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I
n the epidemiological survey conducted by Her-
man et al. (1), serum uric acid levels were signifi-
cantly lower in non-insulin-dependent diabetic
(NIDDM) patients than in normal subjects. Got-

fredsen et al. (2) also reported a decrease in serum uric
acid levels in insulin-dependent diabetic patients,
and increases in urinary uric acid excretion and uric acid
clearance (Curate). In this study, we investigated the
serum and urinary uric acid levels in NIDDM patients
and discuss the mechanism of hypouricemia in diabetic
patients.

Two hundred and four nonnephrotic NIDDM patients
(95 men, 109 women) and 44 normal controls (20 men,
24 women) were studied. All participants were admitted
to the hospital between January 1984 and September
1987. Diagnosis of diabetes was based on the 1982
Japan Diabetes Society criteria (3). Patients with >25
mg/dl of proteinuria in morning urine samples, mea-
sured with a Combistix (Ames-Sankyo, Tokyo), were ex-
cluded from the study. Patients whose insulin dosage
was >0.6 U/kg of body weight and who were receiv-
ing diuretics, antigout or antituberculous agents, anti-
biotics, aspirin, or anti-inflammatory agents were also
excluded. Forty-nine of the diabetic patients were treated
with insulin with the mean dosage consisting of 22.7

U/day. Forty-five patients received oral hypoglycemics,
and the remainder were treated by diet therapy. Age-
and body-weight-matched subjects with no major dis-
eases were used as control subjects. Medical problems
were either thyroid adenoma or simple goiter with nor-
mal thyroid function. Diabetic patients maintained their
prescribed diets containing 25-30 kcal/kg of ideal body
weight with 17% protein, 23% fat, and 60% carbohy-
drate. Control subjects maintained a normal hospital diet
containing 2200 kcal/day with the same composition of
protein, fat, and carbohydrate as diabetic patients. Blood
and urine samples were collected at 0800 after at least
10 h of fasting. A 2-h postprandial plasma glucose level
was measured at 1030. In 100 of the diabetic patients
(49 men, 51 women) and all the controls, urine samples
were collected for 3 days after the blood sampling day.
From the 3-day measurements, the average data per
24 h were used for analysis. Serum and urinary uric acid
levels were measured by a colorimetric procedure using
an enzymatic (uricase) method, and plasma and urinary
glucose levels were measured by the glucose oxidase
method. Other serum chemicals were analyzed by an
autoanalyzer (SMAC, Technicon Japan, Tokyo).

Table 1 shows 13 clinical parameters in NIDDM
patients and controls. Diabetic patients had a signifi-

TABLE 1
Clinical data in nonnephrotic NIDDM patients and normal control subjects

Clinical parameter

Age (yr)
Body mass index (kg/m2)
Age of onset of diabetes (yr)
Duration of diabetes (yr)
Fasting plasma glucose (mM)
Postprandial plasma glucose (mM)
Blood urea nitrogen (mM)
Serum creatinine (|xM)
Serum uric acid (JJLM)
Endogenous Ccr at 24 h (ml • min"1 • 1.73 m"2)§
24-h uric acid excretion (mmol)§
Curale(ml • min"1 • 1.73 m"2)§
Curale/Ccr (%)§

Men

Diabetic

55.4 ± 13.7*
22.2 ± 3.7
46.3 ± 14.3
8.47 ± 8.21
8.46 ± 2.41t
12.0 ± 3.98
5.60 ± 1.32
89.3 ± 22.1
310 ± 79t

72.0 ± 25.4
2.71 ± 0.80
6.90 ± 3.94*
10.1 ± 4.6t

Control

52.1 ± 17.4
21.4 ± 2.5

4.82 ± 0.45

5.28 ± 1.43
94.6 ± 13.3
388 ± 88

70.8 ± 28.3
2.65 ± 1.03
5.18 ± 1.92

7.6 ± 2.0

Women

Diabetic

59.2 ± 17.2
23.6 ± 4.9
51.6 ± 14.3
7.48 ± 6.93
8.62 ± 2.63t
12.0 ± 3.75
5.53 ± 1.64
71.4 ± 12.3
272 ± 70*

