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Objective: To detect the prevalence of hyperuricemia in Egyptian rheumatoid arthritis (RA) 
patients as well as to assess its association with the severity of joint inflammation and 
disease-modifying antirheumatic drugs (DMARDs) in those patients.
Methods: A total of 150 RA patients were recruited; all patients were subjected to (1) 
clinical and functional assessment by disease activity score in 28 joints (DAS28) and 
modified health assessment questionnaire (MHAQ). (2) Laboratory investigations: serum 
uric acid (SUA) level, complete blood count (CBC), erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), rheumatoid factor (RF), anti-cyclic citrullinated peptide (anti- 
CCP), tumor necrosis factor α (TNF-α), interleukin 1 (IL1), and interleukin 6 (IL6) levels. 
(3) Radiological evaluation: (A) plain X-ray of both hands and feet; (B) musculoskeletal 
ultrasound (MSUS) of both wrists, hands, shoulder, ankle, and knee joints.
Results: SUA was significantly correlated with disease activity by DAS28. Acute-phase 
reactants and inflammatory markers (IL1β, IL6, and TNF-α) were also significantly elevated 
in RA patients with low and high hyperuricemia compared to those with normal SUA. 
A total of 90% of RA patients with low hyperuricemia had synovial proliferation with power 
Doppler (1+ and 2+), and 30 patients had mild effusion (1+), while nearly all patients with 
high hyperuricemia had hypoechoic synovial proliferation (2+ and 3+), and 20 patients had 
moderate effusion. However, 70% RA patients with normal serum uric acid showed mild 
synovitis and effusion (1+). No significant association was found between the administered 
DMARDs and levels of SUA as well as inflammatory markers; however, high-dose steroid 
treatment was associated with high SUA level.
Conclusion: Elevation of serum uric acid levels in Egyptian RA patients was prevalent and 
might be an inflammatory marker for severity of joint inflammation. Moreover, higher doses 
of steroids could be considered a cause of hyperuricemia.
Keywords: rheumatoid arthritis, uric acid, inflammatory marker, hyperuricemia

Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease that causes both 
systemic and articular inflammation, especially of the small joints of the hands 
and feet. Gout, on the other hand, is an inflammatory arthropathy caused by the 
deposition of articular and peri-articular monosodium urate monohydrate (MSU) 
crystals occurring in the framework of chronic hyperuricemia.1 The coexistence of 
hyperuricemia and RA has been thought to be extremely rare,1 although many 
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studies showed that its prevalence may reach more than 
5% in patients with RA,2 challenging the previous con-
cepts that hyperuricemia and RA are mutually exclusive 
conditions.3 The identification of hyperuricemia in RA 
patients may have additional implications apart from the 
potential misclassification of either condition.3 

Hyperuricemia has been associated with an approximately 
2-fold increased risk of cardiovascular disease and mortal-
ity in comparison to the general population, suggesting 
that serum urate concentrations might be of prognostic 
value in RA patients.4–7 Moreover, serum uric acid (UA) 
concentrations are strongly correlated with renal dysfunc-
tion in RA patients, highlighting the benefit of serum UA 
as a biomarker for early detection of renal impairment.8–11 

All these studies suggest that both hyperuricemia and gout 
are more common in RA patients than previously known 
and may predict important long-term consequences. 
However, the potential effect of hyperuricemia and/or 
gout on RA disease activity, medication selection, and 
long-term outcomes remains unknown. Hence, the aim of 
our study is to detect the prevalence of hyperuricemia in 
Egyptian RA patients as well as to assess its association 
with the severity of joint inflammation and disease- 
modifying anti-rheumatic drugs (DMARDs) in those 
patients.

Materials and Methods
We confirm that none of the present study’s procedures vio-
lated the principles stated by the latest version of the 
Declaration of Helsinki.12 We followed the recommendations 
of STROBE guidelines during the preparation of this 
manuscript.13

Study Design and Patients
This is a cross-sectional observational study that was carried 
out on 175 RA patients in the Physical Medicine, 
Rheumatology & Rehabilitation Department, Tanta 
University Hospital in the period between September 2019 
and March 2020. In this study, we selected 150 RA patients 
receiving different types of DMARD therapy. Those patients 
fulfilled the American College of Rheumatology (ACR)/ 
European League Against Rheumatism (EULAR) 2010 cri-
teria for diagnosis of rheumatoid.14

Exclusion Criteria
Twenty-five RA patients with malignancy or under chemother-
apy, with cardiovascular diseases, metabolic syndrome, and 
infectious diseases, and pregnant females were excluded from 

this study. However, patients on urate-lowering medications 
with persistent hyperuricemia were included. All investiga-
tions were explained to all patients before having their written 
informed consents to participate in this study.

