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Assessment of Pyrazinamide-Associated Hyperuricemia Among Multidrug-Resistant Tuberculosis Patients Receiving Pyrazinamide-Containing Regimens: A Retrospective Cross-Sectional Study from Sudan


Abstract
Background: Tuberculosis (TB) is still one of the most important causes of morbidity and mortality worldwide. The problem multiplies whenever there is multidrug-resistant TB (MDR-TB), due to Mycobacterium tuberculosis susceptibility to both Rifampicin and Isoniazid. Pyrazinamide (PZA) is often added to TB regimens if there is susceptibility; however, one adverse reaction to it is that it causes hyperuricemia. This study was conducted to investigate hyperuricemia induced by PZA among MDR-TB patients attending the Abu Ajja Teaching Hospital in the State of Khartoum, Sudan.
Methods: A retrospective cross-sectional study was carried out among 84 MDR-TB patients who received treatment in the hospital’s MDR-TB ward during 2020-2021. Serum uric acid measurements (pre-PZA baseline values and months 1-5 post-PZA treatment initiation) were obtained by spectrophotometry. The data was analyzed with paired t-test to compare each group to the baseline values. A p-value < 0.05 was taken to be statistically significant.
Results: Among the study population, 67.9% were male, and 48.8% were aged between 18 and 30 years. The majority (89.3%) were Sudanese, and 58.3% were classified as underweight. The mean baseline serum uric acid level prior to PZA therapy was 4.47 ± 1.17 mg/dL. Following the initiation of PZA, a progressive and statistically significant increase in serum uric acid was observed across all subsequent months: 8.67 ± 2.39 mg/dL (p < 0.001) in month 1, 8.94 ± 2.07 mg/dL (p < 0.001) in month 2, 9.04 ± 1.89 mg/dL (p < 0.001) in month 3, and 9.56 ± 1.85 mg/dL (p < 0.001) in month 4. By month 5, the mean serum uric acid level further increased to 9.69 ± 1.96 mg/dL (p < 0.001) compared with baseline values.
Conclusion: In this group of patients with MDR-TB undergoing PZA-containing regimens, there was a statistically significant increase in the levels of uric acid in the blood during the initial five months of treatment. These results highlight the need to take uric acid levels into consideration during TB treatment regimens that include PZA, even in resource-limited centers.
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1. Introduction
Tuberculosis (TB), attributed to the Mycobacterium tuberculosis complex, remains one of the significant threats to the health of people across the globe (1). In 2021, TB was accountable for 1.6 million deaths and 10.6 million new cases (2,3). Although TB primarily affects the lungs, extrapulmonary manifestations are common (1,4). The most dangerous form of TB includes Multidrug-resistant TB (MDR-TB), which is defined as TB caused by bacteria that are resistant to the drugs ‘Rifampicin’ and ‘Isoniazid’ (5). Pyrazinamide (PZA) is still an essential medicine in most first-line regimens and those intended for MDR-TB patients after establishing susceptibility (6). The sterilizing effect makes it possible to reduce the duration of treatment from nine to six months in drug-sensitive TB patients (7). But it is also well-known that PZA has the effect of raising blood urate concentrations due to decreased urate clearance from the kidneys through inhibited renal tubular secretion and increased reabsorption (8,9).
Generally, hyperuricemia was defined as uric acid values above 6.8 mg/dL (404 µmol/L), beyond the saturation point for the crystallisation of monosodium urate. Urate crystals can increase the risk of gouty arthritis, nephrolithiasis, and renal dysfunction (10). In the prolonged and complex regimen that constitutes MDR-TB treatment, the development of hyperuricemia can potentially complicate the medical management and lead to poor adherence to treatment due to musculoskeletal adverse reactions (11,12).
Despite this, data on PZA-induced hyperuricemia specifically in MDR-TB populations particularly in low- and middle-income countries such as Sudan, are still scant. In fact, monitoring these side reactions has great potential in lessening morbidity brought about by the drugs among TB patients (13-15). Thus, the aim of this study was to assess the trend and extent to which uric acid levels are elevated due to the use of PZA among MDR-TB patients in the Abu-Anja Teaching Hospital in Khartoum State.
2. Methods
2.1. Study design and setting
A retrospective cross-sectional study was conducted within the MDR-TB unit of Abu-Anja Teaching Hospital, Khartoum, Sudan. This hospital is the only centre within Khartoum State specialising in MDR-TB treatment. The study included all MDR-TB patients between June 2020 and January 2021.
2.2. Population and sampling
Medical files of all patients diagnosed with MDR-TB and started on a regimen including PZA, with complete monthly uric acid assays for the first five months, were eligible. Of 206 patient files reviewed, only 84 of them had complete data and were included in the analysis of this study.
2.3. Data collection tool
A structured data collection form, which was researcher-developed, was created, and used to extract data which include patient demographic (age, sex, nationality), anthropometric (weight classification underweight/normal/overweight), and clinical data (joint symptoms, number of affected joints) were extracted from medical records. Serum uric acid levels were obtained monthly (baseline before initiation of PZA therapy, then at months 1, 2, 3, 4, 5) via spectrophotometric assay per hospital laboratory standard practice.
2.4. Statistical analysis
Data were entered into IBM SPSS Statistics version 22 (SPSS Inc., Chicago, Illinois, USA). Continuous variables are expressed as mean ± standard deviation (SD); categorical variables as number (percentage). A paired t-test compared each monthly mean uric acid value to the baseline mean. A p-value <0.05 was considered statistically significant.
3. Results and Discussion
3.1. Demographics and baseline characteristics
Of the 84 patients included, 57 (67.9 %) were males and 27 (32.1 %) females. Regarding the age distribution, 41 (48.8 %) of them were aged 18-30 years, and 28 (33.3 %) of them were aged 31-50 years. Among the total population, 75 (89.2%) identified as Sudanese, while 9 (10.8%) were non-Sudanese. Most of the patients in this study were categorized as underweight, comprising (58.3%, n=49) of the total. In regard to joint pain, the feet joints were identified as the most affected organs, representing (42.8%), followed by 30 Multiple join (35.71%).
Table 1. Socio-demographics characteristics of included MDR-TB patients (n= 84)
	Category
	Items
	Number
	Percentage

