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Uric acid overexcretion in patients with gout is frequently
assessed by the measurement of 24 hour urinary uric acid
excretion. However, 24 h urine collection is cumbersome
with ambulatory patients, and requires accurate timing and
complete collection of the specimen. To overcome these
drawbacks, some investigators have suggested that the uric
acid to creatinine ratio (Uua/Ucr) in spot urine is an accept-
able indicator of uric acid overexcretion1,2, while others
have suggested that it is not3. We assessed whether Uua/Ucr
in spot urine is useful for the estimation of uric acid overex-
cretion in patients with primary gout. 

MATERIALS AND METHODS
One hundred thirty male patients with gout (underexcretion type: 95

patients, mixed type: 5, overexcretion type: 16, normoexcretion type: 14;
mean age 49.3 yrs) and 33 non-gout healthy male control subjects (under-
excretion type: 9 patients, mixed type: 0, overexcretion type: 5, normoex-
cretion type: 19; mean age 45.5 yrs) were included in our study. The
diagnosis of primary gout was based on criteria outlined by the American
Rheumatism Association4. The study was performed on an outpatient basis
with no dietary restriction (daily purine intake, 150 to 250 mg), except for
total abstinence from alcoholic beverages during the urine collection
portion. However, all medications that might affect uric acid metabolism
were withdrawn at least one month prior to the study. Early morning urine
after overnight fast (early morning urine) and/or a portion of 24 h collected
urine (24 h urine) were used as spot urine samples. Uric acid overexcreters
were defined as those with a 24 h urinary uric acid excretion ≥ 1000
mg/day5 with regular diet, while uric acid underexcreters were defined as
those with a uric acid clearance < 6 ml/min6.

The relationships between early morning urine Uua/Ucr and 24 h
urinary uric acid excretion and the differences in Uua/Ucr values between
patients with gout and control subjects were examined, as were gout patient
uric acid overexcreters versus underexcreters. Sensitivity, specificity, and
diagnostic accuracy of the estimation of uric acid overexcretion by spot
urine Uua/Ucr were calculated by true positive/true positive + false nega-
tive, true negative/true negative + false positive, and true positive + true
negative/total results, respectively. However, mixed type gout was
excluded when determining sensitivity, specificity, and diagnostic accu-
racy.

Further, the effect of food intake (nutrients: calories, 838 Cal; protein,
44.9 g; fat, 24.8 g; carbohydrate, 100.6 g; NaCl, 8.1 g; K, 1057 mg; purine,
78.8 mg) on Uua/Ucr was examined in 5 healthy subjects. The protocol was
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ABSTRACT. Objective. Uric acid overexcretion in patients with gout is frequently assessed by the measurement
of 24 hour urinary uric acid excretion, which is cumbersome with ambulatory patients, and requires
accurate timing and complete collection of the specimen.  We assessed whether uric acid to creati-
nine ratio (Uua/Ucr) in spot urine is useful for the estimation of uric acid overexcretion in patients
with gout.
Methods. One hundred thirty male patients with gout and 33 non-gout male control subjects were
studied. Early morning urine and/or a portion of 24 h collected urine (24 h urine) were used as spot
urine samples. Uric acid overexcreters were defined as those with a 24 h urinary uric acid excretion
≥ 1000 mg/day, while uric acid underexcreters were defined as those with uric acid clearance < 6
ml/min.
Results. There was a significant relationship between 24 h urinary uric acid excretion and early
morning urine Uua/Ucr in patients with gout, while no such relationship was observed in controls.
No significant difference in Uua/Ucr was observed between patients with gout and controls, or in
Uua/Ucr between gout uric acid overexcreters and underexcreters in early morning urine. A signifi-
cant difference in this value was observed between the 2 groups in the 24 h urine specimens.
Although the diagnostic accuracy of gout uric acid overexcretion was 87.2% using early morning
urine and 89.6% using 24 h urine, the sensitivity of gout uric acid overexcretion was only 25.0%
when using early morning urine and 25.0% when using 24 h urine, when the cutoff value of Uua/Ucr
was 0.63 and 0.64, respectively.
Conclusion. Uua/Ucr using spot urine, especially early morning urine, is not an accurate indicator
of uric acid overexcretion in patients with gout. (J Rheumatol 2001;28:1306–10)
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as follows. After overnight fast, urine was completely voided. Next, urine
was collected for 1 hour (urine 1), after which a test meal was ingested.
Urine was then collected for 2 successive hours (urine 2, urine 3) and blood
was drawn at the midpoint of each of these urine collection hours. Urine
uric acid and creatinine concentrations were measured by a uricase method
and Jaffe reaction, respectively, using commercially available kits (Uric
acid B-test, Creatinine-test, Wako Pure Chemical Industries, Osaka, Japan).
Uua/Ucr and the fractional clearance of uric acid (uric acid clearance/crea-
tinine clearance × 100) were calculated.