Methods
All patients were subjected to the following:

1. Full history taking, general examination, and local 
rheumatologic examination (joint pain, tenderness, 
swelling, and limitation of joint motion).

2. Assessment of disease activity, using DAS28 
score.15

3. Functional assessment, using modified health 
assessment questionnaire (MHAQ).16

4. Laboratory evaluation:
A) Serum uric acid level was determined using enzy-

matic-colorimetric methods (Roche Diagnostics, 
GmbH, Mannheim, Germany). Hyperuricemia was 
defined as a serum urate concentration >7.5 mg/dL 
in men and >6.2 mg/dL in women.17

B) Complete blood count (CBC).18

C) Erythrocyte sedimentation rate (ESR).19

D) C-reactive protein (CRP).19

E) Rheumatoid factor (RF) was assayed by the 2-minute 
hemagglutination slide test (Wampole Laboratories, 
NJ). A test at 1:10 dilution was considered positive.20

F) Anti-cyclic citrullinated peptide (anti-CCP).20

G) Inflammatory cytokines including serum levels of 
interleukin 1 (IL1), interleukin 6 (IL6), and 
tumor necrosis factor α (TNF-α) were measured by 
enzyme-linked immunosorbent assay (ELISA) using 
ultrasensitive commercial kits (Human Ultrasensitive, 
BioSource International Inc., Camarillo, CA, USA).21

5. Radiological evaluation:
A) Plain X-ray of both hands and feet, to detect any 

bone erosion.22

B) Musculoskeletal ultrasonography (MSUS) of both 
wrists, metacarpophalangeal (MCP), interphalangeal 
(IP), shoulders, ankle, and knee joints was performed 
using 15 MHz high-resolution linear array transdu-
cers with small footprints; scans of the joints were 
performed in the dorsal and palmar/plantar planes.23

Statistical Methods
Statistical analysis was done using SPSS 20 software and 
results expressed as mean±SD. Comparison of variables 
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between two groups was performed with Student’s t-test 
for continuous variables. The p-values <0.05 were consid-
ered statistically significant.24

Results
One hundred and fifty RA patients who met the inclusion 
criteria were studied. They included 25 males and 125 
females, with a mean age of 43.8±14.7 years. Most of 
our patients have BMI of >25 to ≤30 (90%), and (10%) 
have BMI of >30 to ≤35. Sixty percent of them have 
hyperuricemia (Table 1). Significantly higher SAU levels 
were detected among males and post-menopausal women 
in our study (p<0.01 and p<0.001, respectively). 
Moreover, a statistically significant positive correlation 
was noticed between SUA levels and age (p=0.003), gen-
der (p=0.004), high body mass index (BMI) (p=0.014), 
and high doses of steroids (p=0.001). The clinical and 
laboratory findings of RA patients in the study group are 

summarized in Table 2. Fifty-five RA patients with low 
hyperuricemia had moderate disease activity (3.147 
±1.813) by DAS28, while 35 patients with high hyperur-
icemia had severe disease activity by DAS28 (5.177 
±1.823); however, 60 RA patients with normal serum 
uric acid showed low disease activity (2.157±1.811). The 
acute-phase reactants as well as inflammatory cytokines 
(IL1β, IL6, and TNF-α) were also significantly elevated in 
RA patients with low and high hyperuricemia compared to 
those with normal serum uric acid (Table 2). Regarding the 
musculoskeletal ultrasonography, 90% of RA patients with 
low hyperuricemia had hypoechoic synovial proliferation 
with increased blood flow by power Doppler (1+ and 2+), 
and 30 patients had mild effusion (1+), while nearly all 
patients with high hyperuricemia had hypoechoic synovial 
proliferation with increased blood flow by power Doppler 
(2+ and 3+), and 20 patients had moderate effusion. 
However, 70% RA patients with normal serum uric acid 