	Gender
	Male
	57
	67.86 %

	
	Female
	27
	32.14%

	Age (Years)
	18 - 30
	41
	48.81 %

	
	31 - 50
	28
	33.33 %

	
	51 - 75
	15
	17.86 %

	Nationality
	Sudanese
	75
	89.28 %

	
	Non - Sudanese
	9
	10.72 %

	Weight
	Underweight
	49
	58.33 %

	
	Normal
	33
	39.29 %

	
	Overweight
	2
	2.38 %

	Joint Affected
	Feet
	36
	42.85 %

	
	All joint
	30
	35.71 %

	
	Shoulders
	6
	7.1 %

	
	Hands
	3
	3.57 %

	
	Do not have symptoms
	9
	10.7%



3.2. Uric acid levels over time
[bookmark: _Hlk213777701]Table illustrates changes in serum uric acid levels over five months of pyrazinamide-containing therapy in MDR-TB patients. The initial average (control group) uric acid level was 4.47 ± 1.17 mg/dL. Following the initiation of PZA treatment, the average uric acid values increased as follows: Month 1, 8.67 ± 2.39 mg/dL (p<0.001); Month 2, 8.94 ± 2.07 mg/dL (p<0.001); Month 3, 9.04 ± 1.89 mg/dL (p<0.001); Month 4, 9.56 ± 1.85 mg/dL (p<0.001); Month 5, 9.69 ± 1.96 mg/dL (p<0.001). 
Although detailed inferential correlation between uric acid elevation and joint symptoms was limited by data completeness, the highest incidence of foot-joint complaints occurred alongside the period of elevated uric acid levels (>8 mg/dL).
Table 2. Changes in serum uric acid levels over five months of pyrazinamide-containing therapy in MDR-TB patients (n= 84)
	Time of reading
	Plasma uric acid (mg/dL)
	P value