The correlation between 2 variables was assessed by simple regression
analysis. The observed differences between 2 groups and among all groups
were assessed by unpaired 2 tailed Student’s t test and one way analysis of
variance, respectively. All calculations were performed using the Statview
4.5 statistical program (Abacus Concepts, Berkeley, CA, USA). P values
below 0.05 were considered statistically significant.

RESULTS
Relationship between early morning urine Uua/Ucr and 24
hour urinary uric acid excretion. There was a significant
correlation between early morning urine Uua/Ucr and 24 h
urinary uric acid excretion in all subjects (gout patients +
controls) (p < 0.005) (Figure 1, upper panel). However, this
relationship was not observed when gout patients and
controls were examined separately, as it was observed only
in patients with gout (Figure 1, lower panel). The correlation
coefficient was 0.23 in gout patients (p < 0.01), while it was
0.34 in controls (p = 0.053).

Uua/Ucr between patients and controls, and in gout uric
acid excretion type. No significant differences in Uua/Ucr
were observed between gout patients and controls (0.453 ±
0.140 vs 0.417 ± 0.092 in early morning urine, Figure 2, left;
0.479 ± 0.095 vs 0.450 ± 0.091 in 24 h urine, Figure 2,
right). In addition, there were no significant differences in
early morning urine Uua/Ucr among gout patients (under-
excreters, 0.441 ± 0.121; mixed type, 0.474 ± 0.249; overex-
creters, 0.493 ± 0.222; normoexcreters, 0.482 ± 0.086,
Figure 3, left). However, there were significant differences
among gout patient overexcreters, underexcreters, and
normoexcreters for 24 h urine Uua/Ucr (overexcreters vs
underexcreters, 0.596 ± 0.100 vs 0.450 ± 0.078, p < 0.01;
overexcreters vs normoexcreters, 0.596 ± 0.100 vs 0.522 ±
0.068, p < 0.05). Moreover, 24 h urine Uua/Ucr in underex-
creters was significantly lower compared with mixed type
and normoexcreters (0.450 ± 0.078 vs 0.532 ± 0.085, p <
0.05; 0.450 ± 0.078 vs 0.522 ± 0.068, p < 0.01) (Figure 3,
right). As indicated in Table 1, the diagnostic accuracy of
uric acid overexcreters was 87.2% using early morning
urine and 89.6% using 24 h urine, when the cutoff value of
Uua/Ucr was set at mean + 2 SD of the value (0.63 for early
morning urine and 0.64 for 24 h urine) from subjects with
normal uric acid excretion (Cua ≥ 6 ml/min and 24 h uric
acid excretion < 1000 mg).

Figure 1. Relationship between early morning urine uric acid to creatinine
ratio (Uua/Ucr) and 24 h urinary uric acid excretion in all subjects (n =
163). There was a significant correlation between early morning urine
Uua/Ucr and 24 h urinary uric acid excretion in all (gout patients + controls)
(r = 0.24, p < 0.005) (upper panel); however, this relationship was not
observed when patients (n = 130) and controls (n = 33) were examined
separately. Further, this relationship was observed in patients (lower panel,
left) but not in controls (lower panel, right). The correlation coefficient was
0.23 in patients (p < 0.01), while it was 0.34 in controls (p = 0.053). 
�: patients with gout; ��: controls.
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Effect of a meal on Uua/Ucr in 5 healthy subjects. Urinary
excretions of uric acid, creatinine, Uua/Ucr, and fractional
uric acid clearance increased significantly after 5 healthy
subjects ingested a meal, compared with respective control
values (Table 2). The increase in urinary excretion of uric
acid exceeded that of creatinine, resulting in a significant
increase in Uua/Ucr after the meal.

DISCUSSION
Patients with gout are classified into uric acid overexcretion,
underexcretion, and mixed type according to their uric acid
metabolism derangement. These types are usually deter-
mined by the measurement of 24 h urinary uric acid excre-
tion and uric acid clearance. However, 24 h urine collection
and the measurement of uric acid clearance are cumbersome

The Journal of Rheumatology 2001; 28:61308

Figure 2. Relationship of early morning urine (left panel) and 24 h urine (right panel) uric acid to creatinine ratio (Uua/Ucr) between patients and controls.
No significant differences in Uua/Ucr were observed between patients and controls (0.453 ± 0.140 vs 0.417 ± 0.092 in early morning urine, 0.479 ± 0.095 vs
0.450 ± 0.091 in 24 h urine, respectively).