Table 1 Demographic and Clinical Data of RA Patients

Demographic and Clinical Data RA with Low 
Hyperuricemia (6.2 
−8 mg/dL) (n=55)

RA with High 
Hyperuricemia (8.2– 
11.6 mg/dL) (n=35)

RA with Normal SUA 
(4.8–6.0 mg/dL) 

(n=60)

P-value

Mean±SD Mean±SD Mean±SD

Age (years) 45.4±14.3 43.8±14.7 46.222±10.92 0.01*

Disease duration (years) 7.3±11.6 8.1±9.5 10.378±6.590 0.01*
Duration of morning stiffness (minutes) 82.7±50.2 87.4±58.9 80.89±30.31 0.001**

Number of swollen joints 7.667±6.51 9.667±8.51 6.667±4.51 0.001**

Number of tender joints 7.556±8.109 10.556±9.109 5.556±7.109 0.001**
DAS28 3.147±1.813 5.177±1.823 2.157±1.811 0.001**

MHAQ 0.508±0.410 0.608±0.407 0.408±0.207 0.001**

Notes: Except where indicated otherwise, values are expressed as mean±standard deviation. *Significant p-value ≤0.05, **p-value ≤0.001. 
Abbreviations: DAS28, disease activity score in 28 joints; n, number; RA, rheumatoid arthritis; MHAQ, modified health assessment questionnaire.

Table 2 Laboratory Findings in RA Patients

Biochemical 
Parameters

RA with Low Hyperuricemia 
(n=55)

RA with High Hyperuricemia 
(n=35)

RA with Normal SUA 
(n=60)

P-value

Mean±SD Mean±SD Mean±SD

ESR 1st h (mm/h) 40.034±19.77 40.044±23.97 14.4±6.71 <0.001**

CRP (mg/dL) 10.6±4.109 11.6±7.169 4.8±1.751 <0.001**
RF titer 49.52±17.87 51.52±19.89 42.50±10.58 <0.001**

Anti-CCP titer 40±14.90 48±13.40 38.30±9.95 <0.001**

IL1β (pg/mL) 14.33±5.67 16.05±7.67 10.56±6.38 <0.001**
IL6 (pg/mL) 18.44±6.81 20.81±11.16 14.5±9.31 <0.001**

TNF-α (pg/mL) 40.34±13.71 46.54±13.76 36.24±13.75 <0.001**

Notes: Values are expressed as mean±standard deviation. **Significant p-value ≤0.001. 
Abbreviations: CRP, C-reactive protein level; ESR, erythrocyte sedimentation rate; n, number; RF, rheumatoid factor; Anti-CCP, anti-cyclic citrullinated peptide; IL1β, 
interleukin 1β; IL6, interleukin 6; TNF-α, tumor necrosis factor α.
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showed mild synovitis and effusion (1+) (Table 3 and 
Figures 1–3). As regards the serum level of different 
inflammatory markers and its relation to serum uric acid 
level, its linear regression relationship in RA patients is 
demonstrated in Table 4. Most of RA patients received 
combined therapy (MTX+leflunomide [n=36, 24%] or 
MTX+hydroxychloroquine [n=99, 66%]) besides 
NSAIDs and corticosteroids. Methotrexate was the most 
common DMARD monotherapy used by the remaining 15 
(10%) of the studied RA patients. We did not find 
a significant association between the administered 
DMARDs, inflammatory biomarkers, and levels of serum 
UA (p=0.063, p=0.764) in RA patients who received MTX 
+leflunomide (p=0.84, p=0.431), or in patients who 
received MTX+hydroxychloroquine (p=0.097, p=0.137), 
or in patients who received MTX as monotherapy, respec-
tively. Moreover we found that high-dose steroid treatment 
was associated with increased SUA levels (p=0.052).

