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1  |  INTRODUC TION

Gout is an inflammatory arthritis provoked by monosodium urate 
crystals (MSU) in joints and surrounding soft tissue.1 It is associated 
with high serum uric acid (UA), defined as a level greater than 6.8 or 
7.0 mg/dL.2 In the USA, the prevalence of gout is estimated at 3.9% 
of adults (~8.3 million people) making it one of the most common 
inflammatory rheumatic diseases of adulthood.2

High serum UA levels have been linked to the development of 
new-onset chronic kidney disease (CKD) and end-stage renal dis-
ease (ESRD) in the general population.3 In patients on hemodialysis 
(HD) some studies have shown that increased serum UA levels are 
predictive of cardiovascular disease.4,5 However, other studies have 
demonstrated that hyperuricemia in patients on HD has cardiopro-
tective and mortality protective effects.3,6 This is possibly due to 
the higher oxidative stress in ESRD patients compared to those with 
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Abstract
Objective: Gout is the most common form of inflammatory arthritis and is caused by 
deposition of monosodium urate crystals resulting from a high burden of uric acid 
(UA). High UA burden also has been associated with increased morbidity and mortal-
ity in the general population and progression to chronic kidney disease. In persons 
with gout and end-stage renal disease (ESRD), prior studies suggest that UA levels 
decrease after initiation of hemodialysis (HD). We evaluated UA level and the use of 
urate-lowering therapies (ULTs) in patients with gout and ESRD on HD.
Methods: We performed a retrospective review of patients with gout and ESRD seen 
at a large urban public hospital (The MetroHealth System). We extracted data from 
the medical record (Epic) for patients diagnosed with gout and ESRD on HD. The main 
outcomes were the UA level and the use of ULTs before and after HD initiation.
Results: We identified 131 patients with gout on HD. Of these, 21 patients had crys-
tal proven gout diagnosis, 10 of whom had data on UA level pre-HD and post-HD 
and were included in the analysis. For the total sample (N = 21), the mean age was 
65 years, 7 were female and 20 were African American. Mean pre-HD and post-HD 
UA levels were 8.4 and 3.98 mg/dL respectively. Twenty-one patients were receiving 
ULT pre-HD, 11 discontinued post-HD.
Conclusion: Among patients with gout and ESRD, we observed a decrease in UA 
level associated with initiation of HD. For this group, discontinuation of ULTs may be 
appropriate.
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preserved renal function and the antioxidant effect of UA which is 
responsible for more than half of the antioxidant capacity of blood.3

According to the American College of Rheumatology (ACR) 2020 
gout management guidelines, pharmacologic urate-lowering therapy 
(ULT) is recommended for patients with CKD stages 2-5, or ESRD 
with prior gout attacks and current hyperuricemia.2 A treat-to-
target approach is recommended by the European League Against 
Rheumatism (EULAR) with the goal to maintain serum UA levels at 
<6 mg/dL (360 µmol/L) and <5 mg/dL (300 µmol/L)  in those with 
severe gout.7 The EULAR recommendation includes both patients 
with preserved renal function as well as those with ESRD.

Studies have shown that in patients with ESRD, hemodialysis re-
duces gout attacks4,8 and significantly reduces uric acid levels by almost 
60% without additional ULT.4,9 Studies also suggest that the duration of 
HD enhances the serum UA lowering effect. These data suggest that 
serum UA levels trend lower with increased time on HD. Therefore, we 
decided to investigate UA levels in patients with ESRD on HD and to 
evaluate whether patients on HD continue to require ULT.

2  |  MATERIAL S AND METHODS

2.1  |  Inclusion and exclusion criteria

We performed an observational, retrospective cohort study at a large 
urban public hospital system. We obtained MetroHealth Medical 
Center institutional review board (IRB) approval (IRB20-00014).

Searching the Epic electronic medical record we identified all pa-
tients with an office visit between 1 January, 2018 and 1 January, 
2020 who had a diagnosis of ESRD on HD (International Classification 
of Diseases 10 [ICD 10] codes N18.6, Z99.2) and gout (ICD10 codes 
M10-M10.09, M1A-M1A.9XX1, M10.9) on their problem list. We 
then manually reviewed the charts of all identified patients to verify 
the diagnoses and to identify those with a serum UA level recorded 
between 2000 and 2020. The initial search yielded 131 patients. 
We excluded patients without documented synovial fluid analysis or 
synovial fluid analysis without documented MSU crystals present. 
We also excluded patients who received HD for a short period for a 
specific indication and patients undergoing peritoneal dialysis. After 

exclusion of patients with missing data, the final sample consisted of 
21 patients with ESRD on HD and at least 1 analysis of synovial fluid 
demonstrating presence of MSU crystals.