Figure 3. Relationship of early morning urine (left panel) and 24 h urine (right panel) uric acid to creatinine ratio (Uua/Ucr) among uric acid excretion type
patients. No significant differences were observed in early morning urine Uua/Ucr among patients (underexcreters, 0.441 ± 0.121; mixed type, 0.474 ± 0.249;
overexcreters, 0.493 ± 0.222; normoexcreters, 0.482 ± 0.086) (left panel). In contrast, there were significant differences in 24 h urine Uua/Ucr between patient
uric acid overexcreters and underexcreters (0.596 ± 0.100 vs 0.450 ± 0.078, p < 0.01) and between overexcreters and normoexcreters (0.596 ± 0.100 vs 0.522
± 0.068, p < 0.05). Moreover, 24 h urine Uua/Ucr in underexcreters was significantly lower compared with mixed type and normoexcreters (0.450 ± 0.078
vs 0.532 ± 0.085, p < 0.05; 0.450 ± 0.078 vs 0.522 ± 0.068, p < 0.01) (right panel).  U: underexcretion type; M: mixed type; O: overexcretion type; 
N: normoexcretion type.
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with ambulatory patients, and require accurate timing and
complete collection of the specimen. Urinary uric acid
overexcretion has also been predicted from spot urine
Uua/Ucr1,2. In certain enzymatic disorders, such as PRPP
synthetase superactivity and hypoxanthine guanine phos-
phoribosyl transferase deficiency, a raised urine uric acid to
creatinine ratio above 0.75 can be observed, suggesting the
usefulness of spot urine Uua/Ucr in estimating uric acid
overexcretion3. Therefore, we investigated the usefulness of
Uua/Ucr in spot urine for the prediction of uric acid excre-
tion in primary gout. In normal uric acid excreters (Cua ≥ 6
ml/min and 24 h urinary excretion of uric acid < 1000 mg),
the mean ± SD value of Uua/Ucr was 0.445 ± 0.094 for early
morning urine and 0.475 ± 0.083 for 24 h urine. We defined
overexcretion of uric acid as Uua/Ucr measurements > 0.63
for early morning urine and > 0.64 for 24 h urine, which are
2 SD above the respective means. Using these cutoff values,
the sensitivity, specificity, and diagnostic accuracy of uric
acid overexcretion were 25.0%, 96.3%, and 87.2% for early
morning urine, and 25.0%, 99.1%, and 89.6% for 24 h urine.
These cutoff values were rather low compared with those of
Wortmann, et al (0.75)3. However, in our study using
patients with primary gout we failed to demonstrate the
usefulness of Uua/Ucr in the estimation of uric acid overex-
cretion since the sensitivity was extremely low. Yamanaka,
et al7 suggested a value of 0.5 for spot urine Uua/Ucr when
diagnosing uric acid overexcretion in gout patients. The
difference in results may be partly derived from the cutoff

values used in the 2 studies, the value in our study being
higher than that used by Yamanaka, et al. Moreover, in the
study by Yamanaka, et al the definition of spot urine was
obscure and their diagnostic accuracy results were not
described. In our study, when using a cutoff value of 0.5 the
diagnostic value of spot urine Uua/Ucr was not improved
(early morning urine: sensitivity 43.8%, specificity 66.1%,
diagnostic accuracy 63.2%; 24 h urine: sensitivity 81.3%,
specificity 65.1%, diagnostic accuracy 67.2%). Simkin, et
al8 proposed that the product of urinary uric acid and serum
creatinine concentrations divided by urinary creatinine
concentration could be useful, using a cutoff value of 0.7
mg/dl, three SD above normal, in the estimation of uric acid
excretion. However, as the serum creatinine concentration in
their study was near 1.0, the actual results may not be signif-
icantly different.

The relationship of circadian rhythm and urinary uric
acid concentration has been reported by several investiga-
tors9,10. The highest uric acid concentration in healthy
subjects has been found between 5 AM and 8 AM, and the
lowest between 11 PM and 2 AM9. Similarly, a chronobio-
logical variation in urinary creatinine excretion has been
described11,12. Therefore, Uua/Ucr seems to be controlled by
circadian rhythm. Moreover, Uua/Ucr is considered to be
affected by several exogenous factors such as feeding
habits, urine volume, and physical activity. Among them,
food intake is likely to play a major role in affecting urinary
uric acid concentration and/or excretion. As indicated in
Table 2, in our study fractional uric acid clearance and
Uua/Ucr both increased significantly after a meal. This
phenomenon may be ascribable to the uricosuric action
effect of protein13, in addition to the nucleoprotein that was
contained in the test meal. Therefore, physicians should be
cautious in interpreting Uua/Ucr as an indicator of uric acid
excretion, and the effect of food ingestion should be taken
into consideration. Accordingly, the definition of spot urine
must be clarified when using this simple variable as a tool
for estimating uric acid excretion. Early morning urine has
been suggested to show a good reproducibility with
Uua/Ucr in the same individual1. However, in our study,
Uua/Ucr in early morning urine showed a poor correlation
to 24 h urinary excretion of uric acid in control subjects and
had a low diagnostic accuracy. Therefore, early morning
spot urine Uua/Ucr is not an accurate indicator of uric acid
excretion in patients with primary gout.

