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ABSTRACT

Objectives: This study aims to compare the serum/synovial fluid (SF) urate ratio of gouty arthritis and other arthritides and investigate whether this 
ratio may be an indicator for distinguishing gouty arthritis from other arthritides.
Patients and methods: Paired serum and SF samples from 70 patients (38 males, 32 females; mean age 57.9 years; range, 27.5 to 78.4 years) 
comprised of 20 patients with gout, 20 patients with rheumatoid arthritis and 30 patients with osteoarthritis were collected simultaneously for 
urate measurement. Patient data were recorded including demographic data (age, sex), body mass index, estimated glomerular filtration rate, 
comorbidities (diabetes, hypertension and dyslipidemia), disease duration (from the first symptoms), pain duration before arthrocentesis at this time, 
presence of tophi or not, serum albumin, erythrocyte sedimentation rate, C-reactive protein and SF white blood cell count.
Results: Gout patients had highest levels of urate in both serum and SF among the three groups (p<0.001). The serum/SF urate ratio of gout patients 
was significantly lower among the three groups (p<0.001). Receiver-operating characteristic curve analysis demonstrated that serum/SF urate ratio 
can predict the extent of gouty arthritis (the value of area under the curve was 0.867, p<0.001).
Conclusion: Serum/SF urate ratio may be an indicator for distinguishing gouty arthritis from other arthritides.
Keywords: Gout; serum, synovial fluid, urate.

The detection of monosodium urate (MSU) 
crystals in the synovial fluid (SF) by compensated 
polarized light microscopy was recognized as a 
gold standard for the diagnosis of gouty arthritis.1,2 
However, in previous studies, MSU crystals were 
difficult to be found in 5-48% of gouty effusions, 
particularly in cases with a low SF leukocyte 
count.3-7 The failure to detect crystals in the SF 
may be mainly due to observer error and low load 
of MSU crystals.8,9

The synovial membrane is a semi-permeable 
membrane, which permits urate pass freely 
through into the SF, so the levels of urate between 
the plasma and SF wound be similar.10 However, 

this balance may be changed in patients with 
gout. The serum urate might drop to normal levels 
during gouty attacks,11 and at the same time, 
the MSU crystals would be lysed by neutrophil 
peroxidases or by the reduction of the SF pH.12,13 
Since decreased serum urate and increased SF 
urate resulted from a digestion of the MSU crystals 
in SF, we hypothesized that the serum/SF urate 
ratio would be lower in gouty arthritis than other 
arthritides. In this study, we aimed to compare the 
serum/SF urate ratio of gouty arthritis and other 
arthritides and investigate whether this ratio may 
be an indicator for distinguishing gouty arthritis 
from other arthritides.
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PATIENTS AND METHODS

Patients were enrolled between February 2013 
and February 2016 at Lishui Central Hospital. 
Of 101 patients screened, 70 eligible patients 
(38 males, 32 females; mean age 57.9 years; 
range, 27.5 to 78.4 years) were enrolled, consisting 
of 20 patients with gout, 20 patients with RA and 
30 patients with osteoarthritis (OA). Inclusion 
criteria were: (i) Gouty arthritis, rheumatoid 
arthritis (RA) and OA involving the knee and 
knee swelling with effusions by examination. 
(ii) Gouty arthritis was defined as presence 
of MSU in SF determined by compensated 
polarized light microscopy previously or currently. 
(iii) RA and OA were both in accordance with 
their respective diagnostic criteria.14,15 Exclusion 
criteria were: (i) Patients developing more than 
one joint disease. (ii) The use of warfarin or anti-
platelet therapy. (iii) The presence of infection. 
The study protocol was approved by the Lishui 
Central Hospital Ethics Committee. A written 
informed consent was obtained from each patient. 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

The serum and SF were collected 
simultaneously, with 3 mL serum and at least 
3 mL SF for urate measurement. All SF samples 
were searched for MSU crystals by compensated 
polarized microscopy. The urate of both serum 
and SF was determined by uricase method using 
automated analyze. Both blood and SF samples 
were analyzed within three hours after collections. 

The following data were also recorded: 
demographics (age, sex), body mass index, 
estimated glomerular filtration rate, comorbidities 
(diabetes, hypertension and dyslipidemia), disease 
duration (from the first symptoms), pain duration 
before arthrocentesis at this time, presence of tophi 
or not, serum albumin, erythrocyte sedimentation 
rate (ESR), C-reactive protein (CRP) and SF white 
blood cell count.

Statistical analysis

Statistical analysis was conducted by using 
SPSS version 16.0 software (SPSS Inc., Chicago, 
IL, USA). Data were expressed as percentage, 
mean (standard deviation), or median interquartile 
range, where appropriate. One-way analysis of 
variance or Chi square (c2) test was used to 
compare differences among the groups. Pearson’s 
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correlation test was used to assess the association 
between the urate level of serum and SF in 
both groups. Additionally, a receiver operating 
characteristics (ROC) curve was plotted for 
serum/SF ratio of urate with gouty arthritis and 
the like-hood ratio was also calculated. A p value 
<0.05 was regarded as statistically significant.

RESULTS

The 70 SF samples were all obtained from knee 
joints. Among the 20 patients of gout, 15 patients 
were in attacks of acute gout and five patients in 
inter-critical period; three patients were not found 
to have MSU crystals in SF at this time (all in the 
inter-critical period), but they all had previous-
MSU-crystal-proven-gout. Clinical characteristics 
of the study population were shown in Table 1. 
Obviously, the gout patients had shortest duration 
before arthrocentesis, had highest levels of ESR, 
CRP and white blood cells count of SF among 
the three groups (p<0.001). As shown in Table 2, 
the gout patients had highest urate levels in both 

serum and SF among the three groups (p<0.001). 
Interestingly, we also found strong correlations of 
urate levels between paired samples of serum and 
SF in gout, RA and OA groups (r=0.82, p<0.001; 
r=0.86, p<0.001; r=0.90, p<0.001, respectively). 
A comparison of the serum/SF urate ratio among 
the three groups showed that the serum/SF urate 
ratio of gout patients were significantly lower 
(p<0.001).

