Increased Visceral Fat Accumulation Further Aggravates the
Risks of Insulin Resistance in Gout
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We performed the present study to determine the degree of visceral fat accumulation and incidence of visceral fat obesity in
138 gout patients who were classified as overexcretion type (n = 53) and underexcretion type (n = 85) by their levels of uric
acid clearance and urinary uric acid excretion. We also investigated the relationship between visceral fat accumulation and
insulin resistance expressed by the homeostasis model assessment (HOMA) index. Visceral fat area (VFA)/surface body area
(SBA) was significantly increased in patients with gout as compared with control subjects (79.7 + 30.8 cm?/m? v 65.1 + 24.1
cm?2/m?, P < .001). It was also shown that VFA/SBA in the gout overexcretion group was significantly increased as compared
with the gout underexcretion group (88.3 = 32.8 cm?/m? v 74.3 = 28.3 cm?/m?, P < .01). Although the incidence of visceral
fat obesity (VFO) was not different between gout patients and control subjects, the incidence of VFO was significantly higher
in the gout overexcretion type than the gout underexcretion type (19 of 53 v 11 of 85, P < .01). Further, there was a significant
relationship between visceral fat area and HOMA index. Gout patients possess some factors that are included in the insulin
resistance syndrome, irrespective of the presence of VFO, and the insulin resistance risk factors observed in gout become
more prominent when it is complicated with VFO. Our results suggest that gout patients, especially the overexcretion type
who have greater levels of visceral fat accumulation, may be more vulnerable to atherosclerotic diseases.
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T HAS BEEN suggested that serum uric acid concentrationProcedures
is closely associated with body fat mass, because the inci- Blood was drawn after an overnight fast. Serum and urinary con-

dence of hyperuricemia increases in accordance with the Sentrations of uric acid and creatinine were measured by the uricase
verity of obesity! Recently, obesity has been categorized asmethod and a modified Jaffe reaction, using an automated analyzer.
that which involves visceral and subcutaneous fat accumulaserum total cholesterol and triglyceride levels were measured by the
tion2 As a condition that involves multiple risk factors for enzymatic method. Fasting plasma glucose (FPG) was measured by the
atherosclerotic diseases, the importance of visceral fat obesitglucose oxidase method. Immunoreactive insulin (IRI) was measured
(VFO) has been emphasized, because it frequently causeshy a solid phase radioimmunoassay using an insulin RIA bead kit
derangement of the metabolism of glucose and lipids. (Dainabot, Tokyo, Japan). High-density lipoprotein (HDL)-cholesterol

In a previous study, we found a close relationship between/V@s measured by t'he hgparin—calcium method. Uric acid clearance
visceral fat accumulation and uric acid metabolism parameter?nd/or fractional uric acid clearance were calculated based on the

. . . asting blood samples and 24-hour urine data. Gout patients were
in 50 healthy male subjectaVioreover, it was recently shown o ) .

hat VEO i | | iated with uri id d further classified into 2 groups, overexcretion and underexcretion of
that Is more closely associated with uric acid overpro UCyric acid. The uric acid overexcretion gout group was defined as those

tion than subcutaneous fat obesity (SFOJherefore, in the  yith excretion levels greater than 2.85 mmdlich while the underex-
present study, we investigated the degree of visceral fat acclsetion group was defined as those with urinary uric acid excretion
mulation and incidence of VFO in gout patients, who were |evels of less than 2.84 mmolAl and uric acid clearance of less than
classified as overexcretion or underexcretion type by their uricé mL/min, according to the criteria of Yamamoto et’alisceral fat
acid clearance and urinary uric acid excretion. Furthermore, wend subcutaneous fat areas in all subjects were measured at the level of
compared the factors involved in multiple risk factor clustering the umbilicus by abdominal computed tomography (TCT 900S;
syndrome between gout patients and controls, with or withoufoshiba, Tokyo, Japan), according to the method of Tokunage et al
VEO. and then corrected for surface body area (SBA). VFO was defined as a
visceral fat area (VFA)/subcutaneous fat area (SFA) rati@.4 with a
body mass index (BMI) of more than 26.4, and SFO as a VFA/SFA
SUBJECTS AND METHODS ratio less than 0.4 with a BMI of more than 26.4nformation con-
Subjects cerning the consumption of alcoholic beverages over the past month
) o ) was gathered and used to represent the drinking habits of each indi-
A total of 138 male patients who met the criteria for primary gout as yiqyal using a questionnaire on frequency, quantity, and type, and then
outlined by the American Rheumatism Association (Tabf(dge, 26 onverted to daily alcohol consumpti®mformation regarding dietary

