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Background: An association between serum uric acid (UA) and disease activity in rtheumatoid arthritis (RA) patients has not been
well studied. We describe RA patients with high and normal UA and study its association with RA activity.

Methods: Adult RA patients from the Kuwait Registry for Rheumatic Diseases (KRRD) were studied from February 2012 through
March 2022. Patients with documented UA levels were included. UA of >357 pumol/L (6mg/dL) was considered high. Statistical
comparison and correlation were made using multivariate logistic regression.

Results: Overall, 1054 patients with documented UA. A total of 158 patients (15%) had high UA level with a mean of 409+
44.4umol/L. The mean age for the high UA group and low UA group were 59.3 + 10.7 years and 54.5 + 12.4 years, respectively
(»<0.001). 49.4% were female in high UA group, and 62.2% were female in low UA group, respectively (p<0.05). Logistic analysis
showed an inverse relation between DAS28 and UA, as lower DAS28 score was associated with higher UA level (p=0.032) OR 1.39.
There was a direct relation with HAQ, creatinine and UA. A higher HAQ is associated with a higher UA level (p=0.019) OR 0.78.
High creatinine level is also associated with high UA level (»p<0.001) OR 0.24. The use of antirheumatic drugs was similar among
patients with high and normal UA.

Conclusion: RA patients with a higher UA had a lower disease activity despite using similar antirheumatic drugs. The reasons behind
this association need to be further studied.

Keywords: rheumatoid arthritis, uric acid, disease activity, DAS28, registry, KRRD, Kuwait, Middle East

Introduction
Rheumatoid arthritis (RA) is a chronic and destructive disease of the joints. Disease activity in patients with RA
represents the ultimate measure that guides various therapeutic interventions, other goals including quality of life
represented by HAQ and radiographic erosions. Many studies have investigated the role of other factors in disease
activity. Long-standing RA and comorbidities were associated with higher disease activity.' In another study, smoking
was found to be associated with worse disease activity.” Disease activity was found to be worse in females compared to
males.> Reduction of Rheumatoid Factor (RF) and anti-cyclic citrullinated peptide antibodies (ACPA) were closely
linked to a reduction of disease activity.*

Uric acid is an insoluble compound that is a product of nitrogen product metabolism, which is usually excreted in the
urine. High levels of uric acid in the blood can cause uric acid crystals to form and precipitate in the joints and can lead to
gouty arthritis. In 1983, Turner et al have reported that high uric acid may modulate RA autoimmunity in an animal

model.” The association between serum uric acid (UA) and disease activity in rheumatoid arthritis (RA) patients has not
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been well studied, despite many attempts to explain the association in the literature. We describe RA patients with high
and normal UA and study its association with RA activity.

Method
Subjects

Subjects were recruited from Kuwait Registry for Rheumatic Diseases (KRRD). This is a national registry for adult
patients with RA in Kuwait, who satisfied the American College of Rheumatology (ACR) criteria for RA." Departments
of Rheumatology in five major government hospitals in Kuwait (Amiri, Farwania, Mubarak Al-Kabeer, Jahra, and Sabah
Hospitals) are participating in this registry. We have enrolled all patients from the beginning of the registry in
February 2013 through April 2022 who had uric acid (UA) documented.

Data and Method

In this registry, the data collected included patient’s demographic data, laboratory data including level of uric acid, ESR, ANA,
ACPA and RF. To assess RA disease activity, we have used the following measures: 1) patient reporting of morning stiffness, 2)
examination of the joints for swelling and tenderness, 3) blood markers of inflammation including ESR & CRP, 4) Health
Assessment Questionnaire (HAQ) and 5) visual analogue scale for pain (VAS) and Disease Activity Score (DAS-28) (Table 1).