2.2  |  Patient and public involvement

No patients were involved.

2.3  |  Data collection

We collected baseline demographic and clinical data, including 
age, gender, race/ethnicity, HD start date, up to 4 serum UA levels, 
synovial fluid analyses for presence or absence of MSU crystals or 
other crystals, presence or absence of tophi, presence or absence 
of rheumatoid arthritis on the problem list, and any results for anti-
cyclic citrullinated peptide (CCP) antibodies and rheumatoid factor 
(RF). We also identified all prescriptions for allopurinol, colchicine, 
pegloticase, and febuxostat.

The main study outcome was serum UA levels before and after 
initiation of HD and the use of ULT. The secondary outcome was 
racial and demographic disparities in our sample.

2.4  |  Statistical analysis

This was a retrospective observational study. We report patient 
characteristics and outcomes as counts (%) for categorical variables 
and means (SD) for continuous variables. We calculated the mean 
UA level and 95% CI using a single-sample t test. We compared the 
serum UA level pre- and post-initiation of HD using a paired t test. 
We report the results as the mean difference with 95% CI.

3  |  RESULTS

The initial search yielded 131 patients. After individually re-
viewing each chart to confirm the HD status and gout diagnosis 

F I G U R E  1  Consolidated Standards 
of Reporting Trials flow diagram. CPPD, 
calcium pyrophosphate crystals; HD, 
hemodialysis; MSU, monosodium urate 
crystals; SUA, serum uric acid

Assessed for eligibility (n=131) 

Excluded (n=110) 
♦ Never had synovial fluid analysis (n= 93) 
♦ Had synovial fluid analysis without  

presence of crystals (n= 12 ) 
♦ Had only CPPD crystals but no MSU 

crystals (n= 3) 
♦ Did not have uric acid data (n=1) 
♦ Not on chronic HD (n=1) 

Did not have SUA level before and after HD (n= 11) Had SUA level before and after HD initiation (n= 10) 

Included (n= 21) 
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(defined by the presence of UA crystals in synovial fluid analysis), 
22 patients were on HD and had a synovial fluid analysis demon-
strating UA crystals. One patient had both MSU and calcium py-
rophosphate crystals and 1 patient did not have any documented 
UA level. After exclusion of patients with missing data, the final 
sample consisted of 21 patients with ESRD on HD and at least 1 
analysis of synovial fluid demonstrating presence of MSU crystals 
(Figure 1).

For the total of 21 patients, the mean age was 65 years, 7 were 
female, 14 were male, 20 African American and 1 White. Two pa-
tients had tophi documented on physical exam, 1 had rheumatoid 
arthritis with elevated RF. Allopurinol was prescribed to 19 patients 
pre-HD and was continued in 7/19 patients after they started HD; 
allopurinol was discontinued before HD initiation in 3/19 patients, 
within 1 year from HD initiation in 7/19 patients, and within 10 years 
from HD initiation in 2/19 patients. One patient was on febuxostat 
and one was on pegloticase, both were discontinued after initiation 
of HD. No one was on losartan and only 5/21 patients were placed 
on statin (Table 1).

From the total sample, 10 patients had an available serum UA 
level measured before and after initiation of HD; 8 were within 
1 year of HD initiation, 1 within 3 years and 1 within 4 years of HD 
initiation (Table 2). Among those 10 patients, the mean age was 64 
(SD 15), 4 were female and all were African American. The mean UA 
level before initiating HD was 8.43 mg/dL (95% CI 6.6-10.2) and the 
median was 8.2. The mean post-HD UA level was 3.98 mg/dL (95% 
CI 2.94-5.02) and median of 3.60 after HD was started (Table 1). Our 
analysis showed a statistically significant and clinically meaningful 
difference in UA before and after HD initiation, the mean UA differ-
ence (post-HD – pre-HD) was −4.45 mg/dL, (95% CI −6.49 to −2.41), 
P = .008.

4  |  DISCUSSION

Hyperuricemia has been associated with adverse cardiovascular 
outcomes and increased morbidity and mortality in the general 
population.10 However, in patients on HD, data on the effect of hy-
peruricemia have been controversial.11 In patients on chronic HD, 
some studies including large retrospective studies have not shown 
an association between high serum UA level and cardiovascular mor-
tality. Some have even shown an increased risk of all-cause mortality 
and cardiovascular mortality with lower serum UA and lower risk 
with elevated serum UA levels.6,12-14 A 2-year prospective observa-
tional study of 261 hemodialysis patients from Tel Aviv University 
showed that lower serum UA is an independent risk factor for all-
cause and cardiovascular mortality as well as future cardiovascular 
disease; for each 1 mg/dL increase in baseline serum UA, the hazard 
ratio of all-cause and cardiovascular death was 0.55 (95% CI 0.43-
0.72 and 0.43-0.72 respectively).17 Recently, Zawada et al showed 
a U-shaped pattern between serum UA and all-cause mortality with 
lowest risk at serum UA levels of 6.5 mg/dL (387 μmol/L).15 In the 
chronic HD patient population, there is a paradoxical epidemiology ID
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phenomenon where lower blood pressure, lower body mass index 
and lower serum low-density lipoprotein are correlated with unfa-
vorable outcome, this suggests that there probably are other non-
traditional cardiovascular risk factors and outcomes in this patient 
population.11,18

