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Review Article
Uric acid in severe preeclampsia: A narrative review

ABSTRACT 
	The diagnosis of preeclampsia is clinical, with systolic and diastolic blood pressure being the primary criteria. Clinical chemistry and urinalysis are the most essential tools the medical team has to assess the severity of preeclampsia. Uric acid is the first parameter of clinical biochemistry that is altered in the course of the disease. 

For many years, blood uric acid concentration has been a useful tool for the early clinical diagnosis of preeclampsia, differential diagnosis with chronic hypertension, gestational hypertension, and other mimicking conditions, and for initiating drug therapy. New-onset hyperuricemia is an important maternal parameter for decision-making regarding termination of pregnancy, prediction of maternal-fetal complications during pregnancy, postpartum complications, and maternal-fetal outcome. 
This narrative review addresses the most important data on uric acid biochemistry, its renal metabolism in normal subjects, and the physiological changes secondary to pregnancy. The main metabolic alterations identified in preeclampsia are reviewed. Normal blood uric acid concentration values ​​are analyzed in healthy, non-pregnant women, values ​​during normal pregnancy, and values ​​in preeclampsia. The frequency of hyperuricemia and its correlation with preeclampsia severity are compared.
This article also compares uric acid levels with serum creatinine and proteinuria, their clinical interpretation in severe preeclampsia, and their clinical utility as markers of renal function. It proposes adding uric acid measurement to the clinical laboratory tests used to assess maternal renal function.
Research results support the triple role of Ua in preeclampsia: as an early biomarker of the disease, as a parameter of renal involvement, and as a potential therapeutic target in disease management.
The narrative is intended for the medical community and healthcare professionals interested in the topic, who are not necessarily experts.
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1. INTRODUCTION
In 1776, the Swedish chemist and pharmacist Carl Wilhelm Scheele (1742-1786) discovered uric acid (Ua) as a component of a kidney stone. The same year, his discovery was confirmed by his colleague Torbern B. Bergman, and later the French chemist Antoine de Fourcroy (1755-1809) named it Ua. (Molecule, 2020).

Ua is a C5H4N4O3 (7,9-dihydro-1H-purine-2,6,8(3H)-trione) heterocyclic organic compound with a molecular weight of 168 Da. It is a weak acid with a pKa of 5.6 and is sparingly soluble in water. It is a terminal metabolite of purines (adenine, guanine), which are characterized by their double-ring structure and are components of nucleic acids (DNA, RNA). Purines are released when nucleated cells lyse (liver, muscle, intestine), and through the ingestion of certain foods (meats, liver, shellfish, beans, peas, beer). Its metabolic pathway involves the action of the enzyme xanthine oxidoreductase (XOR). (Maiuolo, 2016). 
XOR belongs to the highly conserved family of molybdo-flavoenzymes and performs the last two steps of purine catabolism. XOR catalyses the oxidation of hypoxanthine and xanthine to uric acid, which is the end product of purine catabolism in humans. This enzyme has two forms that coexist in vivo: xanthine dehydrogenase (XDH) and xanthine oxidase (XO). In most living beings, the catabolism of hypoxanthine and xanthine to Ua is ensured by the XDH activity, but only mammals possess XO enzyme. (Bortolotti, 2021). The products of XOR activities are: Ua and reduced nicotinamide adenine dinucleotide (NADH) from XDH, Ua, superoxide ion and hydrogen peroxide (ROS) from XO, nitric oxide (NO) from nitrate and nitrite reductase and ROS from NADH oxidase. (Battelli, 2020).
2. RENAL MANAGEMENT OF URIC aCID
The kidneys are responsible for approximately two-thirds of Ua elimination, while the intestines account for one-third. Almost all Ua is filtered in the glomeruli, therefore, the final amount excreted in the urine depends on the degree of reabsorption and secretion in the renal tubules. 
In the segment S1 of the proximal tubule, the Ua reabsorption is facilitated by urate anion transporter 1 (URAT1) and the organic anion transporter 4 (OAT4), both located on the apical membrane. The glucose transporter 9 (GLUT9) reabsorbs both Ua and glucose by the tubular cells. It is located in both the apical tubule and the basolateral membrane and mediates the basolateral flow back into the circulation. 
The secretion of Ua occurs in the segment S2 of the proximal tubule via transporters such as organic anion transporter 1 (OAT1), and organic anion transporter 3 (OAT3) located in the basolateral membrane that facilitate urate entry into the renal tubules. The multidrug resistance protein (MRP4/ABCC4), the breast cancer resistance protein (BCRP/ABCG2) and the sodium-dependent phosphate transporters type 1 and type 4 (NPT1 and NPT4) are located on the apical side and contribute to the secretory transport of urate into the tubular lumen to achieve an appropriate urinary excretion of Ua. Post-secretory reabsorption occurs at a more distal site of the proximal tubule. Approximately 10% of Ua being excreted in the urine. (Hediger, 2005) (Goicoechea, 2025). 