Discussion
It was assumed that the prevalence of hyperuricemia in 
RA patients was significantly lower than the expected age- 

and sex-specific prevalence rate from the general 
population.25 This is attributed to the possibility that estro-
gens and progesterone cause better renal clearance of uric 
acid in women with RA, decreasing the risk of hyperur-
icemia in these patients.26 Glucocorticoids and NSAIDs 
used in treatment of RA can also potentially mask the 
clinical manifestations of hyperuricemia, in addition to 
IL6 that may reduce the likelihood of hyperuricemia and 
gout owing to its uricosuric properties.27 A total of 75% of 
RA patients involved in this study were on glucocorticoid 
therapy and 81% on NSAIDs at some point during their 
follow-up. So, we can consider that potential cases of 
hyperuricemia and gout never clinically developed. Also, 
we did not perform polarized microscopy for synovial 
fluid of most RA patients enrolled in this study. For 
these reasons it is possible that some of our RA patients 
who developed gout may have been missed in our study.

Moreover, hyperuricemia and gout occurred more fre-
quently in RA patients diagnosed in recent years than 
among patients with RA diagnosed in earlier years. The 
reasons for this increased incidence in RA patients in the 
recent years is unclear; however, this may be due to an 

Table 3 Radiographic Features of RA Patients (The Presence/Absence of Synovitis and/or Erosions) by Musculoskeletal Ultrasound as 
Well as Plain X-Ray Findings

RA with Low Hyperuricemia 
(n=55)

RA with High Hyperuricemia 
(n=35)

RA with Normal Serum Uric 
Acid (n=60)

Radiographic Features by X-Ray van der Heijde Modified Sharp Score

N (%) N (%) N (%)

Joint space narrowing Hands

47 (85.5%) 30 (85.7%) 55 (91.7%)

Feet

8 (14.5%) 5 (14.3%) 5 (8.3%)

Erosions Hands

35 (63.6%) 29 (82.8%) 40 (66.7%)

Feet

8 (14.5%) 6 (17.1%) 8 (13.3%)

Radiological Features by Musculoskeletal Ultrasound

N (%) N (%) N (%)

Presence of soft-tissue swelling 45 (81.8%) 35 (100%) 30 (50%)

Synovitis 45 (81.8%) 35 (100%) 30 (50%)

Erosions 51 (92.7%) 35 (100%) 20 (33.3%)
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increase in the incidence of risk factors for hyperuricemia, 
such as hypertension, obesity, and chronic kidney disease 
in the recent years. The use of aspirin which has uricosuric 
properties in patients with RA in the earlier decades may 

also explain the lower incidence of gout in these 
patients.28 In our study, age and male sex were noticed 
to be risk factors for hyperuricemia in RA patients, and are 
considered also as risk factors for hyperuricemia identified 

Figure 1 Long-axis view with power Doppler ultrasound of left wrist joint in 54-year-old female RA patient with high hyperuricemia (uric acid=8.4 mg/dL) showing synovitis 
grade 3 in radiocarpal joint. 
Abbreviations: R, radius bone; L, lunate bone; C, capitate bone; S, synovitis.

Figure 2 Gray-scale US long-axis view of MCP joint of right index finger of the same patient showing synovitis grade 3 (synovial hypertrophy and effusion). 
Abbreviations: MCP, metacarpophalangeal joint; S, synovitis.
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in the general population.28 Obesity, on the other hand, is 
not considered as a risk factor in this study as most of our 
patients have BMI of >20 to ≤25 (90%), and (10%) have 
BMI of >25 to ≤30. Sixty percent of them have 
hyperuricemia.

As regards the acute-phase reactants (ESR and CRP) as 
well as inflammatory markers (IL1β, IL6, and TNF-α), 
these were also significantly elevated in the studied RA 
patients with low and high hyperuricemia compared to 
those with normal serum uric acid. This is in agreement 
with Rosangela et al, who found significant correlation 
between serum C-reactive protein and UA levels,29 and 
with Anker et al, who also found a significant positive 

correlation between serum UA and elevation of inflamma-
tory markers in heart failure patients.30 Moreover, other 
studies have demonstrated that after cellular death or 
injury, the degradation of nucleotides into UA serves as 
an endogenous trigger for the maturation as well as 
immune-stimulatory action of dendritic cells.31

Also, a positive and significant association between 
serum UA and inflammatory markers such as interleukin 
1β (IL1β), interleukin 6 (IL6), and tumor necrosis factor α 
(TNF-α) synthesis was reported in many experimental 
studies.32 Moreover, it stimulates the release of chemokine 
chemo-attractant protein 1.33 These findings suggest the 
linear relationship between serum UA and inflammatory 