to 75 years; mean, 49.4 12.0) and 66 apparently healthy male jnake for a 3-day period in close temporal proximity to the intraab-
subjects (age, 26 to 78 years; mean, 47.70.9) were included in this

study. All were given detailed information regarding the study before
informed consent was obtained from each. All of the subjects had
normal laboratory values, except for their uric acid and lipid profiles.  From the Third Department of Internal Medicine, Hyogo College of
The study was performed on an outpatient basis without any dietanMedicine, Hyogo, Japan.

restriction (daily purine intake, 150 to 250 mg), except for total absti- Submitted March 20, 2000; accepted October 16, 2000.

nence from alcoholic beverages during the urine collection portion. Address reprint requests to Yuji Moriwaki, MD, Third Department of
After specific informed consent was obtained, all medications forInternal Medicine, Hyogo College of Medicine, Mukogawa-cho 1-1,
hyperuricemia or hyperlipoproteinemia were withheld from those in theNishinomiya, Hyogo 663-8501, Japan.

patient group at least 1 month before the study. None of the control Copyright© 2001 by W.B. Saunders Company
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Table 1. Proposed Criteria for Acute Arthritis of Primary Gout jects, as has been reported previouély'_his may have been

1. More than 1 attack of acute arthritis due, in part, to the greater daily consumption of alcoholic
2. Maximum inflammation developed within 1 day beverages by the gout patients (gum:lontrol, 30.7+ 28.5 g/d

3. Monoarthritis attack v 22.3+ 20.2 g/d,P < .05) (Table 3). Serum HDL-cholesterol

4. Redness observed over joints was significantly lower in the gout patients than the control
5. First metatarsophalangeal joint painful or swollen subjects (1.24+= 0.30 mmol/Lv 1.37 = 0.29 mmol/L,P <

6. Unilateral first metatarsophalangeal joint attack .005), while serum total cholesterol was not different between
7. Unilateral tarsal joint attack the 2 groups. Further, the basal plasma concentration of IRl and
8. Tophus (proven or suspected)

the HOMA index were both significantly higher in the gout

1?)' :Zsi:;r;:zn;ve”mg within a joint on x-ray patients than the controls (8. 3.9 uU/mL v 6.9 = 3.6

11. Subcortical cysts without erosions on x-ray I‘L_U/ml" P <.0519+10v16*09,P< '05)' These

12. Monosodium urate monohydrate microcrystals in joint fluid differences were also observed between gout overexcreters
during attack (n = 53) and gout underexcreters ¢ 85) (IRI, 8.9 = 4.2

13. Joint fluid culture negative for organisms during attack uwU/mLv7.6* 3.6 uU/mL, P <.01; HOMA index, 2.1+ 1.1

v 1.8 = 0.9, P < .005). Moreover, BMI was significantly
increased in gout overexcreters, as compared with underexcret-
ers (25.6+ 3.0v 24.3+ 2.5,P < .001).

dominal fat area evaluation was also obtained by a questionnaire, and

the average amount and ingredients were analyzed by a dietitiarm:A and SFA in Gout and Control Subjects
The homeostasis model assessment (HOM®Rs used as an index

of insulin resistance, and insulin resistance was defined as FPG As shown in Fig 1, VFA/SBA was significantly higher in the
(mmol/L) X IRI (wU/mL)/22.5. gout patients than the control subjects (72.730.8 cn¥/m? v
65.1+ 24.1 cnf/m?, P < .001). In contrast, SFA/SBA in the
gout patients did not differ from that in the control subjects
Data are expressed as the meaSD (SE). Bonferroni's inequality ~ (70.2 = 25.3 cnf/m? v 70.8 + 29.3 cnf/m?, not significant
method was used to evaluate observed differences agyfdtest was [NS]). Furthermore, VFA/SBA in the overexcretion type gout
used to assess frequency differences between the 2 groups. Pearsopatients was significantly increased when compared with the
reg_ression model was used to analyze the relationship bgt\{veen dnderexcretion type (88.3 32.8 cnf/m? v 74.3 + 28.3 cnf/
vgna}ples. AP value below .05 was considered to be statistically m?, P < .01). However, SFA/SBA in gout patients was not
significant. statistically different between the overexcretion and underex-
RESULTS cretion types (72.8 28.6 cnf/m? v 68.7 = 23.0 cnf/m?, NS).