Table 1 Comparison of Disease Activity of the Two Groups

High UA (N=884) | Low UA (N=5436) | Total (N=6320) | P value
Morning Stiffness < 0.001
Mean (SD) 7.2 (14.6) 11.7 (22.0) 10.9 (20.9)
Range 0.0-120.0 0.0-240.0 0.0-240.0
Number of Swollen joints < 0.001
Mean (SD) 0.7 (2.3) 1.0 (2.6) 1.0 (2.5)
Range 0.0-24.0 0.0-31.0 0.0-31.0
Number of Tender joints 0.964
Mean (SD) 2.4 (5.0) 2.4 (4.7) 2.4 (4.8)
Range 0.0-30.0 0.0-57.0 0.0-57.0
ESR 0.066
Mean (SD) 323 (26.9) 30.7 (234) 309 (23.9)
Range 0.0-134.0 0.0-130.0 0.0-134.0
CRP 0.715
Mean (SD) 6.2 (5.4) 6.2 (5.0 6.2 (5.1)
Range 0.0-21.0 0.0-21.0 0.0-21.0
HAQ 0.001
Mean (SD) 1.1 (0.7) 0.9 (0.6) 0.9 (0.6)
Range 0.1-2.9 0.1-3.0 0.1-3.0
Patient Global Assessment 0.725
Mean (SD) 1.4 (22) 1.3 (22) 1.4 (22)
Range 0.0-9.0 0.0-10.0 0.0-10.0
Physician Global Assessment 0.170
Mean (SD) 0.9 (1.7) 1.0 (1.7) 0.9 (1.7)
Range 0.0-9.0 0.0-10.0 0.0-10.0
VAS Pain 0.184
Mean (SD) 1.3(22) 1.2 (2.1) 1.2 (2.1)
Range 0.0-9.0 0.0-10.0 0.0-10.0
DAS28 0.054
Mean (SD) 2.7 (1.4) 2.8 (1.3) 2.7 (1.3)
Range 0.0-7.3 -1.6-9.7 -1.6-9.7

Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C reactive protein; HAQ, Health Assessment Questionnaire; VAS, visual
analogue scale; DAS-28, Disease Activity Score.
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We used hospital visits where uric acid was documented. Patients were divided into two groups, high uric acid group
(UA > 357 pmol/L, 6mg/dL), and low uric acid group (UA < 357 umol/L, 6mg/dL).

The KRRD, from which this study originated, was approved by the Ethics Committees of the Faculty of Medicine,
Kuwait University, and the Ministry of Health, Kuwait. Written informed consent was obtained from patients enrolled in
the registry.

Statistical Analysis

The relevant data were extracted, and statistical analyses were done using the Statistical Package for the Social Sciences
(SPSS), version 28.0. Descriptive data analysis was used to evaluate means, SD, percentages and frequencies of
distributions for the following variables: gender, age, disease duration, ESR, and serological makers including RF,
ANA, and ACPA. An independent two-sample ¢ test was used to assess the significance between means. A 2 test was
used to assess the statistical significance of associations between categorical variables. Multivariate logistic regression
was used to identify factors affecting DAS 28 with calculation of the odds ratio (OR).

Results

In our KRRD registry, there were 1860 patients from February 2013 to April 2022. These patients had a total of 12,548
visits. There were 1054 (57%) who had had UA documented and these patients had 6320 visits. A total of 158 (15%) had
high UA level. The mean uric acid level for the high group UA was 409+ 44.4 umol/L compared to the mean of 247.9+
57.4 pmol/L for the low uric acid group (p<0.001). The two groups were compared using different variables including
gender, age, smoking, duration of RA, serology and treatment (Table 2). Age was similar in both groups. The majority of
females had lower UA level by 62.2%, as compared to high UA group who had 49.4% females, respectively (p= 0.002).

Table 2 Demographic and Serological Characteristics of the Two Groups

High UA (UA > 357) (N=158) | Low UA (UA < 357) (N=896) | Total (N=1054) | P value
Age (years) < 0.001
Mean (SD) 59.3 (10.7) 54.5 (12.4) 55.2 (12.3)
Range 26.0-81.7 16.8-86.8 16.8-86.8
Gender 0.002
female 78.0 (49.4%) 557.0 (62.2%) 635.0 (60.2%)
Duration of RA (years) 0.823
Mean (SD) 105 (7.1) 10.3 (6.9) 10.3 (7.0)
Range 0.2-39.8 0.2-55.8 0.2-55.8
Smoking 0.066
Yes 18.0 (14.2%) 57.0 (8.9%) 75.0 (9.8%)
DM 0.185
Yes 36.0 (22.8%) 164.0 (18.3%) 200.0 (19.0%)
Hypertension < 0.001
Yes 49.0 (31.0%) 170.0 (19.0%) 219.0 (20.8%)
CAD 0.054
Yes 8.0 (5.1%) 21.0 (2.3%) 29.0 (2.8%)
Creatinine < 0.001
Mean (SD) 82.7 (61.6%) 61.5 (21.4%) 64.4 (31.3%)
Range 4.0-767.0 0.5-575.0 0.5-767.0
Family History of AIA 0.856
Positive 19.0 (16.4%) 106.0 (17.1%) 125.0 (17.0%)
Negative 97.0 (83.6%) 515.0 (82.9%) 612.0 (83.0%)
RF 0.654
Positive 112.0 (75.2%) 631.0 (76.9%) 743.0 (76.6%)
Negative 37.0 (24.8%) 190.0 (23.1%) 227.0 (23.4%)
(Continued)
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Table 2 (Continued).