Table 4 The Linear Regression Relationship of Inflammatory Markers (Log-Transformed Values) with Different Uric Acid Levels in RA 
Patients

Biomarkers Serum Uric Acid

4.8–6.0 mg/dL (n=60) 6.2−8 mg/dL (n =55) 8.2–11.6 mg/dL (n=35) P-value

CRP (mg/mL) 2.6±0.60 3.0±1.51 3.5±0.51 <0.001**

ESR (mm/h) 13.6±2.2 16.8±3.21 16.0±2.23 <0.001**

IL1β (pg/mL) 1.0±0.50 1.6±0.24 2.0±0.53 0.001**
IL6 (pg/mL) 1.4±0.32 1.5±0.92 2.7±0.34 <0.001**

TNF-α (pg/mL) 11.3±1.00 12.4±0.89 13.8±0.78 <0.01*

Notes: Data are expressed as mean±SE. Categorical variables were compared by X2 test. Comparisons between 3 groups were performed using a general linear model. 
P-values refer to results after analysis with adjustment for age, sex, and body mass index. **p-value ≤0.001, *significant p-value ≤0.05. 
Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; n, number; IL1β, interleukin 1β; IL6, interleukin 6; TNF-α, tumor necrosis factor α were log- 
transformed for statistical analysis.

Figure 3 Long-axis view gray-scale US of right ankle joint in the same patient showing tibiotalar joint synovitis grade 3 (synovial hypertrophy and effusion). 
Abbreviation: S, synovitis.
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markers, and such a relationship may be clinically relevant 
even in subjects with normal serum UA as in our study. 
However, the details of such a relationship remains 
unknown.

Our results did not confirm whether UA is a pro- 
inflammatory marker or a cause of joint inflammation in 
RA patients, but considerable pre-clinical data support the 
latter hypothesis. The soluble UA activates the prolifera-
tion of vascular smooth muscle cells, up-regulates the 
cyclo-oxygenase-2 activity and vascular C-reactive pro-
tein, as well as stimulates the pro-inflammatory 
response.34,35 Also, human mononuclear cells that are 
exposed to UA may increase their production of IL1β, 
IL6, and TNF-α, whereas neutrophils release pro- 
inflammatory proteins.32

Hence, all these findings support the idea that elevated 
serum UA may negatively affect the joints, perhaps by 
activating a more complex vicious cycle involving inflam-
matory and oxidative related mechanisms. Briefly, in RA 
patients, the chronic hypoxia causes cellular damage that 
up-regulates the xanthine oxidase enzyme, leading to par-
allel increase of UA and free radical production, resulting 
in endothelial dysfunction.36 Pro-inflammatory cytokines 
(TNF-α, IL1, and IFN-γ) may increase UA production 
through the enhancement of xanthine oxidase enzyme 
activity, as well as the promotion of apoptosis.37,38 

Hence, UA released from cytoplasm into local tissue 
micro-environments may increase the inflammatory 
immune responses, even when its concentration is within 
normal physiological limits,39 and this may explain the 
severity of synovitis in our RA patients whether with 
normal serum UA or with high or low hyperuricemia.

Likewise, Andrew et al found that there was no asso-
ciation of hyperuricemia or gout with measures of RA 
disease activity or severity and attributed that to the use 
of disease-modifying anti-rheumatic drugs and/or other 
potent anti-inflammatory treatments in RA patients.40

Moreover, Carlos et al showed in their case study that 
the prevalence of persistent hyperuricemia may have an 
anti-inflammatory or immunosuppressive role in rheuma-
toid arthritis and may protect against or decrease the joint 
inflammation via blocking the sensitization to antigens 
which may cause RA and may also block the production 
of immunocompetent lymphocytes.41 The mutual exclu-
sivity of gout and rheumatoid arthritis may relate to the 
immunosuppressive effect of urate crystals.42 Ames et 
al have shown that uric acid is a powerful antioxidant 
and scavenger of singlet oxygen and other active free 

radicals. They have proposed that it acts as a protective 
mechanism in humans, lengthening life span and decreas-
ing rates of age-specific cancer and perhaps other 
diseases.43

