clearance, and an increase in the urinary uric acid to creatinine ratio. These results suggest that accumulation of visceral fat 
may have a greater adverse effect on the metabolism of uric acid than BMI or accumulation of subcutaneous fat. Clearly, 
patients with hyperuricemia should lose weight to reduce excessive visceral fat stores, to help avoid attacks of gout. 
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O BESE PEOPLE often have hyperuricemia, frequently 
leading to painful attacks of gout. It has been suggested 

that an elevation of the serum concentration of uric acid is 
closely associated with an increase in body fat mass, since the 
incidence of hyperuricemia is increased in accordance with the 
severity of obesity.1 Obesity is categorized as involving visceral 
or subcutaneous fat. 2 The importance of visceral fat obesity as a 
syndrome that involves multiple risk factors for atherosclerotic 
diseases has been emphasized, since it frequently causes a 
derangement of the metabolism of glucose and lipid. 3 However, 
little is known about the relationship between visceral fat 
obesity and the metabolism of uric acid. We therefore investi- 
gated the relationship between accumulation of visceral fat and 
parameters for uric acid metabolism in 50 healthy male 
subjects. 

SUBJECTS AND METHODS 

Subjects 

We evaluated 50 apparently healthy Japanese men (aged 29 to 78 
years; mean, 46 +_ 11), who provided informed consent before study 
participation. All had normal laboratory values, including serum 
aspartate aminotransferase, alanine aminotransferase, lactic dehydroge- 
nase, and creatinine and fasting blood glucose. The study was per- 
formed in an outpatient department without any dietary restriction 
(dally purine intake, 150 to 250 mg), but alcohol consumption was 
prohibited during urine collection. None of the subjects had taken drugs 
that might affect uric acid metabolism. 

Procedure 

Blood was drawn after an overnight fast. Serum and urinary 
concentrations of uric acid were measured by the uricase method. 
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Serum and urinary concentrations of creatinine were determined using a 
modified Jaffe reaction. Uric acid clearance was measured using blood 
and urine collected after an overnight fast. We calculated the urinary 
uric acid to creatinine ratio based on 24-hour urine data. Blood and 
plasma levels of glucose and immunoreactive insulin (IRI) were 
measured in a 75-g oral glucose tolerance test, and the area under the 
curve (EBS and EIRI) was calculated. The visceral fat area and 
subcutaneous fat area were measured at the level of the umbilicus by 
abdominal computed tomography (TCT 900S; Toshiba, Tokyo, Japan) 
according to the method of Tokunaga et al.4 

Statistical Analyses 

Values are expressed as the mean +_ SD. Univariate correlation 
analyses were used to assess the association between body fatness 
(abdominal fat area and body mass index [BMI]) and serum uric acid 
level, uric acid clearance, and urinary uric acid to creatinine ratio. The 
association between these parameters of uric acid metabolism and the 
other measured variables was evaluated by multivariate regression 
analysis. A P value less than .05 was considered statistically significant. 

RESULTS 

Demographic and Biochemical Findings 

Table 1 shows clinical characteristics and laboratory data for 
the 50 subjects (BMI, 24.2 +-2.5; range, 19.7 to 30.4). Al- 
though some subjects had an elevated serum uric acid level 
(>7 .0  mg/dL), a decreased uric acid clearance (<6 .0  mL/min), 
or an increased 24-hour urinary excretion of uric acid (>900  
rag/d), the mean values for these parameters were all within the 
normal range. Mean values for other data were also within the 
normal range. 

Univariate Analyses 

Linear regression analysis was performed to investigate the 
relationships between the visceral fat area, subcutaneous fat 
area, and BMI and the serum uric acid level, uric acid clearance, 
and urinary uric acid to creatinine ratio. Figure 1 (upper panels) 
shows a significant correlation between serum uric acid level 
and visceral fat area (r  = .37, P < .01), but no significant 
correlation between serum uric acid level and BMI or subcuta- 
neous fat area. Figure 1 (center panels) also shows a significant 
inverse correlation between uric acid clearance and visceral fat 
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Table 1. Clinical Features and Laboratory Data 
of the Subjects (N = 50) 