3. URIC ACID AND UNCOMPLICATED PREGNANCY

Ua is an effective antioxidant when its blood concentration is within the physiological range. However, when its levels exceed healthy levels, oxidative damage spreads. Furthermore, chronic (not acute) increases in Ua are a risk factor for multiple diseases because they promote inflammation, oxidative stress, and endothelial dysfunction. (El Ridi, 2017) (de Oliveira, 2012) (Annesi, 2024).

The blood concentration of Ua in healthy adults is 6.8 mg/dL, which corresponds to its maximum solubility in water. An increase in Ua levels can occur because of overproduction, decreased excretion, or both. (Hediger, 2005) (Goicoechea, 2025). In women with normal pregnancies, blood concentrations of Ua are lower than in healthy, non-pregnant women. This is due to the anatomical and physiological changes characteristic of pregnancy, including renal hyperperfusion resulting from plasma volume expansion, decreased systemic vascular resistance, increased cardiac output and glomerular filtration rate, and the uricosuric effects of estrogens. In addition, increased urinary excretion has also been observed. (Kazma, 2020).

Blood concentration of Ua increases at the end of pregnancy, approaching the levels of a normal woman without pregnancy due to increased fetal Ua production and decreased maternal glomerular filtration rate. (Kazma, 2020) (Amini, 2014). The average blood concentration of Ua in healthy pregnant women is 3.8 mg/dL, while in pregnant patients with preeclampsia, it is 6.7 mg/dL. Hyperuricemia during pregnancy is identified by Ua values >4.5 mg/dL. Severe hyperuricemia is defined as a concentration >7 mg/dL. (Martínez-Gascón, 2026).
4. URIC ACID AND SEVERE PREECLAMPSIA

Slemons et al. first reported in 1917 that patients with eclampsia had higher levels of serum Ua. (Siemons, 1917). Since then, Ua has been considered a risk factor for preeclampsia, and this topic has been extensively researched. However, the data are inconsistent, and it is unclear whether Ua plays a causal role in the subsequent development of preeclampsia. In clinical medicine, serum Ua measurements are often carried out at presentation, at the onset of preeclampsia, and at term, so proper interpretation of uric acid values must include an understanding of the normal physiology of serum Ua during pregnancy. (Le, 2019).
Hyperuricemia precedes the appearance of the signs and symptoms of preeclampsia. (Nakagawa, 2023). In a retrospective study that included 4,725 women pregnant with a single fetus, serum Ua levels were measured before 20 weeks of gestation. The risk of developing preeclampsia was found to be positively associated with serum Ua concentrations. Kaplan-Meier analysis also showed that delivery occurred earlier when Ua levels were highest between 8 and 12 weeks of gestation. The data suggest that elevated serum Ua (>4-5 mg/dL) at the beginning of pregnancy may be associated with the subsequent development of preeclampsia and preterm birth. (Yue, 2023).
Ua is the first parameter of clinical biochemistry that is altered in the course of the disease. (Vázquez, 2019). Furthermore, it is a predictor of substantial increases in blood pressure and proteinuria, the development of maternal organ damage, and a higher frequency of adverse effects on the fetus in utero and at birth. (Li, 2023).
Hyperuricemia occurring in early preeclampsia (<34 weeks) has been associated with massive destruction and death of trophoblastic cells. Diets high in fructose prior to pregnancy might drive hyperuricemia in early pregnancy and predispose women to develop severe preeclampsia. Hyperuricemia in late preeclampsia (≥34 weeks) has been linked to increased reabsorption of Ua in the proximal tubule and reduced secretion in the distal tubule, or both, in addition to continued injury and death of placental trophoblastic cells. (Many, 1996).
In a hospital in Sudan, 100 patients with normal pregnancies (case group) and 100 pregnant patients with preeclampsia (46 cases with mild preeclampsia, 54 cases with SP) were studied. The association of Ua and two biochemical markers of inflammation (CA 125 and C-reactive protein) with mean blood pressure was investigated. Ua and biomarker concentrations were higher in pregnant patients with mild preeclampsia and SP than in the control group. CA 125, C-reactive protein and Ua level‎s correlated positively with mean blood pressure (r >0.7, P <0.001). ROC curves validate the utility of these biomarkers for the detection of SP. In the authors' opinion, Ua can be used with inflammatory biomarkers in patients with preeclampsia. 
5. URIC ACID AND SEVERITY CRITERIA FOR PREECLAMPSIA