NOTE. Data from Wallace et al.®

Statistical Analysis

Clinical and Metabolic Profiles

Table 2 shows clinical and metabolic characteristics of thelncidence of VFO in Gout and Control Subjects

gout patients (= 138) and control subjects (A 66). Despite The incidence of VFO was not different between the gout
similar BMI results, serum concentrations of triglycerides werepatients and control subjects (30 of 138 [21.796]13 of 66
significantly higher in the gout patients than the control sub-[19.7%], NS). However, it was significantly higher in the

Table 2. Clinical Data and Metabolic Profile of the Patients and Control Subjects

Gout (138) Control (66) P Value
Total (138) Overexcreter (53) Underexcreter (85)

1 2 3 4 1véa 2v3
Age (yr) 49.4 = 12.0 48.1 = 11.4 50.1 £ 12.3 47.7 = 10.9 NS NS
BMI (kg/m?) 248 + 2.8 25.6 = 3.0 243+ 25 243 + 2.6 NS <.001
SBP (mm Hg) 134.9 = 18.1 137.8 £ 15.9 133.1 £ 19.1 122.6 = 15.8 <.001 NS
DBP (mm Hg) 80.6 = 11.0 84.4 = 10.7 80.8 = 10.8 74.2 = 9.1 <.001 NS
S-Ua (mmol/L) 0.51 = 0.07 0.51 = 0.05 0.51 = 0.08 0.34 = 0.06 <.001 NS
Cua (mL/min) 53+1.8 6.5+ 1.8 45 + 1.2 8.3+ 2.1 <.001 <.001
24-hr Uua (mmol/d) 4.30 £ 1.41 5.73 £ 0.82 3.41 = 0.86 3.30 = 0.97 <.001 <.001
T-chol (mmol/L) 5.64 = 1.09 5.75 = 1.20 5.57 = 1.01 5.52 = 0.85 NS NS
TG (mmol/L) 2.09 = 1.01 2.24 = 0.94 2.00 = 1.04 1.74 = 0.93 <.05 NS
HDL-chol (mmol/L) 1.24 = 0.30 1.26 = 0.29 1.23 = 0.31 1.37 £ 0.29 <.005 NS
FPG (mmol/L) 52+05 53+04 52+05 51*05 NS NS
IRl (uU/mL) 8.1+3.9 89 +4.2 7.6 +3.6 6.9 = 3.6 <.05 <.01
HOMA index 1.9+£1.0 2111 1.8 £0.9 1.6 = 0.9 <.05 <.005

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; S-Ua, serum uric acid; Cua, uric acid
clearance; 24-hr Uua, 24-hour urinary uric acid excretion; T-chol, total cholesterol; TG, triglyceride; HDL-chol, high density lipoprotein cholesterol;
FPG, fasting plasma glucose; IRI, immunoreactive insulin; HOMA index, homeostasis model assessment index; NS, not significant; 1, all gout
patients; 2, gout overexcretion type; 3, gout underexcretion type; 4, control subjects.
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Table 3. Comparison of Dietary Intake Between Gout and Control According to Uric Acid Excretion

Gout (138) Control (66) P Value
Total (138) Overexcreter (53) Underexcreter (85)

1 2 3 4 1vé 2v3
Energy (cal) 2,154.2 = 501.6 2,262.0 + 686.1 2,080.3 = 434.7 2,193.6 = 501.6 NS NS
Protein (g/d) 845 + 234 91.8 + 25.8 79.5 £ 20.2 85.6 = 24.2 NS <.01
Lipid (g/d) 59.8 + 27.6 61.3 = 31.9 58.8 = 24.5 65.9 = 25.4 NS NS
Carbohydrate (g/d) 278.2 = 79.1 290.7 = 98.3 269.5 = 62.1 274.1 = 63.2 NS NS
Purine (mg/d) 159.4 + 63.6 187.0 £ 70.2 140.4 £ 51.0 165.9 = 81.4 NS <.001
Alcohol (g/d) 30.7 = 28.5 30.8 £ 29.1 30.7 = 28.2 22.3 +£20.2 <.05 NS