Parameter Mean *SD Range Normal Value 

Age (yr) 46.3 k 11.2 29-78 

BMI (kg/mz) 24.2 ? 2.5 19.7-30.4 18-26 

Height (cm) 168.8 2 5.7 157-182 

Body weight (kg) 69.1 i 8.8 56-90 

VFA (cm2) 119.3 t 39.9 40.4-205.4 

SFA (cm*) 118.3 f 44.3 33.0-223.3 

Sun (mg/dL) 5.4 i 1.0 3.2-7.3 2.0-7.0 

CUA (mUmin) 8.5 2 1.8 5.2-13.0 6.2-12.6 

UUA (w/d) 755.6 2 215.8 368-1,236 400-900 

FBS (mg/dL) 91.1 t 9.1 69-112 70-110 

IRI (pU/mL) 7.2 2 4.1 1.5-18.8 <I7 

Abbreviations: VFA, visceral fat area; SFA, subcutaneous fat area; 

Sun, serum uric acid; CUA, uric acid clearance; UUA, 24.hour urinary 
excretion of uric acid; FBS, fasting blood sugar. 
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area (Y = -.34, P < .05) and BMI (I = -.31, P < .05), but no 
correlation between uric acid clearance and subcutaneous fat 
area. Finally, Figure 1 (lower panels) shows a significant 
correlation between the urinary uric acid to creatinine ratio and 
the visceral fat area, as well as the subcutaneus fat area (v = .65, 
P < .OOOl and Y = .38, P < .Ol, respectively). 

Multivariate Analysis 

Since the visceral fat area, subcutaneous fat area, and.BMI 
were all significantly correlated with the serum uric acid level, 
uric acid clearance, and urinary uric acid to creatinine ratio, we 
performed multivariate regression analysis to ascertain whether 
visceral fat area was independently correlated with these 
parameters of uric acid metabolism. Tables 2,3, and 4 show that 
multivariate regression analysis demonstrated that visceral fat 
area was the only variable independently related to serum uric 
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Fig 1. (Upper panels) Relationship between serum uric acid (Sua) concentration and abdominal fat area and BMI. A significant inverse 
correlation was observed only between Sua and visceral fat area. (Center panels) Relationship between uric acid clearance (‘Cua) and abdominal 
fat area and BMI. A significant inverse correlation was observed between Cua and visceral fat area and BMI, but not subcutaneous fat area, 
(Lower panels) Relationship between urinary uric acid to creatinine ratio (24 h Uua/Ucr) and abdominal fat area and BMI. A significant correlation 
existed between the 24-hour Uua/Ucr and both visceral and subcutaneous fat areas, 
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Table 2, Multiple Regression Analyses of the Association Between 
Serum Uric Acid and various Factors 

Partial Regression Standard Reg "esslon 
Variable Coefficient Coefficient Partial F P 

Intercept 2.773 

BMI 0.078 0.084 0.866 .3672 

VFA 0.009 0.004 5.107 .0288 

SFA -0.00003 0.005 0.005 .9412 

2IRI -0.002 0.004 0.305 .5837 

Abbreviations: VFA, visceral fat area; SFA, subcutaneous fat area. 

acid level, uric acid clearance, and urinary uric acid to 
creatinine ratio when all other potential confounding variables 
were taken into account. 

DISCUSSION 

The multiple risk factor--clustering syndrome, which has also 
been designated syndrome X, 5 the deadly quartet. 6 and the 
visceral fat obesity syndrome. 7 has been emphasized as a cause 
of atherosclerotic disease. Patients with hyperuricemia or gout 
commonly exhibit elements of this syndrome. 84t Zimmet32 
who added hyperuricemia to syndrome X. proposed the concept 
of syndrome X plus, and suggested a relationship between uric 
acid and the multiple risk factor-clustering syndrome. How- 
ever, there are few studies on the relationship between the 
multiple risk factor-clustering syndrome and the metabolism of 
uric acid. 13J4 Our present investigation demonstrated a close 
rel{itionship between accumulation of visceral fat and metabo- 
lism of uric acid. The effect of dietary intake of purine, protein. 
fat. and alcohol, as well as age. on themetabolism of uric acid is 
well known. For example, alcohol ingestion increases the level 
of serum uric acid by increasing purine degradation (increased 
24-hour urinary excretion of uric acid), I5 whereas ingestion of 
protein mcreases uric acid clearance. 16 Thus. visceral fat 
accumulation may have only a supplemental effect on urinary 
excretion of uric acid and production of uric acid. with dietary 
factors directly mediating that link. Since the serum concentra- 
tion of uric acid and uric acid clearance were determined after 
an overnight fast. a direct effect Of dietary factors on uric acid 
may be excluded. The uric acid level in the 24-hour urine 
specimen may reflect the amount and/or kind of food ingested 
during that period. 