Intermittent use

Regular use

80.0 (93.0%)
5.0 (5.8%)

533.0 (95.3%)
23.0 (4.1%)

613.0 (95.0%)
28.0 (4.3%)

High UA (UA > 357) (N=158) | Low UA (UA < 357) (N=896) | Total (N=1054) | P value
ANA 0.305
Positive 41.0 (33.1%) 204.0 (28.5%) 245.0 (29.2%)
Negative 83.0 (66.9%) 511.0 (71.5%) 594.0 (70.8%)
ANTI CCP 0.036
Positive 95.0 (77.2%) 491.0 (67.8%) 586.0 (69.2%)
Negative 28.0 (22.8%) 233.0 (32.2%) 261.0 (30.8%)
On BiologicssDMARDs 0.722
Biologics 60.0 (38.5%) 347.0 (40.0%) 407.0 (39.7%)
cDMARDs 96.0 (61.5%) 521.0 (60.0%) 617.0 (60.3%)
Combination 41.0 (25.9%) 222.0 (24.8%) 263.0 (25.0%)
None 2.0 (1.3%) 28.0 (3.1%) 30.0 (2.8%)
On Steroid 0.725
No 132.0 (89.2%) 749.0 (90.1%) 881.0 (90.0%)
Yes 16.0 (10.8%) 82.0 (9.9%) 98.0 (10.0%)
On NSAIDs 0.604

Abbreviations: DM, diabetes mellitus; CAD, coronary artery disease; AlA, autoimmune arthritis; RF, rheumatoid factor; anti CCP, anti-cyclic citrullinated
peptide antibodies; ANA, anti-nuclear antibodies; cDMARDs, conventional disease modifying anti-rheumatic drugs.

Mean age was similar in both UA groups (p<0.001). There was a significant difference noted between anti-CCP serology
and UA levels, CCP positivity was associated with lower UA level and vice versa (p= 0.036). In terms of comorbidities,
we looked through diabetes mellitus (DM), hypertension and coronary artery disease (CAD). Hypertension was noticed
to be more in patients with low UA level compared to patients with higher UA level (p<0.001). No significant difference
is noted in DM and CAD in terms of UA level. Duration of RA was similar in both groups.

As noticed in the logistic regression (Table 3) with all the variables combined, higher DAS score was associated with
lower UA level (p= 0.032) OR 1.39, 95% CI. The same thing was noticed with steroids treatment, as patients who are on
steroid treatment are associated with lower UA level (p= 0.048) OR 1.95.

On the other hand, there was a direct relation with HAQ, creatinine and UA. A higher HAQ is associated with
a higher UA level (p=0.019) OR 0.78, 95% CI. High creatinine level is also associated with high UA level (p<0.001)
OR 0.24.

Table 3 Logistic Regression

Dependent: UAD.Group High UA Low UA OR (Multivariable)
DAS28 score DAS28 < 3.2 646 (14.4) 3831 (85.6) -
DAS28 2 3.2 237 (12.9) 1604 (87.1) | 1.39 (1.03-1.90, p=0.032)
Creatinine level Low Creatinine 784 (12.9) 5271 (87.1) -
High Creatinine 93 (47.2) 104 (52.8) | 0.24 (0.12-0.46, p<0.001)
Treatment* No 366 (10.9) 2988 (89.1) -
Yes 518 (17.5) 2448 (82.5) | 1.24 (0.90-1.71, p=0.185)
Gender Female 437 (13.1) 2905 (86.9) -
Male 447 (15.0) 2531 (85.0) | 1.06 (0.76—1.51, p=0.740)
Age years Mean (SD) 59.2 (12.1) 54.9 (11.9) | 0.99 (0.98-1.00, p=0.102)
HAQ Mean (SD) 1.1 (0.7) 0.9 (0.6) | 0.78 (0.63—-0.96, p=0.019)
On Steroid No 798 (14.5) 4716 (85.5) -
Yes 57 (10.6) 479 (89.4) | 1.95 (1.05-3.99, p=0.048)