Gout is experienced in almost 20% of patients with CKD stage 
3, compared to 5% of those with normal kidney function.16 In a 
large analysis of 601 patients from 5 outpatient dialysis centers in 
Germany, investigators noted that the incidence of gout flares in pa-
tients on HD was only 3.6%, and hyperuricemia increased the risk by 
17%.11 However, another study by Yeo et al evaluated 216 patients 
on dialysis (HD and peritoneal dialysis), almost 25% of whom experi-
enced gout, suggesting that HD alone is insufficient to achieve tar-
get UA mandating ULT and treat-to-target approach in this patient 
population.16 Our results suggest that initiation of HD is associated 
with a decrease in UA levels in ESRD patients. Compared to current 
guideline recommendations to continue ULT, our results found that 
over 50% of patients on allopurinol at the start of HD had the med-
ication stopped after they started HD. Patients on other ULT (eg, 
febuxostat or pegloticase) also had their medication stopped after 
initiation of HD.

We found poor monitoring of gout in our study patients, specif-
ically a lack of serum UA monitoring after initiation of HD and con-
tinuation of the same dose of allopurinol contrary to recommended 

dosage post-HD.10,19 In addition, we noticed that the diagnosis of 
gout often occurred without evidence of synovial fluid analysis. It is 
possible that gout flares continued despite a lower serum UA level 
post-dialysis. However, as we did not collect data on the frequency 
or severity of gout flares, we are not able to assess this hypothe-
sis. Furthermore, some studies suggest that hyperuricemia has a 
cardioprotective effect in patients on HD, contrary to the general 
population, raising some concerns that very low UA levels may be 
harmful.3,17

One notable finding was the African American predominance in 
our sample (95%). While this may be unique to the patient popu-
lation at our institution, other studies have suggested that African 
Americans tend to have higher prevalence of gout (5% compared to 
4% Caucasians).11,20 Future studies are necessary to confirm our re-
sults at other institutions.

Our study has some limitations that should be recognized. 
Our data come from a single site, which may affect generalizabil-
ity. The sample size is small, and not all subjects had pre- and 
post-HD serum UA levels available. We did not collect informa-
tion on gout symptoms, and we are not able to comment on the 
effect of serum UA levels or urate-lowering treatment on symp-
tom burden. Our inclusion criteria may have missed some eligible 
subjects and we did not include patients with ESRD on peritoneal 
dialysis.

ID Age Gender Race Tophi
UA 
post-HD

UA 
pre-HD

1 72 Male Black/African 
American

0 4.7 9.5

2 72 Male Black/African 
American

1 1.6 11

3 47 Female Black/African 
American

0 3.1 8.5

4 83 Female Black/African 
American

0 3.5 4.4

5 70 Female Black/African 
American

0 3.1 6.7

6 78 Male Black/African 
American

0 5.8 9.1

7 45 Male Black/African 
American

0 4.4 13.2

8 53 Male Black/African 
American

0 6.6 7.9

9 75 Female Black/African 
American

1 3.3 7.9

10 44 Male Black/African 
American

0 3.7 6.1

Median 3.60 8.2

Mean 64 3.98 8.43

SD 15

95% CI 2.94-5.02 6.6-10.2

Note: Data for uric acid level before and after HD initiation.
Abbreviations: CI, confidence Interval; HD, hemodialysis; UA, uric acid.

TA B L E  2  UA levels before and after 
HD initiation
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5  |  CONCLUSION

Despite the study limitations, our data suggest that the manage-
ment of gout in patients with ESRD and on dialysis requires further 
study. There is a need for improved monitoring of UA levels and as-
sessment of the need for ULT among patients with gout and ESRD 
on hemodialysis. Because HD-treated patients often have multiple 
comorbidities, ULT contributes to polypharmacy and may influence 
drug interactions. Also, it highlights racial disparities with markedly 
increased gout risk in African American patients on HD. Further re-
search on this topic may help to inform updated guidelines specifi-
cally for ULT in patients on dialysis. Improved collaboration between 
primary care providers, rheumatologists and nephrologists can help 
to ensure proper monitoring of these patients and to weigh the risk 
and benefits of continued ULT based on the serum UA level.
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