Abbreviations are the same as in Table 2.

overexcretion type gout than in the underexcretion type (19 ofsyndrome. Serum triglyceride, FPG, and IRI, along with
53 [35.8%]v 11 of 85 [12.9%],P < .01). HOMA index, were significantly higher in gout-VFO pa-
) ) ] ) ) tients than gout—non-VFO patients (2.391.04 mmol/Lv

Relationship Between VFA and Insulin Resistance in Gout 1 g5+ . gg mmol/L,P < .005: 5.4+ 0.5 mmol/Lv 5.2 =
and Control Subjects 0.5 mmol/L, P < .05; 10.9= 3.7 pU/mL v 7.3 = 3.7

As shown in Fig 2, VFA/SBA was positively correlated with wU/mL, P < .001; 2.6 = 0.9 v 1.7 = 0.9, P < .001).
the HOMA index in gout patients (= .43,P < .0001), as well However, blood pressure, HDL-cholesterol, and total cho-
as in all subjectsr(= .44, P < .0001). In a similar manner, lesterol were not different between gout-VFO patients and
SFA/SBA was also correlated with the HOMA index (data not gout—non-VFO patients. Further, there were no significant
shown). differences in blood pressure, serum lipids, FPG, IRI, or
HOMA index between gout-VFO and control-VFO subjects
! : > (n = 13). Similarly, there were no significant differences in
Clustering Syndrome in Gout and Control Subjects blood pressure, serum lipids, FPG, IRI, or HOMA index
With or Without VFO between overexcretion gout-VFO ¢ 19) and underexcre-

Table 4 shows the differences between gout-VFO patientgion gout-VFO patients (= 11) (data not shown). In con-
(n = 30) and gout-non-VFO patients & 108), with regard  trast, significant differences were observed in blood pres-
to the factors included in the multiple risk factor clustering sure, serum triglyceride, HDL-cholesterol level, IRI, and

Comparison of Factors Included in Multiple Risk Factor

VFA/SBA SF:
(cm2/m2) (cm2/m?) A/SBA
120 + 20 1
4 p<0.001 ! n.s.
100 o | | 100 1 [ __|
1| 797308026 702£2532.1)  70.8+29.3(3.6)
80 A 65.1+24.103.0) 80 1
60 60 1
40 40 1
20 20 1
0 0¥
gout patients control gout patients control
(n=138) (n=66) (n=138) (n=66)
VFA/SBA i t patient SFA/SBA i t patient:
(szlmz) A/ in gout patients (cm2/m2) A/ In gout patients
120 1 p<0.01 120 4 n.s.
1
100 7 883 328045 o4ss 28.3(3.1) 100 72.8+28.6(3.9) 68.7+23.0(2.5)
Fig 1. VFA and SFA in gout : 80
and control subjects. The area of 80
visceral fat was significantly &0 60 J
larger in the gout patients than ]
control subjects and in the over- 40 40
excretion type gout patients d
than in the underexcretion type. 20 4 20 4
In contrast, SFA was not differ-
ent between the 2 groups. Col- 0 0 £
umns and bars indicate mean overexcretion underexcretion overexcretion underexcretion

and SE. (n=53) (n=85) (n=53) (n=85)
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Relationship between YFA/SBA and Relationship between YFA/SBA and Relationship between VFA/SBA and
HOMA index (total, n=204) HOMA index (Gout, n=138) HOMA index (Control, n=66)
200 200 200

r=0.442, p<0.0001 r=0.428, p<0.0001 r=0.419, p<0.0001
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Fig 2. Relationships between VFA and insulin resistance in gout and control subjects. There were significant relationships between VFA and
HOMA index in all subjects. Left, all subjects; middle, gout patients; right, control subjects.