Preeclampsia is a hypertensive condition that complicates human pregnancy from week 20 (even earlier), including the intrapartum and postpartum periods. It is classified as mild preeclampsia, severe preeclampsia (SP), and eclampsia. Specifically, SP is characterized by systolic blood pressure ≥160 mmHg and diastolic blood pressure ≥110 mmHg, documented in at least two measurements taken 4 to 6 hours apart, and accompanied by signs of maternal organ damage and/or coagulation impairment. The maternal abnormalities associated with preeclampsia are known as severity criteria. (Abramova, 2021).
In 2020, the American College of Obstetricians and Gynecologists (ACOG) issued a list of severity criteria for preeclampsia. These criteria include: pathological proteinuria (≥2 g in a 24-hour urine sample or 3+ on a urine dipstick test), oliguria (urine output <500 ml in 24 hours), serum creatinine >1.1 mg/dL, severe headache unresponsive to usual analgesics, persistent visual disturbances, hyperreflexia, acute pulmonary edema, epigastric or right upper quadrant abdominal pain, hepatic dysfunction (alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels twice the normal value), and thrombocytopenia (<100,000 platelets/µL). (ACOG, 2020).

Vázquez et al. (Vázquez, 2020) have proposed that the severity criteria for preeclampsia can be classified as quantitative and qualitative to facilitate their study, analysis, and interpretation. Quantitative criteria refer to data that can be identified and studied numerically. Qualitative criteria are those signs, symptoms, and imaging studies whose interpretation is not numerical, but dichotomous or categorical. Table 1
	Table 1. Severity criteria for preeclampsia



	Quantitative criteria

	Criteria
	Cutoff point 

	Systolic blood pressure
	≥160 mmHg

	Diastolic blood pressure
	≥110 mmHg

	Aspartate aminotransferase enzyme
	Elevation to twice the normal upper limit 

Elevation to twice the normal upper limit 

	Alanine aminotransferase enzyme
	

	Thrombocytopenia
	<100,000 platelets/µL

	Serum creatinine 
	>1.1 mg/dL

	Pathological proteinuria
	≥2 g/24 hours or +++ in a single urine sample 

	Oliguria
	Volume <500 ml/24 hours or <0.5 ml/K/hour 

	Qualitative criteria 

	Criteria
	Interpretation

	Visual disturbances (phosphenes, amaurosis)
	Yes/No

	Severe headache resistant to usual analgesics 
	Yes/No, VAS* scale score

	Hyperreflexia
	+ to +++, clonus

	Epigastric or right hypochondrium pain
	Yes/No, VAS* scale score 

	Tinnitus 
	Yes/No

	Acute pulmonary edema
	Yes/No

	*VAS: Visual analog scale for assessing pain intensity


In 2025, Vázquez et al. (Vázquez, 2025) studied the mean of serum concentration of Ua, the frequency of hyperuricemia, and the correlation of Ua with quantitative severity criteria for preeclampsia in a retrospective cohort of 104 patients with pregnancy and SP. The mean of Ua concentration was 5.33 ± 1.02 mg/dL (range 3.1 to 8.1). The frequency of hyperuricemia 83.65% (87 cases) was higher compared to that of the quantitative criteria. Figure 1
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	Figure 1. Frequency of hyperuricemia and quantitative criteria in 104 pregnant patients with severe preeclampsia


A strong positive correlation was found with proteinuria and a moderately positive correlation with serum creatinine. but not with oliguria. The correlation with the other criteria was not significant. The Odds Ratio test results showed an increased risk with all severity criteria. Table 2
	Table 2. Correlation and relative risk of blood uric acid concentration with quantitative severity criteria in preeclampsia 17


	Severity criteria
	r Pearson
	Odds ratio
	IC 95%
	P value 

	Systolic blood pressure ≥160 mmHg
	.107 **
	1.898
	0.763-1.075
	.513

	Diastolic blood pressure ≥110 mmHg
	.092 *
	1.213
	1.106-1.329
	.059

	Aspartate aminotransferase ≥37 U/L
	.051 *
	1.243
	1.121-1.378
	.056

	Alanine aminotransferase ≥65 U/L
	.117 **
	1.213
	1.106-1.329
	.059

	Thrombocytopenia <100,000 platelets/µL
	-.279 **
	1.227
	1.130-1.352
	.050

	Serum creatinine >1.1 mg/dL
	.470 ***
	1.207
	1.104-1.321
	.058

	Proteinuria ≥2 g/24 hours
	.961****
	1.321
	1.111-1.413
	.053

	Oliguria volume <0.5 ml/K/hour
	-.145 **
	1.102
	1.002-1.234
	.056

	r= Correlation coefficient; IC= confidence interval; Correlations: *non-existent or very weak, ** weak, *** moderate, **** strong