Ninety percent of our RA patients with low hyperur-
icemia had hypoechoic synovial proliferation with 
increased blood flow by power Doppler (1+ and 2+), and 
30 patients had mild effusion (1+), while nearly all 
patients with high hyperuricemia had hypoechoic synovial 
proliferation with increased blood flow by power Doppler 
(2+ and 3+), and 20 patients had moderate effusion. 
However, 70% RA patients with normal serum uric acid 
showed mild synovitis and effusion (1+). Power Doppler 
ultrasonography (PDUS) was able to detect subclinical 
synovitis in 50% of studied RA patients with low disease 
activity or even in clinical remission with normal SUA; 
this is in agreement with other studies that showed super-
iority of ultrasonography in detecting subclinical activity 
through the presence of positive power Doppler signals in 
RA patients.44,45

Our findings raised an important question, whether 
hyperuricemia plays any role in directly increasing joint 
inflammation or whether it is just a pro-inflammatory marker 
for an adverse metabolic profile that promotes progression 
of synovitis. We think that observational studies such as ours 
cannot definitively distinguish between these two possibili-
ties, but it is potentially useful to speculate whether hyper-
uricemia is a cause or a marker. It has been proposed 
recently that hyperuricemia, rather than being simply 
a marker, might contribute to oxidative stress, systemic as 
well as joint inflammation.46 Hyperuricemia can also induce 
endothelial dysfunction and reduced bioavailability of 
endothelial nitric oxide and can cause and promote the 
progression of chronic synovitis,47 whereas treatment with 
allopurinol can improve endothelial function in patients with 
hyperuricemia.48

Most of RA patients received combined therapy (MTX 
+leflunomide [n=36, 24%] or MTX+hydroxychloroquine 
[n=99, 66%]) besides NSAIDs and corticosteroids. 
Methotrexate was the most common DMARD monotherapy 
used by the remaining 15 (10%) of the studied RA patients. 
We did not find significant association between the adminis-
tered DMARDs as well as inflammatory biomarkers and 
levels of serum UA (p=0.063, p=0.764) in RA patients who 
received MTX+leflunomide (p=0.84, p=0.431) in patients 
who received MTX+hydroxychloroquine (p=0.097, 
p=0.137), and in patients who received MTX as monother-
apy, respectively. Moreover we found that high-dose steroid 
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treatment was associated with increased SUA level 
(p=0.052). Other studies have proposed that glucocorticoids 
and NSAIDs commonly used in RA patients could mask the 
inflammatory manifestations of hyperuricemia,2 which was 
offered as an explanation for earlier conclusions that gout 
was rarely diagnosed in the context of established RA.49

Andrew et al compared RA patients with gout and 
gout-free participants who were taking NSAIDs at enroll-
ment. They found that avoidance of these medications in 
RA patients with gout may relate to a higher prevalence of 
joint inflammation. Also, the use of NSAIDs could have 
masked the clinical symptoms of gout in a limited number 
of hyperuricemic RA patients, and it has also been pro-
posed that various pro-inflammatory cytokines in RA 
might exert uricosuric effects and therefore reduce the 
likelihood of patients to develop gouty arthritis.40 

Counter to our study hypothesis, we found no differences 
in the use of therapies that might affect cytokine concen-
trations (eg, methotrexate, prednisone, or leflunomide 
therapies) whether based on serum UA concentration or 
gout status at the time of enrollment into this RA registry.

Limitations of This Study
First, because of the cross-sectional nature of this study, 
a casual pathway from UA to inflammation is suggested 
but not definitively proven by our findings. In addition, we 
could only measure the circulating UA, which is only 
a weak reflection of tissue deposits. Despite these limita-
tions, our findings may have significant clinical value. The 
increased level of inflammatory markers as well as the 
progressively higher percentage of subjects with abnor-
mally elevated inflammatory markers alongside the UA 
levels suggests that UA might contribute to the pro- 
inflammatory condition that characterizes RA.

Conclusion
Elevation of serum uric acid levels in RA patients is more 
frequent and might be an inflammatory marker for severity 
of joint inflammation. Moreover, there is growing evi-
dence that higher doses of steroids may cause hyperurice-
mia. Thus, appropriate preventive measures in these 
patients should be introduced.
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