HOMA index between gout—non-VFO patients and control-others have found that it is nét:17 Nevertheless, it is generally
non-VFO subjects (= 53) (Table 4). accepted that gout patients are frequently complicated with
) ] cardiovascular diseas&sThe possibility of a direct association
Comparison of Dietary Intake Between Gout and Control  pepween hyperuricemia and atherosclerosis remains unclear,
Subjects According to VFO and Uric Acid Excretion however, several studies have shown that dyslipidemia com-
Dietary intake was investigated to clarify, if any, its associ- plications such as hypertriglyceridentfedecreased HDL-cho-
ation with over- or underexcretion of uric acid and VFO. Total lesterol!* and increased Lp(a) concentratidiswhich are
calorie ingestion was not different between gout patients andknown as risk factors for atherosclerotic diseases, are associ-
control subjects or between gout overexcreters and gout undested with gout. In addition, an increased level of von Wille-
excreters. However, protein and purine ingestion were signifitorand factor in serum has been sugge&teuhile incidences of
cantly greater in gout overexcreters than gout underexcretergypertension and impaired glucose tolerance are also high in
(Table 3). Total calorie ingestion was not different betweengout. Thus, multiple risk factors for atherosclerotic diseases
gout-VFO patients and control-VFO subjects. Total purineseem to be clustered in gout patients.
intake was not different between gout-VFO and gout—non-VFO Recently, the concept of multiple risk factor clustering syn-
patients, or between control-VFO and control-non-VFO sub-drome, which includes hypertension, hyperinsulinemia, hyper-
jects (Table 5). triglyceridemia, low HDL-cholesterol, and impaired glucose
tolerance, also termed as metabolic syndromé! Xeadly
DISCUSSION quartet?2 insulin resistance syndroni@ and VFO24 has been
The results of epidemiologic studies regarding whether uricadvocated. Moreover, Zimnfétsuggested that hyperuricemia
acid is an independent risk factor for atherosclerotic diseaseshould be included in syndrome X, as syndrome X plus. Fur-
including ischemic heart disease, are still controversial. Soméher, there have been reports showing a close relationship
investigators have suggested that increased uric acid is abetween uric acid and insulin resistance syndréffé.In our
independent risk factor for ischemic heart disedségwhile previous study, we also showed a close association between

Table 4. Comparison of Factors for Insulin Resistance Syndrome Between Gout and Control With or Without VFO

Gout (138) Control (66) P Value
VFO (30) non-VFO (108) VFO (13) non-VFO (53)

1 2 3 4 1v2 1v3 2vé4
Age 453 + 12.8 50.5 = 11.5 46.0 = 13.5 48.2 = 10.3 <.05 NS NS
BMI (kg/m?) 28.8 £ 2.2 23.7 £ 1.7 28.3 £2.2 234 =17 <.001 NS NS
SBP (mm Hg) 135.9 = 14.0 135.0 = 19.1 132.0 = 16.8 120.3 = 14.9 NS NS <.001
DBP (mm Hg) 81.1+x75 80.4 £ 11.8 775 114 73.9 £ 8.3 NS NS <.001
S-UA (mmol/L) 0.52 = 0.07 0.51 = 0.07 0.37 = 0.04 0.33 = 0.06 NS <.001 <.001
T-chol (mmol/L) 5.88 = 0.97 5.58 + 1.11 5.85 + 0.87 5.44 + 0.83 NS NS NS
TG (mmol/L) 2.59 = 1.04 1.95 + 0.96 2.31 = 1.04 1.60 = 0.85 <.005 NS <.05
HDL-chol (mmol/L) 1.16 = 0.29 1.27 = 0.30 1.27 = 0.25 1.38 = 0.36 NS NS <.01
FPG (mmol/L) 5.4+ 05 5.2+ 05 5.2+0.4 5.1 +05 <.05 NS NS
IRl (uU/mL) 109 = 3.7 7.3 £3.7 109 = 3.6 59+ 28 <.001 NS <.05
HOMA index 2.6 =0.9 1.7 £ 0.9 25=*+0.9 1.4 £0.7 <.001 NS <.05

Abbreviations: VFO, visceral fat obesity; 1, gout patients with VFO; 2, gout patients without VFO; 3, control subjects with VFO; 4, control
subjects without VFO. Other abbreviations are the same as in Table 2.
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Table 5. Comparison of Dietary Intake Between Gout and Control With or Without VFO