Experts of North America (Canada, the United States, and Mexico) have not included hyperuricemia as a criterion for the severity of preeclampsia because, in the experts' opinion, the evidence generated is not strong enough to support its inclusion. (ACOG, 2020) (Magee, 2022) (GPC, 2017). However, in everyday medical practice, hyperuricemia has a prominent place in SP because it has been a useful tool to complement early clinical diagnosis, to develop the differential diagnosis with chronic hypertension, to make decisions about the termination of pregnancy and to predict peripartum evolution and maternal-fetal outcome. (Le, 2019).
6. URIC ACID AND SERUM CREATININE
The metabolic origin of Ua and serum creatinine is different. Ua is a terminal metabolite of purines, and creatinine is the product of creatine breakdown from muscle tissue and dietary meat. However, they share the same site of renal clearance at the glomerular level and their tubular reabsorption and secretion. (Gallo, 2023).
The oxidative biochemical function of both metabolites is also similar because they share a paradox. The "oxidant-antioxidant paradox" of Ua and creatinine refers to their dual role in the body, where they can act as protective antioxidants and as harmful pro-oxidants under different circumstances. Ua is an important plasma antioxidant that neutralizes free radicals, but at elevated levels (hyperuricemia) it can contribute to the development of oxidative stress, which characterises cardiovascular disease, diabetes, obesity, and preeclampsia. (Sautin, 2008). Similarly, serum creatinine can act as an antioxidant, but its production is linked to metabolic processes that can also contribute to oxidative stress. (Gallo, 2023). In theory, the adverse effects of hyperuricemia and elevated creatinine may be additive. However, it is unknown whether this occurs in patients with preeclampsia. 

Hyperuricemia is the most frequently occurring independent factor in preeclampsia and precedes the increase in serum creatinine and the development of hypertensive disorders. Most previous studies did not consider the effects of renal function on the levels of Ua. Therefore, the ratio of Ua-to-serum creatinine (Ua/SCr) has recently been proposed as a more reliable indicator that is superior to Ua alone. (Wang, 2021).
An increased serum Ua/creatinine ratio is positively associated with the risk of adverse pregnancy outcomes. In a study conducted on 269 women (normotensive pregnancy n = 57, gestational hypertensive disorder without preeclampsia n = 100, preeclampsia n = 112) serum Ua and creatinine values ​​were determined, and an adjusted logistic regression analysis was performed to evaluate the association between Ua/creatinine, development of preeclampsia and maternal and neonatal complications. Ua/creatinine ratio was consistently higher in women with preeclampsia in all trimesters of pregnancy. Higher Ua/creatinine ratio at the third trimester was associated with an increased Odds ratio (OR) of developing preeclampsia (OR 1.29, CI 1.15-1.50, P ¼ 0.001), preterm birth (OR 1.23, CI 1.05-1.45, P ¼ 0.011), and adverse neonatal outcome (OR 1.33, CI 1.12–1.59, P ¼ 0.001) after adjustment for age, BMI before pregnancy, nulliparity, antihypertensive therapy, and acetylsalicylic acid therapy during pregnancy. (Piani, 2023). Timely monitoring of blood Ua and serum creatinine levels during early pregnancy can help reduce the risk of adverse pregnancy outcomes and inform necessary interventions. (Zhang, 2024).
Experts in our geographic region (ACOG, 2020) (Magee, 2022) (GPC, 2017) have included serum creatinine as a criterion for renal involvement in SP and have questioned the use of hyperuricemia. They argue that the results are inconsistent. The inconsistencies in the studies are attributed to variations in their designs, populations, sample sizes, age and pre-pregnancy morbidity of the patients as well as to interpretations of results that do not consider gestational weeks, changes in solute concentrations, and renal function status. Experts have concluded that further prospective studies across all trimesters of pregnancy are needed to confirm and validate the findings. (ACOG, 2020) (Magee, 2022) (GPC, 2017) (Zhang, 2024).
7. URIC ACID AND PROTEINURIA