REFERENCES
1. Kaufman JM, Greene ML, Seegmiller JE. Urine uric acid to

creatinine ratio — a screening test for inherited disorders of purine
metabolism. J Pediatr 1968;73:583-92.

2. Kelton J, Kelley WN, Holmes EW. A rapid method for the
diagnosis of acute uric acid nephropathy. Arch Intern Med
1978;138:612-5.

3. Wortmann RL, Fox IH. Limited value of uric acid to creatinine
ratios in estimating uric acid excretion. Ann Intern Med
1980;93:822-5.

Table 2. Changes in urinary excretions of uric acid, creatinine, uric acid to
creatinine ratio (Uua/Ucr) and fractional uric acid clearance after ingestion
of the test meal (n = 5).

(1) (2) (3)

Uua (mg/h) 39.8 ± 6.7 50.4 ± 13.7 75.2 ± 17.4*
Ucr (mg/h) 110.5 ± 22.6 120.7 ± 28.3# 129.4 ± 27.9*
Uua/Ucr 0.37 ± 0.08 0.42 ± 0.08 0.59 ± 0.12*
Cua/Ccr (%) 6.5 ± 2.5 6.9 ± 2.3 9.4 ± 2.8*

(1): 1 hour period before meal; (2): 0–1 hour period after meal; (3): 1–2
hour period after meal.
Cua/Ccr denotes fractional uric acid clearance (uric acid clearance/creati-
nine clearance × 100).
* p < 0.01: #: p < 0.05, vs corresponding baseline values.

Table 1. Sensitivity, specificity, and diagnostic accuracy of Uua/Ucr in the
diagnosis of uric acid overexcreters.

Uua/Ucr Sensitivity, Specificity, Diagnostic 
% % Accuracy, %

Early morning urine 25.0 96.3 87.2
24 hour urine 25.0 99.1 89.6

The cutoff value was settled at mean + 2 SD of Uua/Ucr in subjects with
normal uric acid excretion (n = 33; 0.63 for early morning urine and 0.64
for 24 h urine).

Moriwaki, et al: Urine uric acid:creatinine 1309

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2001.  All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


The Journal of Rheumatology 2001; 28:61310

4. Wallace SL, Robinson H, Masi AT, Decker JL, McCarty DJ, Yu T-F.
Preliminary criteria for the classification of the acute arthritis of
primary gout. Arthritis Rheum 1977;20:895-900.

5. Palella TD, Fox IH. Hyperuricemia and gout. In: Scriver CR,
Beaudet AL, Sly WS, Valle D, editors. The metabolic basis of
inherited disease. 7th ed. Vol. 2. New York: McGraw-Hill;
1995:1655-77.

6. Yamamoto T, Moriwaki Y, Takahashi S, Tsutsumi Z, Yamakita J,
Higashino K. Is the plasma uridine level a marker of the
overproduction of uric acid? Metabolism 1997;46:801-4.

7. Yamanaka H, Kamatani N. Gout. Igaku to Yakugaku (Jpn J Med
Pharm Sci) 1993;29:1357-63 [in Japanese].

8. Simkin PA, Hoover PL, Paxson CS, Wilson WF. Uric acid
excretion: Quantitative assessment from spot, midmorning serum
and urine samples. Ann Intern Med 1979;91:44-7.

9. Vahlensieck EW, Bach D, Hesse A. Circadian rhythm of lithogenic
substances in the urine. Urol Res 1982;10:195-203.

10. Schneeberger W, Bach D, Hesse A, Dewes W, Vahlensieck W.
Circadian excretion of uric acid on condition of standard diet after
purine load in calcium oxalate stone-formers and healthy controls.
In: Smith LH, Robertson WG, Finlayson B, editors. Urolithiasis —
clinical and basic research. New York: Plenum; 1981:51-4.

11. Touitou Y, Touitou C, Charransol G, et al. Alterations in circadian
rhythmicity in calcium oxalate renal stone formers. Int J
Chronobiol 1983;8:175-92.

12. Sidhu H, Vaidyanathan S, Wangoo D, Thind SK, Nath R,
Malakondaiah GC, Krishan K. The loss of circadian rhythmicity of
urinary solute excretion in idiopathic stone formers. Br J Urol
1989;64:333-5.

13. Matzkies F, Berg G, Madl H. The uricosuric action of protein in
man. Adv Exp Med Biol 1980;122A:227-31.

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2001.  All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