	
	Minimum
	Maximum
	Mean ± SD
	

	Baseline (Control)
	2.90
	9.00
	4.47 ± 1.17
	-

	First Month
	3.80
	15.30
	8.67 ± 2.39
	< 0.001*

	Second Month
	4.30
	14.70
	8.94 ± 2.07
	< 0.001*

	Third Month
	3.40
	14.00
	9.04 ± 1.89
	< 0.001*

	Fourth Month
	4.60
	13.40
	9.56 ± 1.85
	< 0.001*

	Fifth Month
	4.30
	15.80
	9.68 ± 1.96
	< 0.001*


* Values represent mean ± standard deviation (SD). P values were calculated using paired t-tests comparing each monthly mean with the baseline (pre-pyrazinamide) uric acid level. Significant at p < 0.05 compared with baseline.


In our retrospective study among MDR-TB patients receiving treatment in Abu-Anja teaching hospital, there was a pronounced and progressive rise in uric acid levels during the initial five months on anti-TB therapy also containing PZA. The average was almost double that of baseline in Month 1 and persisted thereafter. These results are in line with other studies that proved urate clearance was lower after taking PZA, and there was an increase in uric acid blood levels. For instance, there was an increase in the uric acid level in Indonesian TB patients with pulmonary TB taking PZA therapy. The study proved that uric acid levels elevated to 7.74 mg/dL from 5.14 mg/dL after two months of therapy (p=0.001) (8). In another study among TB patients receiving PZA among Koreans, there was hyperuricemia (more than 7 mg/dL in men and 6 mg/dL in women) in 82.3% TB patients (16).
The degree of increase in our population (to approximately 9.7 mg/dL by month 5) appears to be greater than that in some other studies (17,18). This could be due to factors such as patient characteristics (being underweight in about 58% of our population, potential renal impairment, ethno-geographic variability), or extended observation during MDR-TB treatment rather than during the initial two months of intensive therapy. As regards the findings in cases with hyperuricemia during TB treatment, it was shown to be asymptomatic; however, it does increase the risk for gout, renal impairment, and nephrolithiasis (19). The lower extremities and feet were mostly involved in our study (42.8% incidence in the feet) as are the gouty manifestations according to other studies in TB treatment due to hyperuricemia induced by drugs (20).
From the pharmacological perspective, the metabolism of PZA results in the production of pyrazinoic acid (POA), which results in decreased urate excretion in the kidneys through URAT1 and similar transport mechanisms (21,22). The monitoring of blood urate levels is rarely carried out within TB treatment protocols; however, based on our results, it might be useful within the context of MDR-TB, particularly in those at risk for gout or other metabolic complications (13,15). 
Based on these results, we propose that uric acid screening be carried out before starting PZA and then follow-up uric acid examination every month during the first five months (and be extended if prolonged regimens are taken). Patients with evidence of escalating uric acid values above 8 mg/dL might require consultations about lifestyle modifications (increased hydration and lower purine diets), gout risk assessments, and possible urate-lowering therapy (allopurinol or febuxostat), if appropriate (10,23). Although stopping PZA in patients with asymptomatic hyperuricemia is infrequent, timely management might lower musculoskeletal side effects and improve patient compliance.
This study has some limitations to its validity. Firstly, the study was post-hoc in orientation and therefore did not allow us to investigate the underlying causes (renal function, other medications taken concomitantly with the study medications, diet/purine load, hydration status). Secondly, the study did not include estimations of glomerular filtration rates (GFR) to establish underlying renal dysfunction and did not investigate the dose vs. plasma levels of PZA in relation to urate increase. Thirdly, this study was conducted in one institution, so the findings could not be generalized to the whole country. Thus, there is need for prospective studies that entail evaluation of renal function, pharmacokinetics of PZA, uric acid pharmacokinetics, and correlation with gout arthritis incidence. Interventional studies would also be justified to explore urate-lowering approaches while on PZA.
4. Conclusion
Our study among MDR-TB patients at the Abu-Anja Teaching Hospital has shown that there are significant and cumulative increments in uric acid levels in the sera over the initial five months with regimens containing PZA. We highlight the importance of routine uric acid monitoring and measures to manage hyperuricemia during TB therapy, particularly within resource-constrained settings among MDR-TB patients.
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