Note: *Treatment including DMARDs/Biological.
Abbreviations: DAS-28, Disease Activity Score; HAQ, Health Assessment Questionnaire.
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We compared creatinine level in both genders with UA level. UA level has a direct proportion with creatinine level in
subgroups such as male and female (p<0.001) (Figure 1). Similarly, creatinine was proportional to UA regardless of
DAS28 score (DAS28<3.2 p<0.001, DAS28>3.2 p<0.002) (Figure 2).

However, after adjusting all the variables in multivariable logistic regression (Table 3 and Figure 3), it was found that
a low UA level was associated with a high DAS28 score (p=0.032) CI 95%.

Discussion

In this study, we tried to find out the correlation between serum UA level and RA disease activity. Since the DAS28 score
is the most commonly used parameter to monitor disease activity in our practice, we compared it to uric acid level in our
patient’s database. As noted with the results, there is an inverse relation between uric acid level and DAS28 score, after
adjusting for variables like age, gender, duration of RA, creatinine level and current treatment.

These findings can be attributed to the fact that patients in remission are on DMARDSs and with no or minimal dose of
steroids (prednisolone), in contrast to patients with active disease (high DMARDs) who would have been on higher doses
of steroids. Prednisolone can have an effect on serum uric acid by increasing uric acid clearance.® Another explanation is
that patients with active disease (high DAS28) would have an active inflammatory cascade, including cytokines that
result in the activation of macrophages, neutrophils, and dendritic cells. Neutrophils subsequently release numerous
proteases that can adversely affect the lubricating properties of synovial fluid and the integrity of the cartilage by
digesting native collagen in cartilage resulting in significant cartilage damage.

Gender: female Gender: male
tweicn(96.20) = 5.06, p = < 0.001, Giyoqge = 0.62, Clyss, [0.36, 0.87], npe = 624 tweicn(106.47) = 4.93, p = < 0.001, Giioqge = 0.64, Clgss, [0.37, 0.91], ngp, = 413
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Figure | Plot chart correlation between UA and creatinine levels in both genders.
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DAS28.Group: DAS28 < 3.2 DAS28.Group: DAS28 >= 3.2
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Figure 2 Plot chart correlation between UA and creatinine levels in high and low DAS28 scores.

Uric acid is the end product of purine metabolism. However, 90% of the resulting nucleotide metabolites adenine,
guanine, and hypoxanthine are reused in that they are reformed to AMP, IMP, and GMP by adenine phosphoribosyl
transferase (APRT) and hypoxanthine-guanine phosphoribosyl transferase (HGPRT), respectively. Only the reminder is
converted to xanthine and further to uric acid by xanthine oxidase. The physiological properties or uric acid molecules
are that they have low solubility in synovial fluid, and this solubility can be reduced with cold temperature. With active
RA, and with all the inflammatory changes in the synovium, the properties of the synovial fluid changes and well the
temperature might explain more solubility of uric acid molecules.

A study by Garg et al showed no significant difference in uric acid level in RA patients compared to control.” They
attributed the findings to the increased utilization of uric acid in trapping the free radicals produced in rheumatoid
arthritis. Another study by Lee et al compared UA in patients on methotrexate to nonuser patients and did find that
serum UA decreases with methotrexate therapy,® but the exact mechanism behind these findings was not fully
understood.

In contrast, a study from Egypt by Nada et al concluded that higher UA levels in active RA patients, and might have
been an inflammatory marker for the severity of joint inflammation. At the same time, they have also suggested that
higher doses of steroids could be considered a cause of hyperuricemia.’

Further studies are needed to evaluate the correlation between UA level and disease activity in RA patients.

The limitations of our study are that the results showed association not causation, and the data were extracted from
a retrospective database.
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Figure 3 Forest plot of multivariable logistic regression analysis.

Ethical Considerations
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