Gout (138) Control (66) P Value
VFO (30) non-VFO (108) VFO (13) non-VFO (53)
1 2 3 4 1v2 1v3 2v4 3va
Energy (cal) 2,296.3 + 463.8 2,117.9 = 573.2 1,966.4 = 409.3 2,242.0 = 509.0 NS NS NS NS
Protein (g/d) 88.9 = 26.6 83.3 £ 225 77.2 £ 191 87.4 =249 NS NS NS NS
Lipid (g/d) 62.3 = 22.9 59.2 + 28.8 52.1 = 19.6 68.8 = 25.6 NS NS NS <.05
Carbohydrate (g/d) 289.8 = 64.4 275.2 = 82.5 252.4 + 424 278.7 = 66.2 NS NS NS NS
Purine (mg/d) 162.6 = 75.7 158.5 + 60.5 140.6 = 57.7 171.3 £ 85.0 NS NS NS NS
Alcohol (g/d) 34.4 =418 29.7 = 23.7 32.9 = 26.0 19.7 £ 17.8 NS NS NS <.05

Abbreviations are the same as in Tables 2 and 4.

visceral fat accumulation and uric acid metabolism in healthylevels of triglyceride, FPG, and IRI, along with HOMA index
subjectst Thus, there seems to be a close relationship betweeim gout were significantly higher when complicated with VFO.
hyperuricemia and multiple risk factor clustering syndrome, These results suggest that gout patients have increased athero-
although to our knowledge, there have been no detailed studiegenic disease risk factors, even without overt VFO, while VFO
investigating visceral fat accumulation and/or VFO in gout further aggravates the risks.
patients. The present study also suggests a possible contribution of
The present study showed that VFA was significantly in- visceral fat accumulation/VFO to the high incidence of athero-
creased in gout patients when compared with the control subsclerotic diseases in gout. Moreover, the accumulation of vis-
jects, and also that VFA and VFO incidence was significantlyceral fat may have an adverse effect on the metabolism of uric
more increased in overexcretion type gout patients than in thecid, as shown in our previous stutlifherefore, gout patients
underexcretion type, which is compatible with the results foundwith VFO are recommended to lose weight to reduce excessive
in obese patients by Matsuura efafiowever, we did not find  visceral fat stores and break this viscious cycle. However, it
that the incidence of VFO was different between gout patientsemains uncertain whether overexcretion type gout patients,
and control subjects. The exact cause of the increased visceralho have greater levels of visceral fat accumulation and a
fat accumulation observed in gout patients and the lack ofhigher incidence of VFO than the underexcretion type, are
significant difference in incidence of VFO between the goutmore likely to be complicated with atherosclerotic diseases. A
and control groups cannot be explained solely by dietary intakgrospective study on the development of atherosclerotic dis-
and remains unclear, because dietary intake, except for alcoh@ases in gout patients, separately examining the 2 types, would
consumption, was not different between the 2 groups (Tables ®e of great benefit.
and 5). However, increased alcohol consumption may be re- The results of our study have led us to the following con-
lated to these findings, because it is known to lead to fatty acictlusions: (1) Visceral fat is more accumulated in gout, although
synthesis. Moreover, it may be difficult to explain the differ- the incidence of VFO was not different between gout patients
ence in the incidence of VFO between gout overexcreters andnd control subjects. (2) The incidence of VFO is significantly
gout underexcreters by dietary information alone, as total calhigher in gout overexcreters than in gout underexcreters, al-
orie intake and alcohol consumption were not different betweerthough the underlying mechanism remains unclear. (3) Gout
the 2 groups (Tables 3 and 5). Other complicating factors, suclpatients possess some insulin resistance factors, irrespective of
as physical activity, may be involved in the underlying mech-the presence of VFO, although the risk factors seen in gout
anism(s) causing these differences. become more apparent when complicated with VFO. (4) Vis-
As seen in Table 4, the present study also showed that blooderal fat accumulation may be associated with factors for
pressure, serum triglyceride level, IRI, and factors of insulininsulin resistance, however, the presence of gout has only a
resistance syndrome were significantly higher in the gout—nontimited influence, as many risk factors associated with VFO
VFO patients than the control-non-VFO subjects. Moreoverwere the same in gout patients and control subjects.
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