Proteinuria is commonly found on urinalysis during pregnancy with values below the threshold of 300 mg/24 hours. (Kazma, 2020). Proteinuria increases early in SP (20 weeks or earlier). (Suzuki, 2020). The classic cutoff cited to define proteinuria during pregnancy is a value >300 mg/24 hours. Alternatively, a timed excretion that is extrapolated to this 24-hour urine value or a urine protein-to-creatinine ratio (UPCR) of at least 0.3 is used. (ACOG, 2013). 
Most patients with SP develop infranephrotic proteinuria, the proteins have a tubular rather than glomerular origin, at least at the onset of renal involvement. (Wang, 2025). A very small number of patients develop nephrotic syndrome (NS). The cutoff point for nephrotic proteinuria is >3.5 g/24 hours. NS is a severe complication of SP occurring in the third trimester (>20 weeks or earlier), characterized by heavy proteinuria, severe peripheral edema, and hypoalbuminemia (<2.5 g/dL). (Suzuki, 2020) (Bartal, 2022) (Ghelfi, 2023). It is generally due to a glomerular problem and is always non-selective. It results from podocyte injury, glomerular endotheliosis, disruption of filtration barrier and increased tubular permeability, leading to risks like acute kidney damage, pulmonary edema, and eclampsia. (Bartal, 2022). 
Not all pregnant patients who develop preeclampsia present with pathological proteinuria. Hyperuricemia (>4.5 mg/dL) is a more frequent marker than proteinuria (>2 g/24 hours) (Figure 1). However, an increase in the concentration of Ua in the blood does not necessarily precede proteinuria; proteinuria may not appear. This data is relevant because the increase in Ua may be part of a metabolic syndrome not suspected before pregnancy (diabetes mellitus, chronic hypertension, obesity, hyperlipidemia) and not a sign of preeclampsia. (Bartal, 2022).
The presence of proteinuria before 20 weeks’ gestation is consistent with the presence of known or undetected renal disease. In many of these women, renal dysfunction may be minimal, and the presence of underlying renal diseases may not be suspected until proteinuria is detected during pregnancy. With advanced gestation, an exacerbation of maternal hypertension or an increase in urinary protein excretion could be related to the development of preeclampsia or may be caused by the exacerbation of the underlying renal disease. (Bartal, 2022). This situation is a significant limitation of the Ua in performing the differential diagnosis.
Preeclampsia occurs in up to 40% of pregnancies of women with chronic kidney disease (CKD). When pregnant women with CKD have increasing proteinuria or blood pressure during pregnancy, the main challenge is to decide whether they have renal worsening owing to preeclampsia or whether it is a worsening of their basic renal dysfunction. (Wiles, 2020). The blood concentration of Ua and regular diagnostic criteria for preeclampsia are not useful in women with CKD because most patients will have baseline blood pressures, proteinuria, Ua and serum creatinine above the diagnostic threshold of preeclampsia. (Marek-Iannucci, 2023).
However, increased proteinuria in pregnant women with CKD (diabetes mellitus, por example) increases the risk of preeclampsia by 2.1 to 5.3 times during the third trimester compared to preconception or first-trimester levels. Preeclampsia is diagnosed in 42% to 73% of these pregnancies, with a higher risk of preeclampsia in patients with diabetes mellitus with early pregnancy proteinuria. (Klemetti, 2015). 
Since both, SP and CKD are characterized by proteinuria, hypertension, and progressive renal impairment, the differential diagnosis may be difficult or impossible during pregnancy, and occasionally also after delivery. Increased proteinuria and elevated blood concentrations of Ua may support the diagnosis of preeclampsia in patients with CKD. (Kattah, 2020). However, the sFlt-1/PlGF ratio and uteroplacental flows (uterine artery Doppler, umbilical Doppler) are significantly correlated with preeclampsia or CKD and premature delivery. Their results outperform those of traditional markers. (Rolfo, 2015).
8. SUMMARY
The diagnosis of preeclampsia is clinical, with systolic and diastolic blood pressure being the primary criteria. Clinical chemistry and urinalysis are the most essential tools the medical team has to assess the severity of preeclampsia. Ua may be included in the clinical laboratory profile, along with serum creatinine and proteinuria, when evaluating renal involvement in the most aggressive cases of preeclampsia. 
Although hyperuricemia has not been included as a severity criterion, research results support the triple role of Ua in preeclampsia: as an early biomarker of the disease, as a parameter of renal involvement, and as a potential therapeutic target in disease management. (Arias-Sánchez, 2025). Its clinical utility may be enhanced when combined with other clinical and biochemical markers, particularly in obstetric care centers in low-resource countries. 
9. CONCLUSIONS

Clinical research has shown that blood Ua concentration has advantages over other markers of preeclampsia and its maternal and fetal complications. The data have not been robust enough to include hyperuricemia as a finding indicative of severity. Further research is needed to document the benefits. 
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