In a previous study by Yamashita et al. t7 obese subjects 
demonstrated a high serum uric acid level as compared with 
controls. The fractional uric acid clearance mric acid clearance 
to :creatinine clearance ratio) was markedly reduced in these 
subjects. The investigators also demonstrated that fractional 
uric acid clearance was increased when body weight was 

Table 3. Multiple Regression Analyses of the Association Between 
Uric Acid Clearance and Various Factors 

Partial Regressior Standard Regression 
Variable Coefficient Coefficient Partial F P 

Intercept 16.054 
BMI -0.294 -0.417 3.631 .0633 

VFA -0.015 -0.3261 4.258 .045 

SFA 0.01 0.245 1.369 .2482 

£1RI 0.002 0.039 0.056 .8139 

Abbreviations: VFA, visceral fat area; SFA, subcutaneous fat area 
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Table 4. Multiple Regression Analyses of the Association Between 
the Urinary Uric Acid to Creatinine Ratio and Various Factors 

Partial Regression Standard Regression 
Variable Coefficient Coefficient Partial F P 

Intercept 27.178 

BMI 0.227 0.063 0.089 .7664 

VFA 0.112 0.482 10.271 .0025 

SFA 0.026 0.123 0.379 .5412 

NIRI -0.071 -0.282 3.561 .0656 

Abbreviations: VFA, visceral fat area; SFA, subcutaneous fat area. 

reduced. A decrease in fractional uric acid clearance may play a 
role in increasing the serum uric acid level in obese subjects, 
although the cause of the decrease in fractional uric acid 
clearance has not been clarified. The present study showed that 
uric acid clearance was more closely related to the visceral fat 
area than were either the BMI or the subcutaneous fat area. This 
finding suggests that the relationship between uric acid clear- 
ance and obesity may reflect the relationship between uric acid 
clearance and visceral fat area, since visceral fat area was 
correlated with BMI (data not shown). 

Considering the relationship between an accumulation of 
visceral fat and a decrease in uric acid clearance, it does not 
seem probable that decreased uric acid clearance causes accumu- 
lation of visceral fat. However, it is possible that the hyperinsu- 
linemia caused by visceral fat accumulation may be responsible. 
An association between hyperinsulinemia and/or insulin resis- 
tance and hyperuricemia has been suggested, t°JS,t9 Insulin acts 
on the renal tubules to increase the reabsorpfion of sodium and 
uric acid, thereby decreasing uri c acid clearance. 20,21 However, 
in the present study, ~IRI was not correlated with uric acid 
clearance (Table 3). Some other factor related to visceral fat 
accumulation may therefore contribute to the decrease in uric 
acid clearance. The relationship between the urinary uric acid to 
creatinine ratio and visceral fat is likely to be complex, and 
eludes a simple explanation. There may be a link between the 
production of uric acid and an excess of free fatty acid derived 
from visceral fat in the liver, which accelerates the production 
of very-low-density lipoprotein, a major constituent of triglyc- 
eride. The accumulation of visceral fat may therefore cause 
hypertriglyceridemia, as well as an increase in hepatic produc- 
tion of uric acid. This hypothesis appears to be supported by a 
previous study that found a significant association between 
serum triglyceride level and urinary excretion of uric acid. 22 
Since obesity is usually the result of too much food and not 
enough exercise, excessive intake of purines may also influence 
the urinary uric acid tO creatinine ratio. In any case, the 
accumulation of visceral fat suggests an increase in the urinary 
uric acid to creatinine ratio. 

In conclusion, we have demonstrated that accumulation of 
visceral fat was positively related to the serum uric acid level 
and urinary uric acid to creatinine ratio and inversely related to 
uric acid clearance. This suggests a close relationship between 
uric acid metabolism and accumulation of visceral fat. Thus, 
hyperuricemic patients who gain weight and exhibit an increase 
in visceral fat may develo p a worsening of the hyperuricemia 
and painful attacks of gout. To reduce the serum level of uric 
acid, it is therefore important to evaluate the extent of, and to 
reduce the accumulation of, visceral fat. 
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