Receiver operating characteristic curve analysis 
(Figure 1) showed that serum/SF urate ratio can 
predict the extent of gouty arthritis (area under 
the curve value was 0.867, p<0.001, and the 
95% confidence interval was 0.775-0.959). The 
optimal serum/SF urate ratio cut-off value for 
predicting gouty arthritis was 1.005. This cut-off 
value had a sufficient sensitivity and specificity 
(sensitivity=95.0%, specificity=70.0%) and the 
likelihood ratio value calculated for the optimal 
cut-off point was 3.16.

DISCUSSION

In recent years, the diagnostic criteria of gout 
have been constantly updated and improved. 
The 2015 Gout classification criteria from 
American College of Rheumatology/European 
League Against Rheumatism collaborative had 
included ultrasound and double-energy computed 
tomography examination, which was thought to be 
a great progress.16 However, although there were 
many criteria for the diagnosis of gout, none of the 
criteria had both high sensitivity and specificity.17 
As the researches about SF urate increase, we 
believe that the SF urate will play an important 
role in the diagnosis of gout in the future.

The present study showed that serum urate 
level positively correlated with SF urate level 
in all groups. This was consistent with some 

Table 2. Serum and synovial fluid levels of urate of patients with different joint disorders

Gout (n=20) RA (n=20) OA (n=30)

Variable Mean±SD Mean±SD Mean±SD p

Serum urate (mg/dL) 7.9±1.2 6.4±0.7 6.6±1.0 <0.001

SF urate (mg/dL) 8.2±1.1 6.1±0.7 6.4±0.7 <0.001

Serum/SF urate ratio 1.0±0.0 1.1±0.0 1.0±0.0 <0.001

RA: Rheumatoid arthritis; OA: Osteoarthritis; SD: Standard deviation; SF: Synovial fluid.

Figure 1. Receiver-operating characteristic (ROC) curve 
analysis showing prognostic value of serum/synovial fluid 
urate ratio in predicting gouty arthritis.
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previous studies. Gudbjörnsson et al.18 found 
that serum urate level strongly correlated with 
SF urate level (r=0.76, p<0.01) in inflammatory 
arthritis patients. Wangkaew et al.19 reported a 
strongly positive correlation (r=0.81-0.91, p<0.01) 
between serum urate level and SF urate level 
in both inflammatory and non-inflammatory 
arthritis patients. The reason might be that the 
synovial membrane allowed urate and other 
small molecules to pass freely through into the 
SF, which could be considered as a dialysate of 
blood plasma.10,20 However, Beutler et al.21 found 
that SF urate level correlated with serum level in 
patients with gout and non-inflammatory arthritis 
but not with RA. Such differences might have 
resulted from the fact that the synovial membrane 
of RA was less permeable to uric acid than other 
joint disorders.22

Uric acid was a weak acid that circulated as 
the urate anion under physiologic conditions.23 
The general process of MSU crystallization was 
thought to depend on both hyperuricemia and 
other factors, including cold temperature and 
acidic environment.24 On the other hand, the heat 
produced by the inflammatory gouty arthritis may 
result in the subsequent dissolution of crystals. 
Theoretically, the elevations of SF urate levels 
seen in gout could be unique for this disease and 
most likely reflect the crystal dissolution in joints.

This study also demonstrated that the 
serum/SF urate ratio of gout patients was 
significantly lower than the other two groups. 
This was similar to some previous studies. Rozin 
et al.25 had studied six gout patients with normal 
serum urate and demonstrated that the SF urate 
level was higher than serum in these patients. 
Tiliakos and Tiliakos26 showed that the SF urate 
level during attacks of acute gout was higher than 
serum and gradually equalized to the serum when 
the arthritis relieved. Wangkaew et al.19 found 
that the serum/SF ratio of urate of gout patients 
was lower than that in patients with calcium 
pyrophosphate dihydrate deposition disease, RA, 
septic arthritis, ankylosing spondylitis and OA, 
although there was no significant difference.

There are many methods to improve the crystal 
detection rate including repeated aspiration from 
different involved joints or the same joint over 
period of hours to months, analyst training and 
cytospin preparations.27,28 However, even so, 

there would be no crystals found in SF at some 
time, when the serum/SF urate ratio maybe a 
good tool to exclude the diagnosis of gout. We 
performed a ROC curve analysis and showed that 
serum/SF urate ratio can predict the extent of 
gouty arthritis. Also, the sum of sensitivity and 
specificity for the prediction of the extent of gouty 
arthritis was maximal at a serum/SF ratio of urate 
level of ≤1.005.

There were two major limitations to our study. 
First, the present study had small sample sizes in 
all groups. Second, in the gouty arthritis group, 
15 patients were in attacks of acute gout and five 
patients in inter-critical period; thus, these may 
have influenced both the serum and SF urate 
levels. Hence, further studies should compare 
larger groups of different arthritic diseases and 
distinguish the gout patients in the acute or 
inter-critical period.

In conclusion, our study demonstrated strongly 
positive correlations of urate levels between 
paired samples of serum and SF in all groups. 
The serum/SF urate ratio of gout patients was 
significantly lower than the non-gouty arthritis 
groups. In light of our observations, we suggest 
that serum/SF urate ratio ≤1.005 may distinguish 
gouty arthritis from other arthritides.
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