74.0 ± 22.2
2.43 ± 0.88
7.91 ± 3.96*
11.0 ± 5.0*

Control

56.1 ± 12.3
22.7 ± 3.3

5.15 ± 0.34

5.53 ± 1.89
74.5 ± 13.5
320 ± 74

67.0 ± 25.2
2.26 ± 1.09
5.76 ± 2.92

8.7 ± 3.1

Values are means ± SD.
Ccr, creatinine clearance; Curate, uric acid clearance.
Number of diabetic patients is 95 men, 109 women. Number of control subjects is 20 men, 24 women.
*Statistical analysis was based on Student's ttest.
t P < .01.
* P < .05.
§49 men, 51 women.
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TABLE 2
Multiple linear-regression analysis of the effect of clinical
variables on serum uric acid levels in nonnephrotic NIDDM
patients

Men (n = 95,
R2 = .274)

Women (n = 109,
R2 = .268)

Body mass index
Serum creatinine
Postprandial plasma

glucose
Serum triglyceride

Coefficient

.474

.293

-.198

F value

23.3*
8.6*

4.1*

Coefficient

.302

.300

-.207
.222

F value

10.8t
10.2t

4.8*
5.6*

The variables used were age, body mass index, duration of diabetes,
fasting and postprandial plasma glucose, systolic and diastolic blood
pressure, blood urea nitrogen, serum creatinine, triglyceride, and cho-
lesterol. All variables were transformed to normalized distribution.
Multiple regression analysis was performed by the stepwise method,
where variables were chosen with the order to give the larger R2

increment, until the F values for the resting variables became not
statistically significant (P > .05).
* P < .001; t P < .01; * P < 0.05.

cantly lower serum uric acid level and higher Curate and
Curate-to-creatinine clearance (Ccr) ratio than the con-
trols. In relation to other clinical variables, the diabetic
patients and controls did not differ from each other ex-
cept for a higher plasma glucose level for the diabetic
patients. In diabetic patients, results of a multiple linear-
regression analysis on the correlation between serum
uric acid levels and other clinical parameters are sum-
marized in Table 2. Serum uric acid levels showed an
inverse correlation with the postprandial plasma glucose
levels. In men, body weight and serum creatinine levels
correlated positively with serum uric acid. Conse-
quently, in women, body weight, creatinine, and tri-
glyceride levels showed significant correlations with the
serum uric acid levels. In 31 diabetic men and 34 dia-
betic women, urine glucose was positive, but the degree
of glucosuria did not correlate with the serum uric acid
level (Spearman's correlation coefficient: in men, r =
.11; in women, r = .15).

In nonnephrotic NIDDM patients, serum uric acid lev-
els were significantly lower than in controls, whereas
blood urea nitrogen and serum creatinine levels were
similar in the two groups (Table 1). The serum uric acid
levels in diabetic patients correlated inversely with the
postprandial plasma glucose levels (Table 2). These ob-
servations suggest that hypouricemia in diabetic patients
is induced by disturbed metabolism associated with di-
abetes. Although it is theoretically possible that hypo-
uricemia in diabetic patients is due to the restricted ca-

lorie intake, urinary uric acid excretion rates did not
differ in NIDDM and control subjects (Table 1), which
indicates that total uric acid production, whether its or-
igin is exogenous or endogenous, is similar in diabetic
patients and controls. Therefore, it is unlikely that low
calorie intake is the sole cause of hypouricemia in di-
abetic patients.

Recently, it was noted that an elevated glomerular
filtration rate (GFR) is one of several characteristics of
early-stage nephropathy in diabetic patients (4). In this
study, we found hypouricemia in diabetic patients who
had low levels of proteinuria. Thus, increased GFR is
probably a causative factor for our finding. However, in
the diabetic patients we studied, Ccr did not differ when
compared with the control subjects, whereas Curate and
Curate/Ccr was significantly higher in the patients (Table
1). This suggests that the elevated GFR is not the major
cause of hypouricemia in NIDDM patients.

In patients with syndrome of inappropriate secretion
of antidiuretic hormone (5) or liver cirrhosis (6), hypo-
uricemia is frequently associated. It is thought that hy-
pouricemia in these conditions is caused by an elevated
secretion of uric acid that is accompanied by an increase
of extracellular fluid (ECF). In diabetic patients, the de-
gree of glucosuria did not correlate with the decrease of
uric acid, suggesting that osmotic diuresis may not be
directly associated with hypouricemia in diabetes. We
consider that hypouricemia in diabetic patients is chiefly
due to elevated ECF volume.
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